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1.1             Introduction 

 Multidisciplinary teams (MDTs) and MDT meet-
ings to decide treatment options are increasingly 
becoming the gold standard of care for patients 
with cancer across the world and in the UK the 
delivery of cancer care by MDTs has increased 
from 20 % in 1996 to over 80 % by 2006 [ 1 ]. At 
their best, MDTs can provide a means of better-
ing decision-making, coordination and commu-
nication between healthcare professionals. 
Recent evidence has even suggested that the ben-
efi ts of multidisciplinary working in cancer care 
can also improve patient outcomes [ 2 ]. However, 
some clinicians are unsatisfi ed at the time and 
resources taken up with MDT meetings, without 
seeing signifi cant improvement in patient care. 

 In 1995, MDT working was introduced in the 
UK following evidence of variation in the quality 
of cancer services [ 1 ]. In particular there was evi-
dence of discrepancies in access to specialist 
care, shortfalls in cancer services, a fragmented 
system of referral to and between specialists, as 
well as inconsistencies in the frequency of indi-
vidual treatments, the caseload for particular doc-
tors, and most importantly variation in patient 
survival. Healthcare professionals worked in 
teams, but there was little standardization of the 
organization of services or operating processes, 
and referrals were made on an ad hoc basis. In the 
1990s evidence started to emerge about the ben-
efi ts of treating patients with a multidisciplinary 
team approach, rather than treatment by individ-
ual clinicians [ 3 ]. Furthermore, studies had found 
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that patients’ surgical outcomes improved when 
surgeons with higher numbers of cases treated 
them, and in centers that carried out higher 
 volumes of cases [ 4 ]. It was this evidence that the 
Chief Medical Offi cers for England and Wales 
drew on in the Calman-Hine report in 1995 to 
recommend that cancer care should be delivered 
by MDTs at specialist cancer centers arranged 
into site-specifi c cancer networks [ 5 ].  

1.2     “A Systems Approach” 
to MDT Meetings 

 Recently, the process of decision-making in MDT 
meetings has been studied scientifi cally. Over the 
last 5 years, our team has undertaken a program of 
research to apply qualitative and quantitative 
methodologies from existing research in team 
performance in healthcare, to scientifi cally mea-
sure and improve the quality of teamwork and 
decision-making in Urology MDT meetings. 

 Outside of cancer care there has recently been 
increasing interest and an expanding evidence base 
on the description, assessment and improvement of 

non-technical skills in healthcare, in particular in 
team working across a diverse range of specialties. 
The majority of this work has been translated from 
research in other industries that share the need for 
reliability with high reliance on human interaction. 
These industries, including commercial aviation 
and the military also share the potential for disas-
trous consequences when communication fails or 
team leadership is inadequate. The application of 
this work to healthcare has suggested that factors 
including the environment, team factors, and an 
individual’s non- technical skills all affect clinical 
outcomes [ 6 ]. Non-technical skills have been 
grouped into behavioral and cognitive skills. 
Behavioral skills refer to skills such as teamwork 
and leadership. Cognitive skills include situational 
awareness (the awareness of the surgeon to what is 
happening in the operating room) and decision-
making. Decision-making includes the choices the 
 surgeon makes i.e. when to operate, as well as 
judgements e.g. of risk and are based on the sur-
geon’s experience and personal beliefs. 
Consideration of these factors alongside traditional 
indicators of performance such as technical skills 
and patient factors has given rise to a new ‘systems 

Individual skills

i. Technical (e.g., visuo-motor
 skills) 

ii. Non-technical 

a. Cognitive (e.g., decision-
 making) 

b. Behavioural (e.g., leadership) 

Teamwork and communication
in OR teams

OR environment (e.g.,
distractions, interruptions,
stress)

Patient risk
factors

Outcomes

Processes

  Fig. 1.1    The systems approach to surgical performance (Adapted from Undre et al. [ 6 ])       
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approach’ to performance in healthcare (Fig.  1.1 ). 
Within healthcare, research on team skills was pio-
neered in surgery and anesthesia and has since been 
adapted to other many other specialities including 
emergency medicine. Work to improve team per-
formance has been achieved using a variety of 
qualitative and quantitative methodologies that has 
led to the development of robust, validated tools for 
team assessment and feedback and simulation- 
based training. A signifi cant portion of this research 
has been carried out in urological surgery [ 7 ].  

 The evidence for decision-making in MDT 
meetings covers many different aspects of the 
MDT meeting across a range of specialities [ 8 ]. 
Several studies have found that MDTs make a dif-
ference to the outcome of care management deci-
sions, compared with the decisions of individual 
clinicians. However, decisions in MDT meetings 
cannot always be reached, often due to the lack of 
clinical information. Furthermore, MDT deci-
sions are not always implemented, because infor-
mation relating to the patients’ clinical state or 
their comorbid conditions is sometimes insuffi -
cient. In particular, patient’s preferences are not 
taken into account when such decisions are made. 
Studies suggest that high- quality, feasible deci-
sions also require support from good leadership, 

protected time for team- members to prepare prior 
to the meeting and adequate organizational facili-
ties. The roles played by different team members 
within the MDT are varied, with typically lower 
importance placed on the input of nurses, who 
have skills in understanding patient’s psychoso-
cial issues and choices for treatment. 

 This array of factors that can potentially impede 
the quality of decision-making is complex and 
diffi cult to understand as a whole. In order to 
better understand and assess  decision- making in 
MDT meetings we took the systems approach as 
described above and applied it to the evidence for 
decision-making in MDT meetings [ 8 ]. By applying 
this approach we were able to develop a model of 
the factors that affect decision- making (Fig.  1.2 ). 
This model has provided a useful framework that 
we have used to systematically study the quality of 
teamwork and decision- making in MDT meetings.   

1.3     Assessing Decision-Making 
in MDT Meetings 

 With a better understanding of MDT decision- 
making and the aspects that are important to high 
quality performance, we set out to construct a 

Information

Equipment

Attendance
of team

members

Leadership

Teamwork

Consensus

Communication

IMPROVED
PROCESSES

IMPROVED
CARE

IMPROVED
OUTCOMES

Open discussion

TECHNICAL

NON-
TECHNICAL

Expert review Implementation

Documentation
Appraisal of
Information

Input Process Output

  Fig. 1.2    A systems approach to decision-making in MDT meetings. ‘Technical’ refers to organizational factors 
and clinical skills. ‘Non-technical’ refers to team skills (Adapted from Lamb et al. [ 8 ])       
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tool for the scientifi c assessment of MDT 
decision- making. In order to improve something, 
you fi rst must be able to measure it. Using the 
principles of the observational assessment of 
team working from other areas of healthcare and 
other industries, along with evidence from the lit-
erature and our own research, we developed an 
observational tool, MDT- MODe  to assess behav-
iors and information presentation in MDT meet-
ings (Fig.  1.3 ). MDT- MODe  was tested for 
inter-rater reliability, assessors’ learning curves, 
and cross-validated against MDT members’ own 
self-assessment. Presentation of a patient’s case 
history, radiological, and pathological informa-
tion, information on psychosocial aspects and the 
patient’s comorbidities and their own views were 
assessed, as well as ratings of the MDT Chair’s 

effectiveness, and contribution to decision- 
making of the different MDT members, includ-
ing urologists, oncologists, radiologists, 
pathologists, Clinical Nurse Specialists and MDT 
Coordinators. Whether a treatment decision was 
reached for each case, meeting characteristics 
including the number and profession of team 
members in attendance, number of cases dis-
cussed per meeting and start and end times of the 
meeting were also recorded.  

 This assessment tool was piloted with eight 
MDTs over 500 cases. Good reliability and learning 
curves were obtained in the assessment of MDT 
performance (median reliability coeffi cient = 0.71) 
[ 9 ]. Positive correlations were found between 
observational and self- assessments of MDTs 
(Spearman’s Rho = 0.66–0.91; Ps < 0.05)—thus 

  Fig. 1.3    Figure displaying MDT- MODe  used to score 
behaviors during MDT meetings—including information 
provision and team-member contribution. Observed 
behaviors are compared to and scored against examples of 

behaviors of varying quality (Copyright 2013 Imperial 
College London. Accessed from   http://www1.imperial.
ac.uk/medicine/about/institutes/patientsafetyservicequal-
ity/cpssq_publications/resources_tools/mdt/    )       
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showing validity [ 10 ]. The lack of standardization 
in MDT meetings was  apparent during the study 
leading to variability in the information presented, 
case discussion between the team members and 
team decision-making. The observers found that 
information was presented in a haphazard manner 
and discussions did not always include all team 
members. The overall pattern of results suggested 
that bio- medical information is more comprehen-
sively presented than patient-centered informa-
tion, and urologists dominated the case discussion 
and inadvertently, other MDT members often had 
little overt involvement in team decision-making 
(Fig.  1.4 ). Treatment decisions were reached in 
85 % of cases. Cases towards the end of meetings 
were associated with lower rates of decision- 
making, information quality and team working 
( r  = −0.15 to −0.37). Increased numbers of cases 
per meeting and team-members in attendance 
were associated with better information and team 
working ( r  = 0.29–0.43). More time per case was 

associated with improved team working ( r  = 0.16). 
A positive correlation was found between the 
ability to reach decisions and improved informa-
tion and team working ( r  = 0.36–0.54) (all 
 P  ≤ 0.001) [ 11 ].   

1.4     MDT Meeting Checklist 

 Equipped with tools to objectively and reliably 
measure the quality of decision-making in urol-
ogy MDT meetings, we conducted a prospective 
longitudinal study over a 16-month period which 
evaluated decision-making for 1421 urological 
cancer patients treated at large cancer center in 
London [ 12 ]. Interventions to improve the MDT 
processes were introduced in stages including 
the development of a checklist, MDT- QuIC  
(Fig.  1.5 ), MDT team training, and simple writ-
ten guidance to team-members. We found signifi -
cant improvement over the course of the study: 
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  Fig. 1.4    Bar graphs displaying mean scores for information presentation and contribution to case discussion in MDT 
meetings for observational and self-report data (From Lamb et al. [ 10 ])       
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  Fig. 1.5    Figure displaying MDT- QuIC , a checklist 
designed to improve MDT decision-making (Copyright 
2013 Imperial College London. Accessed from   http://

www1.imperial.ac.uk/medicine/about/institutes/patient-
safetyservicequality/cpssq_publications/resources_tools/
mdt/    )       

 

http://www1.imperial.ac.uk/medicine/about/institutes/patientsafetyservicequality/cpssq_publications/resources_tools/mdt/
http://www1.imperial.ac.uk/medicine/about/institutes/patientsafetyservicequality/cpssq_publications/resources_tools/mdt/
http://www1.imperial.ac.uk/medicine/about/institutes/patientsafetyservicequality/cpssq_publications/resources_tools/mdt/
http://www1.imperial.ac.uk/medicine/about/institutes/patientsafetyservicequality/cpssq_publications/resources_tools/mdt/
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the MDT’s ability to reach a decision rose 13 %, 
quality of information presentation at the MDT 
meeting showed a 29 % increase, and quality of 
team working within the MDT improved by 
14 %. The MDT’s ability to reach a treatment 
decision was related to the quality of available 
information and the quality of the team working 
within the MDT. Across the study period, the top 
three barriers to the teams’ ability to decide on a 
treatment plan were inappropriate patient refer-
rals, inadequate radiological information and 
inadequate pathological information. This study 
suggested that both the decision-making ability 
and also the levels of team working and informa-
tion quality within the MDT meeting is variable 
and could be improved using a combination of 
simple, evidence-based interventions.    

1.5     Multidisciplinary 
Teamworking; Assessment 
and Feedback 

 Our team also developed a self assessment tool 
that facilitates anonymized team member self- 
assessment of teamworking across the whole 

pathway (not just focusing on MDT meetings) 
[ 13 ]. This latter tool is a component of an 
evidence- based team improvement intervention 
called MDT-FIT (Feedback for Improving Team 
working) (Fig  1.6 ). Based upon input and testing 
with over 100 MDTs, it is an assessment tool and 
feedback process that provides teams with the 
space to refl ect on how they function as a team 
and prioritize actions for improving the team as a 
whole and improving future patient care. A fur-
ther study was carried to assess how urology 
MDTs compared to breast, colorectal, lung 
MDTs. Our results show signifi cant differences 
between tumor types with regards to the quality 
of  information exchange and quality of contribu-
tion from individual MDT members as well as 
the meeting characteristics. The four tumors dif-
fered in the number of core members present 
(H(3) = 12.23,  p  < 0.01), number of cases 
reviewed per meeting (H(3) = 17.38,  p  < 0.001) 
and average time spent per case (H(3) = 31.77 
 p  < 0.001). Urology had the most members pres-
ent (mdn = 12). In terms of case volumes, urology 
had the highest case volumes (mdn = 42). Average 
time per case was the lowest for urology 
(median = 2 min 46 s) [ 14 ]. 

1a: Team self-
assessment: online
survey13 completed by
each MDT member

1b: Independent
assessment:
observational
assessment based on
their regular MDT
meeting

3a: Preparatory meeting: 
MDT lead and facilitator 
may meet to discuss 
feedback

3b: Facilitated team
discussion of feedback:
agree actions in a
facilitated meeting

3b: Trust management
discussion: to address 
issues outside of the 
team’s remit

2: Feedback report
shared: synthesis of
MDT members and
independent
observers’
assessments, sent to
all MDT members and
facilitator

Actions implemented and reviewed

  Fig. 1.6    Figure displaying MDT FIT, a program for structured assessment and feedback for the self- improvement of 
cancer multidisciplinary teams. (Copyright 2013 Greencross Medical Ltd. Accessed from   http://www.nhsiq.nhs.uk/
improvement-programmes/long-term-conditions-and-integrated-care/mdt-fi t-tool.aspx    )       
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 Taken together, the current fi ndings add to our 
understanding of the decision-making processes 
across MDTs. This shows that differences 
between MDTs are tumor-specifi c, i.e., each 
MDT meeting is characterized by a specifi c pat-
tern of strengths and weaknesses. As a result, 
these fi ndings have practical implications for 
future clinical practice in that, fi rstly, each MDT 
may need to assess these strengths and weak-
nesses and design organizational strategies of 
improvement along with team training for mem-
bers to enhance their contribution towards 
decision- making. As previous research in the area 
suggests, systems for evaluating effectiveness of 
teams and methods to monitor performance, team 
working and outcome are required to ensure high 
quality care for patients [ 15 ]. Secondly, the large 
variability across MDTs discovered by this study 
may refl ect sheer diversity of the management of 
the tumors themselves. Therefore, tumor specifi c 
factors, especially in urology, may have a differ-
ential impact on the way the MDT is run and as a 
result affect the decision-making processes. This 
raises the notion for tumor-specifi c guidelines and 
intervention for MDTs.  

1.6     Standardization 
of Information 
and Improving Decision 
Making 

 Although we have found that comprehensive 
information is both desirable and necessary for 
good decision-making, we have consistently 
found that information relating to patients’ dis-
ease is of higher quality than patient-centered 
information. The introduction of minimum data 
sets for radiological and pathological informa-
tion, comorbidities and patients’ views and cir-
cumstances might ensure that all cases have the 
foundations necessary to make suitable clinical 
decisions. Given that patients do not attend the 
MDT meeting, the question of how best to bring 
patient preferences and values into decision- 
making is a complex one. Findings from our 
focus groups suggests that patients value nurses 
as the team member with whom they can relate to 
and who can act as their advocate. This suggests 

that MDT members should encourage more 
participation from the nurses in the discussions. 

 It may not be suffi cient to ensure that team 
members make use of information presented at 
the meeting or contribute to the discussion. 
Standardising the format of case discussions 
helps to ensure that all the required information is 
presented and relevant team members contribute- 
giving MDT members who are less inclined to 
input an obligation to contribute. Working in a 
more structured way may aid the meetings to run 
more effi ciently by defi ning what should be pre-
pared before meetings and eliminating what is 
not relevant. An intervention such as our check-
list, MDT- QuIC  may be one way of standardising 
case discussion. Following on from this, our fi nd-
ing of a negative association between cases 
towards the end of meetings and the ability to 
reach a decision suggests that more consideration 
should be given to structuring the whole MDT 
meeting and prioritizing cases. It may be reason-
able to order cases discussed at MDT meetings 
such that more diffi cult cases get discussed fi rst 
in order to increase the chances of a higher qual-
ity discussion. Findings from our interview study 
of urology MDT members, suggested that all 
cases did not need to be discussed in full at the 
meeting [ 16 ]. Instead a protocol-driven treatment 
plan could be used so that the MDT registered 
cases but time could be given to more complex 
discussions. 

 There are also circumstances in which case dis-
cussions should not proceed. Personal knowledge 
of patients is required for decisions that are clini-
cally appropriate and acceptable to patients, there-
fore discussion of a patient should not proceed 
without the presence of a team member who has 
met the patient in addition to minimum datasets 
for clinical and personal information necessary for 
the discussion. Our focus group participants stated 
they would rather their case was deferred if there 
was no one present at the discussion who knew the 
patient personally. At present, pressure to manage 
patients within time restrictions means that 
medical and nursing team members may have 
little time to discuss their investigations, medical 
or social background, or treatment preferences 
with patients. The need for prompt investigation 
and diagnosis must be balanced against the need 
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for thorough and usable information gathering, 
which may require some healthcare providers to 
change the format of their pre- MDT services.  

    Conclusion 

 MDT working in cancer care has been around 
for almost 20 years, and evidence is now 
emerging of benefi ts to healthcare profession-
als and their patients. Overall, the idea of 
MDT working is popular among patients, cli-
nicians and policy makers and is being consid-
ered as a model for other areas of complex 
decision-making outside cancer care. 
However, if not done to standards of high 
quality, MDT working can be onerous to 
healthcare services and of little value to 
patients. With an increasing body of evidence 
for how MDTs functions, and how they can be 
conducted effectively, it may be time to look 
objectively at how it can be delivered in an 
effi cient and sustainable way for the years 
ahead.      
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2.1             Minimal Invasive Surgery 
and Clinical Training 

 Since the introduction of minimal invasive sur-
gery, many surgeons have implemented laparo-
scopic and robot-assisted technique in a wide 
range of surgical specialties. The immediate and 
obvious benefi ts of the conversion to minimal 
invasive technique are improved vision, espe-
cially in pelvic surgery, and reduced blood loss, 
postoperative pain and length of stay. Over the 
past few years, there is a growing body of evi-
dence in favor of minimal invasive surgery. 
Laparoscopic technique leads to a fourfold risk 
reduction of small bowel obstruction after 
abdominal surgery within 5 years after the index 
surgery [ 1 ]. As for colonic surgery, laparoscopic 
technique is associated with less bleeding and 
fewer thromboembolic complications in high risk 
patients [ 2 ], lower morbidity, shorter length of 
stay, lower hospital charges [ 3 ] and even lower 
mortality [ 4 ]. As a result of this overwhelming 
evidence, the conversion to minimal invasive sur-
gery should no longer be optional. 

 However, the change of practice towards 
 minimal invasive surgery is a challenge due to a 
 number of reasons. Most importantly, surgeons 
needs to be trained properly. The transition to 
laparoscopic surgery must not compromise out-
come. Also, all personnel involved in the patient’s 
clinical pathway need to support and acknowl-
edge the change of practice. This is of particular 
importance where several surgeons work together 
in a department. 

 In principle, the clinical pathway of a surgical 
patient is affected by four different factors 
(Fig.  2.1 ). The WHO-checklist for surgical safety 
was introduced as a means to improve team com-
munication and to avoid preventable human error. 
The initial success [ 6 ] has led to a worldwide 
implementation. With regards to the other factors 
affecting the patient in the surgical pathway, 
patient factors are partly given by the patient’s 
disease profi le or comorbidities. Patient selection 
criteria for surgery are used to minimize potential 
adverse effects of patient factors. Surgeon factors 
i.e. whether the surgeon is competent to perform 
the procedure undoubtedly affects outcome. 
However in most countries, there are to date no 
certifi cation systems with regards to specifi c pro-
cedures or the use of specifi c techniques such as 
robotic systems. A general qualifi cation as a 
 specialist in a surgical specialty does not neces-
sarily account for competence in these fi elds. 
This problem can be met by a systematic training 
program that includes simulation training and 
modular training in the clinical setting.  

        S.   Müller ,  MD, PhD      (*) 
  Department of Surgery ,  Institute of Clinical 
Medicine, University of Oslo ,   Oslo ,  Norway    

  Department of Urology ,  Akershus University 
Hospital ,   Lorenskog ,  Norway   
 e-mail: stig.mueller@ahus.no   

    H.  R.  H.   Patel ,  MRCS, PhD, FRCS(Urol), FRCS(Eng)    
  Department of Urology ,  University Hospital North 
Norway ,   Tromsø ,  Norway    

  2      Setting Up Simulation Training 
for Pelvic Surgery 

           Stig     Müller       and     Hitendra     R.    H.     Patel    

mailto: stig.mueller@ahus.no


14

 Surgical training is currently challenged by 
working hour directives and high quality stan-
dards. The traditional “master-apprentice” model 
cannot meet the demands of high quality, increas-
ingly complex procedures and the need for new 
surgeons. Simulation training is effective and a 
means to shorten learning curves in laparoscopic 
surgery [ 7 ]. Simulation training is often divided 
into basic skills training, advanced skills training 
and laparoscopic team training (Fig.  2.2 ). Basic 
and advanced skills training is preferably done in 
box trainers and/or Virtual Reality (VR) simula-
tors. Both are proven effective for the training of 
spatial skills and eye-hand coordination [ 7 ]. Box 
trainers are cheap and versatile, VR simulators 
include the advantage of objective assessment and 
progress reports, repeatability and standardization 
of the tasks [ 8 ]. Training curricula using VR simu-
lators for standard procedures e.g. laparoscopic 
cholecystectomy have been shown to shorten 
learning curves and improve technical profi ciency 
compared to standard training [ 9 , 10 ]. These train-
ing programs generally consist of an initial basic 
skills training followed by procedure related tasks.  

 Laparoscopic pelvic surgery has early on been 
considered technically challenging due to limited 
work space, complex anatomy and in many cases 
the need for reconstruction, i.e. suturing. Attempts 
have been made to classify the level of diffi culty 
of laparoscopic procedures in order to improve 
training [ 11 ]. In a traditional master- apprentice 
surgical training model, a sequential allocation of 
procedures by the degree of diffi culty would be 
reasonable but is time- consuming, ineffi cient and 
impracticable. Also, the level of diffi culty of a 
procedure basically refers to the diffi culty of 
learning the necessary skills to perform the proce-
dure. Thus, simulation in surgical training attenu-
ates long and challenging curricula for advanced 
laparoscopic surgery, in particular pelvic surgery. 

 In complex laparoscopic surgery, learning 
curves are often considered to be a measure of how 
many procedures a trainee has to attend/ perform in 
order to become competent. However, the sole 
number of procedures does not refl ect the level of 
diffi culty of the case or if the procedure was suc-
cessful. Performing a minimum number of proce-
dures does not necessarily lead to  competence. In 

  Fig. 2.1    Factors affecting the clinical pathway of a surgi-
cal patient. The WHO checklist for surgical safety is a 
means to ensure Human and Team factors. A quality control 

for surgeon factors is challenging but can be achieved by 
step- wise, modular training systems (Adapted from Patel 
and Joseph [ 5 ])       
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many European countries, this system of a mini-
mum number of different procedures is used in the 
accreditation of surgeons. Even though this quality 
control appears better than no specifi ed require-
ments at all, it is possible to differentiate the fac-
tors that determine whether a single procedure is a 
“rookie” or “expert” case. For instance in prostate 
cancer prostatectomy, prostate size, clinical tumor 
stage, histological tumor burden and pelvic comor-
bidity are factors that complicate the procedure 
and increase the level of diffi culty. A preoperative 
assessment of surgical risk factors increases the 
preparedness of the trainee. 

 Laparoscopic pelvic surgery usually involves 
many steps and reconstruction towards the end of 
the procedure. Performing a complete procedure 
is oftentimes overwhelming for a trainee. 
Breaking down the procedure into steps and 
 subtasks is in this respect benefi cial. The trainee 
can perform single subtasks or steps of the opera-
tion that have been assigned different levels of 
diffi culty. As the clinical training progresses, the 
trainee performs steps with gradually increasing 
level of diffi culty. The easier steps are then done 
by another trainee or the mentor, so that the 
trainee can focus on a defi ned task. This training 
concept is known as modular training and has 
been validated for e.g. laparoscopic radical pros-
tatectomy. Interestingly, the modular approach in 

training shortens the learning curve signifi cantly 
without compromising outcome [ 12 , 13 ]. 

 Another underestimated asset to surgical 
training is self-observership and assessment. 
Laparoscopic procedures should in principle be 
recorded for documentation and the self- 
assessment of the trainee—preferably together 
with a mentor—improves training. Such debriefs 
can be done straight after the procedures or later. 
The self-observation and assessment shortens the 
learning curve and is highly motivating for train-
ees. However, dedicated mentors and time for 
debriefs must be provided to implement this con-
cept. The principle of self-assessment is widely 
used in e.g. aviation and athletics and has been 
shown to improve training in a simulated envi-
ronment. Laparoscopic suturing skills in surgical 
trainees improve signifi cantly by video self- 
assessment mirroring the training effect of a 
larger volume [ 14 ]. This training effect is also 
applicable to single steps or complete procedures 
and the debrief sessions utilize this effect. 

 In addition to self-assessment, athletes have 
long used mental training to improve prepared-
ness and focus and ultimately improve their per-
formance. Interestingly, mental training can also 
be utilized in simulation training. In a recent study 
by Eldred-Evans et al. [ 15 ] and colleagues, medi-
cal students performed two basic laparoscopic 

  Fig. 2.2    The three steps of laparoscopic training. Basic 
and advanced skills are trained in simulators. Advanced 
skills can also be trained in animal models/wel-lab. 

Laparoscopic team training is usually done in a clinical 
setting but is also possible in a wet-lab       
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tasks in a box trainer and VR Simulator. They 
were randomized to either box training, box 
training supplemented by a VR simulator ses-
sion, box training supplemented by mental train-
ing or VRS training supplemented by mental 
training. Mental training consisted of one session 
of 30 min. The tasks, e.g. cutting a circle, were 
divided into 12 sub-steps, so-called nodal points. 
The mental training session focused on mental 
visualization of these nodal points. All partici-
pants were assessed after the intervention, both in 
a box trainer and a VR simulator. The combina-
tion of box training and mental training lead to the 
highest scores with regards to precision, accuracy 
and overall performance when assessed in a box 
trainer. In the VR simulator assessment, the com-
bination of box training and VR simulator per-
formed best followed by box training and mental 
training. The group that did not receive any box 
training had the lowest scores with regards to 
speed, precision, accuracy and performance com-
pared to the other groups regardless if assessed in 
a box trainer or VR simulator. The study shows 
that mental training as a supplement to box train-
ing improves laparoscopic skills compared to box 
training alone. Interestingly, this enhancing effect 
does not seem to apply to VRS training. One rea-
son might be that mental training enhances the 
sensory experience acquired in the box trainer. 
The VRS trained group might lack these due to 
limited haptic feedback of the system. Also, men-
tal training alone cannot replace conventional 
training. In a study with similar design, a group of 
novices merely received mental training and the 
post-training assessment could not match the 
effect of box or VRS training [ 16 ]. 

 In both studies, skills acquired in box training 
were transferable to VRS assessment while not 
all skills acquired in VRS training were repro-
ducible at box trainer assessment. This shows 
that box trainers still are the mainstay for basic 
skills training. 

 Mental training amends basic skill training in 
a simulated setting and the implementation has 
great potential. However, the principle can 
already be utilized in clinical training. In modular 
training, the trainee performs a number of pre-
defi ned steps of an operation and the focus on 
particular tasks increases the trainee’s prepared-

ness. This can be formalized by a short, preopera-
tive briefi ng where technical aspects of the steps 
are repeated. This mental rehearsal improves per-
formance [ 17 ] and is supported by the postopera-
tive debrief session including video assessment.  

2.2     How to Set Up Simulation 
Training for Pelvic Training 

 Simulation training for any surgical specialty that 
involves laparoscopic technique should start with 
basic skills training. This should be organized as 
a systematic, structured program with defi ned 
tasks and certifi cation of the participants. A certi-
fi cation of basic skills is recommended since not 
all candidates will acquire the necessary skills 
within a given number of training sessions [ 18 ]. 
Next, more advanced and procedure-related sim-
ulation tasks are trained. There are numerous 
models for e.g. prostatectomy [ 19 ] and gyneco-
logical surgery [ 20 ]. The clinical training can 
start simultaneously. Specifi c tasks e.g. anasto-
motic suture in prostatectomy are practiced in a 
simulated setting (Fig.  2.3 ).   

2.3     Robotic Surgery 

 In robot-assisted laparoscopic surgery, the same 
challenges in training apply as in conventional 
laparoscopic surgery. In addition, the robotic 
equipment itself requires training. The latest mod-
els of the da Vinci® system feature a simulation 
system for both basic and more procedure- related 
skills. After a wide implementation globally, one 
has recognized the need for  validated training 
models and a certifi cation process. In Europe, the 
Robotic Urology Section of the European 
Association of Urology is currently discussing a 
certifi cation for robotic urology. The modular 
training model is just as applicable in robotic sur-
gery as in conventional laparoscopic surgery. 

 However, surgical profi ciency is not all about 
technical skills as F.C. Spencer, the former 
President of the American College of Surgeons, 
stated in 1978: A skillfully performed operation 
is 75 % decision making and only 25 % dexterity 
[ 21 ]. The cognitive and social skills of experienced 
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professionals have been named non- technical 
skills (NTS) and these are not necessarily acquired 
with experience. The importance of NTS have 
long been recognized in high- risk industries like 
aviation. Specifi c NTS training programs have 
become a fundamental part of e.g. fl ight crew and 
maintenance personnel training [ 5 ]. Undoubtedly, 
NTS have a signifi cant impact on the surgical 
patient’s pathway and modern training programs 
should therefore implement NTS training. 
Simulated crisis scenarios for instance can be 
used for NTS training. In the clinical setting, NTS 
qualities like decision making, situation aware-
ness, teamwork and task management can be 
addressed during the brief/debrief as well as dur-
ing surgery (Fig.  2.4 ).  

 In conclusion, simulation training is funda-
mental for laparoscopic pelvic surgery. Moreover, 
simulation training should be an essential part of 
a structured, stepwise training program. Modular 
training models should be applied in clinical 
training since learning curves are shortened 

 without compromising outcome. Finally, the 
implementation of NTS training in surgical train-
ing will result in more profi cient surgeons and 
ultimately, better patient outcome. 

  Fig. 2.3    Training model for 
laparoscopic pelvic surgery. 
Simulation facilitates basic 
and advanced skills training       

  Fig. 2.4    The four main components of non-technical 
skills       

 Key Points 

•     The implementation of minimal inva-
sive  surgery is no longer optional  

•   The surgical pathway of patients is 
affected by several factors e.g. whether 
the surgeon is adequately trained  

•   There is a need for certifi cation of skills, 
especially when high-tech devices are 
involved as in robotic surgery  

•   Simulation training is an effective 
method to improve surgical skills  

•   Skills acquired in simulation are trans-
ferable to clinical procedures  

•   Box trainers are effi cient for training 
basic skills and versatile for procedure 
related training  

•   Virtual Reality simulators have the 
advantage of reproducibility, standard-
ization of tasks and advanced measure-
ments of performance  

•   Non-technical skills are important in 
surgical training and trainable in simu-
lated environment  

•   Simulation is an integral part of surgical 
training for pelvic surgery  

•   New concepts like mental training, tech-
niques that increase preparedness and 
self- assessment improve the quality of 
surgical training    
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3.1             Introduction 

 The role of simulation techniques for teaching 
technical skills is well established. Skills acquired 
on simulator can shorten learning curve. As sur-
geons gain expertise, their skills become auto-
mated. This blend of psychomotor and cognitive 
skills is essential for surgical mastery. 

 Most training by simulation curriculum offer 
psychomotor skills teaching based on instruc-
tional material on the basic elements and proce-
dural steps of an operation thus making it diffi cult 
to achieve “expertise” in s simulated environment 
in absence of cognitive skills learning. Experts 
teaching complex knowledge unintentionally 
leave out signifi cant proportion of information 
trainees need to learn. This results in trainee 
learning by “trial and error.” 

 A simulation center that is driven by the cur-
riculum needs of participants is most likely to be 
successful. A defi ned and well-rounded curricu-
lum encompassing both psychomotor and cogni-
tive skills necessary for learning complex pelvic 
surgery is necessary. Unfortunately advances in 

teaching cognitive skills are lagging behind 
teaching psychomotor skills. Cognitive skills are 
still widely learned by trial and error resulting in 
only partial skills acquisition of a complex opera-
tive procedure in a simulated environment. 

 It is essential for every surgical educators 
involved in setting up simulation training for pel-
vic surgery to develop a curriculum incorporating 
both relative contribution of task (motor skills) to 
concept (thought process) required for mastery in 
pelvic surgery. There is a need for a cognitive 
task analysis model for pelvis surgery to be 
developed to complement the practical skills 
teaching using simulation technology. 

 It is also important to accurately defi ne the 
outcome of the curriculum in other word a profi -
ciency based curriculum with validated objective 
assessment. VR simulators provide an excellent 
platform for being able to measure matrix.  

3.2     Design of a Successful 
Curriculum 

 It is vital to have a robust curriculum if a 
simulation- training program is to be successful. 
It is often said that aims are like strategy, objec-
tives are like tactics, which very much fi ts in with 
the concept that aims are related to the teaching 
of a topic whereas objectives are far more related 
to that which you hope the student might learn 
[ 1 ]. Many trainers are still used to having the 
vaguest of aims and even more vague outcomes. 
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Both aims and outcomes must be meaningful not 
only to the staff, so they might be used as an 
assessment tool or guide but also meaningful to 
the student, as a guide for effective and directed 
learning. 

 When designing a simulation-training curricu-
lum keep the following “terms” in mind. This is 
because, as simulation requires the teaching of 
both a clinical skill and clinical reasoning, it 
requires our learning objectives to cover all of 
Blooms six (cognitive) levels of cognitive ability, 
these being
•    Knowledge  
•   Comprehension  
•   Application  
•   Analysis  
•   Synthesis  
•   Evaluation [ 2 ].    

 There then begins the three stages of curricu-
lum design.
    1.     Cognitive stage —understanding the theory 

behind the procedure   
   2.     Psychomotor stage —translating theory into 

performance with task repeated and practiced, 
movements become smoother and more effi -
cient (task fragmentation)   

   3.     Automated stage —In which subject can per-
form task fl uidly and competently without 
thinking of how to do it     
 It is suggested here that a simulation training 

curriculum for pelvic surgery should contain 
clear and well described learning objectives for 
developing following key skills
    1.    Generic Skills (Laparoscopic, robotic and 

endoscopic skills)
•    Eye-hand coordination  
•   Depth perception using a video image  
•   Laparoscopic orientation  
•   Bimanual skills—Laparoscopic instrument 

manipulation      
   2.    Specifi c Skills

•    Laparoscopic suturing  
•   Safe and accurate use of Electrocautery  
•   Safe Clipping and cutting      

   3.    Procedure Skills
•    Cystoscopy  
•   Ureteroscopy  
•   TURP  
•   PCNL        

 Once one has a clearly documented curricu-
lum, the training program itself can be designed 
and this relies on;
    1.    Sound curriculum with defi ned profi ciency 

criteria’s for learning both psychomotor and 
cognitive skills   

   2.    Simulation center equipped with both low 
fi delity and high fi delity virtual reality and 
robotic simulator   

   3.    Expert supervision and feedback      

3.3     Educational Offerings 

 A comprehensive education institutes should 
have resources to offer various educational and 
research opportunities including, but not limited 
to the following;
    1.    Short courses   
   2.    Mini-fellowships   
   3.    Diploma/PG Certifi cate/Masters in Surgical 

Skills   
   4.    New procedure training modules   
   5.    Perceptorship   
   6.    Telementoring   
   7.    Evaluations and Assessments   
   8.    Research and validation studies      

3.4     Models and Simulators 

 There are available in the wider world a huge 
variety of simulators, each offering its own ben-
efi ts and disadvantages. 

 When considering setting up a simulation ser-
vice, one should consider the needs of those you 
intend to educate and then look at the different 
types of simulator, choosing that which suits your 
needs best. 

 Simulators can be broadly classifi ed into two 
areas and then four types Below are examples of 
simulators one can use for each area, though this 
list is of course, not exhaustive.  

3.5     Psychomotor Skills 

     1.    Anatomy models—Torso Simulator   
   2.    Box Trainer

S.S. Fleming and B. Patel
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    (a)    Basic Laparoscopy Trainer   
   (b)    Bristol TURP Trainer   
   (c)    Uro-Scopic Trainer       

   3.    Virtual reality simulator—Simbionix   
   4.    Robotic Simulator      

3.6     Cognitive Skills 

     (a)    Integrated simulator—The Mock Operating 
Theater—Instructor-driven simulator   

   (b)    Model-driven simulator      

3.7     Anatomy Models 

 When your students fi rst begin their education, it 
is wise to have an appropriate model (Fig.  3.1 ) 
for learning applied clinical anatomy and allow-

ing for clear demonstration of how they will be 
expected to orientate their laparoscope. It is much 
easier to use a model to explain 3-D positioning 
than with a 2D diagram.  

 After the basic sciences have been mastered, 
the student can move on to develop their psycho-
motor skills, beginning with a basic box trainer 
and moving onto the virtual reality and robotic 
simulator, all of which have been shown to have 
huge educational value [ 3 – 5 ].  

3.8     Box Trainer 

 Learning of pelvic surgery should start with 
achieving profi ciency in technical skills required 
in basic laparoscopic surgery using box trainer 
and validated curriculum of fundamentals of lap-
aroscopic surgery (FLS). The FLS program may 
be effectively used to teach and assess both cog-
nitive and technical skill aspects related to lapa-
roscopic surgery. The simulated laparoscopic 
manipulation includes instrument navigation, 
coordination and cutting or knot-tying. It is wise 
to begin with the most basic of box trainers 
(Fig.  3.2 ), as if one considers simulation to be 
“the act of mimicking a real object, event or 
 process by assuming its appearance or outward 
qualities” [ 6 ], then a box trainer is absolutely the 
place to start to ‘mimic’ laparoscopic surgery.  

 Once simple psychomotor skills such as trian-
gulation and camera handling have been mastered, 
the simulation student could move on to a more 
Task specifi c box trainer. There are many versatile 
models (Figs.  3.3  and  3.4 ), which provide a range 
of techniques and procedural skills to be acquired 
over time. The anatomically and spatially realistic 
constraints found in this type of box trainer means 
that the student progresses their skills in line with 
the curriculum objectives that you will have set. 
For example, on the TURP trainer (Fig.  3.3 ), the 
student might begin with simply learning how to 
manage fl uids during a TURP and can progress to 
resection of the prostate.   

 The uro-scopic trainer is a versatile model that 
provides for a range of urological endoscopic 
techniques and procedures to be acquired in line 
with a trainees clinical progression these skills 
include the following;

  Fig. 3.1    Torso simulator (From   www.chiropractictools.
com/pelvis_model.php    )       
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  Fig. 3.2    Basic box trainer (From   http://limbsandthings.com/uk/products/category/urology    )       

  Fig. 3.3    Bristol TURP trainer         Fig. 3.4    Uro-scopic trainer       
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•    Fluid management  
•   Insertion, manipulation and removal of 

instruments  
•   Urethroscopy and Cystoscopy  
•   Stent and guidewire insertion  
•   Lithotripsy  
•   Stone retrieval     

3.9     Virtual Reality Simulator 

 Box trainers have their place however; a certain 
suspension of disbelief is required by the student 
in order for them to be truly effective. However, 
with the use of virtual reality technology the 
more complex procedures, along with the equally 
complex anatomy, can be brought to life for each 
student. It is through looking towards other pro-
fessional areas such as airline pilots or even piano 
players that it was discovered that, to become 
what the lay person might consider an “expert,” 
requires 10,000 h or 10 years of practice [ 7 ] and 
that to maintain this level of skill requires our 
 students not to simply be “in the job” but in fact 
a new concept in surgical training—deliberate 
practice [ 8 – 10 ]. The implication is that having 
spent hours and hours on a box trainer, mastering 
basic skills, there needs to be a way on which our 
students can spend similar amounts of time mas-
tering more complex procedures—from begin-
ning to end. The answer—virtual reality. 

 The Mentor System by Simbionix (Fig.  3.5 ) is 
one such system, with the following possible 
    1.    LAP Mentor™.   
   2.    URO Mentor™,   
   3.    VirtaMed TURPSim   
   4.    PELVIC Mentor    

  These ergonomically designed systems allow 
for real-time simulation, using the same inputs 
the student can expect to fi nd in an operating the-
ater. Equally, when practicing those essential 
skills in your simulation center, many of these 
units give haptic feedback (vibration, resistance 
and the same) to make the experience even more 
lifelike. 

 Each system has basic modules, with psycho-
motor skills tested, just as with the basic box 
trainer. However, these units then go on to offer 

anatomical, physiological, technical and surgical 
training, second to none. It is through the acquisi-
tion of a comprehensive set of pelvic surgical 
skills that a student can become not only safe but 
confi dent to perform these procedures on an 
actual patient. 

 The Lap Mentor unit allows the students to 
develop both basic and advanced laparoscopic 
skills including full procedure training with the 
potential for challenges such as variation in anat-
omy and bleeding. The URO mentor allows for 
everything from cystoscopes and ureteroscopes 
to cutting strictures and fl uoroscopy/C-arm 
control. 

 The PELVIC Mentor is more aimed towards 
pelvic fl oor reconstruction with an emphasis on 
transvaginal mesh procedures. This system was 
the fi rst to train surgeons for pelvic fl oor repair, 
using its hybrid mannequin/3D visualization 
system. 

  Fig. 3.5    Simbionix – PELVIC mentor™ (From   http://
simbionix.com/simulators/pelvic-mentor    )       
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 The presence of virtual reality simulators 
means that the student can progress onto more 
advanced simulators as their skills advance, so 
that, for example, once they have mastered the 
Bristol TURP trainer, they can progress onto 
advanced training.  

3.10     Virtamed Turpsim 

 The VirtaMed TURPSim, has been called “The 
Most Advanced Training Simulator for TURP 
Procedures and BPH Treatment” [ 11 ] Once the 
student has mastered the basics of TURPs, this 
system allows for revisiting these skills in a more 
high fi delity fashion, as well as managing com-
plications, again, while not having to wait for a 
real patient, with a real complication. As with all 
of the previously mentioned systems, the skills 
begin at a basic level and progress until mastery 
of all skills is eventually achieved. 

 Of note, though you will have set up your 
own comprehensive curriculum, many VR sys-
tems also come with their own “in built” train-
ing curriculum, with modules that must be 
mastered before moving onto the next. Your 
younger surgeons will feel more like they are 
playing a computer game, having to fi nish one 
level before they can progress onto the next. 
This means, that with the use of this and a box 
trainer, they will fi nd themselves more comfort-
able with:
•    Heavy bleeding  
•   Capsule perforation  
•   Verumontanum or sphincter resection  
•   Fluid overload    

 However, as any educator will know, a curric-
ulum is really of no use without assessment. All 
VR trainers have, in some form or another, built 
in tools for both feedback and assessment. 

    Objective Feedback Reports 

 The Mentor systems all allow for objective per-
formance assessment as well as allowing the 
supervisor to set their own standards for things 
such as economy of movements or complica-
tions handling. These feedback reports are 

always available to both your students and 
yourself, so that refl ection and improvement is 
always possible. Another feature is that all this 
data can be used not only for individual devel-
opment but also for research and statistical 
analysis. 

 The most advanced pelvic surgeons are now 
performing da Vinci surgery—and so, as the skill 
set required for pelvic surgeons grows, so the 
availability of simulation equipment grows.   

3.11     Training for Da Vinci® 
Surgery 

 The robotic surgery simulator made by Simbionix 
has instruments designed to replicate the motions 
of the human hand, just as with a “real” da Vinci 
unit. For even greater realism, the Suturing 
Module can be used on the genuine  da Vinci  
 console, which means your students will not only 
become confi dent with the skills but the equip-
ment required in robotic surgery. 

 All of the afore-mentioned equipment means 
that a surgeon in training can develop psychomo-
tor, procedural skills in an interactive and “active 
learning” fashion. They will be forced to respond 
to a multitude of situations which can include 
procedure selection or the decision to proceed/
abort a procedure as well as the extent of their 
dissection, manipulation, suturing and even 
which components they wish to use.  

3.12     Cognitive Knowledge 
and Clinical Judgement 

 A seamless blend of psychomotor and cognitive 
skills is essential for surgical skills mastery. A 
defi ned and well-rounded curriculum encom-
passing both psychomotor and cognitive skills is 
necessary for learning complex pelvic surgery. 
Contents should be developed and validated by 
panels of experts to teach and test aspects of pel-
vic surgery. The contents should also include 
suggested reading material, clinical scenarios the 
learner may confront and computer based multi-
ple choice questions as well as (critical) review of 
operative videos. 
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 Many of the clinical judgement skills learned 
in this way can be tested further in another simu-
lation environment, that of the Integrated 
Simulator, sometimes referred to as the Mock 
Operating Theater. 

    Integrated Simulator: The Mock 
Operating Theater 

 The next step in a simulation is to leave the sim-
ulation room! In the end, each student is very 
aware that he or she is stood in casual clothes, 
“playing” with a virtual reality simulator. After 
a certain period, the cognitive and affective 
skills of your trainee will need to be tested and 
improved [ 12 ,  13 ]. The operating room is a 
dynamic work environment in which effective 
cognitive functioning and decision making are 
vital to safe delivery of care and thus to a train-
ee’s learning. Thus one can build a Mock 
Operating theater. These can be from the most 
basic, a room with an anesthetic machine, a bed 
and a model to the fully immersive, realistic 
training environments, that certain units and 
companies can provide. The fully immersive 
environments, which use both instructor driven 
and model driven simulation are the best for 
practicing cognitive and judgment skills [ 14 ]. 
By using instructors (an instructor is present to 
feed information to the trainee) as well as mod-
els, either virtual reality, simulation models or 
Human Patient Simulators (a real person using 
prosthetics and makeup/special effects) a stu-
dent can develop cognitive skills required to 
become an expert surgeon, such as open com-
munication, adaptive response, and the use of a 
shared mental model [ 15 ].   

3.13     Resources and Facilities 

 None of the previous mentioned facilities are pos-
sible without the resources, space and funding to 
run such a service. With this in mind the American 
College of Surgeon (ACS) developed their accred-
itation requirement for simulation centers. 

 ACS has established specifi c criteria for learn-
ers, curriculum, personnel and resources required 

for centers seeking ACS accreditation AS 
Comprehensive Education Institutes (Level I) or 
Basic Education Institutes (Level II). Detailed 
discussion of application process for obtaining 
accreditation is beyond the scope of this book; a 
brief summary is outlined below. 

 There are three major components (called 
“standards”) to the accreditation of both Level I 
and II centers
•    Standard 1 : refers to learner  
•   Standard 2: encompasses the curriculum  
•   Standard 3: covers technology support, facili-

ties and resources    
 Level I and II criteria share similarities in term 

of the curriculum principles (standard 2), but dif-
fer signifi cantly in terms of space and personnel 
(standard 3) 

 The ACS goes on to clarify
•    Level 1 Skills Center    

 –    Accommodate 20 trainees for hands-on 
training at any given time  

 –   Provide education to at least three dif-
ferent learner groups (surgeons, train-
ees, medical students, nurses and allied 
health professionals)  

 –   Have exclusive use of no less than 1, 
200 sq.ft, and in addition 4,000 sq.ft 
shared space available for conference 
rooms, storage, vivarium, teleconfer-
encing facilities and offi ces.   

 –    Accommodate six to ten trainees for 
hands-on training at any given time  

 –   Provide education to at least one learner 
group in addition to surgeons  

 –   Minimum 800–1,000 sq.ft area housed 
within a defi ned geographic area with 
signage for easy identifi cation  

 –   Offer walk-in education opportunities  
 –   Teleconferencing facilities   

•    Level 2 Skills Center   
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   Table  3.1  is author’s suggestion on number of 
simulators required for setting up simulation 
training for pelvic surgery.

3.14        Finance 

 No educator is naive enough to think that any-
thing can be achieved without funding and so it is 
wise to have a realistic idea of both your income 
and outgoings. Some of this will vary depending 
on what facilities, resources and equipment your 
unit already has. It may seem like charging for 
courses is a great money-spinner however, there 
are major expenses and as such other sources of 
income should be sought as well; grants, spon-
sorship and more creative sources of funding will 
help with both start-up and maintenance 
(Table  3.2 ).

   Table 3.1    Resources for a level 1 and 2 simulation center   

 Resources required  Level 1  Level 2 

 Skills lab space  1,200 Sq Ft  800 Sq Ft 
 Number of simulator 
stations 

 10  5 

   (i)  Advanced 
simulators 

 2  1 

   (ii)  Intermediate 
simulators 

 4  2 

   (iii) Basic simulator  4  2 
 Tutor to trainee ration  Preferred 1:3  Preferred 1:3 

 Minimum 1:4  Minimum 1:4 

   Table 3.2    Example of possible incomes and expenses for a simulation center   

 Income  Expense 

 1. Income from courses  1. Space rent and space renovation cost 
 2. University and government grants  2. Salary 

   (a) Institute director and teaching staff salary 
   (b) Business manager and accountant 
   (c) Simulators technician salary 
   (d) Course co-ordinator/administrator 

 3. Industry sponsorship  3. Equipment’s 
   (a) High fi delity—virtual reality simulators 
   (b) Low fi delity—intermediate and basic simulators 
   (c) Synthetic models for simulation 
   (d) Suturing set/instruments 
   (e) Sutures and disposables 

 4. Private investor’s  4. Guest lecturer and external examiner costs 
 5. Bank loan  5. Equipment maintenance and service contract 

 6. Overhead cost 
 7. Furniture 
 8. Audiovisual—live AV link 
 9. Offi ce supplies 
 10. Internet access/computer hardware/software/networking 
 11. IT support—web site designing and maintaining 
 12. Marketing/advertising cost 
 13. Interest on loan 
 14. Conference cost—traveling/registration/accommodation 
 15. Lab spaces hire cost 
 16. Staff and students awards/prizes 
 17. Miscellaneous 
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3.15        Summary 

 Surgical training is generally considered to be 
modeled on a four-stage approach;
    1.    Demonstration of the skill at normal speed 

with little or no explanation   
   2.    Repetition of the skill with full explanation, 

encouraging the trainee to ask questions and 
be generally inquisitive   

   3.    Skills performed for a third time by the demon-
strator, but this time the trainee prompts each 
action and in turn is quizzed by the demonstra-
tor, who also corrects any errors made by the 
trainee. This step is often repeated numerous 
times out of necessity as one can progress to 
the fourth step until this is near perfect.   

   4.    The trainee now carries out the skill under 
close supervision, describing each step before 
it is taken [ 16 ].     
 A leading exponent of simulation training has 

himself noted this issue and said “simulators are 
only of value within the context of a total educa-
tional curriculum, and the technology must 
 support the training goals [ 17 ]. However, a well 

organized and set up simulation center allows the 
fulfi llment of all of the above four stages, with no 
risk to patients and allowing for these to be per-
formed over and over again, at both the trainer 
and trainee’s leisure. 

 With proper planning at every level, a simula-
tion center can be the best training resource avail-
able to a surgical training scheme. 

 Yet we must be always be mindful and as 
Kneebone states, “ Above all ,  simulation must 
take its place as one component of a larger pic-
ture ,  supporting and supported by research ,  tech-
nology ,  clinical practice ,  professionalism and 
education ” [ 18 ]. 
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4.1             Introduction 

 Sixty years ago Dr. Gershon-Cohen began to send 
x-rays using facsimiles over a distance of 28 miles 
by using simple telephone services to transmit the 
images. In 1962, DeBakey pioneered the fi eld of 
telemedicine with the fi rst videoconferencing (VC) 
demonstration of open-heart surgery to be trans-
mitted overseas by satellite, allowing medical staff 
in Geneva to view an aortic valve replacement 
being performed at The Methodist Hospital in 
Houston, Texas [ 1 ]. Another early example of long-
distance use of telemedicine was in 1967 in Boston, 
when a medical station at Logan International 
Airport was linked to Massachusetts General 
Hospital in downtown Boston using a two-way 
microwave audio-video link [ 2 ]. Since the 1960s, 
there has been substantial development in the use 
of telemedicine among medical personnel, includ-
ing surgeons [ 3 ]. In recent years, the cost of tele-
medicine equipment has become less expensive 
and advanced technical skills are not required to 

operate such systems. Therefore, new applications 
of telemedicine in surgery are emerging in trauma 
and emergency medicine, for postoperative 
follow-up of patients, education of surgeons, mul-
tidisciplinary team meetings, and in surgical tele-
mentoring. Surgical telementoring, a process 
during which an experienced surgeon remotely 
guides another surgeon through a procedure using 
a telecommunication system, offers a viable option 
for facilitating the transfer of knowledge and skills, 
as it cost-effectively expands the mentor pool and 
in- creases experienced surgeons’ availability to 
assist in educating other surgeons (Fig.  4.1 ). In this 
chapter, we will focus on how telemedicine and 
emerging videoconferencing technology can be 
used to improve surgical education and to meet the 
increasing demand for surgeons.   

4.2     Telemedicine 
and the Surgical Workforce 

 Surgical telementoring might be a way to meet 
societies need for new surgeons. The length of 
time it takes to train surgeons, the anticipated 
decrease in hours worked by surgeons in younger 
generations, and the potential decreases in grad-
uate medical education funding suggest that there 
may be an insuffi cient surgeon workforce to meet 
population needs. Surgeons are often sparsely 
geographically distributed, and with a pre-
dicted shortage of surgeons distance education 
might become increasingly important. Existing 

   Mobile Medical Mentor Group (M3)    

     K.  M.   Augestad ,  MD, PhD      (*)  •     E.   Bogen ,  MD    
  Department of Gastrointestinal Surgery ,  Norwegian 
National Centre of Telemedicine and Integrated Care, 
University Hospital North Norway (UNN – Tromsø) , 
  Tromsø ,  Norway   
 e-mail: knut.magne.augestad@telemed.no   

    H.  R.  H.   Patel ,  MRCS, PhD, FRCS(Urol), FRCS(Eng)    
  Department of Urology ,  University Hospital North 
Norway ,   Tromsø ,  Norway    

  4      Telemedicine as a Quality 
Improvement Facilitator 
in Pelvic Cancer Surgery 

           Knut     Magne     Augestad      ,     Etai     Bogen     , 
and     Hitendra     R.    H.     Patel        

mailto: knut.magne.augestad@telemed.no


30

 maldistribution patterns are likely to be exacerbated, 
leading to delayed or lost access to time-sensitive 
surgical procedures, particularly in rural areas [ 4 ]. 
Forecasts show that overall surgeon supply will 
decrease 18 % during the period form 2009 to 
2028 with declines in all specialties except 
colorectal, pediatric, neurological surgery, and 
vascular surgery. Model simulations suggest that 
none of the proposed changes to increase graduate 
medical education currently under consideration 
will be suffi cient to offset declines [ 4 ]. Recently, 
an estimate was made that by 2030, there would 
be a 9 % shortage in the general surgical work-
force, with greater shortages in other surgical spe-
cialties [ 4 ,  5 ]. In 2009, there were only 3.18 
urologists per 100,000 habitants in the US, which 
is a 30-year low. Mirroring this nationwide lack of 
urologists, a recent survey of the academic urologic 
workforce predicts that over 369 faculty positions 
need to be fi lled out in the next 5 years, suggesting 
that the shortage of academic urologists is more 
severe than that of other specialities [ 6 ]. Unless the 
rate at which general and urological surgeons are 
trained increases, the number of surgeons per popu-
lation will continue to decline [ 7 ]. The imminent 

nature of reductions in surgical workforce supply, 
combined with increased utilization that will 
result from a changing and growing population 
(and potentially from insurance expansion or 
some form of coverage reform), suggests that pro-
active actions to graduate medical education 
training numbers, new models of care, and extend-
ing surgical productivity are needed. Without 
making these changes, there is a risk that there 
will be access issues—particularly in rural com-
munities—as increasing numbers of surgeons 
retire. Thus, there is a signifi cant need to increase 
the rate and volume of surgical education. In our 
opinion, tele- mentoring and telemedicine may be 
used as tools to enhance surgical education to 
meet the increasing surgical demand [ 3 ].  

4.3     Tele-mentoring in Surgery 

 Reported results of mentoring are improved surgi-
cal practice, education, treatment and postoperative 
care and telementoring is described as a natural fi t 
in surgery. Mentoring using videoconferencing 
technology has gained increasing popularity in all 
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  Fig. 4.1    Suggested architecture of a distributed mobile surgical telementoring system       
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fi elds of medicine, especially in education of 
medical personnel [ 3 ,  8 – 11 ]. Solutions have been 
demonstrated for laparoscopic surgery and in 
combination with robotic surgery [ 12 – 14 ]. More 
recently, mobile solutions for surgical telementor-
ing have been demonstrated (Fig.  4.2 ) [ 15 ].  

 Recent developments in information technology 
have led to a renewed interest in the potential of 
telemedicine to provide new collaborative solu-
tions. Recently a national US research initiative was 

launched; The American Medical Foundation for 
Peer Review and Education has brought together 
several specialty surgical societies to determine 
whether telementoring is an effective way for physi-
cians to learn new skills and improve old ones [ 16 ]. 
Telementoring has been shown to be successful in 
training residents. A 2010 study in the Journal of 
the American College of Surgeons reported that 
eight general surgery residents operating on animal 
cadavers while telementored achieved higher 

a

b

  Fig. 4.2    On-site 
telementoring on: 
( a ) Partial nephrectomy 
and ( b ) Adrenalectomy 
surgeries. We have 
developed a unique, low 
cost telementoring 
system at the Department 
of Urology—University 
Hospital North Norway 
(UNN)       
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overall mean performance scores when compared 
with completing the same operations without the tele-
robotic proctoring. The residents also said they felt 
more competent when they were telementored [ 17 ]. 

 Safety issues during surgical telementoring has 
been debated. Recently, Augestad et al. reported a 
5 % complication rate during 433 telementored 
surgical procedures [ 18 ]. This means that the 
safety during surgical telementoring is similar to 
that reported in onsite mentoring. Recently, a 
meta-analysis supports evidence that trainees can 
obtain similar clinical results to expert surgeons in 
laparoscopic colorectal surgery if supervised by an 
experienced trainer [ 10 ]. Two surveys of laparo-
scopic telementoring were included in this review, 
showing no signifi cant difference in conversion, 
anastomotic leak or mortality compared to on site 
mentoring [ 19 ,  20 ]. Similar results were also 
shown by Panait et al. [ 21 ]. One study reports 
decreased operation time of telementoring com-
pared to physical presence [ 22 ]. In contrast 
Schlachta’s surveys revealed an increased operat-
ing time, but a signifi cant decrease in hospital days 
[ 19 ,  23 ]. Most studies were not randomized, this 
makes it diffi cult to estimate signifi cance of the 

survey. There is no evidence in included studies of 
increased cost- effectiveness of surgical telemen-
toring, for instance reduced transfers between hos-
pitals or other terms of resource utilization. 
Telementoring as a tool for education between dif-
ferent levels of healthcare has been described by 
different surgical specialties. Demartines et al. 
assessed telemedicine in surgical education and 
patient care [ 24 ]. Participant satisfaction was high 
and the opportunity to discuss case management 
were signifi cantly improved. However, there are 
insuffi cient proof of the educational benefi ts of sur-
gical telementoring. In a recent review of 34 trials of 
surgical telementoring, eight surveys (23 %) had an 
educational assessment as primary outcome [ 18 ]. 
Surgical performance was evaluated by recognition 
of anatomical landmarks, the “Global Opera tive 
Assessment of Laparoscopic Skills” (Table  4.1 ) [ 25 ], 
or measurement of task performance (grasping, 
cutting, clip applying, suturing, economy of move-
ment). All surveys report an expert-novice mentor 
situation. Two surveys included simulation, three 
surveys robotics (remote camera control or grasper). 
All reviewed surveys report a positive outcome of 
telementoring on surgical education (Table  4.2 ).

   Table 4.1    Assessment tool of surgical performance (global operative assessment of laparoscopic skill)   

 Description  1 point  3 point  5 point 

 Knowledge of 
anatomy 

 Gaps in knowledge of 
anatomy prevented smooth 
fl ows of operation 

 Basic understanding of 
anatomy allowed smooth 
progression of procedure 

 Excellent understanding of 
anatomy allowed rapid progression 
from one step to the next 

 Preventions of 
complications 

 Poor knowledge of critical 
steps to avoid complications 

 Aware of several critical steps 
to avoid complications 

 Aware of most critical steps to 
avoid complications 

 Tissue 
handling 

 Frequently used unnecessary 
force on tissue or caused 
damage by inappropriate use 
of instruments 

 Careful handling of tissue but 
occasionally caused damage 

 Consistently handled tissue 
appropriately with minimal 
damage to tissue 

 Time and 
motion 

 Many unnecessary moves  Effi cient time and motion but 
some unnecessary moves 

 Clear economy of movement and 
maximum effi ciency 

 Flow of 
operation 

 Frequently stopped 
operating and seemed 
unsure of next move 

 Demonstrated some forward 
planning with reasonable 
progression of procedure 

 Obviously planned course of 
operation with effortless fl ow 
from one move to the next 

 Principles of 
operation 

 Poor knowledge of 
laparoscopic surgery 

 Displayed partial knowledge 
of laparoscopic surgery 

 Have excellent knowledge of 
laparoscopic surgery 

 Knowledge 
and use of 
equipment 

 Poor knowledge of what, 
how and when to use 
equipment 

 Basic understanding of 
purpose and use of 
instruments and tools 

 Used and manipulated surgical 
instruments with clear 
understanding of their purpose 

 Overall 
performance 

 Very poor  Competent  Clearly superior 

  From Vassiliou et al. [ 25 ] 
 This assessment tool is among the most common educational assessment tool in surgical telementoring  
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4.4         Telemedicine 
in Multidisciplinary Teams 
(MDTs) 

 Bringing together multiple experts to focus as a 
group on a single patient is now a formidable 
organizational and logistical challenge. With 
telemedicine, discussion of a series of patients 
among a broad range of experts is possible across 
vast distances, resulting in a level of consultation 
at a cost otherwise not possible. MDTs should 
improve coordination, communication, and 
decision- making between health-care team mem-
bers and patients, and hopefully produce more 

positive outcomes. VC as a tool to improve 
communication between different levels of health 
care has been described from different surgical 
sub-specialities [ 26 ]. However, bringing together 
multiple experts to focus on a single patient is a 
logistical challenge. With videoconferencing and 
telementoring, discussion of a series of patients 
among a broad range of experts is possible across 
vast distances (Fig.  4.3 ). Kunkler et al. performed 
a trial where it was shown that multidisciplinary 
team meetings by videoconferencing was cost- 
effective and have similar clinical effectiveness 
to standard ‘in-person’ meetings [ 27 ]. Norum 
et al. published a study demonstrating the feasi-
bility of VC for clinical and educational support 
between specialists at the University Hospital of 
North Norway and colleagues at the oncology 
and palliative care unit of the Nordland Hospital 
in Bodø, 300 miles apart. VC was a success in the 
education and clinical case discussion with the 
remote oncologists in Bodø. During a 12-month 
period, 32 VCs were performed, the study dem-
onstrated that telemedicine can be used to incor-
porate a remote palliative care unit into a 
university department [ 28 ].  

 Dickson-Witmer et al. recently published a 
study of a VC network to discuss prospective 
patient management issues. Information was 
shared on a weekly basis with discussion of treat-
ment decisions and diagnostic procedures. The VC 
led to an increase in National Cancer Institute 
treatment and accrual to cancer control clinical tri-
als [ 29 ,  30 ]. Kunkler et al. have proposed a com-
prehensive methodology to assess the  clinical and 
economic effectiveness of VC in MDTs [ 30 ]. This 
methodology was later tested in a randomized 
breast cancer trial where 473 MDT patient discus-
sions in two district general hospitals were cluster 
randomized to the intervention of telemedicine 
linkage to breast specialists in a cancer center or to 
the control group of ‘in- person’ meetings. VC was 
cost-effective and MDTs have similar clinical 
effectiveness to standard ‘in- person’ meetings 
[ 27 ]. There is a shortage of surgeons in the 
UK. MDT meetings supported by telemedicine 
were therefore introduced, the telemedicine meet-
ings saved over 3 working weeks of thoracic surgi-
cal time during the year [ 31 ]. MDT meetings are 

   Table 4.2    Surveys assessing educational outcomes of 
surgical telementoring   

 Educational aspects  Specifi cations (n = 8) 

 Mentored 
participants 

 Medical 
students 

 63 

 Surgical 
residents 

 24 

 General 
Surgeons 

 53 

 Procedures  Laparoscopic 
cholecystectomy 
 Bovine surgery 
 Endoscopic procedures 
 Open thyroidectomy 
 Laparoscopic inguinal 
hernia n 

 Educational assessment 
tool 

 Global operative assessment 
of laparoscopic skills 
 Global rating scale 
 Recognition anatomical 
landmarks 
 Task performance (navigation, 
clip applying, grasping, 
suturing, economy of 
movement) 

 Simulators  2 
 Robotics  3 
 Stationary VC units  6 
 Mobile VC units  2 
 Enhanced surgical 
performance 

 8 

  From Augestad et al. [ 18 ]; used with permission 
 Eight (23 %) of thirty-four reviewed surveys reported a 
primary outcome focusing on surgical education. All of 
these surveys report improved surgical performance 

  VC  videoconferencing  
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used for establishing diagnoses, for tumor, node, 
and metastasis (TNM) classifi cation. In a Swedish 
study, telemedicine was introduced to link the 
regional hospital to two of the three district general 
hospitals. The conclusion was that costs could be 
saved by carrying out MDT meetings by means of 
telemedicine instead of face-to-face meetings [ 32 ]. 
A recent report on cancer services in Wales recom-
mended an integrated cancer service with VC as a 
clinical tool. Regular MDT meetings reduced the 
need for patients to travel. They also increased 
access to expert opinion and reduced the delay in 
implementing treatment [ 33 ].  

4.5     Technology Issues 
in Telemedicine 

 One major aspect in achieving adoption of new 
technology is the experience of the mentors 
and trainees, however user acceptance of cur-
rent technology is lacking. Some studies focus 
on the mentors and trainees satisfaction with 
the technological solution used for telementor-
ing. Furthermore, no evidence from systematic 
 studies therefore exists on what picture resolu-
tion is required to achieve high-perceived 
video resolution quality among mentors and 
trainees. In the evaluation of perceived audio 
quality high perceived quality is reported in 
60 % of the studies [ 18 ]. Another important 
user aspect is experienced delay. Few studies 

(35 %) report measured delay and very few 
reports how the delay was measured (both 
ways vs. only one way). We used an acceptance 
criterion of 250 ms, one way, 500 ms both 
ways, based on our experience with video con-
ferencing [ 18 ]. From a clinical perspective 
aspects like video encoding and video resolu-
tion in telementoring solutions is important. 
Video encoding affects for instance how 
nuances in color of the intestines get repre-
sented in the video signal. Picture resolution 
affects what anatomical landmarks that may be 
identifi ed with a high degree of certainty. It is 
therefore surprising that these two aspects are 
the least reported; only three studies report the 
video resolution used and at the same time pro-
vides an evaluation of perceived picture qual-
ity. A video resolution of 768 × 492 and higher 
is perceived to give high perceived video qual-
ity, while 320 × 240 and lower is evaluated to 
provide medium perceived picture quality. The 
most reported technical feature is telestration 
(44 %) and we believe this feature is manda-
tory for all telementoring solutions [ 18 ]. 

 The current focus on mobile devices as cell 
phones and tablet PC’s (Ipad) opens a new 
dimension. There has been renewed interest in 
mobile telemedicine solutions owing to new and 
emerging mobile technology such as third and 
fourth generation of mobile device communica-
tion (3G and 4G), increased usability of mobile 
phones and internet-enabled mobile devices. 

  Fig. 4.3    A multidisci-
plinary team conference 
examining a patient with 
stoma problems. The patient 
is located in a district 
medical center 5 h drive 
from the University 
Hospital North Norway       
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Video conferencing has been used in multiple 
settings during the past decades, however most of 
these systems have been stationary units. A mobile 
videoconference solution will bring new and 
important aspects to this technology, as surgeons 
can easily transport and use the system in multiple 
settings [ 15 ]. We believe that mobile videoconfer-
ence solutions based on tablet PC technology have 
a potential to positively impact surgical practice, 
but further research is needed (Fig.  4.1 ).  

4.6     Future Telementor Research 

 Technological barriers of videoconferencing 
and telemedicine have been substantially 
reduced and high quality commercial solutions 
for telementoring and videoconferencing are 
easy accessible. There is therefore decreased 
need for surveys focusing on technical aspects 
and future trials of surgical telementoring 
should focus on:
•     Education of surgeons : How can videoconfer-

encing and telementoring contribute to a more 
cost-effective surgical education?  

•    Patient safety : Is telementoring a safe 
method to educate new or inexperienced 
surgeons or does complication rates increase 
when surgical education is not performed 
hands on?  

•    Telementoring and simulation : How can tele-
mentoring be combined with simulators, 
robotics and mobile platforms for educational 
and clinical purposes?  

•    Licensure and liability problems : Telementoring 
are often performed across organizational bor-
ders. How shall organizational issues like 
licensure, credentialing, hospital fi nances, 
legal matters and potential malpractice be dealt 
with?     

4.7     Summary 

 Surgery is a visual speciality where live pictures 
provide detailed information about anatomical 
landmarks, giving the mentor instant informa-
tion about the patient’s normal anatomy and patho-

logical structures. Based upon this instant 
information the mentor can give advice to the 
operating surgeon and immediately correct his 
or her surgical actions. Telementoring is well 
suited to overcome geographical barriers and is 
suitable for surgical education. The technologi-
cal barriers of surgical telementoring have 
decreased during recent years, and high quality 
videoconference equipment is accessible on a 
commercial basis. However, implementation of 
telemedicine and videoconference is slower 
than expected within the surgical community. 
The complication and conversion rate of surgi-
cal telementoring is similar when compared to 
onsite mentoring. To meet the increasing 
demand for general surgeons, surgical telemen-
toring for educational purposes should be fur-
ther explored and evaluated. New surgical 
telementor surveys should have a clearly defi ned 
research objective, assessing clinical and educa-
tional aspects in a systematic manner. 

       Acknowledgements: Mobile Medical Mentor (M3) 
Project Group   Knut Magne Augestad, MD, Ph.D 
(Research Leader Department of Research and Innovation, 
Norwegian Centre for Telemedicine and Integrated Care 
and Department of Gastrointestinal Surgery, University 
Hospital North Norway, Tromsø, Norway), Andrius 
Budrionis, MSc (Research Fellow, Tromsø Telemedicine 
Laboratory, Norwegian Centre for Telemedicine and 
Integrated Care, Tromsø, Norway), Etai Bogen, MD 
(Research fellow, Department of Gastrointestinal Surgery, 
Norwegian Centre for Telemedicine and Integrated Care, 
Tromsø, Norway), Johan Gustav Bellika MSc, Ph.D 
(Associate Professor, Norwegian Centre for Telemedicine 
and Integrated Care, Tromsø, Norway), Rolv- Ole 
Lindsetmo MD, MPh, PhD (Professor and Chief, 
Department of Gastrointestinal Surgery, University 
Hospital North Norway, Tromsø, Norway), Gunnar 
Hartvigsen PhD (Professor, Department of Computer 
Science, Faculty of Science, University of Tromsø, 
Norway), Per Hasvold MSc (Research Fellow, Norwegian 
Centre for Telemedicine and Integrated Care, Tromsø, 
Norway), Stig Muller MD, PhD (Consultant, Department 
of Surgery, University Hospital North Norway, Tromsø; 
Norway), Hiten Patel MD, PhD (Professor, Department of 
Surgery, Section of Laparoscopic Urology, University 
Hospital North Norway, Tromsø, Norway), Conor 
Delaney MD, Ph.D (Professor of Surgical Education and 
Chief Division of Colorectal Surgery, University Hospitals 
Case Medical Center, Cleveland, OH, USA), Alexander 
Horsch PhD (Professor Institute for Medical Statistics and 
Epidemiology, University of Technology, Munich, 
Germany), Kim Mortensen MD, PhD (Consultant, 

4 Telemedicine as a Quality Improvement Facilitator in Pelvic Cancer Surgery



36

Department of Surgery, University Hospital North 
Norway, Tromsø Norway), Sture Pettersen MSc (CEO 
Tromsø Telemedicine Laboratory, Norwegian Centre for 
Telemedicine and Integrated Care, Tromsø, Norway). 

  Disclosures   Mr. Budrionis was fi nancially sup-
ported by a grant from HST Helse Nord. Dr. 
Augestad and Dr. Bogen have no fi nancial 
disclosures.   

   References 

    1.       DeBakey ME. Telemedicine has now come of age. 
Telemed J. 1995;1:3.  

    2.    Murphy R, Bird K. Telediagnosis: a new community 
health resource. Observations on the feasibility of 
telediagnosis based on 1000 patient transactions. Am 
J Publ Health (NY). 1974;64:113–9.  

      3.    Augestad KM, Lindsetmo RO. Overcoming distance: 
video-conferencing as a clinical and educational tool 
among surgeons. World J Surg. 2009;33:1356–65.  

      4.    Fraher EP, Knapton A, Sheldon GF, Meyer A, Ricketts 
TC. Projecting surgeon supply using a dynamic 
model. Ann Surg. 2013;257:867–72.  

    5.       Etzioni DA, Finlayson SR, Ricketts TC, Lynge DC, 
Dimick JB. Getting the science right on the surgeon 
workforce issue. Arc Surg. 2011;146(4):1–4.  

    6.    Gonzalez C, McKenna P. Challenges facing academic 
urology training programs: an impending crisis. 
Urology. 2013;81:475–9.  

    7.       Jarvis-Selinger S, Chan E, Payne R, Plohman K, Ho K. 
Clinical telehealth across the disciplines: lessons 
learned. Telemed J E Health. 2008;14:720–5. Audio, 
transactions of the IRE professional group on 2008.  

    8.    Lavrentyev V, Seay A, Rafi q A, Justis D, Merrell 
RC. A surgical telemedicine clinic in a correctional 
setting. Telemed e Health. 2008;14:385–8.  

   9.    Doarn C. The power of video conferencing in surgical 
practice and education. World J Surg. 2009;33:1366–7.  

    10.       Miskovic D, Wyles SM, Ni M, Darzi AW, Hanna GB. 
Systematic review on mentoring and simulation in 
laparoscopic colorectal surgery. Ann Surg. 2010;252:
1–9.  

    11.    Doarn C. Telemedicine in tomorrow’s operating 
room: a natural fi t. Surg Innov. 2003;10:121–6.  

    12.    Eadie L, Seifalian A, Davidson B. Telemedicine in 
surgery. Br J Surg. 2003;90:647–58.  

   13.    Agarwal R, Levinson A, Allaf M, Makarov D, Nason A, 
Su L. The RoboConsultant: telementoring and remote 
presence in the operating room during minimally 
invasive urologic surgeries using a novel mobile 
robotic interface. Urology. 2007;70:970–4.  

    14.    Challacombe B, Wheatstone S. Telementoring and 
telerobotics in urological surgery. Curr Urol Rep. 
2010;11:22–8.  

     15.    Parker A, Rubinfeld I, Azuh O. What ring tone should 
be used for patient safety? Early results with a 
blackberry- based telementoring safety solution. AJS. 
2010;199:336–41.  

    16.    Wood D. No surgeon should operate alone: how 
telementoring could change operations. Telemed 
e-Health. 2011;17:150–2.  

    17.    Rothenberg SS, Yoder S, Kay S, Ponsky T. Initial 
experience with surgical telementoring in pediatric 
laparoscopic surgery using remote presence 
technology. J Laparoendosc Adv Surg Tech. 
2011;19:S219–22.  

         18.    Augestad K, Bellika JG, Budrionis A, Chomutare T, 
Lindsetmo RO, Patel H, Delaney CP. Surgical tele-
mentoring in knowledge translation—clinical out-
comes and educational benefi ts: a comprehensive 
review. Surg Innov. 2013;20:276–84.  

     19.    Schlachta CM, Kent SA, Lefebvre KL, McCune ML, 
Jayaraman S. A model for longitudinal mentoring and 
telementoring of laparoscopic colon surgery. Surg 
Endosc. 2008;23:1634–8.  

    20.    Sebajang H, Trudeau P, Dougall A, Hegge S, McKinley 
C, Anvari M. The role of telementoring and telerobotic 
assistance in the provision of laparoscopic colorectal 
surgery in rural areas. Surg Endosc. 2006;20:1389–93.  

 Key Points 

•     Solutions have been existing for 
decades.  

•   Commercial low cost solutions exist.  
•   The surgical workforce will decrease 

substantially in all specialities.  
•   Surgical telementoring might be a way 

to meet societies need for new surgeons, 
by improving surgical education.  

•   Telementoring is described as a natural 
fi t in surgery.  

•   Telementoring improves surgical prac-
tice, education, and treatment.  

•   Telementoring trials are needed to fur-
ther explore the impact in surgical 
education  

•   Telemedicine improve coordination, 
communication, and decision-making 
for  multi- disciplinary teams.  

•   Video and audio quality vary in the 
existing systems; delay of voice might 
cause communication problems.  

•   Further assessment of the role of tele-
medicine in education and its effects on 
patient safety are needed.    

K.M. Augestad et al.



37

    21.    Panait L, Rafi q A, Tomulescu V. Telementoring ver-
sus on-site mentoring in virtual reality-based surgical 
training. Surg Endosc. 2005;20:113–8.  

    22.    Ereso A, Garcia P, Tseng E. Live transference of sur-
gical subspecialty skills using telerobotic proctoring 
to remote general surgeons. ACS. 2010;211:400–11.  

    23.    Schlachta C, Lefebvre K, Sorsdahl A, Jayaraman 
S. Mentoring and telementoring leads to effective 
incorporation of laparoscopic colon surgery. Surg 
Endosc. 2009;24:841–4.  

    24.    Desmartines N. An evaluation of telemedicine in sur-
gery. Ann Surg. 2000;135:849–53.  

     25.    Vassiliou M, Feldman L, Andrew CG. A global 
assessment tool for evaluation of intraoperative lapa-
roscopic skills. AJS. 2005;190:7–7.  

    26.    Kitamura C. How effective is video consultation in 
clinical oncology? A systematic review. Curr Oncol. 
2010;17:17.  

     27.    Kunkler I, Prescott R, Lee R. TELEMAM: a cluster 
randomised trial to assess the use of telemedicine in 
multi-disciplinary breast cancer decision making. Eur 
J Cancer. 2007;43:2506–14.  

    28.    Norum J, Pedersen S, Størmer J. Prioritization of tele-
medicine services for large scale implementation in 
Norway. J Telemed Telecare. 2007;13:185–92.  

    29.    Dickson-Witmer D, Petrelli N, Witmer D. A statewide 
community cancer center videoconferencing pro-
gram. Ann Surg Oncol. 2008;15:3058–64.  

     30.    Kunkler I, Fielding RG, Brebner J. A comprehen-
sive approach for evaluating telemedicine-delivered 
multidisciplinary breast cancer meetings in south-
ern Scotland. J Telemed Telecare. 2005;11 Suppl 1:
71–3.  

    31.    Go P, Payne J, Satava R, Rosser J. Teleconferencing 
bridges two oceans and shrinks the surgical world. 
Surg Endosc. 1996;10:105–6.  

    32.    Stalfors J, Bjorholt I, Westin T. A cost analysis of 
participation via personal attendance versus tele-
medicine at a head and neck oncology multidisci-
plinary team meeting. J Telemed Telecare. 
2005;11:205–10.  

    33.    Axford A, Askill C, Jones A. Virtual multidisciplinary 
teams for cancer care. J Telemed Telecare. 2002;
8 Suppl 2:3–4.      

4 Telemedicine as a Quality Improvement Facilitator in Pelvic Cancer Surgery



39H.R.H. Patel et al. (eds.), Pelvic Cancer Surgery: Modern Breakthroughs and Future Advances,
DOI 10.1007/978-1-4471-4258-4_5, © Springer-Verlag London 2015

5.1             Introduction 

 Enhanced Recovery After Surgery (ERAS) is a 
multimodal standardized perioperative care 
pathway built on evidence-based treatments and 
designed to reduce surgical stress and maintain 
physiological function. ERAS aims at achieving 
early recovery for patients undergoing major 
surgery [ 1 ]. It has been shown to decrease the 
occurrence of negative surgical outcomes such 
as morbidity and prolonged length of stay [ 2 ]. 
First developed for colonic surgery, ERAS pro-

tocols have been modifi ed and successfully 
applied to many other specialties including pan-
creatic [ 3 ], gynecological [ 4 ,  5 ], vascular [ 6 ], 
thoracic [ 7 ], pediatric [ 8 ] and orthopedic [ 9 ] 
surgery as well as urology [ 10 – 12 ]. The goal of 
this chapter is to highlight the basics of ERAS 
care pathways and to give an overview of their 
application to pelvic cancer surgery, in particu-
lar for rectal, uterine, ovarian, prostate and blad-
der surgery.  

5.2     Background 

    Patho-physiology 

 Despite steady improvement of anesthetic and sur-
gical technique in different fi elds over the years, 
postoperative complications remain one of the 
major drawbacks of surgery, for the patient, but 
also for the surgeon and the care team. Assuming 
no anesthetic or surgical failure occurs, one of the 
main pathogenic factors leading to postoperative 
morbidity is the so-called surgical stress response. 
The progressive understanding of the physiologi-
cal basis of postoperative stress response has lead 
to the development of interdisciplinary teams, 
incorporating surgeons, anesthesiologists and 
nursing staff among others (Table  5.1 ), aiming to 
minimize surgical stress response.

   Already in 1984, Bessey et al. demonstrated 
the causality relation between stress hormones 
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and systemic response by testing infusion of 
catecholamines and cortisol in healthy volunteers 
[ 13 ]. The authors observed that this artifi cial 
endocrine imbalance induced a systemic stress 

response, similar to what it is observed after low to 
intermediate injuries. Nowadays, it has been clar-
ifi ed that surgery induces a complex cascade result-
ing in infl ammatory response, immune suppression, 

    Table 5.1    ERAS represents a multimodal approach to perioperative care   

    

 
 The key players and their involvements are displayed below. Items which concern mainly preoperative care are high-
lighted in green. Items which concern mainly intra-operative care are highlighted in yellow. Items which concern 
mainly post-operative care are highlighted in blue 

Y. Cerantola et al.



41

altered metabolism with hypercatabolism which 
lead to impaired wound healing and multi-organ 
failure [ 14 ]. The mediators of this endocrine-
metabolic stress response are cytokines, arachi-
donic acid, nitric oxide and free oxygen radicals 
[ 15 ]. While the mechanisms mentioned above 
have been extensively studied, to date, no single 
intervention has been shown to eliminate postop-
erative morbidity and mortality. Thus, multi-
modal combined interventions may lead to a 
reduction of the undesirable effects of surgery 
with improved recovery and consequently 
reduced postoperative morbidity and overall 
costs.   

5.3     Development of ERAS 

 Considering that the immediate challenge to 
improving the quality of surgical care is not dis-
covering new knowledge, but rather to integrate 
what we already know [ 16 ], the concept “fast 
track” was introduced in the 1990 [ 17 ]. It was 
demonstrated that by applying evidence-based 
perioperative principles to patients undergoing 
open colonic surgery, the post-operative compli-
cation rate was halved and length of hospital stay 
was brought down to 2–3 days [ 18 ]. The initial 
items were complemented over the years by a 
multitude of perioperative measures with proven 
or probable impact on the surgical stress response. 
The current protocol consists of over 20 elements 
(Table  5.1 ). This multimodal perioperative care 
pathway was fi rst propagated and further devel-
oped in northern Europe and Great Britain. In 
order to standardized practice and draw recom-
mendation, the ERAS study group was created in 
2001 and soon discovered that there were a vari-
ety of traditions in use in different units. There 
was also a great discrepancy between the actual 
practices and what was already known to be best 
practice, based on the literature [ 19 ]. This 
prompted the group to examine the process of 
change from tradition to best-practice. 

 ERAS represents a paradigm shift in periop-
erative care in two ways. First, it re-examines 
traditional practices, replacing them with evidence-
based best practices when necessary. Second, it is 

comprehensive in its scope, covering all areas of 
the patient’s journey through the surgical 
process. 

 Since its creation, the ERAS Society has pub-
lished recommendations for the use of ERAS 
protocols in colonic [ 20 ], rectal [ 21 ] and pancre-
atic surgery [ 3 ]. Several randomized controlled 
trials have been undertaken and included in two 
meta-analysis which demonstrate the signifi cant 
and reproducible benefi ts of applying ERAS pro-
tocols to colorectal patients [ 22 ,  23 ].  

5.4     ERAS Pathways Applied 
to Rectal Surgery 

 As already emphasized, standardization of peri-
operative care relying mostly on evidence-based 
measures reduces complications by 50 % and 
hospital stay by 2.5 days [ 23 ]. Moreover, ERAS 
programs have proven highly cost-effective [ 24 ]. 
The ERAS study group initially published com-
prehensive guidelines which did not differentiate 
between colon and rectal surgery, although there 
are important differences between the respective 
procedures and patient collectives [ 20 ,  25 ]. Later, 
dedicated recommendations were agreed on for 
“rectal/pelvic surgery” [ 21 ]. 

 At fi rst sight, rectal guidelines are very similar 
to those for colon surgery (Table  5.2 ). Obviously, 
these are general measures to reduce surgical 
stress response and prevention of postoperative 
ileus, such as optimized fl uid management, no 
pre-operative sedation, carbohydrate loading, 
early mobilization and early oral intake. However, 
distinct differences have been underlined that 
could also be extrapolated for other pelvic sur-
geries mentioned in this chapter. Examples 
include dedicated pre-operative counseling for 
potential ostomy carriers, bowel preparation for 
low resections, acceptance of intrapelvic drains 
and prolonged urinary drainage. However, many 
items remain subject to debate, since no defi ni-
tive evidence exists. This is especially true for 
perioperative pain management. Indeed, epidural 
analgesia—the backbone of opioid-sparing 
strategies—is questioned more and more in lapa-
roscopic but also in open surgeries. Emerging 
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   Table 5.2    Summary of the main ERAS items and their modifi cations when applied to pelvic cancer surgery   

 ERAS items  Colonic surgery  Rectal surgery  Urology  Gynecology 

 Preoperative 
counseling and 
education 

 Surgical details, hospital stay 
and discharge criteria in oral 
and written form; stoma 
education; patient’s 
expectations 

 Idem  Idem  Idem 

 Oral mechanical 
bowel preparation 

 Can be safely omitted  Might be needed 
when diverting 
ileostomy is 
planned and for 
total mesorectal 
excision 

 Can be safely 
omitted 

 Can be safely 
omitted 

 Preoperative 
carbohydrates 
loading 

 Should be administered to all 
non-diabetic patients 

 Idem  Idem  Idem 

 Preoperative 
fasting 

 Clear fl uids until 2 h, solids 
until 6 h before induction of 
anesthesia 

 Idem  Idem  Idem 

 Epidural analgesia  Opioid-sparing thoracic 
epidural analgesia in open 
surgery, level T9–11, 
duration: 72 h 

 Idem  Idem  Idem 

 Minimally invasive 
approach 

 At most feasible; in trial 
setting 

 Not recommended 
outside of a trial 

 Cystectomy: not 
recommended 
outside of a trial 

 Confl icting 
results 

 Long term oncological 
results awaited 

 Prostatectomy: 
robotic approach 
seems benefi cial 

 Resection site 
drainage 

 Perianastomotic and/or 
pelvic drain can be omitted 

 Should not be used 
routinely 

 Cystectomy: no 
evidence for 
avoidance of 
drainage 

 No evidence 
for avoidance 
of drainage 

 Prostatectomy: 
drain can be safely 
removed at day 1 

 Perioperative fl uid 
management 

 Goal-directed to optimize 
cardiac output and organ 
perfusion 

 Idem  Idem  Idem 

 Nasogastric 
intubation 

 Not indicated postoperatively  Idem  Idem  Idem 

 Urinary drainage  Transurethral bladder 
catheter for 1–2 days, 
independently of epidural 
anesthesia 

 Can be safely 
removed at day 1 if 
low risk of urinary 
retention 

 Cystectomy: 
optimal duration of 
ureteral stenting 
unknown 

 Can be safely 
removed at 
day 1 

 Prostatectomy: 
urethral catheter 
usually removed 
between day 5–10 

 Prevention of 
postoperative ileus 

 Multimodal approach  Multimodal 
approach 

 Multimodal 
approach 

 Multimodal 
approach 

 Gum chewing and oral 
magnesium 

 Gum chewing and 
oral magnesium 

 Gum chewing and 
oral magnesium 

 Postoperative 
analgesia 

 Multimodal postoperative 
analgesia should include 
thoracic epidural analgesia 

 Idem  Idem  Idem 

(continued)
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alternatives include intrathecal analgesia, 
regional blocks and IV lidocaine [ 26 ]. Another 
open debate is the management of intra- and 
early postoperative fl uids. While two randomized 
studies showed little benefi t of sophisticated 
Doppler-guided fl uid regimes [ 27 ,  28 ], the situa-
tion might be very different for major rectal, uro-
logical and gynecological procedures with longer 
duration and higher fl uid shifts. In any event, the 
current protocols will be continuously developed 
and adapted according to the current evidence in 
order to keep ERAS as dynamic as possible and 
not to fall in “new dogmas”!

5.5        ERAS Pathways Applied 
to Gynecological Surgery 

 One cohort study investigated the effects of an 
adapted ERAS protocol in patients operated for 
ovarian cancer [ 4 ]. The protocol included avoid-
ance of bowel preparation and nasogastric 
decompression combined with the use of epi-
dural analgesia, PONV prophylaxis, laxatives, 
and early oral nutrition and ambulation. The 
ERAS protocol was applied to 69 patients, which 
were compared with 72 historical controls receiv-
ing standard care. ERAS patients showed a 
reduced hospital stay (5 vs. 6 days; P < 0.05)) and 
a reduced morbidity (2 vs. 14 %; (P < 0.01)). The 
readmission rate was not increased, thus clearly 
favoring an ERAS care. 

 As far as uterine cancer surgery is concern, 
different ERAS protocols have been investigated. 
One randomized study applied a modifi ed ERAS 
protocol, including no use of sedatives for 

premedication, pre-emptive anti-emetic therapy, 
intravenous fl uid restriction, analgesics based on 
non-opioids, early enteral nutrition and mobiliza-
tion, and standard criteria for discharge, to 162 
women undergoing hysterectomy. The type of 
anesthesia, general vs. spinal, did not signifi -
cantly impact on the LOS. Bowel recovery time 
was shorter in the spinal anesthesia group, but 
vomiting was more frequent [ 29 ]. Intrathecally 
administered morphine combined with a low- 
dose mode of total intravenous anesthesia allows 
for a shorter LOS, when compared to patient- 
controlled analgesia, although no difference were 
shown with respect to morbidity [ 30 ]. Results 
concerning potential benefi ts of a minimally 
invasive approach are somehow confl icting 
[ 31 – 34 ].  

5.6     ERAS Pathways Applied 
to Urology 

    Bladder Cancer 

 Despite standardization of the surgical technique, 
improved anesthesia protocols and perioperative 
care, radical cystectomy with bladder reconstruc-
tion is still considered as the most signifi cant sur-
gical challenge in urology [ 35 ]. Indeed, morbidity 
after open radical cystectomy with bilateral pel-
vic lymph node dissection and urinary diversion 
or bladder reconstruction mounts up to 30–64 % 
[ 36 ,  37 ]. Cystectomy patients may therefore be 
ideal candidates for an ERAS pathway as the 
potential for reduction of surgical stress and com-
plications is very high. 

Table 5.2 (continued)

 ERAS items  Colonic surgery  Rectal surgery  Urology  Gynecology 

 Early mobilization  2 h out of bed POD 0  Idem  Idem  Idem 
 6 h out of bed POD 1 

 Early oral diet  Normal diet starting 4 h after 
surgery 

 Idem  Idem  Idem 

 Audit  Routine audit of outcomes, 
cost- effectiveness, 
compliance and changes in 
protocol 

 Idem  Idem  Idem 

  Colonic surgery is considered as the reference. Items that are considered as “standard of care” such as preoperative 
medical optimization, thrombosis prophylaxis, antimicrobial prophylaxis and skin preparation, standard anesthetic pro-
tocol, preventing intraoperative hypothermia and prevention of nausea and vomiting are not displayed in the table  
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 However, ERAS guidelines issued from 
colonic surgery [ 25 ] might not be applied identi-
cally to bladder cancer patients as the surgical 
procedure itself differs widely (small bowel anas-
tomosis, risk of renal insuffi ciency in obstructive 
bladder tumors, urine within the peritoneal cavity 
during and after surgery, both extra- and intra-
peritoneal access, longer operative time, 
increased risk of blood loss). Moreover, colorec-
tal ERAS items such as urinary and abdominal 
drains might not be applicable to cystectomy 
patients. Nevertheless, modifi ed ERAS protocols 
have been investigated and are described below. 

 Maffezzini et al. applied a modifi ed ERAS 
protocol complying with 6 of the 22 classic 
ERAS items (no oral mechanical bowel prepara-
tion, epidural analgesia, antimicrobial prophy-
laxis, standard anesthetic protocol, preventing 
intraoperative hypothermia, early nasogastric 
tube removal) to 71 patients undergoing radical 
cystectomy. When compared to 40 historical ret-
rospective patients, those in the study group 
showed a reduced mean time to normal diet (from 
7 to 4 days) and a shorter LOS (from 22 to 
15 days). Morbidity did not differ signifi cantly 
between the two groups [ 38 ]. Another retrospec-
tive study compared 56 consecutive patients 
undergoing open radical cystectomy with stan-
dard perioperative care to 56 patients after imple-
mentation of an enhanced recovery program 
including 7 of 22 items (no bowel preparation, no 
preoperative fasting, epidural analgesia, PONV 
prophylaxis, early oral nutrition, early mobiliza-
tion, early removal of abdominal drain) [ 10 ]. 
Morbidity and time to fi rst bowel movement did 
not differ between the two groups. LOS was sig-
nifi cantly reduced (from 17 to 13 days) in the 
enhanced recovery group. Pruthi et al. published 
their experience of enhance recovery programs 
after cystectomy [ 12 ]. Two-hundred and sixty- 
two retrospective patients were compared to the 
most recent consecutive 100 patients. The proto-
col included 9 of 22 ERAS items (preoperative 
information, deep vein thrombosis prophylaxis, 
antibiotics prophylaxis, early removal of naso-
gastric tube, early oral nutrition, early mobiliza-
tion, prevention of PONV, prevention of 
ileus, postoperative analgesia). However, due to 

inconsistent protocol throughout time and meth-
odological fl aws, no comparison of these two 
cohorts is possible. Donat et al. combined early 
nasogastric tube removal with metoclopramide in 
27 prospectively included patients undergoing 
cystectomy and compared them with 54 controls 
receiving no metoclopramide and in which naso-
gastric tube was removed only after return of nor-
mal bowel function. Complication rate and LOS 
was similar in both groups. The study group 
showed earlier return to normal bowel sounds 
and tolerance to liquid and solid food. By com-
bining thoracic epidural analgesia, early nasogas-
tric tube removal, early oral nutrition and 
mobilization in 15 prospective patients, Brodner 
et al. showed a reduction of the time to fi rst def-
ecation, with no difference with regards to mor-
bidity or LOS when compared to 15 patients 
undergoing a standard care plan [ 39 ]. 

 In summary, several studies have been under-
taken to evaluate the role of some kind of ERAS 
care pathways on outcomes after radical cystec-
tomy. All found signifi cant benefi ts in either 
postoperative morbidity, return to bowel function 
or LOS. Unfortunately, none of these studies 
applied a full ERAS protocol, but rather imple-
mented from 3 to 9 of the 22 classic ERAS items. 
Therefore, the real benefi ts of a full ERAS path-
way applied to cystectomy patients remain 
unknown, but might be higher than the ones 
reported when partial ERAS protocols are 
applied.  

    Prostate Cancer 

 Multimodal ERAS protocols have been applied 
to patients undergoing radical prostatectomy. 
One RCT included 50 patients undergoing lapa-
roscopic radical prostatectomy randomized 
between standard care (n = 25) or ERAS pathway 
(n = 25). Despite the small sample size, the ERAS 
group showed a signifi cant reduction in postop-
erative complication rate (24 vs 56 %, p = 0.02) 
and a shorter LOS (3.6 vs 6.7 days, p < 0.001) 
[ 40 ]. However, it should be highlighted that the 
protocol used in this study included only ten 
items suggested by the ERAS society, and that a 
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minimal invasive laparoscopic approach was 
used also in the control group. As a consequence, 
the effect of ERAS pathways on postoperative 
outcome is likely to be underestimated in this 
study. 

 Some unimodal ERAS interventions have 
been evaluated in radical prostatectomy. For 
instance, a meta-analysis showed a decrease in 
complications rate and in LOS when a minimally 
invasive approach was used, as compared to an 
open approach [ 41 ]. In addition, based on a com-
parative series including 560 patients, the avoid-
ance of pelvic drainage does not seem to increase 
the complication rate, and might decrease LOS 
and bowel recovery [ 42 ]. Interestingly, the use of 
thoracic epidural anesthesia, which represents 
one of the central elements of ERAS, has been 
shown to reduce intraoperative blood loss, time 
to return of bowel function [ 43 ] and even recur-
rence rate [ 44 ]. The effect of other single ERAS 
interventions, which may have an important role 
in enhanced recovery after radical prostatectomy 
have not been extensively studied in terms of 
complications rate, LOS or recovery of bowel 
motility. 

 There is an urgent need for high-quality stud-
ies evaluating the use of fast-track intervention 
compared to standard care in order to validate the 
studies mentioned above, in order to extend the 
possible benefi t of such strategies in non-ERAS 
adherent centers.   

5.7     Summary/Conclusions 

 Enhanced Recovery After Surgery (ERAS) is 
standard of care in colon surgery. ERAS allows 
for a reduction of morbidity, as well as length of 
hospital stay and total costs. While the ERAS 
protocol used in colon surgery stands as a refer-
ence, there is overwhelming evidence for the use 
of ERAS pathways for rectum surgery, which 
integrate important specifi c changes. There can 
be no doubt that ERAS principles have to be 
applied also in other major pelvic surgeries, such 
as cystectomy, radical prostatectomy and hyster-
ectomy. However, there is clearly a need for care-
ful adaptation of the many ERAS items for the 

different types of surgeries. This process man-
dates a prospective audit that can best be per-
formed by a centralized multi-center data base. 

 While the body of evidence for the use of 
ERAS protocols in pelvic cancer surgery 
increases rapidly, some drawbacks remain. For 
instance, most of the studies are of poor quality, 
either underpowered or retrospective. Initial 
results of ERAS randomized studies have been 
criticized by some surgeons, arguing that the 
improved outcome was mainly due to the so- 
called Hawthorne effect [ 21 ]. It is therefore man-
datory to measure clinical outcome in a 
standardized manner to provide the highest and 
most reliable evidence. Of note, benefi cial out-
comes from randomized studies have also been 
reproduced in large prospective observational 
studies [ 45 ], thus arguing against a possible 
Hawthorne effect. Application of evidence-based 
recommendations is traditionally slow. This 
seems to be a particular problem of ERAS path-
ways, which challenge long-standing dogmas 
[ 46 ]. This is worrisome as adherence to the pro-
tocol is clearly correlated with improved out-
comes [ 47 ,  48 ]. Also, the compliance to the 
protocol is of major importance and often 
requires an initial increase of workload at imple-
mentation, which might be considered as a draw-
back by the surgeon. Finally, there is a need for 
standardization and adaptation of protocols tai-
lored to the surgical specifi cs of the respective 
specialty. Such protocols are not yet widely avail-
able. Prospective auditing is more likely to prove 
effi ciency than more randomized trials, which 
might nowadays be considered unethical. 
Moreover, being a highly complex intervention, 
ERAS protocols are not particularly well suited 
for randomized design [ 49 ]. 

 Multicenter, prospective studies using a cen-
tralized database will certainly help in answering 
open questions such as the optimal perioperative 
nutritional support, the need, type and duration of 
pelvic and urinary catheterization, the real bene-
fi ts of full ERAS protocols on morbidity, mortal-
ity, LOS, readmission rate and costs. 

 Future development of ERAS will focus on 
maintaining the concept as dynamic as possible, by 
objectively evaluating and including new evidence 
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from clinical experiences and thus eliminate 
some items and add new ones to this multimodal 
concept.     
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6.1             Introduction 

 Despite improvement in surgical technique 
emphasizing the importance of nerve sparing dis-
section, dysfunction of pelvic organs appears fre-
quently after pelvic cancer surgery. The addition 
of pre- or postoperative radiation therapy may 
further affect pelvic function negatively, with 
symptoms occurring months to years after sur-
gery. Furthermore, the aging population has led 
to an increase in old patients fi t for surgery, but 
where the effect of general aging makes postop-
erative pelvic dysfunction more likely to occur. 
The most common complaints are impaired sex-
ual function, urinary retention or incontinence, 
anal incontinence, obstructed defecation or pel-
vic fl oor pain. Although there has been an 
increasing focus on these side effects following 
successful cancer treatment, many patients seem 
unprepared when affected, and the knowledge 
among general practitioners and specialists about 
possible treatment options is often sparse. 

Furthermore, many patients experience multiple 
dysfunctions, and a multidisciplinary approach is 
advisable before treatment attempts are initiated. 
Pelvic cancer surgery also carries a substantial 
risk of surgical complications as deep infections 
or abscesses, fi stulas and anastomotic leaks fre-
quently needing reoperations. This will further 
increase the risk for later pelvic dysfunction. 

 The nature and symptoms of pelvic dysfunc-
tions are closely related to the resected organ. 
However, the pelvic innervation might be dam-
aged from the cancer itself but also from the can-
cer surgery independent of the specialist involved. 

 The aim of this chapter is to provide informa-
tion about the specter of common pelvic dysfunc-
tions following the various procedures, and to 
discuss the importance of a multidisciplinary 
approach to patients experiencing pelvic dys-
function after surgery for pelvic cancer. 

 Resection of pelvic organs is associated with 
postoperative pelvic dysfunction, with the degree 
of problems in part being dependent on the pro-
cedure performed, technique used, and the stage 
of the cancer. When radiotherapy is used as part 
of the treatment, pelvic fl oor dysfunction is more 
likely to occur than after surgery alone. 

    Dysfunctions After Gynecological 
Pelvic Cancer Procedures 

 Conventional radical hysterectomy (RH) is followed 
by bladder dysfunction and bowel  dysfunction like 
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constipation, obstructed defecation, urgency or 
incontinence in at least 25 % of the women [ 1 ]. 
Furthermore, RH with pelvic lymphadenectomy for 
early- stage cervical carcinoma has a negative impact 
on sexual function compared with matched control 
groups [ 2 ,  3 ]. At 2 years after surgery reduced sexual 
interest, lack of lubrication, a bothersome feeling of 
a too small vagina during intercourse, senselessness 
around the labia, dyspareunia, and sexual dissatis-
faction is signifi cantly more common in the treat-
ment group. Concomitant radiotherapy does not 
seem to be associated with a worsened outcome than 
after surgery alone [ 3 ]. Because of the substantial 
impact on sexual, bladder and rectal function there 
has been an increased focus on RH with nerve spar-
ing technique [ 1 ], which is shown to signifi cantly 
reduce the incidence of these dysfunctions [ 4 ].  

    Dysfunctions After Urological 
Pelvic Cancer Procedures 

 Open radical prostatectomy leads to urinary 
incontinence in about 10 % of the patients, and 
erectile dysfunction is experienced by at least 
30 % [ 5 ]. With the introduction of laparoscopic 
technique, and more recently robotic-assisted 
laparoscopic procedure, there has been an 
increased focus on the ability to perform more 
precise dissection with potential reduction of 
incontinence and erectile dysfunction after pros-
tatectomy. While the superiority of robotic- 
assisted prostatectomy is questioned in recent 
reviews [ 5 ], meta-analysis conclude that robotic- 
assisted procedure reduces the incidence of erec-
tile dysfunction and incontinence, with similar 
resection margins as compared to open surgery 
[ 6 – 8 ]. 

 Radical cystectomy with creation of ileal 
pouch and reconstruction of lower urinary tract is 
followed by daytime and nighttime incontinence 
in about 10–40 and 30–60 % respectively [ 9 – 11 ]. 
Voiding dysfunction with the need for self- 
catheterization appears in 20–40 %, more com-
mon among women [ 11 ]. Erectile dysfunction is 
as common as after prostatectomy alone, while 
20 % of the patients experience persistent diar-
rhea [ 10 ].  

    Dysfunctions After Colorectal 
Pelvic Cancer Procedures 

 Low anterior rectal resection (LAR) for rectal 
cancer implies dissection in the mesorectal 
plane. Although care is taken to preserve the 
inferior hypogastric nerves, postoperative pel-
vic dysfunction is common. About 25–80 % of 
the patients experience low anterior resection 
syndrome (LARS), with symptoms such as 
urgency, frequent bowel movements, frag-
mented defecation and incontinence [ 12 ]. LARS 
is more likely to occur after total mesorectal 
excision than after partial mesorectal excision, 
and more frequent in patients treated with radio-
therapy preoperatively than after surgery alone 
[ 13 ]. Bladder dysfunction resulting in urinary 
frequency or weak stream is seen in up to 30 % 
of the patients and more than 40 % of the male 
experience erectile dysfunction while 25 % of 
the women report substantial decreased sexual 
function [ 14 ]. While bladder dysfunction fol-
lowing LAR tends to improve over time, sexual 
dysfunction seems to increase with time. 
Laparoscopic rectal resection is so far not supe-
rior to open surgery, especially not for resec-
tions extending below the anterior peritoneal 
refl ection [ 14 ]. Abdominoperineal rectal resec-
tion (APR) carries the same risk for bladder and 
sexual dysfunction as LAR with total mesorec-
tal excision.   

6.2     Extended Pelvic 
Cancer Procedures 

 In addition to the procedures mentioned above, 
some patients undergo extended resections with 
removal of several pelvic organs due to tumor 
invasion. Examples are resection of the poste-
rior vaginal wall in addition to APR, resection 
of the seminal vesicles and/or prostate capsule 
for a T4 rectal cancer, or complete removal of 
several pelvic organs. Such extended resec-
tions, sometimes with the need for reconstruc-
tion by a plastic surgeon, further increase the 
likelihood for postoperative pelvic dysfunction 
to occur. 
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    Pelvic Pain After Surgery 
for Pelvic Cancer 

 In addition to the dysfunctions mentioned above, 
some patients develop de novo chronic pelvic 
pain after surgery. The etiology is multifactorial, 
with premorbid history, nerve injury caused by 
surgery alone, by concomitant chemoradiother-
apy or a combination of these two, development 
of perineural fi brosis, or muscular dysfunction as 
some of the factors. While infrequent after pros-
tatectomy [ 15 ], de novo chronic pelvic pain is 
experienced by 5–15 % of women after hysterec-
tomy [ 16 ,  17 ]. After abdominoperineal rectal 
resection up to half of the patients experience 
chronic pain, depending on the extent of the peri-
neal excision performed [ 18 ].   

6.3     The Multi 
and Interdisciplinary 
Approach to Patients 
with Pelvic Dysfunction 

 As mentioned most common complaints after 
pelvic cancer surgery are impaired sexual 
function, urinary retention or incontinence, 
anal incontinence, obstructed defecation or 
pelvic floor pain. The negative consequences 
of these health problems might include 
 psychological morbidity, poor self–image, 
impaired social function and sexual avoidance 

or aversion [ 19 – 23 ]. Thus, appropriate care 
addressing all pelvic floor dysfunctions is 
important in order to obtain optimal result, 
aiming to improve the individual patient’s 
daily life. Traditionally these health problems 
have been addressed by separate disciplines 
such as gynecologists, urologists, colorectal 
surgeons, physiotherapists, and occasionally 
neurologists, based on the presumably affected 
anatomical pelvic structure exemplified by 
Fig.  6.1 . If there has been any collaboration 
between the disciplines it has often been in a 
sporadic and non-systematic manner. This 
would be unproblematic if the health problems 
had one facet only. However, more often than 
not, this is not the situation. As mentioned 
above, these patients have frequently several 
interconnected pelvic floor dysfunctions after 
the cancer treatment.  

 There is a common agreement that many 
problems or challenges in society cannot be 
solved appropriately without an interdisciplinary, 
or at least a multidisciplinary approach [ 24 ]. This 
is also most likely true in medicine. Complex 
patient problems have multiple facets, each of a 
particular concern to one medical speciality or 
health care discipline. In other words, on one 
hand a number of challenges will most likely be 
insuffi ciently solved by one speciality or disci-
pline only. On the other hand, a number of com-
plex problems or challenges will not be 
satisfactory solved without the presence of the 

Gynecologist Urologist Colorectal surgeon Neurologist Physiotherapist/other Multi/interdisciplinary team

  Fig. 6.1    An illustration of how traditional approaches to pelvic fl oor dysfunctions have been segmented according to 
disciplines and pelvic compartments       
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relatively narrow and specialized competence 
each medical speciality or health care discipline 
provide. 

 Multidisciplinary approach is never the less a 
challenge where hope often tends to triumph over 
experience, and this can easily stop the process of 
establishing a successful team. The important 
question is: why is it so? 

 The word discipline originates from the Latin 
word disciplus, which means obedient pupil and 
follower. The characteristics of a single speciality 
or discipline is specifi c structure and system of 
knowledge, language, and culture, reproduced by 
training [ 25 ], and disciplined thinking explicitly 
or implicitly “ . . . omits or ignores a great many 
other possible causes and explanations—it would 
not be disciplined if it did not” [ 26 ]. This is also 
true for medical specialities, which is not just 
part of a particular medical subject matter, but 
also a system of rules, reproduced by schooling, 
training and practice. Medical specialities are 
evolved by many factors but also by:
•    Developing language in form of expressions, 

theories, and concepts belonging to their fi eld  
•   Identifying and isolating the patients main 

problem  
•   Identifying the main cause and effect 

relationship    
 Multidisciplinary teamwork is defi ned as: 

coupling of contributors from several disciplines 
to enlighten a common challenge. The different 
disciplines are working next to each other and 
there is no disciplinary integration, but the differ-
ent contributors can inspire and develop the sin-
gle disciplines contributors [ 25 ]. 

 In addition to contribution from different 
disciplines there are real scientifi c integrations 
of the different contributions, theoretically 
and/or methodologically in interdisciplinary 
teamwork [ 25 ,  26 ]. In other words, multidisci-
plinary and especially interdisciplinary team-
work possesses a challenge since it somewhat 
contradicts the construct of a discipline. 
Optimal care of pelvic fl oor dysfunction after 
treatment of pelvic cancer will sometimes 
require a multidisciplinary approach, whereas 
other times the superb appropriate approach is 
interdisciplinary. 

 Due to the challenging nature of multi/ 
interdisciplinary work it is necessary with some 
core structures for the team to work within to 
establish a good functioning pelvic fl oor team. 
This requires steady coordination and focus from 
someone having a principal responsibility to see 
the processes of the teambuilding through and to 
follow-up thereafter. 

    The Team 

 Who should be part of the team? In a team caring 
for patients with pelvic fl oor dysfunctions there 
should ideally be a gynecologist, urologist, 
colorectal surgeon, specialized nurse physiother-
apist, radiologist and psychologist involved. 
However, sometimes there might not be enough 
resources to establish such a grand team. A vital 
success criterion, regardless of how many disci-
plines there is access to, is the motivation of each 
team member. A team is better off with four moti-
vated members that have acknowledged and are 
willing to cooperate within the concept of multi/
interdisciplinary work, instead of nine unmoti-
vated uncooperative members.  

    Patient Care Lines 

 It is essential to establish consensus of the patient 
care lines that includes all steps to the fi nal clini-
cal audit. This is the frame of the clinical care 
production, i.e. investigations and treatments, 
involving the multi/interdisciplinary team. It is 
however important to understand that it is not 
only a “check-mark” system. While the system 
should ensure that investigation and/or treatment 
paths are followed, the multi/interdisciplinary 
thinking should also identify patients that show 
signs indicating that a more tailored and person-
alized path is necessary (Fig.  6.2 ).   

    Multi/Interdisciplinary Meetings 

 This is the arena for which the patients with com-
plicated problems are discussed by the team. 
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There are several purposes of multi/interdisci-
plinary meetings. First and foremost it is to 
achieve a common consensus based on the insight 
and knowledge generated from the whole group. 
Second, it is a learning arena for the team, 
expanding their knowledge by gaining knowl-
edge from the other disciplines, and thirdly, this 
is where the process is audited. When the patient 
is discharged, the team should be presented an 
overview of the decisions, the investigations and 
treatments and the fi nal outcome. It is advisable 
to have one person coordinating the meetings. 
The coordinator is responsible for:
•    Calling the meeting with the appropriate team 

members (sometimes additional disciplines 
than the core team are needed)  

•   Preparing the cases for discussion  
•   Ensure that the patients get appointments 

according to the decided plan  
•   Follow-up with a written discharge plan when 

the patient is fi nished  
•   Present the fi nal result to the group     

    Common Language, Evaluation: 
And Scoring-Tools 

 Each discipline usually has its own sets of tools 
evaluating the relatively narrow fi eld of the dis-
cipline. To create a functional environment 
where clinical fi ndings can be shared and evalu-
ated by all members of the team, it has to be con-
sensus of what type of scoring/evaluation tools 
to use for sharing, evaluating and comparing 
results within the group. If a system for clinical 

audit is established it is advisable to use vali-
dated scorings tool so that the data can be used 
for publications as well. Locally developed or 
not validated systems like incontinence diaries 
may be used additionally. Table  6.1  [ 27 – 36 ] 
shows an overview of relevant scoring tools.

       Defi ning Responsibilities 
for Each Member of the Team 

 In all type of teamwork, there is a potential risk 
of destructive group dynamics: some not doing 
their share of work, some doing a vast amount of 
work, some that are very visible and others that 
are more or less invisible. These are dynamics 
that might cause a dysfunctional group. All mem-
bers should be aware of their responsibility 
within the team, and the team manager should be 
able to address these issues and ensure a “healthy” 
group dynamic.  

    Creating Organizational Changes 
Where It Is Necessary and Possible 

 To allow a multi/interdisciplinary practice there 
might be necessary with organizational 
changes. As for example, if the patient is sched-
uled to see both physiotherapist and a nutrition-
ist, the system should allow the patient to see 
them both in 1 day. To organize relevant outpa-
tient clinics on the same day will also allow 
team members to naturally work closely in the 
clinical setting.  
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  Fig. 6.2    An example of patient care lines with a multi/interdisciplinary approach for patients after cancer surgery       
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    Clinical Audit 

 System for clinical audit is essential to evaluate 
the work and the processes. It is however a chal-
lenge to create a system that are crossing 
 disciplines since the whole hospital organiza-
tion is more often than not based on disciplines. 
Thus patient journal systems, management, tra-
ditional patient fl ow and care lines follow these 
rather rigid and straight-line structures. Because 
of this it is even more important to strive toward 
a good audit system to evaluate the result and 
resource used. 

 In addition, it is also important to acknowl-
edge the importance of social skills in such work:
•    Openness, trust and mutual respect is perhaps 

easier said than done but essential when highly 
skilled people shall collaborate and give good 
results  

•   There is not one discipline “owning” the prob-
lem, nor the solution.  

•   Interested in, and understanding of the nature 
of each speciality and health care discipline 
involved.      

    Conclusion 

 The most common dysfunctions or complaints 
following pelvic cancer surgery are impaired 
sexual function, urinary retention, urinary 
incontinence, anal incontinence, obstructed 
defecation and pelvic fl oor pain. When present, 
a multidisciplinary approach is important as 
many patients will experience dysfunctions and 
complaints involving several of the pelvic com-
partments after treatment for pelvic cancer. 

   Table 6.1    Some relevant scoring tools for assessment of 
pelvic dysfunctions   

 Scoring tool  Reference 

 Anal incontinence 
   St. Mark’s score  Vaizey et al. [ 27 ] 
   Wexner incontinence score  Jorge and Wexner [ 28 ] 
   ICIQ-B  Cotterill et al. [ 29 ] 
 Low anterior resection syndrome 
   LARS-score  Emmertsen and 

Laurberg [ 30 ] 
 Constipation 
   KESS  Knowles et al. [ 31 ] 
   Wexner constipation score  Agachan et al. [ 32 ] 
 Obstructed defecation 
   Obstructed defecation 

syndrome score 
 Renzi et al. [ 33 ] 

 Stress urinary incontinence 
   ICIQ_UI_SF  Abrams et al. [ 34 ] 
   Roos screening test  Roos and Thakar [ 35 ] 
 Sexual dysfunction (men) 
   IIEF-5  Rosen et al. [ 36 ] 
 Pain 
   VAS-scale 

 Key Points 

•     Pelvic dysfunctions are common after 
surgical treatment for pelvic cancer  

•   Many patients experience post-surgical 
dysfunctions from more than one pelvic 
organ  

•   In general, laparoscopic technique does 
not seem to be superior to open in order 
to prevent pelvic dysfunctions following 
pelvic cancer surgery, while robotic sur-
gery may show benefi cial for some 
procedures.  

•   It is essential for health carers involved in 
the treatment of these patients to know 
about the natural course of the various 
dysfunctions in order to address further 
investigation and treatment appropriately.  

•   The negative consequences of the pos-
sible squeals after pelvic cancer surgery 
are many and affects the patents’ aver-
age daily living if not addressed appro-
priately and multidisciplinary.  

•   Multidisciplinary teamwork is defi ned 
as coupling of contributors from several 
disciplines to enlighten a common chal-
lenge. Interdisciplinary teamwork is 
where real scientifi c integrations of the 
different contributions develop both 
theoretically and/or methodologically.  

•   Due to the challenging nature of multi/
interdisciplinary work it is necessary with 
core structures to work within to establish 
a well functioning pelvic fl oor team.  

M. Stedenfeldt et al.
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7.1             Introduction 

 The fi eld of pelvic anatomy is extensive and the 
intention of the current chapter is to provide a 
brief summary of the general pelvic anatomy, 
with special focus on recently obtained anatomi-
cal evidence. Specifi cally, the neuroanatomy of 
the pelvis has been extensively investigated 
recently since it is important to the performance 
of pelvic surgery. The neuroanatomy plays a sig-
nifi cant role in the two major complications that 
affect patients’ quality of life post- operatively: 
erectile dysfunction and urinary incontinence. 
The trifecta (cancer free surgery, erectile function 
and urinary continence preservation) is the 
desired outcome after each procedure [ 1 ]. As a 
result, the current chapter reviews the latest fi nd-
ings in the fi eld of pelvic neuroanatomy. In addi-
tion, the so-called “neurovascular bundle” and 
the external sphincter mechanism are particularly 
discussed. 

 It is important to mention that the knowledge 
of neuroanatomy is useful not only to the uro-
logic surgeons but also to surgeons of the rectum 
and gynecologists. These surgeons face the same 
issues while performing pelvic. Erectile dysfunc-
tion after a mesorectal resection and bladder dys-
function after an extended radical hysterectomy 
is not uncommon [ 2 ,  3 ]. The adequate knowledge 
of the traditional anatomy of the pelvis and the 
current fi ndings on the neuroanatomy of the pel-
vis set the background for procedures with lower 
complication rates.  

7.2     Anterior Abdominal Wall 

 Five tissue-anatomical lines serve as landmarks 
of the posterior aspect of the abdominal wall 
 during the performance surgery. The fi rst is the 
median umbilical ligament in the midline, which 
connects the urinary bladder with the umbilicus. 
From an embryological point of view, it is formed 
by the obliterated urachus of the fetus [ 4 ]. The 
two embryological umbilical arteries become the 
two medial umbilical ligaments, which are both 
formed laterally to the midline. The spaces 
between these lines are called the supra-vesical 
fossa and they are located where the superior 
vesical artery is normally identifi ed in radical 
cystectomy. The other two lines on the posterior 
abdominal wall are the lateral umbilical liga-
ments or folds, which are situated more laterally 
than the medial umbilical ligaments. Under and 
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lateral to the umbilical folds lie the inferior 
 epigastric vessels, which derive from the external 
iliac vessels just before the inguinal ligament. 
The inferior epigastric vessels demarcate the 
direct from the indirect inguinal hernia. The 
inguinal rings and the external iliac vessels are 
also useful for the orientation in the pelvis. 
Another feature of surgical interest is the lacunar 
ligament, which connects the inguinal ligament 
to the superior pubic ramus. The lacunar ligament 
is the caudal end of the pelvic lymphadenectomy 
during radical prostatectomy or cystectomy [ 5 ].  

7.3     Male Pelvis 

 In comparison with the female pelvis, the male 
pelvis is narrower and contains the rectum, the 
vas deferens, the seminal vesicles, the prostate, 
the ureters and the urinary bladder. The parietal 
peritoneum covers the upper part of the urinary 
bladder and the anterior part of the rectum and 
forms the recto-vesical space (the space of 
Douglas in the case of the female pelvis). The 
space beneath the peritoneum and between the 
bladder and the pubis is called the Retzius’ space. 
One of the pelvic fascias is the endopelvic fascia 
which represents the visceral layer of the pelvic 
fascia. The puboprostatic ligaments are formed 
by the fusion of the endopelvic fascia and the 
prostatic fascia (fascial envelope of the prostate). 
Between the rectum and the prostate lies the  
Denonvilliers’ fascia which is created by the 
deepening of the two layers of the peritoneum 
down to the pelvic fl oor. The possibility of sepa-
rating the two layers during radical prostatec-
tomy is questionable [ 6 ,  7 ].  

7.4     Female Pelvis 

 The female pelvis is wider than the male one and 
contains the urinary bladder, the distal ureters, the 
rectum, the ovaries, the oviducts, the uterus and 
the vagina. The uterus is located between the uri-
nary bladder and the rectum and the vagina 
between the urethra and the perineum. The perito-
neum covers the upper part of the urinary bladder, 

the uterus and the anterior part of the upper two 
thirds of the rectum. It therefore creates two 
spaces, the recto-uterine space (Pouch of Douglas) 
and the utero-vesical peritoneal space. Two liga-
ments are associated with the uterus: the broad 
ligaments and the round ligaments of the uterus. 
Parts of the distal third of the ureters along with 
uterine arteries and veins are included in the 
broad ligament. The iatrogenic injury of the ure-
ter represents a major complication of gyneco-
logic surgery [ 8 ].  

7.5     Pelvic Floor 

 The pelvic diaphragm is made by the levator ani 
muscle and the ischiococcygeus muscle. The 
levator ani muscle is made of the puborectal mus-
cle, the iliooccygeus muscle and pubococcygeus 
muscle. The opening for the anus and the urethra 
for both males and females and the vagina for the 
females is shaped by the levator ani. The main 
innervation is derived from the sacral plexus, 
while the pudendal nerve plays some role in the 
innervation of the pudendal muscle. In females, 
the intact pelvic diaphragm musculature (includ-
ing the urethral sphincter) is important for uri-
nary continence and the understanding of their 
relationship may propose new methods for the 
management of urinary incontinence [ 9 ].  

7.6     The Urinary Bladder 

 The layers of the urinary bladder wall are: the 
mucosa layer with transitional epithelial cells, the 
muscle layer with three layers of muscle fi bers, 
and surrounding adipose and connective tissue. 
The bladder neck and the trigone have only two 
muscle layers. The lymph node drainage of the 
urinary bladder is made by the external, internal 
and common iliac lymph nodes and the lymph 
nodes of the obturator fossa. 

 The nervous system of the lower urinary tract 
is quite complex. Both somatic and autonomic 
components participate in bladder storage and 
emptying phase [ 10 ]. The inferior hypogastric 
plexus provides the bladder with autonomic 
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nerve fi bers. The sympathetic fi bers result in the 
fi lling of the bladder by inhibiting the detrusor 
muscle and contracting the smooth portion of 
the external sphincter (“Musculus sphincter ure-
thrae glaber”) which provides continence during 
the bladder storage [ 11 ,  12 ]. The pudendal nerve 
stimulation (S2–S4) contracts the striated exter-
nal sphincter (“Musculus sphincter urethrae 
transversostriatus”) which provides continence 
during sudden increase in intra-abdominal pres-
sure (i.e. cough, laugh) and is called guarding or 
continence refl ex [ 10 ,  13 ]. The parasympathetic 
fi bers (emerging from the S2–S4) induce the 
contraction of the detrusor.  

7.7     The Prostate 

 The prostatic gland includes the prostatic urethra 
with a length of approximately 3 cm. The endo-
scopic classifi cation of the prostatic lobes into 
lateral and middle lobe has been replaced by the 
histopathological classifi cation of central, periph-
eral, transitional and anterior fi bromuscular zone 
[ 14 ]. The blood supply of the prostate derives 
from the inferior vesical and the middle rectal 
artery as well as some smaller vessels that perfo-

rate the gland directly. An additional pudendal 
artery can be found in nearly a quarter of the 
patients [ 15 ]. 

 The prostatic venous plexus or dorsal venous 
plexus of the prostate (Santorini’s plexus) com-
municates with the venous plexus of the bladder 
and the dorsal veins of the penis. The lymphatic 
drainage of the prostate and bladder is received 
by the internal, external and common iliac lymph 
nodes as well as the obturator fossa lymph nodes.  

7.8     The Neuroanatomy 
of the Pelvis 

    The Pelvic Plexus 

 The neuroanatomy of the pelvis is still a point of 
interest for researchers in urology, rectal surgery 
and gynecology. The preservation of erectile 
function, urinary continence and the bladder 
function plays a major role in patients’ quality of 
life. As seen in Fig.  7.1 , the sympathetic fi bers 
derive from T10–12 and L1–2. In addition, the 
sacral parasympathetic fi bers emerge as pelvic 
splanchnic nerves as clearly illustrated in Fig.  7.2 . 
The pelvic plexus (also called inferior hypogas-

  Fig. 7.1    Sympathetic and parasympathetic nervous fi bers of the pelvis (Copyright © 2007; Jens-Uwe Stolzenburg and 
Moonsoft)       
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tric plexus) provides autonomic innervations of 
the pelvic viscera. The pelvic plexus can be 
defi ned as an aggregation of nerve fi bers and gan-
glion cells that are distributed between the pelvic 
wall and the pelvic viscera. It is responsible for 
the autonomic innervation of the pelvic organs 
and the external genitalia. The nerves are derived 
from the superior hypogastric plexus, as well as 
the sacral sympathetic chain and also from the 
parasympathetic pelvic splanchnic nerves. It is 
located between the seminal vesicles and the ure-
ters dorsally and the prostate and the rectum 
antero-laterally (Figs.  7.1  and  7.2 ). This region is 
at risk of injury in radical cystectomy, anti-refl ux 
ureteral surgery and rectal surgery [ 16 ].    

    The Neurovascular Bundles 

 The cavernosal nerves, which contain branches 
of the autonomic nervous system, are responsi-
ble for the erectile function. The location of the 
large percentage of these autonomic nerve fi bers 
is postero-laterally to the prostate, postero-later-
ally to the sphincter of the urethra and antero-
laterally also to the rectum. These fi bers can only 
be recognized by the accompanying vascular 
structures and are called neurovascular bundles 

(NVBs). The course of the NVBs is depicted in 
Fig.  7.3 .  

 It is really interesting that the fi rst surgeons 
who described erectile dysfunction after pelvic 
surgery were general surgeons that performed 
surgery to the rectum [ 17 ]. Surgeons performing 
resections of the rectum are following the 
Denonvilliers’ fascia for the ventral dissection in 
order to avoid damaging the urinary and erectile 
function [ 18 ]. Walsh and Donker were the fi rst to 
describe the NVBs and described the surgical 
technique to preserve these anatomical struc-
tures [ 19 ]. Each NVB is considered as the struc-
ture that contains the autonomic fi bers to 
innervate the corpora cavernosa. It is situated 
between the lateral pelvic fascia and prostatic 
fascia (Fig.  7.4 ). It extends postero-laterally to 
the prostatic gland. There have been some recent 
studies showing some variations. A fan-like dis-
tribution is found in several cases, rather than a 
distinct location of the bundle [ 20 ,  21 ]. The fur-
ther understanding of the pelvic fascias and the 
location of the NVBs has motivated surgeons to 
develop new techniques of nerve preservation 
[ 22 – 25 ] (Fig.  7.5 ). During the interfascial pros-
tatectomy, the neurovascular bundle is preserved 
by incising the endopelvic fascia and the peri-
prostatic fascia is excised along with the  prostate. 

  Fig. 7.2    Nerves of the pelvis (Copyright: Moonsoft    and Stolzenburg (2007))       
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In the  intrafascial technique, the dissection is 
performed right on the capsule of the prostate 
and the periprostatic fascia is not excised with 
the surgical specimen.   

 An accurate description of the NVB was 
investigated recently, dividing the NVB in 
three sections: the anterior section which sup-
plies the cavernosal nerves, the lateral section 
which supplies the levator ani and the pos-
terolateral section that supplies the rectum 
[ 26 ,  27 ]. This anatomic segmentation can lead 
to different surgical approaches in the future, 

such us partial preservation of the bundle or 
grafting [ 16 ]. 

 Although, the NVBs are considered to carry 
the nerve fi bers for erectile function and their 
excision results in erectile dysfunction, only a 
small portion of the patients who undergo non- 
nerve sparing radical prostatectomy have erectile 
function postoperatively. A possible explanation 
is that there is some additional autonomic nerve 
fi bers that innervate the cavernosal body or that 
there are anastomotic bridges between the puden-
dal nerves and the cavernosal nerves [ 28 ,  29 ].  

  Fig. 7.3    The course of nerves and vessels around the prostate (Copyright © 2007; Jens-Uwe Stolzenburg and Moonsoft)       
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  Fig. 7.4    The anatomical landmarks for the preservation of the neurovascular bundles       
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    The Cavernosal and Pudendal Nerves 

 The course of the cavernosal nerves is depicted in 
Fig.  7.6 . They are located at a few millimeters 
from the prostatic capsule at the 5 and 7 o’clock 
positions. The medial branches supply nerve 
fi bers to the external urethral sphincter, while the 
lateral branches supply the corpora cavernosa. 
The course of the pudendal nerves is seen in 
Fig.  7.7 . It is a somatosensory nerve that inner-
vates the bulbospongiosus muscle, the ischiocav-
ernosus muscle and the striated component of the 
external urethral sphincter. This nerve is often 
injured during vaginal delivery or pelvic bone 
fractures [ 16 ].    

    The External Urinary Sphincter 

 The autonomic innervation of the urethral sphinc-
ter is not well defi ned. Nerve fi bers are supplied 

by the NVBs, while other branches derive from 
the pudendal nerves [ 30 ]. It seems that the ure-
thral sphincter in males, unlike to females, is 
independent of the muscle tone of the pelvic fl oor 
[ 31 ]. The distance of the point where the puden-
dal nerves enter the muscle differs from 3 to 
13 mm [ 32 ]. The external sphincter has two parts: 
the external striated segment and the internal 
smooth muscle segment. For the fi rst segment, 
the term “rhabdosphincter” is widely used. The 
posterior part of the striated muscle is interrupted 
by a tendinous median dorsal raphe [ 33 ]. The 
reconstruction of this dorsal raphe of the poste-
rior rhabdosphincter may increase the early 
recovery of continence after radical prostatec-
tomy [ 34 ,  35 ]. The internal segment of the 
sphincter can be divided also to a layer with the 
muscle fi bers oriented in a circumferential plane 
and another in the longitudinal plane [ 31 ]. 
Continence should probably be attributed to the 
contraction of external sphincter with the smooth 

  Fig. 7.5    The prostatic fascias and the neurovascular bun-
dle. The dissection for interfascial nerve preservation 
takes place between the pelvic fascia and the periprostatic 
fascia. Thus, the periprostatic fascia is excised with the 

specimen. The intrafascial dissection takes place between 
the periprostatic fascia and the capsule of the prostate. 
The prostate with the capsule is only removed. The neuro-
vascular bundles remain intact in both dissections       
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component to provide “basic” continence and the 
striated component to provide continence during 
“stress conditions” such as coughing. In addition, 

the sphincteric system is supported by the sur-
rounding musculofascial structures of the pelvic 
diaphragm [ 12 ,  36 ,  27 ].   

  Fig. 7.6    The course of the nerve fi bers towards the corpora cavernosa (Copyright © 2007; Jens-Uwe Stolzenburg and 
Moonsoft)       

  Fig. 7.7    The pudendal nerve and its motor branches to pelvic muscles (Copyright © 2007; Jens-Uwe Stolzenburg and 
Moonsoft)       
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    Conclusion 

 The development of radical pelvic surgery led 
to the further investigation of the pelvic anat-
omy, in an attempt to prevent the several com-
plications of pelvic procedures. Special interest 
has been shown to the neuroanatomy of the 
pelvis, as the autonomic nervous system plays 
a signifi cant role in the bladder, rectum and 
erectile function as well as urinary continence. 
A major breakthrough was the description of 
the NVBs [ 9 ]. The nerve- sparing technique 
signifi cantly improved the recovery of erectile 
function. Several refi nements of surgical tech-
nique have been presented in the recent years 
in an attempt to achieve earlier recovery of uri-
nary continence. All these techniques are based 
on the recent knowledge on the anatomy of the 
pelvis. Further investigations are needed for 
the complete depiction of the structural and 
functional anatomy of the pelvis and improve-
ment the surgical techniques. 
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8.1             Introduction 

 Pelvic lymph node dissection (PLND) has been a 
part of radical prostatectomy (RP) for prostate 
cancer since the modern retropubic surgical 
approach was popularized in the 1980s. Prior to 
this, and even in some cases today, PLND was 
used as a staging procedure before RP. PLND has 
also been an essential component of radical cys-
tectomy (RC) for bladder cancer since the incep-
tion of that operation. Its roles as an adjunct to 
primary organ extirpation for the surgical treat-
ment of both prostate and bladder cancer include 
providing more accurate staging information, as 
well as increasing the likelihood of cure in cases 
of N1 disease. Its application in cases with gross 
and/or bulky prostate or bladder cancer-related 
adenopathy is not recommended; such disease is 
generally neither cured nor ameliorated in any 
appreciable way by PLND, and it is also riskier in 
such disease states. While it is clear that the data 
favor performing a PLND in most prostate and 
bladder cancer patients going to surgery, contro-
versy currently exists regarding the role of 
extended-template PLNDs for patients at 
increased risk of nodal metastasis due to adverse 

clinicopathologic features associated with their 
prostate or bladder cancer.

   Over the last few decades, there has been a 
marked downward stage migration of prostate 
cancer but little comparable downward stage 
migration for bladder cancer in the United States. 
These changes are largely due to the advent of 
prostate-specifi c antigen (PSA) testing and the 
more widespread prostate cancer screening of the 
last two decades. For prostate cancer, many sur-
gical series from the United States have come to 
consist predominantly of patients with nonpal-
pable cancers of low-moderate grade and PSA 
levels well under 10. Whether these patients ben-
efi t from PLND at all is unclear and data suggest 
otherwise. Conversely, men with intermediate-
to- high risk prostate cancer appear more likely to 
benefi t from PLND, both prognostically and per-
haps even therapeutically. As the pendulum now 
shifts away from screening, more advanced dis-
ease states will likely present and continue to 
require RP with concomitant PLND. For bladder 
cancer, the story is somewhat different, and 
PLND has and is likely to remain integral to RC 
for the foreseeable future. The controversy here 
is over the extent of the lymphadenectomy and 
not on whether one is necessary or benefi cial. 

 In this chapter we plan to review the indica-
tions, benefi ts and complications/risks of PLND 
associated with RP and RC for prostate and blad-
der cancer respectively, discuss limited and 
extended templates, and present data from new 
imaging modalities that may allow for better 
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patient selection for PLND and perhaps for 
targeted lymphadenectomy as the data matures.  

8.2     PLND for Prostate Cancer 

    Who Needs a PLND? 

 True pathologic lymph node status remains 
unknown in the vast majority of contemporary 
men presenting with clinically localized prostate 
cancer because of the inability of standard imag-
ing to accurately predict lymph node involve-
ment (LNI). Conventional CT and MR are 
generally unreliable in predicting pathologic 
lymph node status, either for the detection of 
small metastatic deposits (<1–1.5 cm) or for 
detecting pathologic enlargement, as enlarged 
pelvic LNs do not reliably indicate the presence 
of metastasis [ 1 ]. Whereas there exist extremely 
promising modalities, such as superparamagnetic 
nanoparticle-MRI lymphography [ 2 ,  3 ], these are 
not currently FDA-approved in the United States 
and do not appear ready for routine use in any 
case. Because of the current limitations regarding 
imaging and LN status determination, pelvic 
lymphadenectomy has been and still remains the 
gold standard for detecting LNI in prostate can-
cer. Whereas historically, all patients underwent 
PLND at the time of RP, both the necessity of a 
PLND and its extent have more recently come 
under scrutiny. 

 Various preoperative staging nomograms have 
been designed to predict LNI and thus identify 
patients that may most benefi t from PLND. The 
predictive ability of any nomogram is limited by 
the data used to create it, which, for predicting 
LN status, includes the data obtained from either 
a series of patients generally treated with limited- 
template PLND, or from more rare series where 
extended PLND is the norm. Using such nomo-
grams and other available data, expert panels 
from the AUA, NCCN and EAU have created 
guidelines suggesting in whom PLND should be 
performed. The ultimate goals of these guide-
lines/nomograms are to help predict who is at risk 
of LNI, and to potentially predict who might derive 
a therapeutic benefi t from lymphadenectomy. 

The NCCN recently updated their guidelines on 
the treatment of prostate cancer to include a rec-
ommendation that any man with a 2 % or greater 
chance of LNI undergo PLND, and furthermore 
the NCCN recommends that if PLND is to be 
performed that it should be extended [ 4 ]. Their 
rationale is that extended PLND detects metasta-
ses twice as often as PLND based on more lim-
ited templates and therefore is more likely to cure 
patients with occult nodal disease, most of whom 
are at greater than 2 % of predicted LNI by cur-
rent nomograms. Conversely, data from both the 
Cleveland Clinic and CaPSURE suggest that 
omitting a limited template PLND from men at 
low risk of LNI does not compromise 5–10 year 
biochemical free recurrence [ 5 ,  6 ]. 

 Most nomograms [ 7 – 11 ] including the well- 
known Partin tables [ 11 ] and Memorial Sloan- 
Kettering (MSK) nomograms [ 7 ], predict 
pathologic stage using preoperative clinical 
stage, biopsy Gleason score, preoperative PSA, 
and were derived using pathologic data from RP 
and limited PLND templates. Select nomograms 
have been created specifi cally with an intent to 
predict LNI, and have included more detailed 
information from preoperative biopsies, such as 
number of positive cores, and, in some cases, 
have been based on data from more extended 
lymphadenectomy [ 7 – 10 ]. The Partin tables were 
updated in 2007 and again in 2013 to more accu-
rately refl ect the general stage shift toward less 
advanced cancers [ 11 ]. The 2007 update demon-
strated an accuracy of 0.89 in predicting patho-
logic stage in a large population (n = 5,730) where 
1 % had positive LNs. Subsequently, a 2010 
external validation of these tables examined the 
predictive ability of the tables in 11,185 men 
selected from the National Cancer Institute 
Surveillance, Epidemiology and End Results 
database who underwent RP. They found the area 
under the curve was 0.77 in predicting LNI in this 
expanded multi-center population [ 12 ]. Haese 
et al. applied the Hamburg nomogram for pre-
dicting LNI to a similar dataset from Johns 
Hopkins, and externally validated their predictive 
model in that fashion [ 13 ]. Cagiannos et al. at 
Memorial Sloan-Kettering developed a similar 
predictive nomogram more specifi cally targeting 
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LNI that was based on limited PLND data from 
multiple institutions [ 7 ]. Their predictive accu-
racy was 0.78 based on 5,510 patients and a 
3.7 % rate of LNI. 

 Briganti et al. have created one of the few 
nomograms based on ePLND, and have argued 
that the probability of correctly identifying those 
with LNI is in part dependent on the number of 
nodes sampled, a fi nding replicated in current 
versions of the online MSK nomogram [ 14 ]. An 
update of the Briganti nomogram using a popula-
tion of 588 patients who all underwent extended 
PLND resulted in a nomogram demonstrating a 
predictive accuracy after bootstrap of 87.6 % for 
LNI [ 7 ]. The parameters used in the fi nal nomo-
gram were PSA, primary and secondary Gleason 
grade, clinical stage, and percentage of positive 
cores from the initial prostate needle biopsy. 
Percentage of positive cores was the greatest pre-
dictor of LNI. As this nomogram was based on an 
extended PLND series it may well be the most 
accurate operationally in determining true risk of 
LNI and is recommended for use when deciding 
whether or not to perform PLND. 

 For comparison’s sake, the results from repre-
sentative nomograms are summarized below 
using a sample patient representing each of the 
low, intermediate and high risk categories from 
the D’Amico classifi cation system [ 15 ]. The pre-
dictive percentage of patients with LNI using the 
Partin tables, MSK and Briganti nomograms, 
respectively, for patients categorized using the 
D’Amico risk stratifi cation are tabulated below 
for a 60 year old man with varying risk states of 
newly diagnosed prostate cancer (Table  8.1 ). 

 The nomograms are relatively consistent in 
men with low to intermediate-risk disease, but 
they are not in high risk disease states. The sig-
nifi cantly higher LNI predictions using the 
Briganti nomogram are likely, in part, due to 

the ePLND data used to generate it since the 
probability of fi nding additional positive nodes 
increases as more nodes are sampled. The ques-
tion to be asked for such patients is, at what 
point do the complications associated with an 
extensive node dissection outweigh any poten-
tial benefi ts? And what is an extended template 
PLND for prostate cancer?  

    Templates 

 The lymphatic drainage of the prostate has been 
well-described and confi rmed by classic-era scin-
tigraphic studies. More recently Cellini et al. 
demonstrated ascending, lateral, and posterior 
ducts which drain into external iliac nodes, inter-
nal iliac and obturator nodes, and sub-aortic 
sacral nodes, respectively [ 16 ]. Mattei at al. dem-
onstrated that one third of the landing sites would 
be resected by a limited PLND and two thirds 
would be resected by an extended PLND [ 17 ]. 
Despite this detailed understanding, quite a bit of 
research has gone into determining which of 
these nodal groups, if any, represents the primary 
landing site for metastatic prostate cancer. In a 
study of metastatic cancer deposits from a cohort 
of 88 relatively high-risk men with pN+ disease 
after RP and extended pelvic lymphadenectomy, 
the most common site for metastasis (60 %) was 
the obturator fossa [ 18 ]. Overall however, 58 % 
had deposits in the internal iliac (hypogastric) 
and 36 % in the external iliac nodal areas, while 
19 % had positive nodes in the hypogastric distri-
bution alone. This broad spread of lymphatic 
metastases mirrors the broad drainage of lymph 
from the prostate gland, as nuclear medicine 
mapping studies have confi rmed [ 17 ,  19 ]. 

 In order to assess for nodal disease and per-
haps achieve prostate cancer cure, several templates 

   Table 8.1    Different predictions from three nomograms that are commonly used to predict risk of positive lymph nodes   

 Nomogram (PLND type) 
used to derive % risk of 
fi nding positive LNs at RP 

 Low risk patient: cT1c, 
PSA 2.5, Gleason 3 + 3, 
3/12 positive cores (%) 

 Intermed. Risk patient : 
cT2b, PSA 11, Gleason 
3 + 4, 6/12 positive cores (%) 

 High risk patient: cT2b, 
PSA 15, Gleason 4 + 4, 
8/12 positive cores (%) 

 Partin (standard PLND)  0  9  20 
 MSK (standard PLND)  1.1  6.4  14 
 Briganti (extended PLND)  <2.5  7.5  45 
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for PLND have been described. There is no value 
in performing PLND unilaterally for prostate 
cancer as drainage from the prostate is not lim-
ited to one side. A limited bilateral PLND can be 
considered the removal of the node-bearing tis-
sue below the external iliac vein, out to the pelvic 
sidewall, bounded inferiorly by the obturator 
nerve, and medially by the bladder, collectively 
known as the  external iliac and obturator nodes.  
A more standard PLND would consist of this dis-
section and in addition, all node-bearing tissue in 
the obturator fossa, deep to the obturator nerve 
and as proximal as feasible under the external 
iliac vein (the  obturator nodes ), although this 
template still consists of a limited sampling of 
nodes that drain the prostate. Finally, an extended 
PLND includes both of the above plus all fi bro-
fatty tissue surrounding the internal iliac vessels up 
to their insertion at the common iliac bifurcations 
(the  hypogastric or internal iliac nodes ); some 
surgeons even include the additional removal of 
sub-aortic and pre-sacral nodes in their defi ni-
tions of ePLND. While the latter description is 
perhaps the most extensive in the literature, 
ePLND is most commonly considered to be a 
node dissection that involves the removal of all 
node-bearing tissue from an area bounded by the 
external iliac vein anteriorly, the pelvic sidewall 
laterally, the bladder wall medially, the fl oor of 
the pelvis posteriorly, Cooper’s ligament distally, 
and the internal iliac artery proximally. There 
appears to be little indication and potential mor-
bidity to resecting lymph nodes lateral to the 
external iliac vessels for prostate cancer.  

    Benefi ts 

 There is likely a diagnostic and prognostic bene-
fi t to PLND in terms of disease staging. It has 
become clear that as more nodes that are har-
vested, more positive nodes are found [ 14 ,  20 –
 23 ]. In a cadaveric study, Weingartner et al. 
compared nodal counts in cadavers without pros-
tate cancer subjected to PLND to actual counts 
resected during radical prostatectomy (RP) + 
PLND [ 1 ]. Their data support the notion that 
while there exists great heterogeneity in terms of 
LN number between patients, there exist, on 

average, some 20–25 nodes in the standard/limited 
template area if all nodes are carefully counted. 
Estimates of LN counts necessary for optimal 
staging accuracy have ranged from 20 to as high 
as 28 [ 1 ,  14 ]. The current literature supports what 
makes intuitive sense—that more extensive dis-
sections result in an increasing LN yield, and that 
an increasing nodal yield detects higher rates 
LNI. Caveats regarding nodal yield are that (1) 
unless pathologists are focused on reporting 
lymph node counts, accuracy of number may not 
be a priority, (2) greater nodal yields have been 
noted when PLND are sent as separate packets 
(external iliac, obturator, etc.) vs. en bloc in the 
bladder cancer literature [ 24 ,  25 ], and (3) there is 
signifi cant inter-patient variability of nodal count 
irrespective of cancer status [ 1 ]. 

 There may also be therapeutic benefi ts to 
PLND in prostate cancer. Briganti et al. showed 
that patients with two or fewer positive LN on 
fi nal pathology had signifi cantly better outcomes 
at 15 years compared to those with more than two 
positive LN [ 26 ]. Daneshmand et al. similarly 
found that a positive node density of <20 % 
improved disease progression rates and survival 
[ 27 ]. Palapattu et al. found that 52 % of men with 
a positive node density of <15 %, Gleason score 
7 or less, and negative seminal vesicle invasion 
remained free of BCF at 5 years [ 28 ]. Finally, 
several large series of patients with positive LN at 
RP as well as the well-known Messing study 
cohort have shown biochemical recurrence-free 
survivals of 14–20 % over the long-term in the 
absence of any adjuvant therapy [ 10 ,  22 ,  28 ,  29 , 
 38 ,  39 ]. Keeping in mind the landing zone stud-
ies, it is likely that only those whose positive 
nodes all lie within the surgical dissection region 
truly benefi t from a PLND. 

 If a low burden of nodal disease portends a 
good prognosis after PLND, then PLND might 
improve prostate cancer outcomes even in 
patients that were pN0 on routine pathologic 
analysis. If we are missing a signifi cant number 
of occult nodes as suggested by Pagliarulo et al. 
from USC then the number of nodes removed 
and the extent of lymphadenectomy might 
improve outcomes in node negative patients 
[ 30 ]. This group carefully re-examined 3,914 
“negative” nodes by immunohistochemistry in 

C.P. Pavlovich et al.



73

274 pT3 patients, and found that 13.3 % of 180 
patients originally defi ned as N0 harbored 
occult LN metastasis. These patients had sig-
nifi cantly poorer survival rates than patients 
who were truly LN negative, and had outcomes 
comparable to men who had LNI on initial 
pathology. Overall however, it remains contro-
versial whether the removal of nodes deemed 
negative actually reduces PSA recurrence. 
Studies of increasing lymph node yield in pN0 
patients, a surrogate for extensiveness of 
PLND, remain confl icting, with reports indicat-
ing both an improvement as well as no effect on 
prostate cancer oncologic outcomes [ 22 ,  31 ]. 
Recent data from Murphy and colleagues 
appears to corroborate that LN yield is not a 
predictor of BCF in pN0 patients, even when 
the patients were stratifi ed into high- and low-
risk groups [ 32 ].   

8.3     PLND for Bladder Cancer 

    Who Needs a PLND? 

 There is currently little debate on the utility of 
PLND at the time of RC for bladder cancer. 
Pathologic stage remains the most important 
prognostic factor after RC with patients harbor-
ing lymphatic metastases having a particularly 
poor prognosis [ 33 ]. Considering that up to 25 % 
of patients with muscle-invasive bladder cancer 
will have lymph node metastases at the time of 
RC, an appropriate PLND provides valuable 
prognostic information [ 33 ,  34 ]. Furthermore, 
numerous reports have suggested that patients 
with limited lymph node metastases may derive a 
therapeutic benefi t from PLND [ 35 – 38 ]. For 
these prognostic and therapeutic reasons, a PLND 
should be considered a standard part of RC for all 
cases of invasive bladder cancer.  

    Templates 

 Although the need for PLND during RC is 
accepted, the extent of the dissection has been 
extensively debated. Initial attempts at describing 
an adequate PLND focused on number of lymph 

nodes removed. In fact, an overall survival advan-
tage has been demonstrated in N0 and N+ patients 
having increasing numbers of nodes removed 
during PLND [ 36 ,  39 ,  40 ]. This has led to numer-
ous studies suggesting nodal count cut-offs as 
surrogates for an adequate PLND. However, 
these cut-offs range widely, from 8 to 22 nodes, 
and no consensus has been reached concerning 
an appropriate nodal count for PLND [ 36 ,  39 –
 41 ]. This is understood to be because nodal 
counts are infl uenced as much by surgical tech-
nique as by specimen submitting and processing 
practices and pathologic techniques for counting 
nodes [ 42 ,  43 ], which has led Koppie et al. to 
conclude that “no evidence was found that a 
minimum number of lymph nodes is suffi cient 
for optimizing bladder cancer outcomes when a 
limited or extended pelvic LN dissection is per-
formed during RC” [ 44 ]. Therefore, attention has 
been turned to better defi ning anatomic boundar-
ies for an appropriate PLND. 

 An extended PLND including removal of the 
fi brofatty tissue surrounding the external iliac 
vessels, obturator fossa, hypogastric vessels, and 
common iliac vessels to the level of the ureter is 
currently the most accepted PLND template. 
Dhar et al. compared outcomes of patients under-
going RC and limited PLND versus RC and 
extended PLND and demonstrated an improve-
ment in recurrence-free and overall survival in 
patients undergoing the more extended PLND 
[ 45 ]. Furthermore, Technetium-based mapping 
studies have demonstrated that 92 % of primary 
lymph nodes draining the bladder are below the 
uretero-iliac junction [ 46 ]. Additionally, surgical 
series have routinely demonstrated that ≤13 % of 
N+ patients will have positive nodes above the 
uretero-iliac junction, with no patients having 
isolated metastatic disease at this level (skip 
lesions) [ 47 ,  48 ]. Most importantly, studies have 
failed to demonstrate any survival benefi t for 
removing LN’s outside the true pelvis [ 49 ,  50 ]. 

 Despite these data, surgical series demonstrat-
ing that detection of LN metastases is increased 
with removal of more lymphatic tissue have led 
some to suggest increasingly extended PLND 
templates [ 51 ]. Super-extended PLND includes 
all tissue removed in an extended PLND plus the 
fi brofatty tissue surrounding the common iliac 
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vessels, the aorta/IVC distal to the inferior 
mesenteric vein, and presacral tissue. Although 
this technique has been safely performed with 
modest increases in operative times, oncologic 
benefi ts to super-extended PLND have not been 
demonstrated [ 49 ,  50 ,  52 ]. In a recent head-to-
head comparison of extended and super-extended 
PLND, patients undergoing a more extensive 
PLND had more nodes removed and more meta-
static disease discovered. However, and most 
importantly, there was no stage-stratifi ed 5-year 
survival advantage in patients undergoing super- 
extended PLND [ 50 ]. SWOG trial S1011 is 
ongoing and will likely shed important insight 
into the appropriate level of dissection during 
PLND for bladder cancer. At present, the prepon-
derance of data suggest that an extended PLND, 
as previously described, should be a routine part 
of RC.  

    Benefi ts 

 As with prostate cancer, PLND for bladder can-
cer has important staging and therapeutic bene-
fi ts. With regards to staging, an accurate 
pathologic stage after RC is the most important 
prognostic factor. Stein et al. demonstrated sig-
nifi cantly worse survival in N+ patients com-
pared to N0 stratifi ed by local tumor stage [ 33 ], 
confi rming in a larger series the data from Skinner 
who reported a 35 % recurrence-free survival in 
patients harboring lymph node metastases at the 
time of RC [ 53 ]. This information is important 
not only for patient counseling but also for adju-
vant systemic therapy considerations. 

 In addition to improved staging, PLND may 
indeed serve a therapeutic role in select patients. 
In fact, long-term survival has been described in 
patients with a limited burden of metastatic dis-
ease [ 35 – 38 ]. These patients typically have 
metastases involving 1 node located within the 
true pelvis with no evidence of extranodal spread. 
These observations led to the introduction of the 
concept of lymph node density (LND), defi ned as 
the number of positive nodes divided by the total 

number of nodes removed. Stein et al. demon-
strated that patients in patients with N+ bladder 
cancer, those with a LND <20 % had a recurrence- 
free and overall survival advantage [ 35 ]. These 
observations strongly support the therapeutic role 
of PLND in select patients.   

8.4     Risks and Complications 
of PLND 

 The benefi ts of performing a PLND must be 
weighed against the potential risks of developing 
a complication. Major complications of PLND 
include lymphocele formation, deep venous 
thrombosis (DVT), vascular, neurologic and ure-
teral injury, and lower extremity edema. Among 
these, lymphocele formation is the most com-
mon, occurring symptomatically in up to 10 % of 
cases [ 54 ]. Patients who go on to develop a lym-
phocele typically present within the fi rst month 
of surgery and experience a wide range of symp-
toms including pain, abdominal fullness, consti-
pation, urinary urgency and frequency, symptoms 
of a DVT or related pulmonary embolism, fever, 
and leukocytosis. Commonly these patients lack 
associated physical exam fi ndings and the diag-
nosis is only made with pelvic ultrasound or 
cross-sectional imaging. Treatment for a lympho-
cele depends on the clinical context but often can 
be managed expectantly or with percutaneous 
drainage. 

 Risk factors for the development of a lympho-
cele include the extent of PLND [ 55 – 57 ] and sub-
cutaneous heparin administration for DVT 
prophylaxis [ 58 ,  59 ]. Of note, classically it was 
felt that the risk of lymphocele was lower among 
patients undergoing a transabdominal versus 
extraperitoneal operation, as it was felt that the 
transabdominal approach allowed for a larger sur-
face area for the reabsorption of lymphatic fl uid. 
This, however, appears to not be the case as a not 
insignifi cant number of patients undergoing lapa-
roscopic or robotic surgery still experience this 
complication [ 60 ]. Regardless of surgical 
approach, this risk of a lymphocele can minimized 
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through meticulous use of surgical clips and the 
avoidance of subcutaneous heparin. When hepa-
rin administration is recommended by current 
guidelines, injection in the upper extremities is 
advised [ 61 ,  62 ]. 

 One complication of a PLND directly related 
to the development of a lymphocele is venous 
thromboembolism. This complication is felt to 
arise due to the compressive effects of a lym-
phocele on the deep veins of the pelvis and 
lower extremities, thus resulting in a DVT. In a 
meta- analysis by Eifl er et al. [ 63 ], the authors 
found that undergoing a PLND at the time of 
RP was associated with an approximately two-
fold increased risk of developing venous throm-
boembolism. Consistent with this fi nding, one 
prospective study in which patients underwent 
an extended PLND on one side of the pelvis 
and a limited PLND on the contralateral side, 
found an increased rate of lymphocele and 
DVTs on the side of the extended template dis-
section [ 56 ]. 

 Other less common complications of a PLND 
include vascular, neurologic and ureteral injury 
as well as the development of lower extremity 
edema. In terms of neurologic injury, structures 
at risk during a PLND include the obturator, gen-
tiofemoral and femoral nerves. Of these, injury to 
the obturator nerve is most common and can be 
avoided by intraoperative visualization and care-
ful clip placement. Most nerve injuries are recog-
nized postoperatively with the development of 
pain, weakness or paresthesia. Fortunately seri-
ous injuries are rare and most can be managed 
with physical therapy and neuroleptic pain medi-
cations. Like neurologic injuries, vascular and 
ureteral injuries are also rare. These, however, are 
commonly identifi ed intraoperatively and 
repaired at the time of recognition without any 
postoperative sequelae. One last uncommon 
complication of PLND is lower extremity lymph-
edema. Risk factors for this complication include 
extent of PLND and history of radiation therapy. 
Management options include the use of compres-
sive stockings and exercise to promote fl uid 
return from the lower extremities.      

 Key Points 

•     PLND should not be performed in all 
men with prostate cancer undergoing 
radical prostatectomy  

•   PLND should be limited to men with a 
nomogram risk of 2–2.5 % or greater of 
having lymph node involvement in pros-
tate cancer  

•   PLND for prostate cancer, when per-
formed, should be a thorough standard 
or extended dissection, and not a limited 
template dissection  

•   The main nodal fi elds to resect in 
prostate cancer cases are the external 
iliac, obturator and internal iliac nodal 
beds  

•   There is therapeutic value to PLND in 
cases of limited nodal involvement and 
low lymph node density (<15 %)  

•   PLND should be performed in all cases 
of bladder cancer undergoing radical 
cystectomy, as it has both prognostic 
and apparent therapeutic benefi t  

•   Extended template PLND, but not 
super- extended template PLND, is 
appropriate in most radical cystectomy 
cases  

•   Removal of the fi brofatty tissue sur-
rounding the external iliac vessels, obtu-
rator fossa, hypogastric vessels, and 
common iliac vessels to the level of the 
ureter is currently the most accepted 
extended PLND template for bladder 
cancer patients  

•   Complications of PLND increase as 
the extent of the lymphadenectomy 
increases  

•   Serious complications associated with 
PLND are rare but can be life-threaten-
ing, and include venous thromboembo-
lism, major neural, ureteral, and/or 
vascular injury, lymphocele, and lower 
extremity edema.    
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9.1             Introduction 

 PCa is a major health problem and among 
 different types of cancer, only lung cancer kills 
more men each year [ 1 ]. Nearly two thirds are 
diagnosed in men aged 65 or older, and it is 
rare before age 40. The average age at the time 
of diagnosis is about 67 [ 2 ]. Asian-American 
men and Hispanic men have incidence rates 
lower than non-Hispanic white persons [ 3 ,  4 ]. 
The incidence is approximately 60 % higher 
and mortality rates are two-fold higher in black 
men than in white men [ 4 ,  5 ]. The cause of PCa 
is unknown, but the best known risk factors are 
age, ethnicity, and family history.  

 PCa is a heterogeneous disease, and from a 
molecular based point of view the histopathol-
ogy of PCa is proposed to have different steps 
until development of invasive PCa (Fig.  9.1 ) 
[ 6 ,  7 ]. Today, researchers put a large effort in 
analyzing the molecular history of PCa, to iden-
tify groups of men at high risk of developing 
PCa who would benefi t from more intensive 

screening or from chemoprevention trials, to 
discriminate indolent versus aggressive disease, 
and to improve screening techniques, and 
improve therapeutic strategies.  

 The different PCa tumors have varying growth 
rates and malignant potential for causing death. 
Screening for PCa should ideally target only 
tumors that would cause clinically important 
disease, but currently availably prognostic mark-
ers can only distinguish a small number of men 
having excellent prognosis [ 8 ]. However, they 
cannot say anything about the prognosis of those 
in the middle category (Gleason grades 3 + 4 vs. 
4 + 3), which includes most of the men with PCa 
[ 9 ,  10 ]. Treatment decision is usually based on 
PSA levels and histopathological fi ndings in 
biopsies, i.e., Gleason score. 

 PSA measurements have signifi cant infl uence 
on diagnosis, treatment strategies and follow-up 
of PCa patients; however the specifi city of total 
serum PSA is limited to treatment strategies 
especially for patients with low PSA serum levels 
(less than 4.0 ng/ml) [ 11 – 16 ] The specifi city of 
PSA screening is lower among men with large 
prostate glands, including older men with benign 
prostatic hyperplasia (BPH) [ 17 ] The discrep-
ancy between PCa diagnoses and PCa deaths 
indicates that probably most cancers detected by 
screening are clinically unimportant. Appropriate 
target that will detect the cancers causing clinical 
symptoms and death (i.e., Gleason score ≥7) has 
yet to be defi ned.  
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9.2     Histological Diagnoses 
of Prostate Cancer 

    Specimen Preparation 

 Radical prostatectomy (RP) specimens are 
 usually transported in buffered 4 % formaline 
saline, occasionally, fresh tissue is harvested in 
the laboratories for research reasons. However, is 
has been pointed out that the specimens should 
be placed in fi xative as soon as possible, because 
of alteration in protein, DNA or RNA confi rma-
tion that must be satisfactory for the preservation 
of microscopic and IHC features [ 18 ]. The histo-
logical diagnosis of PCa is based on formalin 
fi xed and paraffi n embedded tissue. The initial 
diagnosis is based on needle biopsies, usually 
four or more biopsies from each patient. 
Prognosis after RP relies, in part, on accurate 
characterization of a number of histological fea-
tures, including the status of the surgical margin, 
extra prostatic tumor growth, Gleason grade, 
tumor volume and whether tumor extends into 
the seminal vesicles and/or is metastatic to 
regional lymph nodes. The 2009 International 
Society of Urological Pathology Consensus 
Conference in Boston made recommendations 
regarding the standardization of pathology 
reporting of RP specimens [ 19 ,  20 ]. The use of 
whole mounts of sections from RP specimens has 
the advantage of displaying the whole architec-
ture of the prostate and the location of tumor 
areas. Of most importance is assessment of free 
resection margins, therefore painting the surfaces 
gives more precise information about the margins 

[ 19 ,  20 ]. Separate histological examination of 
both apex and base should be prepared by cutting 
sagittal sections of the conus (Fig.  9.2 ) [ 19 ]. 
Histological examination of tumor tissues in 
prostatic apex and base predicts outcome [ 21 ].  

 Positive lymphatic involvement is generally 
considered as a poor prognostic indicator and has 
impact on treatment options [ 22 ]. Identifying 
lymphatic involvement requires accurate nodal 
staging. Some laboratories report enhanced 
retrieval of lymph nodes using Glacial acetic 
acid, ethanol, distilled water, and formaldehyde 
(GEWF), compared to formalin fi xed specimens 
[ 23 ].   

9.3     Microscopic Diagnoses 

    The Gleason Grading System 

 The Gleason grading system is so far the most 
commonly used system for histological charac-
terization of prostate cancer, and it’s the most 
powerful predictor of outcome for PCa patients 
[ 23 ]. Gleason grading depends solely on archi-
tectural patterns of the tumor. The grade is 
defi ned as the sum of the two most common 
grade patterns and reported as the Gleason score. 
Both the primary (predominant) and the second-
ary (second most prevalent) architectural patterns 
are identifi ed and assigned a number from 1 to 5, 
were 1 being the most differentiated and 5 the 
least differentiated pattern [ 23 ]. Since the intro-
duction of the Gleason grading system more than 
four decades ago many aspects of prostate cancer 
have changed, including PSA testing, transrectal 
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ultrasound guided prostate needle biopsies with 
sampling and immunohistochemistry for identifi -
cation of basal cells. These techniques have 
changed the classifi cation of prostate cancer and 
led to identifi cation of new prostate cancer vari-
ants. Gleason grading system was updated in 
2005 by experts in urological pathology at a con-

sensus conference held by the International 
Society of Urological Pathology (ISUP). This has 
resulted in a more accurate grading system in 
both needle biopsies and RPs [ 24 – 27 ]. This 
modifi ed system has also led to a better correla-
tion between pathological stage, rate of positive 
margins, and biochemical recurrence with 

  Fig. 9.2    Whole-mount tissue section of prostate ( center ) 
with sagittal sectioning of the base ( top ) and apex ( below ). 
For orientation and with regard to surgical reception mar-

gins, the prostate is inked  blue  to the right,  green  to the 
left and  black  at the posterior surgical margin       
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Gleason scores. Still, Gleason score is the only 
independent predictor of metastatic disease 
[ 28 ]. .  The main differences between the original 
system and the 2005 ISUP Modifi ed Gleason 
grading system are summarized in Table  9.1  
[ 24 ,  26 ,  27 ,  29 ].

       PTNM-Classifi cation 

 The pTNM-classifi cation is currently under 
 revision. Within category pT2 PCa, a wide varia-
tion in tumor extent may be seen, which varies 
from single microscopic lesions to large volume 
multifocal tumors, often involving both sides of 
the prostate. This heterogeneity of tumor volume 
of pT2 prostate cancers and the potential impact 
on prognostic assessment has resulted in attempts 
to subcategorize organ-confi ned tumors. In TNM 
2002, pT2 was substaged in pT2a (tumor involves 
one half of one lobe or less), pT2b (tumor 
involves more than half of one lobe, but not both 
lobes), and pT2c (tumor involves both lobes). In 
the TNM 2010 staging, the pathological substag-
ing of pT2 prostate cancers has been retained, 

although the prognostic value of this has been 
questioned. 

 The 2009 ISUP consensus conference in 
Boston made recommendations that the standard-
ization of T2 substaging should be optional. 
Although, there was an overall agreement that the 
current pT2 substaging should not be used, there 
was no consensus what sort of substaging should 
replace it [ 30 – 33 ].   

9.4     Immunohistochemistry (IHC) 

 IHC is widely used for diagnosing PCa in dif-
fi cult cases. Awareness of the many pitfalls in 
prostate IHC is essential to avoid serious misdi-
agnosis i.e., identifying IHC staining as posi-
tive or negative. However, in the majority of 
cases haematoxylin-Eosin stained sections are 
suffi cient for diagnosing cancer. The IHC diag-
nosis of PCa largely depends on panels of 
markers because no absolutely specifi c and sen-
sitive marker has yet been discovered. Such 
panels usually include at least one basal 
cell-specifi c marker; high molecular-weight 

   Table 9.1    Gleason score comparison   

 Original Gleason system  2005 ISUP modifi ed Gleason system 

 A diagnosis of GS <4 possible NB  GS of NB specimens <4 rarely, if ever made 
 Cribriform glands with rounded and smooth contours as 
well as with an irregular outer border are diagnosed as 
Gleason pattern 3 

 Most cribriform patterns with only rare cribriform 
lesions would satisfy the diagnostic criteria for 
cribriform pattern 3 

 The same GS is used for NB and RP specimens  Different GS used for NB and RP specimens 
 High-grade tumor of small quantity (<5 %) on NB should 
be excluded based on GS (5% threshold rule) 

 Different GS used for NB and RP specimens 

 High-grade tumor of small quantity (< 5%) on NB should 
be excluded based on GS (<5 % threshold rule) 

 High-grade tumor of any quantity on NB should be 
include within the GS 

 Tumors on NB should be graded by listing the primary 
and secondary patterns, i.e., excluding tertiary patterns 

 For the tertiary pattern on NB specimens, both the 
primary pattern and the highest grade should be recorded 

 The GS of RP specimens should be assigned based on 
the primary and secondary patterns 

 For RP specimens, the pathologist should assign the GS 
based on the primary and secondary patterns; a comment 
should be added on the tertiary pattern 

 Separate or overall scoring to assess all grades of NB 
specimens 

 When NB specimens show different grads in separate 
cores, individual GS should be assigned to these cores 
(separate scoring) 

 The grade of the largest portion should be assigned, even 
if the second largest portion is of higher grade 

 When RP specimens show different grades in separate 
tumor nodules, a separate GS should be assigned to each 
of the dominant tumor nodules 

  Abbreviations:  GS  Gleason score,  NB  needle biopsy,  RP  radical prostatectomy  
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cytokeratin (HMWCK), or p63, and the pros-
tate cancer- specifi c marker; alpha-methyl-
CoA-Racemase (AMACR, antibody clone 
P504S). HMWCK or P63 is expressed in almost 
all normal basal cells of prostate with continu-
ous intact circumferential immunostaining in 
most glands. However, HMWCK positivity is 
typically discontinuous in a variety of benign 
lesions such as post atrophic hyperplasia and 
atypical adenomatous hyperplasia, whereas in 
PCa with the loss of basal cells, these markers 
are negative. Almost all PCa of low and inter-
mediate grade are negative for p63, while nor-
mal or hyperplastic prostatic gland, show strong 
and diffuse p63 expression. AMACR is usually 
overexpressed in PCa with strong coarsely 
granular staining and more accentuated along 
the luminal border. However, strong expression 
of AMACR can also be found in high grade 
prostatic intraepithelial neoplasia (HGPIN) 
lesions, but weak expression may be found in 
benign glands, and should not be interpreted as 
positive staining.  

9.5     Role of Genetic Markers 
in Prostate Cancer 

 The huge advances in genotyping and gene 
sequencing technologies has potential to aid 
 disease screening, improve prognostic discrimi-
nation and prediction of response to treatment. 

    PSA 

 Early detection of PCa through PSA screening 
has resulted in detection of men with PCa at ear-
lier stages and with lower Gleason grade, but has 
also contributed to concerns about overdiagnosis 
and overtreatment of clinically insignifi cant dis-
ease. As a single test serum PSA has limitations, 
because some men with very low serum levels of 
PSA (<4.0 ng/ml) will develop prostate cancer 
(~15 %) [ 13 ], and men with benign conditions 
including BPH, prostatitis and medical 
 intervention frequently elevate serum PSA. This 
makes serum PSA more sensitive than specifi c 

for PCa. However serum PSA is of great value in 
disease monitoring of existing cancer and for 
identifi cation of recurrent disease after treatment. 
Among men undergoing radical prostatectomy, 
the persistence of undetectable serum levels of 
PSA can be used to confi rm absence of recurrent 
disease.  

    Tumor Specifi c Autoantibodies, 
AMACR 

 In order to react against a tumor, the immune 
 system must have antigens that are recognized as 
foreign. A number of alterations in gene expres-
sion occur in cells during tumorigenesis. 
Tumorigenesis may lead to expression of new 
antigens or alteration in existing antigens that are 
found in normal cells. These antigens may 
include membrane receptors, regulators of cell 
cycle and apoptosis, or molecules involved in 
signal transduction pathways. In PCa, AMACR, 
is a mitochondrial and peroxisomal enzyme that 
is involved in bile acid biosynthesis and beta-
oxidation of branched-chain fatty acids. AMACR 
is overexpressed in PCa epithelium, making it a 
specifi c marker for cancer cells within the pros-
tate gland. Furthermore, overexpression of 
AMACR is found in premalignant lesions like 
HGPIN, may increase PIN, may increase the risk 
of PCa. I addition, genome-wide scans for link-
age in hereditary PCa families suggest that the 
chromosomal region for AMACR (5p13) is the 
location of a PCa susceptibility gene. Also, 
experimental studies have shown that loss of 
AMACR expression slows the growth of some 
PCa cell lines. As a biomarker AMACR is of 
important value in PCa.   

9.6     Bladder Cancer 

 Histologically, most urinary bladder cancers 
(UC) are transitional cell carcinomas (TCC), but 
approximately 10 % includes squamous cell car-
cinoma and adenocarcinomas, both rising from 
the inner lining of the bladder probably because 
of chronic irritation and infl ammation. A minor 
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portion is small cell carcinoma and sarcoma. UC 
is one of the most common malignancies among 
men in Western countries (ratio worldwide is 
about 3.5:1 compared to women) [ 13 ]. Except 
for Japan, the highest incidence is observed in 
developed countries. Northern Africa and west-
ern Asia is also included among high risk areas, 
the latter is probably related to presence of 
urinary schistosomiasis (well-known to be asso-
ciated with high risk of bladder cancer). Cigarette 
smoking is the predominant risk factor, followed 
by a small group with occupational exposure to 
aromatic amines and other industrial chemicals. 
Also a genetic predisposition is a considerable 
factor [ 34 ,  35 ]. The clinical behavior of the dis-
ease is heterogeneous, ranging from tumors with 
low malignant potential to highly malignant 
muscle- infi ltrating tumors. Despite refi ned his-
tology based classifi cation systems, it is diffi cult 
to predict individual prognosis or response to 
therapy. For instance, one third of patients with 
T1 tumors remain recurrence-free after BCG 
treatment, while one third die from the disease. 

Classifi cation schemes for bladder tumors, espe-
cially for TCC, which represents the vast major-
ity of cases, have evolved over the past decades, 
and will continue to change as information 
regarding genomics and proteomics accumu-
lates. Current prognostic parameters such as 
grade, stage, multifocality of carcinomas, and 
lymph node status cannot with certainty predict 
the long term outcome of bladder cancer.  

   Staging of bladder cancer 

 The prognosis and treatment decisions are 
mainly based on pathological criteria, and 
proper staging is highly dependent on good 
quality biopsies. Approximately 70 % of these 
tumors are papillary and confi ned to the urothe-
lial mucosa (stage Ta) or to lamina propria (T1), 
whereas, the remaining invade the muscle (T2), 
the perivesical fat (T3) or surrounding organs 
(T4) (Fig.  9.3 ). Favorable prognostic factors for 
superfi cial TCC at stage Ta, compared to stage 
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T1 are: low grade and no dysplasia, whereas 
high grade, tumor multiplicity, tumor size 
greater than 5 cm, and vascular invasion 
increase the risk for tumor progression.  

    Histological Diagnoses 
of Bladder Cancer 

    Specimen Preparation 
 Among the established methods for detecting and 
confi rming bladder cancer are bimanual palpa-
tion, cystoscopy with or without random or 
selected-site biopsies and urinary cytology. 

 In clinical routine, mainly formalin-fi xed and 
paraffi n-embedded tissue has been preserved, 
and by using light microscope, the histologic 
diagnoses are done according to World Health 
Organization (WHO)/International Society of 
Urological Pathology (ISUP) [ 36 ]. 

 Urinary cytopathology is especially useful 
for detection and monitoring of patients with 
epithelial tumors, but this approach is best 
applied to high-grade tumors, where nearly all 
of the features are detectable in these speci-
mens. This means that nearly all aggressive 
tumors can be detected in adequately sampled 
bladders. This method is less useful for the 
detection and monitoring of very low-grade 
tumors, because most of these tumors lack fea-
ture of malignancy [ 36 ].   

    Microscopic Diagnoses 
and Classifi cation 

 TCC (urothelial carcinoma) can rise anywhere in 
the bladder. They are defi ned according to their 
histologic characteristics and so far, histologic 
examination is the most specifi c method for 
assessing these lesions [ 37 ]. The pattern of 
growth may be exophytic or endophytic or a 
combination of both. When histologically exo-
phytic, the tumor may adopt a papillary confi gu-
ration with a fi brovascular core, or a solid 
nodular appearance. The latter may result in 
clusters of tumor cells in the lamina propria. 
Stromal invasion of TCC proceed in two stages: 

invasion of the lamina propria and invasion of 
the muscle layer. The detection of muscle inva-
sion is of great consequence, because of the 
infl uence on therapy and prognosis. Histological 
diagnose of early bladder cancer (superfi cial 
TCC) or non-muscle invasive bladder cancer, 
which includes papilloma (benign lesions), pap-
illary urothelial neoplasms with low malignant 
potential (PUNLMP), Low grade papillary carci-
nomas CIS (TIS/CIS), is virtually never con-
fused with high grade carcinomas. PUNLMP 
have many features in common with normal epi-
thelium and the histologic feature of the cells on 
the stalks is preserved and the nuclear feature are 
only slightly abnormal [ 38 ]. Lacking signifi cant 
nuclear pleomorphic appearance, PUNLMP 
cells are diffi cult to recognize in urinary sam-
ples. However, this entity is considered as neo-
plastic because they tend to recur in the same 
site, and if left untreated, they can grow and 
dedifferentiate into aggressive cancers. 
Urothelial carcinoma, low grade, is a predomi-
nantly papillary urothelial neoplasm which 
resembling PUNLMP features. Histologically, 
the superfi cial layer is preserved, and the cells 
are uniform in size and evenly distributed. The 
orientation of the nuclei are often normal, but are 
rounded and slightly pleomorphic. There dis-
tinction of PUNLMP from low grade carcinomas 
may be diffi cult. However, the cells of low grade 
carcinoma are smaller and more densely 
arranged on the fi brovascular stalks, than the 
cells of PUNLMP, and at high magnifi cation, 
there is a slight degree of nuclear pleomorphism 
and the nuclear chromatin is fi nely granular and 
evenly distributed. Immunohistochemical analy-
ses are unlikely to be helpful in the differential 
diagnosis. The tumor cells are typically uniform, 
but densely packed in tissue sections. The tumor 
cells have indistinct borders, little or no cyto-
plasm, and the nuclear are pleomorphic, and the 
nuclear borders are irregular with coarse and 
uneven chromatin structure. Almost all invasive 
urothelial neoplasms are high grade, at least 
there is a focus of invasion, whether the invasion 
is confi ned to the lamina propria or muscularis 
propria. Mitoses are common and may be abnor-
mal. Differential diagnostic problems are not a 
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large problem, but may raise when high TCC 
involve prostatic duct or when prostatic carcino-
mas have invaded the bladder base. However, 
there are histological differences between high 
grade TCC and prostate cancer cells. Of 
 importance is to diagnose patients whom super-
fi cial tumors are less differentiated, large, multi-
ple, or associated with CIS in other areas of the 
bladder mucosa. These patients are at great risk 
for recurrence and the development of invasive 
cancers. IHC is overall of limited value when 
reactions for cytokeratins (7 and 20), carcinoem-
bryonic antigens (CEA)125, 34β[beta]E12, and 
thrombomodulin are not specifi c. However, 
cytokeratins (CK20, CK7), tumor suppressor 
gene (p53) and the proliferation marker, Ki67 is 
widely used, because the majority of urothelial 
carcinomas are CK7+/CK20/CEA125-. The 
expression of CK20 is restricted to superfi cial 
‘umbrella’ cells and occasional in the intermedi-
ate cells in benign and reactive urothelium, and 
also in severe infl ammation. In dysplasia and 
CIS there is usually a complete or at least focal 
loss of this cellular reaction in all layers of the 
urothelium [ 39 ]. CK20/CK7 positivity may be 
useful when both were positive, supporting the 
diagnose of urothelial cancer. However, if only 
one marker was positive, or both negative, 
these markers have limited usefulness for dis-
tinguish these carcinomas. Expression of p53 
has also been associated with an adverse progno-
sis for patients with invasive bladder cancer. 
Retrospective studies have shown that presence 
of nuclear p53 is an independent predictor for 
recurrence among patients with T-1-T3 tumors 
[ 40 – 43 ].  

    Role of Genetic Markers 
in Bladder Cancer 

 The main trend recent years have been screening 
with cDNA array-based platforms. Many pro-
teins have been suggested as candidate cancer 
biomarkers based on results from gene- expression 
analysis. Despite the fact that this kind of plat-
forms offers a potential to simultaneously study a 
broad range of genes at transcript level, this is not 

a fully successful method, because there is not 
carried out information according to the inter- 
and intra-tumoral cell location of a marker. In 
bladder cancer diagnostics it is of importance to 
use methods describing the heterogeneity within 
a tumor rather than an average estimate. However, 
bladder cancer is a multifactorial disease whose 
initiation and progression involve a complex net-
work of genes and pathways. It is likely that no 
single marker will be suffi cient for prognosis but 
a combination of markers from several genes or 
pathways may be required.   

9.7     Nucleic Acid Biomarkers 

    Methylated DNA 

 Cancer is a disease initiated and driven by the 
clonal evolution of cells transformed by genetic 
and epigenetic alterations, which can occur as 
either inherited (germline) mutations or acquired 
(somatic) mutation of key genes. Methylation, an 
epigenic alteration (promoter methylation), can 
be used as targets for detection of tumor cells in 
clinical specimens, such as tissue biopsies or 
body fl uids (serum, urine). 

 There is a known correlation between DNA 
Methylation and aberrant gene regulation 
involved in the predisposition, initiation, and pro-
gression of cancer. Detection of DNA methylation 
changes often occur at an early stage in cancer 
and other disease, which makes DNA methylation 
biomarkers ideal targets for the early detection 
and appropriate treatment of many diseases. One 
highly promising molecular biomarker is DNA 
methylation. This enzymatic addition of a methyl 
group at the 5-position of the cytosine in a CpG 
(cytosine-guanine) dinucleotide is a normal pro-
cess within cells. In cancer, despite a global 
hypomethylation, one observes hypermethyl-
ation in regions of the genome described as CpG 
islands [ 4 ,  43 ] These islands are present in almost 
half of all genes and are frequently promoter- 
associated [ 44 ]. The common occurrence of 
DNA hypermethylation in all types of cancer 
makes it an ideal biomarker, one that has been 
extensively investigated. An advantage of DNA 
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methylation over protein-based markers is that 
it is readily amplifi able and easily detectable 
using PCR-based approaches. In addition, con-
trary to cancer-specifi c mutations, which could 
occur anywhere in a gene, cancer-specifi c DNA 
hypermethylation occurs in defi ned regions, 
usually in or near the promoter of genes. In can-
cer cells, this often involves DNA methylation 
silencing of protective genes such as tumor sup-
pressors. Expression in normal cells suppresses 
tumor formation, but by methylation it is 
silenced which enables tumor formation and 
cancer progression.   The assessment of epigenic 
events is therefore one of the most promising 
method for identifying marker candidates for 
early detection of cancer. Circulating tumor-
related free methylated DNA in blood and urine 
of cancer patients have already been assessed 
for their clinical utility.   

   DNA methylation in prostate cancer 

 The natural history of the development of PCa is 
highly variable. Since many PCa patients pres-
ent with advanced disease, and some present 
with nonspecifi c elevation of PSA without can-
cer, early detection with high specifi city and 
sensitivity is considered to be the most impor-
tant approach to reduce mortality and unwanted 
tension of men with high PSA. It is evident that 
DNA methylation alterations in PCa and in 
bladder cancer are highly prevalent and consti-
tute a crucial factor in the development and pro-
gression of the disease. The DNA hyper- and 
hypo-methylation events associated with PCa 
initiation that were identifi ed from the begin-
ning of 1990s and up today are already explored 
as biomarkers for improved detection of PCa. 
The results are promising. Suzuki et al. [ 45 ] 
detected seven genes ( BIK ,  BNIP3 ,  cFLIP , 
 TMS1 ,  DcR1 ,  DcR2 ,  CDKN2A ) to be fully or 
partially  methylated in several PCa cells, and 
others have revealed the methylation status of 
eight other genes including  RARB2 ,  GSTP1 , 
 FLNC ,  EFS ,  ECRG4 ,  PITX2 ,  PDLIM4  and 
 KCNMA1  [ 46 ], and there is a lot of other genes 
under current investigation.   

   DNA methylation in bladder cancer 

 Regarding bladder cancer, recent studies have 
revealed several genetic and biological altera-
tions with an extensive repertoire of candidate 
genes and pathways that have been implicated 
in TCC development and progression. These 
include anti-apoptotic genes, cell cycle 
regulators, various immune, nuclear, and 
proliferative markers, and cellular growth 
factors [ 47 ]. However, DNA methylation 
studies integrating genetic, epigenetic, and 
expression changes will definitely provide a 
clearer picture of prostate cancer initiation 
and progression. 

 Several genome-wide technologies are avail-
able and have been utilized to examine the extent 
of DNA methylation in discovery-based studies 
involving several physiological and disease 
states. Although early in the process, aberrant 
DNA methylation is gaining strength in the fi elds 
of cancer risk assessment, diagnosis and therapy 
monitoring in different cancer types. Nevertheless, 
it is expected that elucidating the functional con-
sequences of DNA methylation changes will 
present major challenges for research for quite 
some time yet.  

    MicroRNAs (miRNA)s 

 miRNAs are small, noncoding RNAs with 
important functions in development, cell differ-
entiation, and regulation of cell cycle and apop-
tosis. miRNA expression is deregulated in 
cancer by a variety of chromosomal rearrange-
ments (amplifi cation, deletion, mutation, epi-
genetic silencing), promoter methylation and 
regulation of transcription. A single miRNA can 
target hundreds of mRNAs, and alterations in 
miRNAs are known to disrupt the expression of 
several mRNAs and proteins. Several studies 
have shown that miRNAs are involved in the ini-
tiation and progression of cancer. miRNAs are 
found in all nucleated cells represent about 1 % 
of the genome and it is believed that 60 % of all 
human genes are monitored by miRNAs [ 48 ]. 
The purpose of identifying miRNA genes is to 
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reveal their function. Since miRNAs often serve 
their roles by interacting with other molecules, 
series of algorithms are being established to fi nd 
target molecules for miRNAs. Some miRNAs as 
biomarkers are able to trace the tissue of origin 
of cancers of unknown primary origin [ 48 ]. 
Microarray analysis allows for parallel analysis 
of large numbers of miRNAs and can be used to 
detect the presence and/or regulation of a wide 
range of defi ned miRNAs. The initial step in 
miRNA microarray profi ling is the purifi cation 
of RNA or miRNAs from cells or tissue. Many 
protocols have been developed for the extrac-
tion of high-quality RNA using various kits and 
reagents, however, it is of importance to know 
that the detection of miRNAs by microarray 
analysis, appropriate probe design is critical and 
unlike profi ling of miRNAs by using microarray 
analysis, deep sequencing measures absolute 
abundance and, because it is not limited by array 
content, allows for the discovery of novel miR-
NAs that have eluded previous cloning and stan-
dard sequencing efforts.    

   miRNAs in prostate cancer 

 miRNAs in PCa tissue might be promising bio-
markers for detection of cancer, prognosis, bio-
chemical recurrence, Gleason grade, PSA and 
other clinico-pathological parameters. Even circu-
lating serum levels of miRNAs are found to cor-
relate with risk, aggressiveness, staging and 
disease outcome. Because of contradictory results, 
there is several limitations to overcome before 
miRNAs can replace conventional biomarkers 
such as PSA. However, the differential miRNA 
profi le affords a solid basis for further functional 
analyses of miRNAs in PCa. Quantifying pro-
moter methylation of putative tumor-suppressor 
genes in circulating free DNA is a rapidly growing 
research topic for early cancer detection. However, 
in the PCa fi eld, none of the reported biomarkers 
has reached clinical application, mainly because 
of the small numbers of PCa’s and matched con-
trol specimens analyzed.  

   miRNAs in bladder cancer 

 Genome-wide profi ling of miRNA expression 
patterns in TCC by deep sequencing studies has 
revealed that miRNAs were aberrantly expressed 
in TCC compared to normal epithelium, 
 suggesting that they might play roles as onco-
genes or tumor suppressor genes in the develop-
ment or progression of TCC. However, as for 
PCa, several studies using miRNA microarrays 
with different, sometimes limited probes to pro-
fi le the miRNA expression, the results has not 
always indicated consistent results. It is likely 
that no single biological marker will be suffi cient 
for prognosis, but rather a combination of mark-
ers from several genes or pathways may be 
required. Therefore, it is most important to under-
stand the underlying biological mechanisms as 
well as the potential gene-gene and gene- 
environment interactions.   

9.8     Summary 

 The detection and characterization of PSA in the 
late 1980s, especially in the terms of PCa screen-
ing, has led to the diagnosis of many potentially 
indolent cancers. Aggressive treatment of these 
cancers has caused signifi cant morbidity without 
clinical benefi t in many cases. Tumor staging, 
Gleason score and serum levels of PSA are up 
today, the most important prognostic factors. 
However, they cannot perfectly predict which 
patients are at risk for development more aggres-
sive cancers. Future research should focus on 
validating existing biomarkers, fi nding novel bio-
markers, and approaches for combining biomark-
ers for identifi cation of those men who will have 
an indolent or aggressive PCa and those who will 
have therapeutic resistance. It is of incredible 
value to continue focusing on risk factors, molec-
ular characterization in early and later stage of 
PCa, hormone refractory PCa, the multiclonal 
origins of the multifocality of PCa, acquired or 
somatic defective genes and hormones involved. 

 Despite the use of clinical and pathological 
factors, the ability to assess patient prognosis is 
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not satisfactory. With reliable diagnostic tests for 
progression, suitable treatments could be tailored 
to every patient. This has led to a huge effort to 
fi nd reliable biomarkers to predict progression in 
patients with TCC. These potential markers 
include genetic alteration, methylation patterns, 
cell adhesion molecules, proteases, growth fac-
tors and a lot of other molecular markers. 
However, the biomarkers that have been sug-
gested lack suffi cient predictive power, at the 
moment there is no reliable test for bladder can-
cer. Testing for blood in the urine is not a useful 
screening test for the general population because 
of the low specifi city. 

 There is a need to improve existing methods 
for the diagnosis of PCa and TCC to identify the 
patients at risk for developing these diseases, as 
well as identify the tumors that will progress and 
have an aggressive behavior. 

 In conclusion, given the current rapid devel-
opment of large-scale genome screening and 
sequencing techniques, including proteomics and 
natotechnology, it is likely that in the coming 
years we will see a comprehensive elucidation of 
DNA methylation alterations in PCa and 
TCC. This will provide further candidates for 
biomarker development and further insights into 
these diseases pathogenesis, and thereby identifi -
cation of new targets for treatment and therapeu-
tic intervention. 
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10.1             Introduction 

 During the past decade, a variety of ablation tech-
niques have been introduced for the treatment of 
localized prostate cancer. These techniques 
include brachytherapy, cryotherapy, high- 
intensity focused ultrasound (HIFU), laser abla-
tion therapy, radiofrequency ablation, irreversible 
electroporation (IRE) and photodynamic therapy 
(PDT). The fi rst three modalities have emerged 
as alternative therapeutic options in patients with 
clinically localized prostate cancer by the 
European Urology Association and American 
Urological Association. The others are still con-
sidered experimental [ 1 ]. 

 Because of increased detection of early stage 
local prostate cancer lesions, focal therapy fulfi lls 
a more signifi cant role as a less invasive proce-
dure in the management of the disease [ 2 ]. This 
increased detection rate is partially due to inten-
sifi ed PSA testing on one hand and improved 
imaging technologies on the other hand [ 3 ,  4 ]. 
The patients with high volume low risk and inter-
mediate risk prostate cancer with localized dis-

ease are the best candidates for focal treatment. 
Especially when it contains unilateral disease and 
clinical stage ≤cT2a [ 5 ] (More details in 
Table  10.1 ). Focal treatment enables better tissue 
preservation, decreased morbidity and is poten-
tially applicable in 50–66 % of men with prostate 
cancer [ 6 ,  7 ]. The different treatment scenarios 
are ultra-focal, hemi-ablation or whole-gland 
therapy, based on the localization and multi- 
focality of the tumors (Fig.  10.1 ). The minimally 
invasive nature of these techniques usually results 
in a short hospital stay with a better side effect 
profi le and less impact on quality of life, result-
ing in an increased popularity [ 8 ,  9 ]. Nevertheless, 
since the available diagnostic modalities are still 
not yet conclusive, it is important to take into 
account that small insignifi cant lesions can be 
kept undetected and therefore untreated. In this 
chapter, the principles of each focal modality as 
well as information on application and outcome 
are provided to help understanding the different 
techniques (Table  10.2 ).
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   Table 10.1    Ideal candidates for focal therapy [ 67 ]   

 Serum PSA  PSA <15 ng/ml PSA >15 ng/ml 
should be counselled with caution 

 Clinical stage  T1c–T2a 
 Pathology  Gleason score 3 + 3 

 Gleason score 3 + 4 
 Life expectancy  >10 years 
 Clinical stage  Any; except in case of HIFU: 

<40 mL 
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10.2          Thermal Ablations 

    Laser Ablation Therapy 

  Principles 

 Laser ablation therapy uses near infrared (NIR) 
light from a neodymium-yttrium-aluminum- 
garnet laser. It reaches the tissue of the prostate 
by laser fi bers through a transperineal approach. 
The technique is based on the photo-thermal 
effect. This thermal action results from the 
absorption of NIR light by tissue chromophores, 
which is converted into heat in a very short time 
[ 10 ]. This effect depends on the intensity of light 
and the concentration of available tissue chromo-
phores. Temperatures above 60 °C cause rapid 
coagulative necrosis in the targeted tissue fol-
lowed by instant cell death. But also at lower 
hyperthermic temperatures (>42 °C) irreversible 
cell death is also achieved with prolongation of 
the procedure [ 11 ,  12 ]. Figure  10.2  shows the 
mechanisms of the thermal ablation techniques.   

  Application and Outcome 

 Besides the destruction of cells by the photo- 
thermal effect, a reaction can be observed in the 

reduction of blood perfusion. It is therefore pos-
sible to observe the delineation between viable 
and nonviable tissue with contrast-enhanced 
ultrasonography (CEUS) [ 13 ]. Until now, all 
studies about laser ablation are phase I clinical 
trials or contain small cohorts with a maximum 
of 12 patients [ 14 ]. This study of Lindner et al. 
showed on biopsies after 6 months post-treatment 
67 % was free of tumor in the targeted area and 
50 % was free of disease. Side effects according 
to this technique included perineal discomfort, 
hematospermia, dysuria and fatigue [ 13 – 15 ]. 
Further research is needed to demonstrate the 
long-term effectiveness.   

    Cryotherapy 

  Principles 

 Cryotherapy induces cell death by freezing. In 
the past, urinary incontinence, urethral sloughing 
and recto-urethral fi stula were common side 
effects and a mortality rate of 1.9 % was reported 
[ 16 ]. More recently, the technique has changed 
and improved using multiprobe-devices, guided 
by advanced imaging techniques. Cryotherapy is 

  Fig. 10.1    Treatment scenarios       
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either used as primary treatment (partial or 
whole-gland) or as salvage treatment. It contains 
different mechanisms in destroying tumor tissue, 
including ‘Freeze rupture,’ a cellular response to 
freezing, which induces cell death known as 
necrosis and apoptosis [ 17 ]. Direct cell damage 
occurs when cell metabolism fails as a result of 

temperature drop. When temperature decreases 
until −20 °C, extracellular water crystallizes and 
causes a retraction of water out of the system. 
This results in a hyperosmotic extracellular envi-
ronment followed by the extraction of water 
from the cells and end up in denaturation and 
electrolyte disturbances [ 18 ]. All parts of the 

   Table 10.2    Overview of techniques with indications, contra-indications, advantages and disadvantages   

 Indications  Contra- indications     Advantages  Disadvantages 

 Brachytherapy  Stage T1b to T2a  Recent TURP  Outcomes equal to radical 
approach 

 Chronic urinary morbidity 
in 20 % 

 Widely available 
 Little interruption of daily 
life 

 High IPSS 
 Worse fl owmetry 
 Prostate gland 
volume >50 mL 
 Previous pelvic 
irradiation 

 Cryotherapy  Stage T1 to T3  Prostate gland 
volume >40 mL 

 Real time monitoring with 
TRUS and MRI 

 Cold sink effect 
 High post-operatively 
erectile dysfunction 
(47–100 %) [ 66 ] 

 Short hospital stay 
(1–4 days) 

 Intraprostatic needles 
insertion required 
 High costs  Less side-effects than 

radical prostatectomy 
 Unfi t for surgery 
 Life expectancy 
<10 years 

 HIFU  Stage T1-T2  Anterior tumor or 
tumor located 
near apex or 
midline 

 No intraprostatic needles 
required 

 Heat sink effect 

 Short hospital stay  Time-consuming (10 g 
prostate/h) 
 High costs  Minimal rectal injury 

 Radiofrequency 
ablation 

 Clinically localized 
cancer; not further 
specifi ed 

 Not described  RFA can be performed 
with IV sedation in an 
outpatient setting 

 Heat sink effect 
 Few data about effi cacy 

 Laser ablation 
therapy 

 Clinically localized 
cancer: not further 
specifi ed 

 Not described  MRI-guidance possible  Heat sink effect 
 Few data about effi cacy  Erectile function 

preservation 
 Short hospital stay 

 Irreversible 
electroporation 

 Clinically localized 
cancer: not further 
specifi ed 

 Not described  No heat sink issues  Intraprostatic electrodes 
required 
 No data about effi cacy  Real-time CT/US imaging 

 Nerves and vessel-sparing 
 Photodynamic 
therapy 

 Clinically localized 
cancer: not further 
specifi ed 

 Not described  Photosensitizer possible 
selective for malign cells 

 Intraprostatic fi bers 
 Oxygen-dependency in 
hypoxic tumors 
 Technique only reviewed 
after failure of radio- or 
brachytherapy 

 Short hospital stay 
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  Fig. 10.2    Therapies based on hyper- and hypothermal ablation. From  left  to  right : laser ablation therapy, cryotherapy, 
HIFU, radiofrequency ablation       

freeze- thaw cycle can cause tissue damage. But 
the coldest tissue temperature is the main factor 
in generating cell death. It is also important that 
the cooling rate is as fast as possible. The optimal 
duration of freezing are unknown, but long last-
ing freezing increases tissue injury. Thawing rate 
is a prime destructive cause and it should be as 
slow as possible, thereby repetition of the freeze- 
thaw cycle is an important factor in effective 
therapy [ 19 ]. Furthermore, freezing until at least 
−40 °C is recommended since this causes intra-
cellular ice crystal formation which is a severe 
threat to cell viability and nearly always lethal 
[ 20 ,  21 ]. Depending on the multifocality and 
extension of the tumor, the choice has to be made 
between whole or partial-gland cryoablation (See 
Fig.  10.2 ).  

  Application and Outcome 

 Cryotherapy is an option for low-, intermediate-, 
and high-risk patients [ 17 ]. The freezing is 

obtained by introducing transrectal ultrasound 
(TRUS) -guided needles using a transperineal 
approach. Limiting factor is the volume of the 
gland; the larger the prostate, the more diffi cult to 
achieve a uniformly cold temperature by pubic 
arch interference. Advantage is the ability of real-
time visualization of the formed ice-ball by 
TRUS or Magnetic Resonance Imaging (MRI). 
Short-term complications are urinary retention 
because of gland swelling. Penile and scrotal 
swelling can occur, but are mostly self-limiting. 
Long-term morbidity differs between partial- 
gland and whole-gland treatment. A report from 
the National Cryo On-Line Database (COLD) 
Registry shows a high percentage of complete 
urinary continence (98.4 %) [ 22 ]. Erectile dys-
function ranged from 49 to 93 % at 1 year [ 23 , 
 24 ]. Here for, cryoablation is considered as a 
treatment option in men who are not concerned 
with erectile function. Biochemical disease-free 
survival is diversely ranged along patients- 
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cohorts. The 5-year biochemical disease-free sur-
vival rates for low-, intermediate-, and high-risk 
cases range from 65 to 92, 69 to 89, and 48 to 
89 %, respectively [ 17 ,  24 ]. Another study 
(n = 60) shows biopsy proven recurrence found in 
up to 23 % of the patients after 15.2 months, 
mostly found in the untreated hemi-gland [ 25 ].   

    High-Intensity Focused Ultrasound 

  Principles 

 High-intensity focused ultrasound (HIFU) has 
seen several applications in tissue since the 
1950s. Madersbacher et al. [ 26 ] stated in 1995 the 
value of HIFU in treating prostate cancer, lead-
ing to several clinical studies. HIFU uses focused 
ultrasound (US) to destroy tissue based on two 
principles; hyperthermia and cavitation. When 
the US beam is focused transrectally at a specifi c 
depth inside the prostate, the high-energy insti-
gates heats above the denaturation- temperature 
of proteins inducing cell death. Besides, the US 
beam can interact with aqueous micro-bubbles 
in the sonicated area, leading to coagulative 
necrosis [ 27 – 29 ]. Two companies are providing 
HIFU devices: Ablatherm and Sonablate (See 
Fig.  10.2 ).  

  Application and Outcome 

 HIFU is used as both a primary treatment and as 
a salvage treatment. Best candidates for HIFU 
are patients with T1c-T3 tumors smaller than 
40 mL that are not suitable for radical 
approach.  Contra- indication is the absence or 
an inaccessible rectum since the technique 
applies a transrectal approach. Also, major 
calcifications larger than 1.0 cm have negative 
influence on treatment [ 30 ,  31 ]. The advantage 
of this procedure over other focal therapies is 
the ability to destroy cells over a distance from 
the US probe without being invasive. Most 
common complications of HIFU therapy are 
urinary retention (<1–20 %) caused by edema-
tous prostate tissue, urinary tract infections 
(1.8–47.9 %) and incontinence (<1–34.3 %). 
Erectile dysfunction is reported in 20.0–

81.6 %, which in less compared to other 
modalities. The incidence of recto-urethral fis-
tulas (<2 %) has decreased with the improve-
ment of devices and treatment procedures. 
Most complications are transient or treatable. 
Less common complications are urethral or 
bladder neck stenosis, urethral stricture, chronic 
perineal pain, infravesical obstruction, epididy-
mitis and prostatitis [ 32 ,  33 ]. Cordeiro et al. 
[ 32 ] reviewed the outcome of 31 HIFU studies 
and stated that negative biopsy rates (mostly 
taken after 3–6 months) ranged from 35 to 
95 %. Percentage of patients with a PSA nadir 
of 0.5 ng/mL ranged from 61 to 91 %. The 
5-year biochemical disease-free rate (according 
to Phoenix criteria) was 72 %; 84 % for low-
risk patients, 64 % for intermediate-risk patients 
and 45 % for high-risk patients [ 31 ].   

    Radiofrequency Ablation 

  Principles 

 This technique uses radiofrequency energy 
to ablate tissue. Through transperineal nee-
dles the monopolar electrodes can be inserted 
which are able to reach 50 W with a frequency 
of 460 kHz. It causes an irreversible destruc-
tion of tissue by hyperthermia of approximately 
100 °C. Hyperthermia occurs by gradually rais-
ing the power. For 5 min this heat has to be 
 maintained. This results in coagulative necrosis 
of the targeted tissue [ 34 ]. During this treat-
ment, the urethra and rectum were cooled by 
cold saline. The procedure has been assessed as 
feasible, safe and reproducible in prostate cancer 
[ 35 ,  36 ] (see Fig.  10.2 ).  

  Application and Outcome 

 Radiofrequency ablation has been investigated in 
two different groups of patients. Firstly in patients 
with clinically localized prostate cancer; this 
showed no complications [ 35 ,  36 ]. Shariat et al.
[ 37 ] treated patients after failed radiation and 
patients unfi t for surgery. This study showed tran-
sient side effects as macrohematuria in 19 %, 
bladder spasms and dysuria in 9 %. At 12 months 
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after RITA, 50 % of patients with suffi cient 
follow- up had no residual cancer on repeat 
systematic 12-core biopsy cores and 67 % were 
cancer-free in biopsy cores sampled from the 
RITA-treated areas. No long-term outcomes have 
been reported in literature.    

10.3     Non-thermal Ablations 

    Irreversible Electroporation 

  Principles 

 Bio-electrics is an interesting new area of medi-
cine combining pulsed high-voltage engineering 
and cell biology [ 38 – 40 ]. Pulsating current alters 
the transmembrane potential of biological cells. 
If the duration of the applied electrical pulses is 
below the charging time of the outer cell mem-
brane (approximately 100 ns for mammalian 
cells), there is interaction of the electric fi eld 
with subcellular structures. Cell survival is 
inversely proportional to the electric fi eld gener-
ated and by manipulating the pulse duration, the 
electric fi eld intensity, and the number of pulses, 
it is possible to alter the effects on the target cells. 
The pulsed electric fi elds increase the permeabil-
ity of the cell membrane by a process known as 
electroporation, a process that can be reversible 
or irreversible depending on the combination of 
the variables above [ 41 ]. Reversible electropora-
tion temporarily makes the cell membrane more 
permeable [ 42 ]. The cell can survive this insult 
[ 43 ], and it has been employed in electro chemo-
therapy, to facilitate the uptake of chemothera-
peutic agents into cells [ 42 ,  44 ], and gene therapy. 
Irreversible electroporation results in the perma-
nent permeabilization of the cell membrane, 
which disrupts cell homeostasis and leads to cell 
death [ 42 ,  43 ]. In vitro, it has commercial appli-
cation and has been used by the food industry to 
sterilize and pre-process food since 1961 [ 41 ]; it 
can also be used to sterilize water, because the 
process destroys bacteria and yeasts. In vivo, the 
irreversibly permeabilized cells are left in situ 
and are removed by the immune system [ 44 ] (See 
Fig.  10.3 ).   

  Applications and Outcome 

 IRE has been shown to effectively ablate tumor 
cells in vitro, in small and large animal experi-
ments [ 43 ,  45 ,  46 ] and in a recent safety study on 
the IRE of focal liver, kidney and lung tumors 
[ 47 ,  48 ]. There are two main factors driving 
research into IRE as a treatment modality. First, 
tumor ablation experiments in animals and 
humans have shown that connective tissue struc-
ture is preserved and there is no damage to asso-
ciated blood vessels, neural tissue, or other vital 
structures [ 43 ,  46 ,  49 ]. Second, IRE may ablate 
below the thermal damage threshold of 50 °C and 
there is no “heat sink” effect, a factor that decreases 
the effectiveness of other ablation therapies such 
as RFA near major vessels [ 44 ,  50 – 52 ]. It is 
anticipated that the preservation of surrounding 
tissue will reduce treatment-induced side effects 
inherent in current prostate cancer therapies.   

    Brachytherapy 

  Principles 

 Brachytherapy is broadly used in the manage-
ment of localized prostate cancer. Brachytherapy 
is the delivery of radiation by radionuclides using 
sealed sources, placed close to the target. Guided 
by TRUS, hollow needles are placed inside the 
prostate. Radioactive seeds are injected through 
these needles for permanent implantation. This 
precise source placement enables high dose 
delivery within the tumor, avoiding structures as 
urethra, neurovascular bundle or rectum to be 
irradiated and accurate doses at the margins 
[ 53 ,  54 ] (See Fig.  10.3 ).  

  Application and Outcome 

 Brachytherapy can be considered in patients with 
clinically localized Stage 1–2 prostate cancer 
without metastases. The average overall-survival 
after whole-gland brachytherapy is equivalent to 
options as active surveillance, radical prostatec-
tomy (RP) or external beam radiotherapy 
(EBRT). Therefore, the patients have to be given 
the choice of treatment [ 55 ]. Biggest advantage 
of brachytherapy is the minor interruption of 
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daily life of the patient with a hospital-stay of 
1–2 days. Recently focal application of brachy-
therapy has been investigated in treatment of 
prostate cancer. Until now only primary outcome 
parameter is adverse events because of the short 
follow-up time [ 56 ].  

 The most common side effect is urethritis, 
which is treated with alpha-blockers and non- 
steroidal anti-infl ammatory drugs. Also, proctitis 
occurs frequently. Therefore, antibiotic prophy-
laxis is regularly prescribed after implantation 
[ 57 ]. After the procedure, about 15 % of the 
patients develop temporary acute urinary reten-
tion due to edema, which can be solved by cath-
eterization. Fifteen-year biochemical control is 
85.9, 79.9, and 62.2 % for low, intermediate, and 
high-risk patients, respectively treated with 
whole-gland brachytherapy [ 58 ]. Two focal 
brachytherapy studies are recently undertaken, 
concerning hemi-gland and ultra-focal proce-
dures with the most important parameter of 
occurred adverse events [ 56 ,  59 ]. A consensus 
has been made about patient selection for ultra- 
focal brachytherapy by Langley et al. [ 60 ].  

    Photodynamic Therapy 

  Principles 

 Photodynamic therapy (PDT) was initially 
described at the start of the twentieth century [ 61 , 
 62 ]. The technology is based on the interaction of 
a photosensitive agent (PS), which is adminis-
tered systemically (intravenously or orally), with 
light brought to the tissue by a laser fi ber, and 
oxygen that is present in the tissue. The absorp-
tion of a photon leads to a chain reaction induc-
ing the release of a singlet oxygen and antioxidant 
enzymes. This singlet oxygen can directly kill 
tumor cells by induction of necrosis and apopto-
sis, or cause destruction of tumor vasculature, 
producing an acute infl ammatory response that 
attracts leucocytes, such as dendritic cells and 
neutrophils [ 63 ]. Accomplishment of PDT 
requires intraprostatic laser fi ber placement. This 
is achieved through transperineal approach using 
a brachytherapy template under TRUS guidance. 
After fi ber placement, interstitial illumination 
must be conducted in a darkened room to prevent 
cutaneous photosensitization (See Fig.  10.3 ).  

  Fig. 10.3    Therapies based on non-thermal ablation method. From  left  to  right : irreversible electroporation, brachy-
therapy, photodynamic therapy       
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  Application and Outcome 

 Arumainayagan et al. and Azzouzi et al. recently 
presented two studies including 40 and 85 
patients [ 64 ,  65 ]. In both Padeliporfi n is used as 
photosensitizer. Arumainayagan performed hemi-
ablation and near whole gland with transperineal 
approach. MRI showed visible necrosis areas 
and only in two patients a side effect (recather-
ization) occurred. Azzouzi et al. achieved hemi-
ablations that led to 87 % necrosis in the treated 
lobe. Side effects as prostatitis, hematuria and 
strictures occurred. Until now, no articles are 
published with data on biochemical control or 
other outcomes.        
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11.1             Introduction 

 The technique for performing RRP has improved 
considerably since Millin fi rst introduced the ret-
ropubic approach in 1945 [ 1 ]. The morbidity of 
RRP, since described by Reiner and Walsh in 
1979, has also decreased dramatically due to 
technical improvements [ 2 ] and better under-
standing of periprostatic anatomy [ 3 ]. RRP still 
remains the gold standard which other techniques 
are compared to. Some laparoscopic and robotic 
surgeons claim that only reproduce in their sur-
geries the open technique. The authors of this 
chapter describe the state of the art of the open 
technique and its advances.  

11.2     Essential Instruments 

 RRP requires only a few special but essential 
instruments. A fi beroptic headlight (Fig.  11.1 ) 
is fundamental because most of the procedure 
is performed underneath the pubis where visu-

alization could be very diffi cult. A 2.5–2.9× 
power- loupes (Fig.  11.1 ) are mandatory during 
all the procedure, allowing the minuteness of 
gestures to fi nd the appropriate planes and to 
make a very careful dissection. A standard 
Balfour retractor or a designed self-retractor 
with a Richardson type blade (Fig.  11.2 ) is 
important to stabilize the operative fi eld, pro-
viding cranial and posterior retraction of the 
bladder and peritoneum. Other essential instru-
ments are bipolar coagulation forceps, 
Metzenbaum scissors and small, fi ne and regu-
lar right-angled forceps.    

11.3     Position 

 The patient is placed in supine position, with the 
pubis centered over the break of the table, fl exed, 
to elevate the pelvis and facilitate exposure. 
A 25–30° Trendelenburg position also improves 
vision and reduce blood loss on the venous dorsal 
complex approach [ 4 ].  
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11.4     Incision, Exposure 
and Lymphadenectomy 

 A 16-Charrière (Ch) Foley catheter is inserted 
into the bladder and the balloon infl ated with 
10–15 cc of water. An 8–10 cm vertical midline 
incision made from 2 cm above the symphysis to 
approximately below the umbilicus provides very 
good exposition. The access to the Retzius space 
is done by opening the anterior fascia down to the 
pubis, splitting the rectus muscles in the midline, 
lifting the semilunar line and freeing the perito-
neum from the internal inguinal rings and the 
external iliac vessels. Prostate cancer patients 
who are at high and intermediate risk for lymph 
node involvement should be submitted to extensive 
resection of the internal iliac lymph nodes [ 5 – 8 ]. 
Lymphadenectomy is made preferentially before 

the radical prostatectomy. The limits of dissection 
are: laterally, the upper limit of the external iliac 
vein and artery; caudally, the femoral canal; 
proximally, the bifurcation of the common iliac 
artery; medially, the lateral wall of the bladder; 
and inferiorly, the fl oor of the obturador fossa and 
the internal iliac vessels [ 9 ,  10 ]. It is done with 
the table in side-position (30°) and the aid of a 
Leriche spatula. Lymphatic and small vessels are 
ligated with small clips.  

11.5     Retractor Placement 

 The self-retractor is placed with the Richardson 
type blade to fi x the bladder underneath it. The 
assistant helps with a scissor in an upside down 
position.  

11.6     Incision in Endopelvic Fascia 

 After lymph node dissection, all fatty tissue cov-
ering the endopelvic fascia and surrounding 
superfi cial Santorini’s complex is removed. The 
outer layer of the endopelvic fascia is incised 
medial to the tendinous arc extending posteriorly 
with gentle lateral separation of the levator 
muscle with scissors and the aid of a peanut. 
It is essential to open, very well and posteriorly, 
this plan for freeing completely both sides of the 
prostate, facilitating the later approach to lateral 
pedicles. The endopelvic fascia is then incised 

  Fig. 11.1    2.5× power-loupes and fi beroptic coaxial headlight and battery       

  Fig. 11.2    Designed self-retractor       
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anteriorly up to the puboprostatic ligaments. This 
is done in both sides.  

11.7     Division of Puboprostatic 
Ligaments 

 The superfi cial dorsal venous complex is situated 
between these ligaments anteriorly and the deep 
dorsal venous complex posteriorly. Pushing the 
anterior surface of the prostate backwards allows 
the exposition of these ligaments, facilitating its 
dissection and section with scissors. A right- 
angled forceps passing behind them can be used. 
Care must be taken not to hit veins that are most 
of the time just behind (Fig.  11.3 ). This maneuver 
allows the release of the prostate from the pubic 
symphysis.   

11.8     Bunching and Division 
of the Dorsal Venous 
Complex 

 Opening laterally the second layer of the endo-
pelvic fascia and the periprostatic fascia, from 
the apex to the bladder neck, will allow the pres-
ervation of the neurovascular bundles (NVB). 
These are rolled and separated laterally with the 
help of a peanut. This facilitates the bunching, 
with a Babcock clamp, of the dorsal venous com-
plex that includes the ventral portions of the 
endopelvic and periprostatic fascia (Fig.  11.4 ). 

Its ligation is made with one 1-polyglactine 
absorbable suture over the prostate apex and 
another near the bladder neck. The transection of 
the Santorini’s plexus just above the prostato- 
urethral junction is done with scalpel or scissors.   

11.9     Apical Prostatic Dissection 

 The prostatic apex is approached by careful dissec-
tion along the ventral surface of the prostate 
towards the membranous urethra. Perfect view of 
this step can be achieved by gently pulling the pros-
tate and the intraprostatic urethra upwards with a 
Gil-Vernet retractor. The advantage of open sur-
gery is enabling the use of the index fi nger to better 
isolate the apex thus avoiding positive surgical 
margins at this diffi cult step. Urethra is dissected 
laterally by opening scissors longitudinally, achiev-
ing a maximal urethral length and an integral pres-
ervation of striated sphincter [ 11 ]. If necessary, 
bleeding from the Santorini’s plexus is controlled 
by an eight fi gure horizontal 0- polyglactine absorb-
able suture, encircling the plexus.  

11.10     Release of Neurovascular 
Bundles Starting Backwards 
at the Urethroprostatic Angle  

 At this time it is possible to continue the NVB 
preservation backwards by clipping the perforat-
ing vessels and pushing them down. The prostatic 
apex is now completely released, enabling a full 
view of the membranous urethra (Fig.  11.5 ).   

  Fig. 11.3    Puboprostatic ligament       

  Fig. 11.4    Bunching of the dorsal venous complex with 
separation of the NVB from the lateral surface of the 
prostate       
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11.11     Division of Anterior Urethra 
and Setting the Urethral 
Sutures 

 With the 16-Ch Foley catheter still in place it is pos-
sible to transect the anterior and lateral surfaces of 
the urethra with the scalpel. The catheter is pulled 
cut and its stub hold by the assistant with a straight 
Kelly forceps but without making signifi cant trac-
tion on the prostate. With the aid of an in-and-out 
movement of a Mercier catheter, four 2–0 double 
semicircular (5/8) needle polyglactin sutures are 
placed. This is done without cutting the posterior 
surface of the urethra, thereby preventing its retrac-
tion down to the pelvic fl oor. This step allows the 
visualization of all the stub length and the passage 
of the sutures merely in the urethra, not picking the 
levator ani muscle. Posterior and anterior sutures 
are placed in an inside-out movement, at 5 and 7 
o’clock position, medial to the NVB and at 2 and 
11, respectively. It is taken approximately 10 mm of 
the urethra length. The sutures are individually 
attached to the surgical drapes with mosquito for-
ceps for later vesicourethral anastomosis. These 
four sutures are suffi cient for a good anastomosis.  

11.12     Division of the Posterior 
Urethra and Rectourethralis 
Muscle 

 The division of the posterior urethra is made with 
the scalpel at the level of the distal verumontanum 
after passing underneath it a right-angled forceps 

(Fig.  11.6 ). Once the urethra is sectioned, the rec-
tourethralis muscle becomes evident. It is variable 
in strength and thickness. Sometimes muscle 
fi bers are sparse and index fi nger easily recognizes 
the right plane between the prostate and the rectum. 
Sometimes it is a real muscular plate that needs to 
be incised and dissected with scissors.   

11.13     Posterior Release 
and Ligation of Lateral 
Prostatic Pedicles 

 The index fi nger can easily reach up the seminal 
vesicles. In non-nerve sparing procedure, the NVB 
are completely resected and ligations with 2-0 
polyglactin sutures are made close to the rectum. 
In the NVB preservation, small clips are used on 
the very little complexes of perforating vessels and 
nerve fi bers close to the prostate. Electrocautery is 
never used. These maneuvers are done by ambi-
dextrous technique with index fi ngertips posi-
tioned posterolaterally for constant haptic feedback 
[ 12 ]. Dissection continues up to the lateral surface 
of the seminal vesicles. In selected patients with 
smaller unilateral and non- apical cT3a prostate 
cancer, a contralateral nerve- sparing dissection 
can be done. Most of the authors, such as Sokoloff 
and Brendler [ 13 ], consider that cT3b tumors and 
palpable lesion at the apex are absolute contraindi-
cations for the  nerve- sparing technique.  

  Fig. 11.6    Division of the posterior urethra and rectoure-
thralis muscle       

  Fig. 11.5    Apical prostatic dissection       
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11.14     Dissection of the Seminal 
Vesicles and Vas Deferens 

 The Denonvillier’s fascia is horizontally sharply 
incised at the posterior surface of the transition 
between prostate and the insertion of seminal 
vesicles and vas deferens, allowing the access to 
these structures. The vas deferens are dissected, 
isolated, clipped and cut. The seminal vesicles 
undergo the same dissection, down to the tip 
where vessels are clipped, without causing any 
trauma by squeezing, pulling or tearing to the 
adjacent plexus running along their dorsolateral 
aspect. Patients at very low risk of seminal vesi-
cle invasion can be identifi ed with high accuracy 
with an equally nomogram [ 14 ]. Zlotta et al. con-
cluded that “complete resection of seminal vesi-
cle may not be oncologically necessary in all 
patients when PSA levels are below 10 ng/ml.” 
Their data showed that patients with biopsy 
Gleason scores <7 and less than 50 % of biopsies 
with prostate cancer involvement, have a low 
probability of SV invasion [ 15 ]. Other studies 
showed that patients submitted to seminal vesicle 
sparing technique can have a benefi cial impact on 
erectile [ 16 ] and urinary function [ 17 ]. In these 
cases, we do the preservation, transecting them 
and leaving its tips intact. Prostate at this time is 
completely mobilized posteriorly and laterally up 
to the bladder neck.  

11.15     Bladder Neck Preservation 

 According to current data, bladder-neck preser-
vation has no negative impact on positive surgi-
cal margins (PSM) rates and these are rare at 
bladder- neck [ 18 – 22 ]. Higher stage tumors are 
associated with signifi cantly higher PSM rates 
[ 20 ,  23 ]. When performed by experienced sur-
geons PSM rates are comparable [ 18 ]. 
Nevertheless long- term results on oncological 
outcome are pending [ 18 ]. We perform bladder 
neck-sparing surgery in almost all cases of low- 
and intermediate-risk cancer groups, if it is ana-
tomical possible. This step starts with an anterior 
approach of the vesico-prostatic plan. The divi-
sion is made with sharp dissection with scissors 
and continues with blunt dissection made with 

the scissors closed. Circular fi bers of the blad-
der neck are very well seen and preserved [ 18 , 
 19 ]. Lateral adherences between prostate and 
bladder base are dissected and ligated or clipped 
until the bladder neck is entirely circled 
(Fig.  11.7 ).   

11.16     Posterior Musculofascial 
Reconstruction 
and Vesicourethral 
Anastomosis 

 In 2001 Rocco et al. described a technique for 
restoration of the posterior aspect of the rhabdo-
sphincter. They showed that this modifi cation to 
the standard Walsh procedure, shortened time to 
continence after RRP [ 24 ,  25 ]. Since then, many 
surgeons have applied this technique—either as it 
was described or with some modifi cation to open, 
laparoscopic and robotic assisted RP. A recent 
systematic review of the literature done by Rocco 
et al. [ 26 ] showed that it improves early return of 
continence within the fi rst 30 days after radical 
prostatectomy while continence rates after 90 days 
were not affected. We also achieved good results 
so we systematically perform it before doing the 
anastomosis. It consists in a reconstruction, with 

  Fig. 11.7    Bladder neck preservation       
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a 2–0 polyglactin suture, of the rhabdosphincter 
and the proximal cutting edge of the Denonvilliers’s 
fascia. This fi xation is then done to the posterior 
wall of the bladder about 2 cm dorsocephalad to 
the bladder neck. 

 The quality of the vesicourethral anastomo-
sis will directly infl uence urinary leakage, stric-
ture formation and continence [ 27 ]. Before 
making the anastomosis between the bladder 
neck and the urethral stub, hemostasis is 
checked. If necessary, small clips are placed or 
3–0 polyglactin selective sutures made. The bed 
of the seminal vesicles is approximated with an 
eight fi gure 2–0 polyglactin suture to avoid 
bleeding and development of hematomas. Like 
Studer et al. [ 28 ] suggests, we no more do the 
eversion of the bladder mucosa, advocated by 
Walsh for many years, for preventing bladder 
neck contractures. 

 Posterior sutures are passed inside-out throw 
the bladder neck grasping 10 mm of tissue. A 
20-Ch two ways silicon catheter is inserted and 
the balloon not infl ated in order to avoid inadver-
tent damage during the passage of the anterior 
sutures. These are passed in the same way as the 
posterior ones. The bladder is taken down near 
the urethral stub with the aid of a swab. Sutures 
are adjusted and straightened for a perfect slid-
ing knot, starting with the posterior ones. Only 
now the catheter’s balloon is infl ated with 
10–15 ml of water. Gentle traction on the cathe-
ter is made and bladder rinsed to ensure any 
leakage. Diuretics can be given to dilute any 
residual hematuria.  

11.17     Drain Placement and Wound 
Closure 

 A closed suction drain (Redivac™) is inserted 
through a separate small skin incision, lateral to 
the rectus muscle, taking care not to injure the 
inferior epigastric vessels. It is attached to the 
skin with a 1 silk stitch. Wound is closed with a 
running 1 polyglactin suture and staples.  

11.18     Perioperative 
and Postoperative Care 

 Advances in the perioperative and postoperative 
care of patients undergoing RRP continues to 
increase due to the improvements of the tech-
nique. Most patients discharge on postoperative 
day 2. Drains are removed before discharge when 
drainage is inferior to 50 cc/24 h. Catheter 
remains in place for 15 days and antibiotics are 
given for a 5–7 days period and on the day for 
catheter removal.  

11.19     Summary 

 RRP still remains the gold standard surgery for 
prostate cancer which other techniques are com-
pared to. Developments in the technique over the 
last 20 years and the permanent progress in cer-
tain steps, allowed the overlapping results of 
minimally invasive techniques, including intra-
operative blood loss and postoperative recovery. 
The possibility of surgery with spinal anesthesia 
without limit forced position and use of tactile 
are some of the advantages of RRP.      

 Key Points 

•     Loupes and fi beroptic headlight  
•   Excellent exposition of operative fi eld  
•   Control of dorsal vein complex without 

the need for transfusion  
•   Meticulous apical dissection  
•   Complete sphincter preservation and 

maximal urethral length  
•   Urethral transection near the 

verumontanum  
•   Neurovascular bundle release at prostate 

apex before urethral transection  
•   Bladder neck preservation without 

reconstruction  
•   Posterior musculofascial reconstruction  
•   Four vesicourethral sutures for optimal 

anastomosis    
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12.1             Introduction 

 Laparoscopic radical prostatectomy (LRP) was 
fi rst performed by Schuessler et al., in 1992 with 
disappointing results in terms of operative time 
[ 1 ]. Guillonneau et al. further developed the tech-
nique and successfully performed LRP with 
acceptable operative time [ 2 ]. Currently, the pro-
cedure represents a standard of care for localized 
and locally advanced prostate cancer in numer-
ous institutions worldwide. The technique of 
LRP was initially based on the open technique 
and practically replicated its surgical steps. In 
addition, similar to open radical prostatectomy 
(ORP) trifecta outcomes (cancer control, urinary 
continence and potency) were achieved by LRP 
with the additional advantage of reduced blood 

loss, post-operative pain and probably superior 
cosmesis [ 3 ,  4 ]. The extraperitoneal approach of 
LRP was introduced in 1997 by Raboy et al. and 
currently is well represented by the Endoscopic 
Extraperitoneal Radical Prostatectomy (EERPE) 
[ 5 ,  6 ]. Over the course of time, both approaches 
to laparoscopic radical prostatectomy (LRP and 
EERPE) have evolved. Several modifi cations 
including neurovascular bundle preservation, 
bladder neck sparing and posterior fascial recon-
struction techniques have been incorporated to 
the procedures. We herein present the technique 
and outcome of LRP in terms of oncological, 
functional effi cacy and surgical effi cacy.  

12.2     Technique and Evolution 

 The comparison among the transperitoneal and 
extraperitoneal approaches to laparoscopic  radical 
prostatectomy has been a fi eld of intensive clinical 
research and a number of studies have been pub-
lished. This comparison showed that the extraperi-
toneal approach has advantages in terms of bowel 
related morbidity [ 7 – 9 ]. Nevertheless, the approach 
is associated with a higher rate of lymphocele and 
does not allow the performance of extended lymph-
adenectomy over the bifurcation of the common 
iliac artery [ 10 ]. As a result, the selection of the 
approach depends on the indications, experience 
and preference of the surgical team. 

 The introduction of nerve-sparing technique, 
where oncologically appropriate, signifi cantly 
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improved the outcomes of LRP and EERPE with 
a faster recovery of continence and signifi cantly 
improved post-operative erectile function [ 11 –
 13 ]. An additional refi nement of the neurovascu-
lar bundle (NVB) preservation technique based 
on recent anatomical evidence is the intrafascial 
nerve-sparing dissection which allows the addi-
tional preservation of peri-prostatic fascias and 
the  nerve fi bers included in the fascias resulting 
in improved potency outcome (   Fig.  12.1a, b ) [ 13 , 
 14 ]. Several modifi cations such as puboprostatic 
ligament preservation have also been proposed 
with investigators reporting variable outcome 
regarding the contribution of these techniques to 
faster continence recovery [ 15 ]. Bladder neck 
sparing and posterior fascial reconstruction have 
also been reported to have a benefi cial impact on 
postoperative continence [ 16 – 19 ].  

 The surgical steps of the procedure are almost 
identical, with minor modifi cations amongst the 
investigators with exception of the extraperitoneal 
or transperitoneal access [ 6 – 8 ,  21 ]. The patient is 
in Trendelenburg position and fi ve trocars are usu-
ally placed (three 5 mm, two 12 mm). A 12 mm 
trocar is inserted in the umbilicus for the insertion 
of the optics. Another 12 mm trocar is positioned 
approximately two fi ngers-breadths medial to the 
left anterior superior iliac spine. A 5 mm trocar is 
inserted two fi ngers-breadths medial to the left of 
the midline, two-thirds of the way between the 

pubis and the umbilicus. Another 5 mm trocar is 
positioned in the right pararectal line cranially 
and one more is inserted medial to the right ante-
rior superior iliac spine. Balloon dissection under 
direct visualization and insuffl ation of the preperi-
toneal space for the creation of the operative fi eld 
follows in the case of the extraperitoneal approach. 

 In the transperitoneal approach, dissection of 
the lower peritoneum takes place without any 
balloon dilation and access to the prostate is 
achieved. Minor differences in the sequence of 
the steps of the procedure have been described by 
various investigators [ 20 ,  21 ]. The Intrafascial 
nerve-sparing EERPE is presented as a technical 
example [ 14 ]. 

 An incision is made bilaterally in the peripros-
tatic fascia at the refl ection of the puboprostatic 
ligaments over the prostate and the plane between 
the prostate and fascias is developed. The latter 
plane allows the gradual detachment of the pros-
tate from the fasciae surrounding the organ. 
Dissection of the bladder neck is then performed 
with careful mobilization of the branches of the 
NVBs while incising the dorsal bladder neck. 
The dissection is then continued dorsally and the 
seminal vesicles are mobilized with sharp and 
blunt dissection. The Denonviller’s fascia is 
detached from the prostate by blunt dissection 
strictly in the midline with the direction of the 
dissection towards the apex of the prostate. Blunt 

a b

  Fig. 12.1    ( a ) Bilateral interfascial nerve-sparing tech-
nique has been performed. The prostate has been removed 
and the neurovascular bundles have not been excised 
( white arrows ). The lateral endopelvic fascia is incised 
bilaterally. The next step of the procedure is the perfor-
mance of the vesicourethral anastomosis. ( b ) Bilateral 
intrafascial nerve preservation of the neurovascular bun-

dles has been performed ( yellow arrows ). During the 
intrafascial approach the lateral endopelvic fascia is not 
incised. The puboprostatic ligaments have been preserved 
( yellow circles ). The puboprostatic ligaments represent a 
landmark for the intrafascial approach as the dissection of 
the periprostatic fascias is initiated over the prostate at the 
refl ection of the puboprostatic ligaments       
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dissection takes place for the detachment of the 
prostatic pedicles from the surrounding fascias 
while clipping and careful cutting of the prostatic 
pedicles is performed. Ligation of the Santorini’s 
plexus by Vicryl 2-0 suture follows. The prostate 
is transected sharply from the external sphincter 
and the urethra. The vesicourethral anastomosis 
is performed with usually by nine interrupted 
sutures and the specimen is extracted for the 
accomplishment of the procedure. 

 Regarding nerve-sparing technique, energy- free 
dissection is utilized in order to preserve as much 
nerve fi bers of the NVBs as possible. Although, the 
extent of anatomic dissection remains under inves-
tigation, intrafascial dissection is associated with 
improved post-operative potency in comparison to 
the interfascial approach [ 13 ,  14 ,  22 ].  

12.3     Functional Results 

    Continence 

 Postoperative continence rates were high since 
the introduction of LRP [ 23 ]. In fact, the fi rst 
reports on the outcome of the technique included 
data from large series of patients and showed 
continence rates between 75 and 80 % over a 
6-months follow-up period [ 24 ,  25 ]. Large pro-
spective studies have reported continence rates 
even greater than 93 % [ 26 ,  27 ]. Olsson et al. 
studied a large population by the use of validated 
questionnaires for a period of 12 months. At 
6 months, none of the patients used more than 
one pad daily while 56.8 % of the patients 
reported no leakage at all [ 28 ]. The EPIC 
 questionnaire was used by Link et al. for the 
assessment of postoperative continence and 
observed that 93.4 % of the patients were conti-
nent at 12 months follow-up [ 29 ]. Rassweiler 
et al. have reported continence rates of 33 % for 
their series at discharge from the hospital and 
97 % after 12 months. The steep learning curve 
of the procedure seems to be an obstacle for cen-
ters that are not specialized in laparoscopy [ 30 ]. 
Other investigators confi rmed the positive results 
with continence rates up to 97 % and follow-up 
periods up to 2 years [ 4 ,  31 ]. 

 EERPE has offered comparable results to 
those of LRP [ 6 ,  13 ,  32 ]. A study by Stolzenburg 
et al. including 2,400 patients showed that 71.7 % 
of the patients were continent at 3 months after 
surgery and 94.7 % were continent at 12 months 
[ 6 ]. The intrafascial EERPE demonstrated even 
more promising results with a continence rate of 
72.7 % at 3 months postoperatively, 85.3 % at 
6 months, and 94.3 % at 12 months [ 13 ]. Similar 
experience with the extraperitoneal approach was 
presented by Rozet et al. [ 33 ]. The authors 
reported continence in 84 % of the patients and 
only 7 % of them using one-pad daily during the 
fi rst year of follow-up. 

 Confl icting data are currently available regard-
ing possible factors that infl uence postoperative 
continence. Several refi nements of the LRP and 
EERPE have been proposed in an attempt to 
accelerate the postoperative recovery of 
continence. 

 Milhoua et al. suggested that large prostate 
size could be associated with a delay in recovery 
of post-operative continence [ 34 ]. In addition, 
factors related to the prostate cancer have not 
been recognized to predict post-operative conti-
nence [ 35 ]. Previous surgery of the prostate does 
not seem to signifi cantly infl uence the postopera-
tive continence. Menard et al. and Stolzenburg 
et al. reported high continence rates in patients 
that had previously undergone Transurethral 
Resection of the Prostate (TURP) and the results 
are based on long follow-up periods up to 2 years 
[ 36 ,  37 ]. Nevertheless, careful dissection of the 
urethra from the prostate and insertion of ureteral 
stents for the visualization of the ureteral orifi ces 
intraoperatively are advised during the perfor-
mance of LRP/EERPE in the above patient 
population. 

 Careful bladder neck preservation has been 
proven to provide additional benefi t in early post-
operative continence without any infl uence on 
positive surgical margin (PSM) rates in several 
comparative studies [ 18 ,  19 ,  38 ]. Thus, the blad-
der neck stump after the dissection of the prostate 
from the bladder should remain as narrow as pos-
sible in order to allow faster recovery of conti-
nence. NVB preservation may be associated with 
faster recovery of continence [ 13 ,  39 ]. Posterior 
musculofascial reconstruction has also been 
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 proposed to have an impact in the faster recovery 
of postoperative continence. In fact, a recent sys-
tematic review reported an improvement of conti-
nence rates in the fi rst 30 days after surgery, PSMs 
are similar to the patients without reconstruction 
and complication rates remain controversial [ 17 ]. 
Excellent long- term results on continence have 
been reported by several investigators. It should be 
noted that a signifi cant improvement in continence 
rates is not expected beyond the fi rst 12 months 
[ 40 ,  41 ].  

    Erectile Function and Potency 

 The quality of life of patients that have undergone 
radical prostatectomy is signifi cantly infl uenced 
by the preservation of erectile function and 
potency (erections suffi cient for intercourse). The 
recovery of potency and the time in which it 
occurs after LRP is related to the age and pre- 
operative potency of the patient. The performance 
of nerve-sparing technique is a predominant fac-
tor for the recovery of potency [ 29 ]. In addition, 
the preservation of accessory pundendal artery 
has also got a favorable impact on the recovery of 
potency and should be considered in patients that 
have the latter anatomical structure [ 42 ,  43 ]. 

 The fi rst experience with the preservation of the 
prostatic NVBs demonstrated improved potency 
rates in comparison to conventional technique. 
Although potency after non-nerve- sparing LRP was 
observed in 41 % of the cases, unilateral and bilat-
eral nerve-sparing resulted in potency rates of 44 
and 53 %, respectively [ 44 ]. Moreover, Roumeguere 
et al. showed that more spontaneous erections were 
present in patients who underwent LRP in compari-
son to those of the open approach [ 45 ]. 

 Patients younger than 60 years of age have 
been reported to have potency rates ranging 
between 61 and 78.6 % over a 2-year follow up 
period [ 26 ,  32 ]. In the extraperitoneal approach, 
overall potency rates of 44 and 72 % were 
reported for unilateral and bilateral NVB preser-
vation in a 12-month follow-up period. Higher 
rates of potency were observed in younger 
patients (below 55 years of age) with the respec-
tive fi gures to be 50 and 84.9 % [ 6 ]. 

 The intrafascial approach is based on recent 
anatomical data that document the presence of a 
wide nerve fi ber distribution in the fascias sur-
rounding the prostate. Thus, a more extensive 
preservation of the NVBs and the surrounding 
prostatic fascias has been proposed with the 
introduction of the intrafascial nerve-sparing 
approach [ 13 ]. A signifi cant benefi t in postopera-
tive continence has been documented in 200 
patients undergoing intrafascial EERPE in com-
parison to those undergoing interfascial (conven-
tional NVB preservation) [ 22 ]. Potency rates in 
patients who underwent bilateral intrafascial 
nerve-sparing technique were 93.5 % (for patients 
<55 years old), 83.3 % (for patients 55–65 years 
old), and 60 % (for patients >65 years old) at 
12 months. The respective potency fi gures for the 
bilateral interfascial group were 77.1, 50, and 
40 %. The overall potency rates are also favor-
able for  the intrafascial approach: 82.8 % versus 
64.8 % for the interfascial group. Other investiga-
tors reported rates up to 97 % in patients treated 
by intrafascial nerve-sparing after 1-year [ 46 ]. 
Nevertheless, the above results were not con-
fi rmed by other investigators [ 47 ]. It is important 
to note that the oncological outcome does not 
seem to be compromised by the intrafascial dis-
section [ 13 ,  47 ]. The use of athermal, energy-free 
technique during a nerve-sparing LRP/EERPE 
has been suggested by several investigators since 
the use of ultrasonic scissors or bipolar coagula-
tion at the site of NVBs has a documented disad-
vantage in postoperative potency (Fig.  12.2a, b ) 
[ 48 ]. The preservation of seminal vesicles has 
been also proposed by Shah et al. to have a favor-
able impact to potency. Nevertheless, additional 
studies are necessary for the extraction of solid 
results regarding this technique [ 49 ]. Long-term 
results on potency showed a slight but not signifi -
cant improvement of potency at 24 months [ 40 ].    

12.4     Oncological Results 

 The main criterion used to assess the oncological 
effi cacy of radical prostatectomy is the presence 
or absence of PSMs. Additional factors of interest 
are the level of post-operative PSA and more spe-
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cifi cally, PSA recurrence (described in literature 
as PSA >0.2 ng/mL and confi rmed by a second 
measurement), the clinical progression and the 
progression-free survival [ 4 ,  50 ]. Prostate size 
does not represent a parameter for patient selec-
tion to undergo LRP. Nevertheless, prostate sizes 
smaller than 30 g are related to a higher rate of 
PSMs [ 51 ,  52 ]. Techniques of nerve reconstruc-
tion, such as sural nerve grafting, have been asso-
ciated with increasing risk of PSMs [ 53 ]. 
Moreover, previous training of the surgeon in 
open or laparoscopic techniques does not have an 
impact to the oncological outcome [ 54 ]. 

 The learning curve seems to have an impact to 
the PSM rate according to a recent meta-analysis 
which showed inferior PSM rates in LRP in com-
parison to RALP cases performed by surgeons in 
their learning curve [ 55 ]. Other investigators con-
cluded that a surgeon early in the learning curve of 
LRP probably does not result in increased rate of 
PSMs [ 56 ]. The oncological results of LRP are sim-
ilar to those of ORP and the PSMs are detected in 
the same sites in both approaches [ 4 ,  56 ]. Short-
term oncological results reported by Salomon et al. 
showed PSM and 3-year progression free survival 
rates to be 20.6 and 86.2 % in pT2 cases, respec-
tively. The rates were similar among LRP and ORP 
[ 57 ]. Similar results were also documented by 
Roumeguere et al. [ 45 ]. A comparison of transperi-
toneal and extraperitoneal approach did not demon-
strate any signifi cant difference in PSM rates among 
the approaches [ 8 ,  9 ]. 

 In a prospective study including 1,000 patients 
Guilloneau et al. reported progression free 
 survival at 3 years post-operatively. They 
observed 80 and 94 % progression free survival 
rates (overall rate 90.5 %) in patients with and 
without PSMs, respectively. Factors infl uencing 
the PSM rates were Gleason Score, clinical stage 
(TNM), pathological stage and preoperative PSA 
level [ 50 ]. Rozet et al. reported an overall PSM 
rate of 17.7 % as well as 14.6 and 25.6 % in pT2 
and in pT3 cases, respectively [ 33 ]. 

 Five-year progression free survival rate of 78.8 % 
was reported by Goeman et al. in a series of patients 
who underwent extraperitoneal LRP. PSM rates 
were 17.9 % for pT2, 44.8 % for pT3 and 71.4 % for 
pT4a tumors [ 32 ]. In a large population of patients 
Stolzenburg et al. [ 6 ] observed overall PSM rate of 
16.4 %. The PSM rate for patients in pT2 stage was 
8 and 35.6 % in pT3 stage. The long-term results on 
PSM and biochemical recurrence rates showed that 
the laparoscopic approach does not compromise the 
oncological outcome [ 40 ,  41 ,  58 ].  

12.5     Complications 

 Complication rates for LRP and EERPE range 
between 2 and 17 % [ 59 ,  60 ]. The Table  12.1  sum-
marizes most frequent complications and manage-
ment. Vascular complications, including vessel 
injury, bleeding and the formation of hematomas 
represent the most common perioperative compli-

a b

  Fig. 12.2    ( a ) The use of thermal energy during the dis-
section of the neurovascular bundles has been proven to 
result in injury to the nerve fi bers and signifi cantly com-
prise the outcome of the nerve-sparing technique. The 
image shows the dissection of the neurovascular bundle 

with the use of ultrasonic scissors during the performance 
of non nerve- sparing approach. ( b ) The neurovascular 
bundle is meticulously dissected with the consecutive use 
of clips and blunt dissection. No energy instruments are 
used in the vicinity of the neurovascular bundles       
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cations of LRP/EERPE (89.4 % of all complica-
tions) and an incidence up to 6 % of all cases has 
been reported [ 59 – 63 ]. Hemorrhage from the infe-
rior epigastric vessels (during trocar insertion), the 
Santorini’s plexus, or the external iliac vein are 
common intra-operative complications [ 59 – 63 ]. 
Hematomas are also common post-operatively and 
arise from the NVBs or epigastric vessels. Rectal 
and intestinal injuries are reported with an incidence 
of 9 % of the cases and tend to be severe and life-
threatening if they are not recognized intraopera-
tively [ 59 – 63 ].

   Ureteric injuries, anastomotic leakage or acute 
urinary retention can also occur. In cases of 
 anastomotic    leakage, if placing a mono-J catheter 
is not enough, the anastomosis can be strength-
ened with more interrupted sutures or revised 
with an endoscopic neo-anastomosis, if not con-
trolled properly. However, careful checking 
whether the anastomosis is functional and 
 watertight intraoperatively is of crucial 
 importance. In some cases, early removal of the 
catheter can lead to acute urinary retention due to 
anastomotic stricture. In these cases, a further 

   Table 12.1    Incidence and management of frequent complications of LRP and EERPE [ 59 – 63 ]   

 Complication  Rates (%)  Management  Tips 

 Injury of inferior epigastric 
vessels 

 0–6  Bipolar coagulation  Careful inspection of all the 
trocar sites for active bleeding 
before and after the removal 

 Clipping 
 Suturing of the bleeding vessel on 
the abdominal wall 

 External iliac vein injury  Endoscopic repair with 4–0 
prolene 

 Insuffl ation pressure can 
tamponade venous bleeding and 
makes endoscopic repair possible  Conversion to open laparotomy 

 Santorini plexus injury  Increase of gas insuffl ation to 
20 mmHg and bipolar coagulation 

 Can be avoided by careful 
ligation of the plexus and careful 
inspection-coagulation after 
apical dissection 

 Retraction of the catheter to 
tamponade bleeding 

 Bowel injury  0.47  Endoscopic repair with two-layer 
suturing 

 Symptoms are presented within 
2 weeks after surgery 

 Parenteral feeding for a minimum 
of 3 days 

 Careful inspection of trocars 
during insertion 

 Non-residual enteral feeding for a 
minimum of 6 days 

 Careful apical dissection 

 Lymphocele  3–14  Percutaneous drainage  A combination of bipolar 
coagulation, harmonic scalpel 
dissection and clipping in order 
to prevent lymphorrhea 

 Sclerotherapy 
 Laparoscopic fenestration 

 Ureteral and bladder injury  0.1–0.2  Endoscopic repair  Infuse 200 mL saline into the 
bladder to confi rm watertight 
status 
 Infuse indigo carmine and 
furosemide for inspection of the 
ureter 
 Preoperative insertion of 
double-J stents in patients with 
previous TURP is crucial 

 Port-related hernia  0.2  Open repair  Possible at the 12 mm trocar 
insertion sites and during 
specimen removal 

 Anastomotic leakage  0.7–7  Extra sutures at the anastomosis  Prolonged catheterization is 
necessary  Revision of anastomosis if leakage 

is persistent 
 Urinary retention  2–3.1  Foley catheterization for 2–3 days 
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period of catheterization generally resolves the 
issue [ 61 ]. 

 Pelvic lymphadenectomy is related to the for-
mation of lymphoceles, especially in the case of 
the extraperitoneal approach. Laparoscopic fen-
estration of the peritoneum intraoperatively pre-
vents lymphocele formation during EERPE [ 10 ]. 
The incidence of this complication is approxi-
mately 4 % [ 59 – 63 ]. Rare complications such as 
gas embolism, obturator nerve injury, deep 
venous thrombosis, and prolonged ileus have 
been also reported [ 59 – 63 ]. 

    Comparison of LRP 
to Alternative Approaches 

 Recent meta-analysis has shown that LRP has simi-
lar results in terms of potency, complications, blood 
loss and operative time in comparison to Robot-
assisted Laparoscopic Radical Prostatectomy 
(RALP). Only three studies have demonstrated an 
earlier return to continence in the case of RALP 
[ 64 ]. A meta-analysis revealed that continence and 
erectile function were similar among LRP, ORP and 
RALP. PSMs were similar for LRP but higher for 
ORP when these procedures were compared to the 
results of RALP [ 65 ]. Another recent meta-analysis 
on the PSM status and complications reported a sig-
nifi cantly higher PSM rate with LRP in pT2 patients 
in comparison to RALP. Nevertheless, the authors 
stated that these results should be carefully inter-
preted due to the inhomogenicity of the included 
studies. Complication rates were similar among the 
approaches with favorable outcome in blood loss 
and hospitalization time for LRP and RALP in 
comparison to ORP [ 55 ]. Biochemical recurrence 
free rates have been reported to be similar among 
approaches in a recent review of the literature [ 66 ]. 

 The cost-effectiveness of LRP over ORP has 
been proven and the evidence show that the 
higher cost of equipment and instruments is bal-
anced by the shorter hospital stay, fewer transfu-
sions and less analgesic requirement [ 67 ]. When 
all approaches were compared in terms of cost, 
RALP was the most expensive with LRP follow-
ing and ORP to be associated with the lower 
costs. Although the cost of disposable instru-

ments for LRP were calculated to be higher than 
ORP at least in the US health system, the overall 
cost for hospitalization was lower for LRP. RALP 
had signifi cant costs for equipment and mainte-
nance which made the procedure far more expen-
sive especially with a case-load of patients up to 
126 per year [ 68 ].   

    Conclusion 

 LRP has stood the test of time and represents 
a standard of care for the surgical treatment of 
prostate cancer. The constant evolution of 
techniques, the introduction of newer equip-
ment, and the accumulation of experience of 
many institutions worldwide have provided 
functional, oncological and surgical outcomes 
comparable to the available alternative surgi-
cal approaches. In addition, further improve-
ments in long-term results are regularly being 
reported in literature and document the effi -
cacy of the method over the years. The combi-
nation of comparable results, cost- effectiveness 
and minimally invasive approach make LRP 
more appealing and affordable than ORP or 
RALP in numerous surgical centers 
worldwide. 

 Key Points 

•     Laparoscopic radical prostatectomy is 
an established standard of surgical man-
agement of prostate cancer.  

•   The extraperitoneal approach is associated 
with lower intra-abdominal com plications.  

•   Transperitoneal approach has lower 
lymphocele formation rate.  

•   Nerve-sparing technique accelerates the 
recovery of continence.  

•   Intrafascial nerve-sparing is associated 
with the highest potency rates.  

•   Continence rates are up to 97 % of the 
cases at 12 months.  

•   Bladder neck preservation and posterior 
musculofascial reconstruction result in 
faster recovery of continence  
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13.1             Introduction 

 For organ confi ned prostate cancer, radical 
prostatectomy remains the gold standard form 
of surgical management [ 1 ]. When performed 
using the open approach, this procedure is gen-
erally carried out extraperitoneally, by accessing 
the space of Retzius, preserving the integrity of 
the peritoneal cavity. With widespread adoption 
of robot assisted radical prostatectomy [ 2 ,  3 ], 
however, fewer surgeons have adopted the extra-
peritoneal approach compared to the transperi-
toneal route to gain access and to perform the 
procedure. 

 This chapter will focus mainly on our step-
wise technique of extraperitoneal robot assisted 
radical prostatectomy based on experience in 
over 2,000 cases. The transperitoneal approach to 
robot assisted radical prostatectomy has been 
described elsewhere in this book.  

13.2     Step-Wise Description 

    Patient Positioning 

 Proper patient positioning facilitates the proce-
dure while avoiding potential position-related 
injuries. The patient should be secured to the 
operating table to avoid sliding when placed in 
the Trendelenburg position. The table should be 
properly padded to avoid pressure sores particu-
larly with lengthy procedures. We use a vacuum 
bean bag (Hug-U-Vac ™ , Allen Medical Systems, 
Acton, MA) (Fig.  13.1 ), which wraps along the 
patient sides and shoulders keeping him in a 
fi xed position throughout the procedure. Chest 
straps can be used but should not be too tight to 
allow adequate chest expansion with ventila-
tion. The arms are placed alongside the body in 
egg-crate protective foam to lessen the risk of 
brachial plexus injuries. We use a split leg table 
which allows access to the perineum, keeping 
the legs straight avoiding calf compression. 
Pneumatic compression stockings are used with 
the legs secured using tape. Leg abduction 
should be kept to a minimum to avoid disloca-
tion. Patients with a history of hip fractures 
should be positioned before induction of anes-
thesia to ascertain the limit of hip mobility. 
Once the robot is docked, or positioned between 
the patient’s legs, the legs should be brought as 
close to the midline as possible to allow a more 
anatomical position if further abduction is not 
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necessary. The legs should be brought together 
at the end of the procedure prior to reversal from 
anesthesia.  

 Compared to the exaggerated Trendelenburg 
position often used with the transperitonal 
approach (in order to move the bowels out of the 
operative fi eld), the extraperitoneal approach 
allows for a much lesser degree of tilt (about 
10–15°).  

    Access 

 The main difference between the extraperitoneal 
and transperitoneal route to performing a robot 
assisted radical prostatectomy is the access. This 
consists of creation of the extraperitoneal space 
and the placement of trocars. Except for minor 
modifi cations, all the subsequent steps are simi-
lar. With experience, the creation of the extraperi-
toneal space and trocar placement can be achieved 
in less than 15 min in the majority of the patients. 

    Creating the Extraperitoneal Space  
 Our favored approach is an open Hasson “cut- 
down” technique. The approach is obtained 
consistently in a controlled manner with 
clear visualization of anatomical landmarks. 
Alternatively, the Visiport optical trocar or the 
blunt Ethicon Excel optical trocar can be used, as 
has been described by others [ 4 ]. 

 The instruments required to create the poten-
tial extraperitoneal space include a OMS-XB2 
(Oval) Extraview ™  balloon dilator trocar 
(Autosuture, Norwalk, CT) or a spacemaker  ™  
trocar, a 0° laparoscope, 2 S-shaped retractors 
and a 15 cm long smooth trocar (12 mm 512 XD, 
Ethicon Endo-Surgery, Cincinnati, Ohio) 
(Fig.  13.2 ). We prefer to use a separate scope for 
this step. The robotic camera and scope system 
are diffi cult to maneuver due to their weight.  

 After a 3 cm left peri-umbilical skin incision, 
the subcutaneous tissue is bluntly dissected to 
expose the anterior rectus sheath. A 1 cm incision 
is made in the latter and an S-shaped retractor is 
used to sweep the underlying belly of the rectus 
muscles laterally, to bring the posterior rectus 
sheath into view. Once the latter is visualized, the 
balloon dilator is inserted in the space of Retzius, 
with the scope placed inside the uninfl ated bal-
loon. The tip of the balloon should be angled 

  Fig. 13.2    Instruments used during creation of the extra-
peritoneal space. From  top  to  bottom : Xeroform gauze, 
long smooth trocar with no ridges (12 mm 512 XD, 
Ethicon Endo-Surgery, Cincinnati, Ohio), balloon pump-
ing mechanism, OMS-XB2 Extraview ™  balloon dilator 
with the 0° laparoscope placed inside the uninfl ated bal-
loon, “S” retractor       

  Fig. 13.1    Vacuum bean bag (Hug-U-VacTM, Allen 
Medical Systems, Acton, MA) to secure patient to the 
operating table       
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upward and toward the midline, to avoid inadver-
tent injury to the posterior rectus sheath, or access 
to the peritoneal cavity. There should normally 
be some resistance from the linea alba until the 
balloon dilator is passed below the semi-circular 
line of Douglas. With the start of balloon infl a-
tion, the space of Retzius and the retropubic fat 
are dissected bringing the pubic symphysis into 
view (Fig.  13.3 ). The other important landmarks 
are the inferior epigastric vessels (one artery, two 
veins) laterally which are visualized on both 
sides. The external iliac vessels with their 
attached epigastric tributaries should not be over-
stretched. Bleeding if present will be noted at this 
stage with insuffl ation of the extraperitoneal 
space. A torn vessel from a branch of the epigas-
tric vessels can be seen at this stage, and can be 
controlled with a clip. Overdilatation should be 
avoided as subsequent defl ation leads to bleed-
ing. The balloon dilator is removed after defl a-
tion and a 15 cm long trocar with the 0° scope is 
introduced in the space thus created. The key to 
our approach is the use of this smooth trocar with 
no ridges. It is useful in the creation of the extra 
space required for trocar placement cephalad and 
laterally. This 10/12 mm trocar is wide enough to 
accommodate the robotic scope. CO 2  insuffl ation 
of the extraperitoneal space is carried out through 
the same trocar up to a pressure of 15 mmHg. 
Under direct vision, the space is further enlarged 
by retracting the scope into the trocar and using 
the beveled tip of the trocar (insinuated under the 

inferior epigastric vessels) to bluntly sweep the 
peritoneum posterolaterally on either side. It is 
important to stay between the abdominal wall 
muscle anteriorly and transversalis fascia posteri-
orly to avoid creating an inadvertent peritoneot-
omy which should be suspected if there is 
billowing. Care should also be taken not to dis-
sect through the overlying muscle fi bers. We rou-
tinely place a Xeroform gauze around the trocar 
to prevent CO 2  leakage at the camera trocar site. 
We also use a purse string suture in the fascia to 
narrow the opening around the trocar and to 
secure the latter in place. The movements neces-
sary to develop the extraperitoneal space laterally 
widen the fascial opening, causing leakage of air 
around the trocar. To lessen air leakage, a balloon 
tip trocar can be used for this. We prefer the 
application of the gauze, which quickly seals the 
opening, obviating the need for trocar exchange.   

    Trocar Insertion 
 Robot-assisted procedures call for particular con-
sideration in trocar placement in order to avoid 
robotic arms collision. A distance of 10 cm between 
all robotic working arm trocars is important. 

 Our practice has evolved from a 5-trocar tech-
nique to a 6-trocar arrangement in a “W” confi g-
uration (Fig.  13.4 ) during a 4-arm daVinci 
extraperitoneal robotic prostatectomy. In total, 
three 8 mm daVinci metal robotic trocars and two 
disposable assistant trocars (one 12 mm, 150 cm 
long Excel 512 XD trocar, and one 5 mm trocar) 

  Fig. 13.3    View of the pubic symphysis and extraperito-
neal space at the end of balloon dilatation       

  Fig. 13.4    Six trocar “W” confi guration. View from the 
head end. Fourth robotic arm trocar on the left side       

  

13 Extraperitoneal Robot-Assisted Radical Prostatectomy



124

are used in addition to the 12 mm infra-umbilical 
camera trocar. The 12 mm assistant trocar is used 
for passage of clips/ sutures while the 5 mm 
assistant trocar is used for suction/irrigation.  

 Once an adequate space is created, and the 
peritoneum pushed cephalad and laterally, the 
12 mm right assistant trocar is introduced 5 cm 
medial to the anterior superior iliac spine along 
a line joining this anatomical landmark to the 
umbilicus. The assistant trocars can be placed 
on either side, based on the surgical team’s 
preference. 

 The trocar for the fourth robotic arm is placed 
opposite to the assistant’s (5 cm cephalad and 
medial to the anterior superior iliac spine) and 
guided toward the pubic symphysis under direct 
vision. We use a hypodermic needle to guide the 
site of insertion of the two remaining robotic 
working trocars on either side. They are gener-
ally placed 10 cm caudal and lateral to the umbi-
licus on either side, forming a triangle with the 
latter. Using the needle as a guide to identify the 
path of the trocars minimizes the risk of inadver-
tent injury to the epigastric vessels. The trocars 
for the robotic working arms are placed lateral to 
the respective epigastric vessels, at a more per-
pendicular angle to the abdominal wall to avoid 
robotic arms collision. Trocar tunneling should 

be avoided, as it will restrict motion of the tro-
cars. For the remaining 5 mm assistant trocar 
which is placed 5 cm lateral to the umbilicus on 
the right side, the dissection is performed in a 
more medial and cephalad direction. The robot is 
docked once all the trocars are in place (Fig.  13.5 ).  

 We start the procedure with a Maryland bipo-
lar grasper in the left hand, monopolar scissors in 
the right hand, and Prograsp forceps in the fourth 
arm. The only other robotic instruments needed 
are two needle holders used during dorsal vein 
ligation and completion of vesicourethral anasto-
mosis to be described later. Instruments used by 
the assistant include suction/irrigation, blunt tip 
graspers, clip applier and specimen entrapment 
bag. A 0° scope is used throughout the procedure.   

    Division of Endopelvic Fascia 
and Ligation of the Dorsal Venous 
Complex 

 The fi rst step following docking of the robot is to 
incise the endopelvic fascia. One of the advan-
tages of the extraperitoneal approach is evident in 
this step. The bladder take-down step is elimi-
nated. The endopelvic fascia is often visualized 
through the balloon dilator as the space is  created. 

a b

  Fig. 13.5    ( a ) View through the laparoscope of the trocars 
at the end of their placement. A working robotic trocar 
with the fourth arm robot trocar on the left side of the 
patient, and the right working robotic trocar with the two 
assistant trocars (12 and 5 mm) on the right side of the 

patient. ( b ) View from the right side following docking of 
the robot. Minimal Trendenlenburg position is employed. 
Selective insuffl ation of the lower abdomen can be 
appreciated       
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If the fascia is not visualized, the loose fatty tis-
sue in the space of Retzius is easily swept off the 
fascia with all vessels cauterized to ensure hemo-
stasis. Beginning the dissection on the right side 
and using the left arm to retract the prostate 
medially, the best plane to enter the endopelvic 
fascia is identifi ed which is usually a window 
along the mid portion of the prostate. Allowing 
air to get behind the fascia helps further delineate 
the anatomy (Fig.  13.6 ). This is a generally an 
avascular plane and can be opened using scissors 
without cautery. The incision extends from the 
base of the prostate up to the puboprostatic liga-
ments. The proper plane of the dissection is 
where the prostate surface and the pelvic fl oor 
muscles are visualized. Once in this plane, the 
prostatic attachments can be separated by a gen-
tle sweeping motion, pushing the muscles later-
ally. Dissection toward the puboprostatic 
ligaments should be performed away from the 
dorsal venous complex to prevent its inadvertent 
injury. A combination of delicate sharp as well as 
blunt dissection is used to free the muscular 
attachments at the apex of the prostate. We prefer 
to transect the puboprostatic ligaments as this 
thins out the dorsal venous complex allowing 
better coaptation or cinching down of the suture 
used for its control. Further dissection of the apex 
of the prostate allows the exposure of the notch 
between the dorsal venous complex and the ure-
thra where the suture used for venous ligation is 
placed. We use a barbed V-lock suture on a SH 

needle to place a fi gure of eight suture to control 
the DVC. The needle is held at the junction of its 
proximal one third at a 30° angle. Guiding it in 
the correct direction from right to left, parallel to 
the dorsal venous complex is very important. The 
tip of the needle is directed toward the previously 
exposed notch and twisting the needle using the 
endowrist rather than sliding the needle across 
the DVC is preferred. The needle should be 
retrieved following its curve to avoid tearing of 
dorsal venous complex veins. The suture can be 
tied, or anchored to the symphysis following dor-
sal vein ligation. If the needle is placed too poste-
rior, this may lead to capture of the Foley catheter. 
One should suspect this if the knot does not hold 
when the vein is being tied. The needle holders 
should be directed in an anterior-posterior direc-
tion during knot tying. Caudal or lateral move-
ment of the needle holders may lead to bleeding 
due to rubbing of the pubic bones.   

    Bladder Neck Dissection 

 In order to expose the plane between the bladder 
and the prostate, the fourth arm is used to retract 
the bladder in a postero-cephalad direction. For 
the novice, where to commence the bladder neck 
dissection can be challenging. Identifying the 
waist where the perivesical fat attenuates over 
the prostate and grasping the tissue with bipolar 
forceps, taking care not to include the prostate, is 
a useful starting point. We prefer starting this 
dissection lateral to the bladder neck where the 
longitudinal bladder fi bers can be easily seen. 
We use a “burn and push” technique rather than 
overuse of the cautery to develop the plane 
between the bladder and the prostate as the latter 
can lead to creation of multiple planes. The fun-
nel of the bladder neck should be followed to 
maintain a proper plane. It is very useful to 
establish this plane laterally and then follow it 
towards the midline from either side. Following 
dissection of the anterior bladder neck and con-
fi rmation of the correct plane of dissection, a 
greater appreciation of the planar anatomy 
between the bladder neck and the prostate can be 

  Fig. 13.6    Incision of the endopelvic fascia       
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made on either side. We prefer to transect the 
bladder neck sharply in the midline. We believe 
that avoidance of cautery during this step mini-
mizes the risk of bladder neck contracture. The 
posterior bladder neck fi bers are swept off the 
prostate using a combination of sharp and blunt 
dissection. Care is taken to carry the dissection 
in a postero-cephalad direction to follow the nor-
mal contour of the prostate which extends cepha-
lad (Fig.  13.7 ). Identifi cation of the plane 
between the posterior bladder neck and prostate 
laterally, and following it medially, minimizes 
the risk of “button hole” in the posterior bladder 
neck which may risk injury to the ureteral ori-
fi ces. Proper traction is important during the 

bladder neck dissection and the fourth arm is 
adjusted progressively to help with this.   

    Seminal Vesicles Dissection 

 This is a relatively easier step once one enters the 
right plane behind the bladder. With the bladder 
neck retracted cephalad, the longitudinal muscle 
fi bers crossing posterior to the bladder are tran-
sected in the midline to allow visualization of the 
ampulla of both vasa and the attached seminal 
vesicles (Fig.  13.8a ). The vas is dissected with 
the aid of the bipolar forceps, grasped and a clip 
is applied enbloc encompassing the artery to the 
vas which runs between the vas and the adjoining 
seminal vesicle (Fig.  13.8b ). It is useful to stay as 
anterior as possible, avoiding the roots of the ves-
sels, to avoid injury to the neurovascular bundles 
coursing posteriorly in nerve sparing cases. Clips 
are preferred at this stage to avoid thermal energy. 
Next, the seminal vesicles are dissected laterally 
with individual clipping of vessels. The vas and 
its respective seminal vesicles are retracted ante-
riorly. As there are no attachments to the seminal 
vesicles posteriorly, the bipolar forceps can be 
used to push Denonvillier’s fascia away from the 
seminal vesicles leading to their complete visual-
ization. We fi nd that the fourth arm is useful in 
retracting both the vasa and the attached seminal 
vesicles anteriorly. This helps expose and stretch 

  Fig. 13.7    Bladder neck dissection. View following tran-
section of the bladder neck, with catheter in the prostatic 
urethra. Following the correct plane is important       

a b

  Fig. 13.8    ( a ) Vas and seminal vesicles visualized at the 
beginning of their dissection. ( b ) Artery to the right vas 

being dissected in preparation for its enbloc clipping with 
its vas       
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Denonvilliers fascia, in preparation for the poste-
rior prostate dissection.   

    Posterior Prostate Dissection 

 Denonvillier’s fascia is incised transversely 
exposing the yellow peri-rectal fat (Fig.  13.9 ). 
The rectum is dissected bluntly off the prostate 
caudally to the level of the prostatic apex. The 
plane between Denonvillier’s fascia and the pros-
tatic fascia is developed bluntly using bipolar for-
ceps spread open and pushing posteriorly away 
from the prostate.   

    Neurovascular Bundle Dissection 

 Our preference is for a combined antegrade and 
retrograde dissection for the nerve-sparing. The 
fourth arm is used to retract the prostate anteri-
orly and to the opposite side of the neurovascular 
bundle being dissected. This helps to visualize 
the course of the neurovascular bundles along 
the lateral aspect of the prostate. The charac-
teristics of the cancer, and intraoperative digital 
rectal exam dictate the extent of the nerve spar-
ing. The pedicle is dissected sequentially using 
clips to control vessels entering the base of the 
prostate (Fig.  13.10 ). Medial retraction of the 
base of the prostate facilitates visualization of 
the interfascial plane between the endopelvic 

and  periprostatic fascia which is sharply divided. 
Gentle sweeping motion with the scissors opened 
helps further establish the plane along the lateral 
surface of the prostate. Once the intended level of 
nerve sparing on the lateral surface of the prostate 
is identifi ed, the tissues at the base of the pros-
tate are further dissected exposing the  posterior 
surface of the prostate. Once the neurovascular 
bundle is released at the prostatic base, there is 
a clear distinction between the surface of the 
prostate and the neurovascular bundle. Further 
clipping of any remaining attachment between 
the neurovascular bundle and the prostatic base 
is often needed in order to release the remain-
ing bundle along its course. Following release of 
the neurovascular bundle from the prostate base, 
the prostate is retracted upward, the interfascial 
plane is followed caudally, pushing the neurovas-
cular bundle off the prostate. We do not recom-
mend an intrafascial dissection due to a high risk 
of positive margins in patients with extracapsular 
invasion, and the risk of capsulotomy which can 
compromise cancer control.   

    Dissection of Prostatic Apex 
and Urethra 

 The fourth arm is used to retract the prostate in a 
postero-cephalad direction. Once the assistant 
passes the catheter through the prostate, the pre-
viously ligated dorsal vein complex is sharply 
transected down to the level of the longitudinal 

  Fig. 13.9    Posterior prostate dissection. Both the vas and 
their respective seminal vesicles have been lifted anteri-
orly to expose the Denonvillier’s fascia       

  Fig. 13.10    Right neurovascular bundle preservation with 
clips (athermal technique)       
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urethral fi bers. Occasionally the dorsal vein 
suture may fall due to posterior retraction. It can 
be sewn without diffi culty. To facilitate this and 
to limit bleeding, intra-abdominal pressure can 
be raised temporarily up to 20 mmHg. The fourth 
arm can be used to lift the prostate anteriorly, 
compressing the dorsal vein, while the surgeon 
gets the suture ready to oversew the venous com-
plex. The preservation of the dorsal vein suture 
should never be at the expense of transecting the 
prostatic apex, risking a positive apical margin. If 
the neurovascular bundles have been spared, they 
should be inspected and further dissected away 
from the apex to avoid injury. The neurovascular 
bundles can be tethered to the prostatic apex and 
injured at that level. The prostate is then retracted 
cephalad to put the urethra on stretch. After con-
fi rmation that the Foley catheter is in place, the 
anterior surface of the urethra is sharply tran-
sected leaving a clear margin on the prostate. 
Once the Foley catheter is visualized, it is picked 
up and retracted cephalad by the assistant. This 
tents up the posterior surface of the urethra and 
allows sharper dissection of the prostate 
(Fig.  13.11 ). The posterior prostate often extends 
more caudally than the anterior aspect, therefore, 
this transection should be carried out with great 
care, being mindful of possible prostatic apical 
tissue extending caudally. Once the prostate is 
free, it is inspected and placed in a 10 mm 
Endocatch specimen retrieval bag (Covidien, 
Mansfi eld, MA) and pulled out of the pelvis away 

from the operative fi eld until it is extracted at the 
end of the procedure. Rectal wall integrity is 
ensured at this point.   

    Posterior Reconstruction 

 Two interrupted 9-in., 3-0 barbed polyglactin 
V-lock sutures on an RB-1 needle are used for 
posterior reconstruction. This approximates the 
posterior rhabdosphincter with Denonvillier’s 
fascia incorporating the longitudinal fi bers poste-
rior to the bladder which were previously cover-
ing the seminal vesicles. This posterior 
reconstruction helps bring the bladder neck close 
to the urethra in preparation for the anastomosis. 
More recently, we have been suspending the pos-
terior reconstruction sutures to the pubic sym-
physis, stabilized using hem-o-lok clips (the 
suspension is carried out after completion of the 
vesicourethral anastomosis). This maneuver 
keeps the urethro-sphincteric complex anteriorly 
in its intrapelvic location (Fig.  13.12 ).   

    Vesico-Urethral Anastomosis 

 The anastomosis is carried out in a continu-
ous manner using two separate 2-0 polyglactin 
sutures on a RB-1 needle cut to 9 in. One suture 
is used to fi rst complete the posterior layer, while 

  Fig. 13.11    Transection of the posterior urethra at the 
apex       

  Fig. 13.12    Anterior suspension of posterior reconstruc-
tion sutures, suspending the bladder neck       

  

V. Agrawal and J.V. Joseph



129

another is used for the anterior aspect of the anas-
tomosis. The posterior layer of the anastomosis 
is carried out in a clockwise direction (5–11’o 
clock position) while the anterior layer is com-
pleted in the opposite direction. The anterior 
layer starts at the 4’o clock position and moves 
in an anticlockwise direction until it meets the 
other suture. The two sutures are tied separately, 
providing two distinct suture lines, avoiding reli-
ance on a single knot. A 20 Fr Foley catheter 
is passed into the bladder under vision before 
cinching and tying the anterior suture. Sutures 
should be pulled perpendicular to the urethra to 
avoid tearing of the longitudinally oriented ure-
thral fi bers. Application of perineal pressure by 
the assistant, and decreasing the pneumoperito-
neum to 8–10 mmHg, are useful steps to allow 
the bladder neck and urethra to come into prox-
imity and allow mucosa to mucosa apposition. 
The bladder is irrigated to verify the watertight-
ness of the anastomosis.  

    Specimen Delivery and Completion 
of the Procedure 

 On completion of the anastomosis, the robot is 
disconnected. A 19 Fr closed suction Blake drain 
is placed under vision in the retropubic space. It 
is introduced via the 12 mm trocar which is then 
withdrawn. The trocars for the left and right 
robotic arms close to the epigastric vessels are 
removed under vision to ensure there is no bleed-
ing from these vessels or their tributaries. The 
fascial opening at the peri-umbilical camera tro-
car site is widened just enough to extract the 
specimen. It is then closed with several inter-
rupted fi gure-of-eight 0 polyglactin sutures. 
Occasionally, a small opening is required in the 
posterior rectus sheath and peritoneum to release 
intraperitoneal trapped air if present. This open-
ing is closed with a single 0 polygalactin suture. 
The remaining fascial openings do not have to be 
closed, given their extraperitoneal location. Local 
anesthetic is used to infi ltrate the skin openings, 
which are closed with interrupted subcuticular 
3-0 Monocryl sutures.   

13.3     Post-operative Course 

 The patient is admitted to the post anesthesia care 
unit, and later transferred to the 23-h stay unit. 
Clear liquid diet followed by regular diet is 
allowed as tolerated. Patients are ambulated 
within 4 h of surgery. Ketorolac and opiates are 
used for pain management. The former is admin-
istered every 6 h while the latter is used on 
demand, using a PCA (patient controlled analge-
sia) administration device. Two doses of intrave-
nous antibiotics and subcutaneous heparin are 
administered 8 h apart. The drain is removed 
when the output is minimal post ambulation dur-
ing an 8-h period. We do not routinely draw labs 
unless indicated. Most of our patients are dis-
charged within 23 h. The Foley catheter is 
removed after 7–10 days in the offi ce. Cystograms 
are not routinely performed unless there is bleed-
ing or suspicion of leakage at the anastomotic 
site. Patients are instructed in pelvic fl oor or 
Kegel exercises which they commence the day 
after removal of the catheter. Penile rehabilitation 
is also initiated using Tadalafi l in preoperatively 
potent patients without contraindications, who 
had a nerve sparing procedure.  

13.4     Advantages 
and Disadvantages 
of the Extraperitoneal 
Approach 

 The main reasons for the perceived disadvan-
tages of the extraperitoneal approach include 
unfamiliarity with access and instruments, diffi -
culty in spacing the trocars especially with the 
use of the fourth arm, relatively limited working 
space, and an increased risk of lymphocele for-
mation following pelvic lymph node dissection. 
In addition, if an extended pelvic lymphadenec-
tomy is indicated, the alternative transperitoneal 
approach may afford a better exposure of the 
cephalad limits of the template of dissection. 
Tension on the anastomosis is often cited as a 
potential disadvantage of the extraperitoneal 
approach, given the urachal attachments are unal-
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tered. As with open retropubic prostatectomy 
which is generally performed extraperitoneally, 
there is no meaningful tension on the anastomo-
sis once completed. The initial sutures are indeed 
under some tension, which is quickly redistrib-
uted, or relieved with the placement of additional 
sutures. Approximating the posterior urethra to 
the posterior bladder neck is helpful in eliminat-
ing possible tension, facilitating the anastomosis. 
We routinely decrease the pressure in the work-
ing space to 8 or 10 mmHg to ease reapproxima-
tion of the cephalad-displaced bladder to the 
urethra. The application of perineal pressure is 
also helpful at this stage, lessening the risk of 
urethral tearing. The perceived disadvantages of 
the extraperitoneal approach can be easily elimi-
nated with experience. 

 There are several advantages of the extra-
peritoneal route. These include the need for less 
steep Trendelenburg positioning. This is help-
ful in patients with poor pulmonary reserve. 
Diaphragmatic expansion is less compromised, 
allowing proper ventilation, diminishing pos-
sible associated complications. The limited 
Trendelenburg also lessens the risk of position- 
related neuropraxia, which is more likely when 
the patient’s body weight is shifted to the shoul-
ders, with possible brachial plexus compression. 
The extraperitoneal route avoids all potential 
intraperitoneal adhesions making this the route of 
choice for patients with prior extensive and/or 
multiple bowel surgeries as the risk of injury to 
the intra-abdominal organs during adhesiolysis is 
avoided. This approach gives rapid access to the 
target organ. The bladder takedown step is elimi-
nated. The peritoneum acts as a natural barrier 
obviating the need for bowel retraction from the 
operative surgical fi eld as can be seen with the 
transperitoneal approach. This potentially lessens 
the incidence of paralytic ileus, as bowel han-
dling is avoided and hence relatively faster recov-
ery [ 5 ]. In addition, this route allows containment 
of bleeding or urine leak in the confi ned extra-
peritoneal space, should any of these occur.  

    Conclusion 

 Since the fi rst publication on the use of the 
extraperitoneal approach to robot assisted rad-

ical prostatectomy [ 6 ], there have been further 
reports of surgical technique and functional 
and oncological outcome from high volume 
centers using the extraperitoneal approach for 
robot assisted prostatectomy [ 7 – 10 ]. These 
have demonstrated equivalence in functional 
outcome between the two approaches. 

 A recent meta-analysis (one randomized 
controlled trial and fi ve case-control studies) 
comparing the perioperative outcome between 
the extraperitoneal (n = 530) and the transperi-
toneal route (n = 537) showed that while there 
were no differences in estimated blood loss, 
hospital stay or margin positivity, the opera-
tive time and complications were more favor-
able with the extraperitoneal approach [ 11 ]. A 
recent study looked at recovery following the 
extraperitoneal approach comparing it to the 
transperitoneal approach found that using the 
validated CARE (Convalescence and 
Recovery evaluation) questionnaire, patients 
undergoing the EP approach showed improved 
recovery [ 5 ]. 

 At our medical center, we routinely use 
both the extraperitoneal and transperitoneal 
approaches. The approach is individualized 
based on patient factors. With experience, 
more challenging cases such as an obese 
patient [ 12 ] and large prostates with enlarged 
median lobes can be carried out safely with 
the extraperitoneal approach. It can be a very 
advantageous approach in certain patients. We 
have performed robot assisted radical prosta-
tectomy via the extraperitoneal route in 
patients with a pelvic kidneys [ 13 ], or follow-
ing kidney transplant [ 14 ]. In the latter, com-
pared to the transperitoneal approach, the risk 
of damaging the ureter of the transplanted kid-
ney is certainly reduced. With a history of 
multiple previous accesses to the abdominal 
cavity, including peritoneal dialysis, complex 
adhesions that are likely to be encountered in 
such patients can be avoided. 

 The majority of patients are candidates for 
the extraperitoneal approach. In our view, the 
only contraindication to this route is in a 
patient who has had the extraperitoneal space 
created during a previous procedure such as in 
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mesh herniorraphy, especially where bilateral 
meshes are placed. This renders the space 
obliterated and re-creation of the space inevi-
tably leads to multiple peritoneotomies. 

 While it is true that the transperitoneal 
approach is felt to be easier by most surgeons, 
overall the extraperitoneal approach is less 
invasive. Ultimately, the choice of approach 
depends upon patient factors and surgeon 
training. Training in carrying out the extra-
peritoneal route to performing a robot assisted 
radical prostatectomy adds to the surgical 
armamentarium of any surgeon carrying out 
this procedure.      
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14.1             Introduction 

 Bladder cancer management is underpinned by 
endoscopic diagnosis and therapy by transure-
thral resection (TURBT), particularly for non- 
muscle invasive bladder cancer (NMIBC). 

 The fi rst working Nitze/Leiter cystoscope, 
appeared in 1878. The Stern-McCarthy resecto-
scope, which closely resembles today’s instru-
ments, had evolved by the late 1920s. The Harold 
Hopkins rod lens system and Karl Storz fi ber 
optics of the 1950s–1960s respectively, followed 
by video-endoscopy, truly revolutionized endou-
rology. Digital and high defi nition images have 
now made bladder tumor endo-visualization 
outstanding. 

 Despite remarkable urothelial images, accu-
rate diagnosis of bladder cancer, particularly the 
detection of primary carcinoma-in-situ (CIS), is 
diffi cult, as fl at tumors often devoid of surface 
urothelium can be hard to characterize. Residual 
tumors are common after standard TURBT in 
27–65 % of patients undergoing routine second 
resection [ 1 ,  2 ]. In a much cited meta-analysis of 
2,410 patients in 63 centers, after TURBT of 

multifocal tumors, the 3 months ‘recurrence’ rate 
ranged from 7.4 to 45.8 %. This signifi cant vari-
ability was attributed to surgeon skill and the 
technique used [ 3 ] and relate to quality assurance 
in Urology. 

 Over the last 20 years, endourology for blad-
der cancer has seen rapid advancements. Much of 
the new technology and concepts are still excit-
ing work in progress. In this chapter we evaluate 
the current position with options for different 
energy sources and techniques, which seek to 
improve upon the traditional TURBT operation, 
and review adjuncts which could improve tumor 
detection, possibly allowing better future charac-
terization of benign and malignant urothelial 
lesions in situ.  

14.2     Diagnosis and Initial Tumor 
Management 

 Painless visible hematuria is the classic present-
ing feature of bladder cancer. A high index of 
suspicion should be maintained for patients with 
asymptomatic non-visible hematuria, unex-
plained storage lower urinary tract symptoms, or 
painful bladder syndromes [ 4 ,  5 ]. 

    Imaging 

 Most patients are diagnosed with bladder cancer 
at fl exible cystoscopy, but the majority will also 
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have had some initial investigative imaging. 
Virtual cystoscopy has recently explored the 
potential for a “scan” to replace invasive endos-
copy. The fi rst reported CTVC was in 1996 by 
Vining [ 6 ]. In a small study of 25 patients with 
bladder cancer undergoing CTVC, all 38 lesions 
detected were cystoscopically confi rmed, 17 
were <1 cm (including one measuring 2 × 3 mm), 
7 were sessile, 5 were wall thickenings, and 
35/38 (88 %) were confi rmed malignant [ 7 ]. In 
other studies sensitivity for bladder cancer ranged 
94–100 %, specifi city 40–71 %, with 97 % PPV 
and 55 % NPV [ 8 – 10 ]. Since then, technical 
refi nements such as air insuffl ation of the bladder 
with a urethral catheter, supine and prone scan-
ning, 3-dimensional reconstruction, and analysis 
by software with interactive intraluminal naviga-
tion and a surface-rendering algorithm, have 
increased the sensitivity for bladder lesions. A 
meta-analysis including 3,084 patients compar-
ing CT, MRI, and US virtual cystoscopy, found 
that CT virtual cystoscopy (CTVC) proved to be 
superior. At 95 % CI, sensitivity and specifi city 
respectively for bladder tumor were: CT 93.9 and 
98 %; MRI 90.8 and 94.5 %; and US 77.9 and 
96.2 % [ 11 ]. 

 CTVC has the advantages of being able to 
serially investigate patients with ongoing hema-
turia, those where bladder access is diffi cult, 
and those with inaccessible bladder diverticula. 
However, it cannot detect CIS, has not yet been 
assessed or validated in randomized trials, and 
involves a considerable ionizing radiation dose. 
Although it may be combined with a CT urogram 
for the primary investigation of hematuria, radia-
tion based imaging will never replace a simple 
fl exible cystoscopy for bladder cancer endo- 
surveillance over many years. Therefore, the best 
virtual cystoscopy cannot yet replace cystoscopy.  

    Urine Cytology and Other Urine 
Markers 

 The standard and still most widely used non- 
invasive test for bladder cancer is voided urine 
cytology. A fresh cytological evaluation has a 
sensitivity and specifi city of >90 % to detect high 

grade urothelial cancer, and is useful to detect 
CIS [ 12 ,  13 ]. Correct urine cytology analysis 
requires signifi cant operator expertise, is costly, 
and has poor sensitivity for low-grade urothelial 
cancer. 

 Other urine based tests exploiting molecular 
markers—either laboratory analysis (e.g. 
UroVysion, Microsatellite analysis, gene micro-
array, ImmunoCyt, BTA TRAK), or point-of- 
care tests (NMP22, BTA Stat), have been 
developed in an attempt to improve upon cytol-
ogy. In a systematic review of 71 studies report-
ing the performance of biomarkers and cytology 
in detecting bladder cancer, with 95 % CI, overall 
sensitivity was highest for ImmunoCyt, an immu-
nocytological test which measures two antigens 
found in the urine of patients with bladder cancer 
[84 % (77–91 %)] and lowest for cytology [44 % 
(38–51 %)], whereas specifi city was highest for 
cytology [96 % (94–98 %)] and lowest for 
ImmunoCyt [75 % (68–83 %)] [ 14 ]. Fluorescence 
in-situ-hybridization (FISH) had the highest 
median sensitivity (95 %) for detecting high-risk 
bladder cancer, and both FISH and ImmunoCyt 
had median sensitivities of 100 % for CIS. 

 NMP22 BladderChek is the most widely used 
point-of-care test with a higher sensitivity overall 
for bladder cancer than urine cytology. In a meta- 
analysis of fi ve studies involving 2,426 partici-
pants, the median sensitivity for bladder cancer 
was 65 % (50–85 %) [ 14 ]. However, the low 
specifi city 81 % (40–87 %) limits its routine clin-
ical use. 

 Current evidence suggests that no urine bio-
marker can replace urine cytology for the detec-
tion of high grade bladder cancer, and no urine 
test, alone or in combination, can yet replace cys-
toscopy which is still standard of care for the 
diagnosis and surveillance up of bladder cancer.  

    Cystoscopy and TURBT 

 The cornerstone of bladder cancer manage-
ment is the initial cystoscopy, bladder mapping, 
TURBT, and examination under anesthesia. The 
aims of the operation are to obtain tissue for a 
histological diagnosis and accurate cancer staging 
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(Tables  14.1 ,  14.2 , and  14.3 ). It is critical to dif-
ferentiate NMIBC from muscle invasive bladder 
cancer (MIBC), and it is essential to adequately 
sample the muscularis propria. At second resec-
tion when there is no muscle in the original speci-
men, 49 % of patients were upstaged compared 
with 14 % when muscle was present [ 2 ,  15 ]. A 
diagnosis of concomitant CIS should be sought, 
as its presence can signifi cantly change prognosis 
and management. The EAU guidelines recom-
mend separate resection of the tumor base and 
resection margins to achieve these endpoints [ 16 ].

     Accurate histological diagnosis and staging 
ensures appropriate treatment, and in NMIBC, 

complete tumor clearance reduces ‘recurrence’ 
and improves the effectiveness of adjuvant intra-
vesical therapies [ 17 ]. A ‘radical’ TURBT is not 
recommended as monotherapy for MIBC, but 
‘maximal’ TURBT forms part of contemporary 
multimodal bladder preservation therapy for 
MIBC. A complete TURBT has been demon-
strated to increase the rate of complete response 
to chemoradiotherapy (from 63 to 74 %) and 
reduce the need for salvage radical cystectomy 
(from 50 to 29 %) [ 18 ,  19 ]. 

 The overall incidence of TURBT complica-
tions was 5.1 % of 2,821 patients in one study 

   Table 14.1    American Joint Committee on Cancer TNM 
staging for bladder cancer, IUCC 2002 [ 86 ]   

  Primary tumor (T)  
   Tx: Primary tumor cannot be assessed 
   T0: No evidence of primary tumor 
   Ta: Noninvasive papillary carcinoma 
   Tis: Carcinoma in situ (i.e., fl at tumor) 
   T1:  Tumor invades subepithelial connective tissue 

(lamina propria) 
   T2: Tumor invades muscle 
       pT2a: Tumor invades superfi cial muscle (inner 

half) 
      pT2b: Tumor invades deep muscle (outer half) 
   T3: Tumor invades perivesical tissue 
      pT3a: Microscopically 
      pT3b: Macroscopically (extravesical mass) 
   T4:  Tumor invades any of the following: prostate, 

uterus, vagina, pelvic wall, or abdominal wall 
      T4a: Tumor invades the prostate, uterus, vagina 
      T4b:  Tumor invades the pelvic wall, abdominal 

wall 
  Regional lymph nodes (N)  
   Nx: Regional lymph nodes cannot be assessed 
   N0: No regional lymph node metastasis 
   N1:  Metastasis in a single lymph node, =2 cm in 

greatest dimension 
   N2:  Metastasis in a single lymph node, >2 cm but 

=5 cm in greatest dimension; or multiple lymph 
nodes, =5 cm in greatest dimension 

   N3: Metastasis in a lymph node, >5 cm in greatest 
dimension 

  Distant metastasis (M)  
   Mx: Distant metastasis cannot be assessed 
   M0: No distant metastasis 
   M1: Distant metastasis 

   Table 14.2    1973 WHO histological tumor grading [ 87 ]   

 Urothelial papilloma 
 Grade 1 (G1)—well differentiated 
   Increase in number of urothelial cell layers, some 

loss of normal cellular orientation. No invasion 
 Grade 2 (G2)–moderately differentiated 
   Increased mitotic activity and loss of cellular polarity 
   Nuclei more abnormal and show variable staining 
 Grade 3 (G3)—poorly differentiated 
   Cells very poorly differentiated with loss of cellular 

cohesion. Invasion often seen 

   Table 14.3    The 2004 WHO/ISUP consensus classifi ca-
tion [ 88 ]   

  Normal  
   Normal—may include cases formerly “mild 

dysplasia” 
  Hyperplasia  
   Flat 
   Papillary 
  Flat lesions with atypia  
   Reactive (infl ammatory) 
   Atypia of unknown signifi cance 
   Dysplasia (low grade intraurothelial neoplasia) 
   Carcinoma in situ (high grade intraurothelial 

neoplasia) 
  Papillary neoplasms  
   Papilloma 
   Inverted papilloma 
   Papillary neoplasm of low malignant potential 

(PUNLMP) 
   Papillary carcinoma, low grade 
   Papillary carcinoma, high grade 
  Invasive neoplasms  
   Lamina propria invasion 
   Muscularis propria (detrusor) invasion 
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[ 20 ], but rises with increasing tumor size and 
multifocality. Bladder perforation is one of the 
most devastating complications. Open surgery 
for bladder perforation was required in 15 of 
4,144 (0.36 %) patients in one retrospective 
cohort series, two of whom died of the iatrogenic 
injury [ 21 ]. Although carrying out traditional 
monopolar (MP) TURBT under full muscle 
paralysis, not overfi lling the bladder, and use of 
short bursts of diathermy, can reduce the inci-
dence of obturator nerve stimulation which can 
lead to bladder perforation, this can be avoided 
by the use of alternative energy sources.   

14.3     Evolving TURBT 

    Bipolar TURBT (BP-TURBT) 

 Monopolar (MP-) TURBT has been the gold 
standard operation for bladder cancer. 
BP-TURBT is inherently safer, by reducing the 
chance of obturator nerve stimulation and by bet-
ter hemostasis. Using a similar resectoscope and 
loop, plasmakinetic BP-TURBT uses transfer-
able skills giving a short learning curve. 

 MP-TURBT and BP-TURBT have been com-
pared in randomized [ 22 – 24 ] and non- randomized 
studies [ 25 ]. Those receiving BP-TURBT had 
no/lower risk of bladder perforation and a day 
shorter catheterization and hospitalization times. 
One group found that bladder perforation with 
BP-TURBT, was more likely with higher power, 
and abolished it by reducing the energy setting 
from 160 W cut /80 W coagulation to 50/40 W 
[ 26 ]. BP-TURBT may have advantages beyond 
less morbidity. In one randomized study less 
residual tumor was found in the bipolar group 
(9.3 % vs. 20.8 %) [ 24 ]. One could speculate that 
improved hemostasis and less char allows better 
tumor visibility, allowing more thorough resec-
tion. No difference in the quality of bladder 
tumor chips submitted for histological evaluation 
was found when MP-TURBT and BP-TURBT 
specimens were compared blindly [ 27 ]. 

 Bipolar plasmavaporization of bladder tumors 
with the button ‘mushroom’ electrode instead of a 
resecting loop, is an ablative technique which may 

be useful for managing the bulk of large volume 
tumors or small recurrences [ 24 ,  28 ]. Biopsies of 
the tumor and tumor base are required as no tissue 
specimen is obtained using this technique.  

    The En-bloc Resection 

 Another possible recurrence mechanism is that 
traditional piecemeal TURBT may scatter tumor 
cells into the bladder lumen from where they 
could implant into the freshly cut and other uro-
thelial surfaces [ 29 ]. Adjuvant single shot che-
motherapy, as recommended for all patients by 
the EAU guidelines [ 16 ], was conceptualized to 
prevent cell implantation, thus overcoming this 
TURBT shortcoming [ 30 ]. En-bloc bladder 
tumor resection with a margin of normal tissue 
refi nes the surgical technique itself, for a more 
oncologically sound operation and may reduce 
NMIBC recurrence while providing a better a 
surgical specimen [ 31 ]. 

 The EAU guidelines recommend that tumors 
<1 cm should be resected en-bloc [ 16 ]. A litera-
ture review reveals diverse techniques of en-bloc 
resection, but also that larger tumors can safely 
be managed thus. 

 En-bloc resection was described in 1997 using 
a bespoke arched resection electrode [ 32 ]. Other 
groups have used a knife electrode, a J-shaped 
needle, or more recently, the Holmium laser [ 33 –
 36 ]. One group carried out en-bloc resection of 
tumors measuring 0.5–4.5 cm using the Collins 
knife in 41/46 (89 %) consecutive patients. The 
fi ve tumors that could not be resected en-bloc 
were at the bladder neck [ 37 ]. Another group 
reported en-bloc polypectomy using a 7Fr mono-
polar lasso-like snare electrode passed through a 
cystoscope for tumors <5 cm. A margin of en- 
bloc normal bladder wall cannot be excised with 
the tumor by this method, and some tumors 
required bisection in order to be removed, but it 
was suggested that the majority of specimens 
could be withdrawn with the cystoscope or within 
a mesh net, reducing tumor cell scatter [ 38 ]. 
Fritsche combined a water jet dissector and nee-
dle knife (HybridKnife). The water jet at 30 atm 
elevated the tumor on the superfi cial layer of the 
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muscularis propria on a bleb of saline thus facili-
tating en-bloc resection. The users found it easy 
to learn, with no additional morbidity [ 39 ]. 

 Perhaps the most interesting technique is blad-
der tumor excision using an end fi ring laser fi ber. 
It is a precise surgical tool, which negates obtura-
tor nerve stimulation risk. Both Holmium and 
Thulium lasers have been used for bladder can-
cer. Several small studies found Holmium laser 
bladder tumor resection (HoLBRT) to be techni-
cally safe and histologically uncompromised [ 33 , 
 40 – 42 ]. A large non-randomized comparison of 
101 HoLBRT and 111 MP-TURBT in primary 
tumors found operative time to be longer, but 
fewer complications, and shorter catheterization 
and hospitalization by 1 day, in the HoLBRT 
group [ 43 ]. En-bloc resection was possible in 
84.9 % of 152 tumors, except for anterior wall 
tumors. Although the study was not designed to 
detect a difference in recurrence rates, after mean 
follow up of 34 months, during which all patients 
received adjuvant intravesical chemotherapy, no 
difference in recurrence was seen. 

 In a small six patient study, all histological 
specimens obtained after Thulium laser bladder 
tumor resection included deep muscle layer sam-
pling, and there was no residual tumor at re- 
resection 6 weeks later [ 44 ]. 

 Lasers are probably the best surgical tools for 
en-bloc bladder tumor resection. The current lit-
erature describes HoLBRT as a safe technique 
but effi cacy evaluation in large prospective ran-
domized trials is lacking.   

14.4     Adjuncts to TURBT: 
Improving Tumor Detection 

 Signifi cant evidence exists to prove that after an 
apparently visually complete resection, residual 
tumor frequently remains. A second, or re- 
resection, for patients with high-risk bladder can-
cer manages some of this residual disease, and in 
patients with low-risk disease, residual cancer 
may be detected as ‘recurrence’ at the fi rst 
3 month check cystoscopy. The more contempo-
rary approach however, is to try to improve the 
fi rst operation. 

    Photodynamic Diagnosis (PDD)  

 In the 1970s Kelly and Snell used PDD success-
fully to detect bladder tumors in cystectomy 
specimens using intravenous hematoporphyrin 
derivative and ultraviolet (UV) wavelength 390–
420 nm light [ 45 ]. This technique utilized the 
heme    biosynthetic pathway (Fig.  14.1 ). Kriegmair 
and colleagues, carried out a series of ground-
breaking clinical studies using an intravesical 
photosensitizer 5-aminolevulinic acid (5ALA) in 
the 1990s [ 46 – 49 ]. This was the beginning of the 
modern era of clinically feasible PDD for bladder 
cancer.  

 The third generation, regulatory approved, 
photosensitizer is hexylaminolevulinate (HAL). 
HAL causes tumors to fl uorescence red contrast-
ing against blue normal urothelium (Fig.  14.2 ). 
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  Fig. 14.1    Heme biosyn-
thetic pathway. When the 
negative feedback mecha-
nism of heme on 5ALA is 
overcome by exogenous 
5ALA the fl uorescent 
molecule protoporphyrin IX 
(PPIX) accumulates 
selectively in tumor cells       
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In addition to a safe, effective photosensitizer admin-
istered intravesically, PDD also requires a UV light 
source, narrow fl uid light cables, a cystoscope modi-
fi ed with fi lters, and a CCD camera which allows the 
switch between white and blue light.  

 A systematic review of the literature including 
27 studies and 2,949 patients confi rmed that PDD 
using either 5ALA or HAL had higher sensitivity 
for tumor than white light cystoscopy (WLC) 
(92 % vs. 71 %), but lower specifi city (57 % vs. 
72 %) at both patient and biopsy levels [ 14 ]. This 
difference was most pronounced for high-risk 
tumors where at the biopsy level, median sensi-
tivity was 99 % vs. 67 %. Most importantly, 
improved tumor detection translated into reduced 
residual tumor and recurrence at 2 years. PDD 
assisted MP-TURBT resulted in statistically sig-
nifi cantly fewer residual tumors [RR 0.37 (95 % 
CI, 0.20–0.69)]; and a small but statistically sig-
nifi cant improvement in recurrence free survival 
(RFS) [RR 1.37 (95 % CI, 1.18–1.59)]. 

 An unpublished meta-analysis of eight HAL- 
PDD studies including 2,231 patients found simi-
lar results. HAL-PDD detected 13.2 % more pTa 
tumors, 39.8 % more CIS lesions, and 24.6 % 
more CIS patients. Patients with new bladder 
cancer and recurrence benefi tted. Recurrence at 
12 months was lower in the PDD group at 34.5 % 
compared with 45.4 % in the WLC group [ 50 ]. 
Denzinger reported 80 % RFS at 8 years after 

PDD for patients with T1 high grade NMIBC 
compared with 52 % after WLC [ 51 ] suggesting 
a durable effect on recurrence. For progression, 
although PDD assisted TURBT slightly favored 
WLC, patient numbers were small, confi dence 
intervals were wide, and the differences were not 
statistically signifi cant [ 14 ,  52 ,  53 ]. 

 Despite these convincing meta-analyses, 
recent studies have challenged the effi cacy of 
PDD. Schumacher found high recurrence rates 
with no statistically signifi cant difference at 
1 year after WLC or 5ALA-PDD (53.1 % vs 
50.4 %) [ 53 ]. 

 Additionally, two trials using HAL and a rou-
tine single dose of intravesical chemotherapy for 
all patients found confl icting outcomes. A UK 
randomized trial of patients newly presenting 
with bladder cancer failed to show a statistically 
signifi cant difference in 1 year recurrence after 
WLC or HAL-PDD (20 % vs. 15 %) [ 54 ]. 
However, in the trial by Karaolides, large differ-
ences in recurrence were seen at 18 months after 
WLC and HAL-PDD (49.4 % vs. 17.5 %) [ 55 ]. 

 The improved detection of CIS is one of the 
undisputed attributes of PDD. Sensitivity ranges 
92–97 % for HAL-PDD compared with 58–68 % 
for WLC [ 52 ,  56 – 58 ]. PDD should be considered 
for all patients with high grade cancer cells in the 
urine and an apparent absence of visible tumor in 
the bladder at WLC. 

a b

  Fig. 14.2    Photodynamic diagnosis with hexylaminolevulinate. ( a )  White  light cystoscopy, ( b ) PDD assisted cystos-
copy gives a clearer indication of the extent of the tumor: histology low grade G2pTa + carcinoma in situ       
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 PDD undoubtedly improves tumor detection at 
the level of the urothelium: at the resection margin, 
satellite lesions, multifocal tumor, and CIS. What 
is still not categorically clear is whether PDD-
assisted resection results in reduced long term 
recurrence. The results of good quality random-
ized trials, with and without adjunctive routine 
instillation chemotherapy and early re-resection, 
have demonstrated confl icting evidence. Although 
easy to learn, PDD requires a signifi cant economi-
cal investment, while its clinical effectiveness is 
still to be completely realized.  

    Narrow Band Imaging 

 Digital imaging allows the incorporation of other 
technologies such as Narrow Band Imaging 

(NBI). White light is fi ltered to produce 415 nm 
blue and 540 nm green wavelengths which are 
absorbed by hemoglobin. On the NBI image 
blood vessels, which are more numerous in 
tumors, appear black, increasing the contrast 
between tumor and normal urothelium (Fig.  14.3 ). 
Bryan et al. fi rst published results on the use of 
NBI in fl exible cystoscopic assessment of recur-
rent NMIBC in 2008 and found it to be a tech-
nique which was easily adopted by new users 
[ 59 ,  60 ]. NBI, like PDD, can assist endoscopic 
tumor detection by achieving adequate resection 
margins.  

 A systematic review and meta-analysis of NBI 
assisted WLC in 1,040 patients demonstrated 
that NBI detected an additional 17 % bladder 
cancer patients with an additional 24 % tumor 
detection [ 61 ,  62 ], and an additional 28 % CIS 

a

c

b

  Fig. 14.3    Narrow Band Imaging (NBI) of area of bladder Carcinoma in situ ( a ) White light Cystoscopy, ( b ) NBI, ( c ) 
histology of targeted biopsy (Courtesy of Prof. Seiji Naito, Dept. Urology, Kyushu University, Fukuoka, Japan)       
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detection. Two prospective randomized studies 
have assessed the effect of NBI on bladder tumor 
recurrence [ 23 ,  63 ]. Geavlete found that residual 
tumor was signifi cantly lower in the groups 
assessed with NBI (6.3 % vs. 17.5 %), which 
translated into signifi cantly lower recurrence at 
1 year (7.9 % vs. 17.8 %) [ 23 ]. Naselli found that 
after NBI, recurrence was signifi cantly lower 
than in the WLC group at 3 months (3.9 % vs. 
16.7 %) and at 1 year (32.9 % vs. 51.4 %) [ 63 ]. 
NBI was also found useful for the assessment 
patients with positive urine cytology for cancer, 
but no visible WLC disease (5/12 [42 %] had 
bladder cancer detected by NBI) [ 64 ]. 

 These results are comparable to PDD, but NBI 
is potentially more cost-effi cient as it requires 
only cystoscopes with NBI capability, in contrast 
to PDD, which involves preparation, time, and 
consumables.   

14.5     Adjuncts to TURBT: Real 
Time Assessment of Bladder 
Lesions 

    Optical Coherence Tomography 
(OCT) 

 The use of OCT (Niris System: Imalux) was fi rst 
reported in the human bladder in 1997 [ 65 ]. It 
uses near infrared light interferometry to visual-
ize tissue microstructure in cross section. A 
2.7 mm diameter OCT fi ber passed through the 
cystoscope allows visualization of a small fi eld of 
view with 2–3 mm penetration depth down to the 
muscularis propria. OCT offers the possibility of 
real time bladder lesion assessment detected by 
WLC, PDD, or NBI. In one small study, it was 
possible to differentiate between normal bladder, 
chronic infl ammation, squamous metaplasia, 
severe dysplasia, and urothelial carcinoma [ 66 ]. 
It may also be valuable in the assessment of the 
extent of tumor depth, complimenting PDD and 
NBI, which assess the tumor lateral extent, for 
more complete resection. 

 In studies comparing OCT and histopathol-
ogy, the sensitivity for cancer was 100 %; for 
detection of invasion of the lamina propria 

90–100 %; and for detection of muscle invasive 
cancer 100 %, with a specifi city of only 65–89 % 
[ 67 – 70 ]. 

 Schmidbauer found that by combining PDD 
and OCT the specifi city of PDD alone was 
increased from 78.6 to 97.9 % [ 71 ]. High magni-
fi cation cystoscopy is a newer technique of NBI 
which can be used to look for neoangiogenesis 
and vascular patterns characteristic of a neo-
plasm, on suspect lesions [ 72 ]. OCT is not in 
common clinical use yet.  

    Raman Spectroscopy 

 This is a technique in which the Raman effect of 
light is used to assess the molecular composition 
of a bladder lesion. Like OCT it also has the 
potential for real-time assessment of bladder 
lesions. However, although it has shown some 
success in the assessment of cancer cell grade in 
urine [ 73 ], and the differentiation of cancerous 
from benign bladder biopsies with 84 % accuracy 
[ 74 ], only ex-vivo studies exist. In vivo endo-
scopic use has been unsuccessful due to poor 
specifi city, but newly developed confocal Raman 
probes show some promise ex-vivo [ 75 ].  

    Confocal Laser Endomicroscopy 

 This new endoscopic technique has been adapted 
from the gastroenterology setting to rigid 
(2.6 mm) and fl exible cystoscopic (1.4 mm) 
probes, which transmit a low energy laser light 
source to a urothelium after administration of 
intravenous or intravesical fl uorescein (as urothe-
lium lacks autofl uorescence). The larger probes 
give a real time microscopic cellular architectural 
view akin to high power light microscopy (LM) 
with a 60–100 μm depth and a 240 μm fi eld of 
view, while the smaller probes are more akin to a 
“low-power LM view” with 600 μm fi eld of view. 
Presently, it can be used to evaluate urothelium, 
vessels, muscle and fat, but cannot evaluate 
nuclear detail or be combined with HAL, is 
 subjective, requires a 15–20 min evaluation time, 
and lacks multicenter studies [ 76 ].  
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    Bladder Surveillance 

 Flexible cystoscopic surveillance has largely 
replaced rigid cystoscopy. New diagnostic tech-
niques and concepts are also infl uencing surveil-
lance and management of recurrence.  

    PDD and NBI 

 PDD is feasible via fl exible cystoscopy, but the 
expense, preparation and need to repeat PDD at 
the time of general anesthetic have prevented its 
widespread adoption in routine surveillance pro-
grams [ 77 – 79 ]. Conversely, NBI does not require 
any special preparation and therefore is ideally 
suited to the outpatient setting. Herr demon-
strated that by introducing regular NBI into the 
surveillance program for a 3 year period, the 
median recurrence free interval could be extended 
in patients with a recent history of tumor recur-
rence from 13 to 29 months [ 80 ].  

    Holmium Laser Tumor Ablation 

 Holmium laser fulguration at 10 W via the same 
fl exible cystoscope is ideally suited for small 
low-risk tumors in high anesthetic risk patients. 
Flexible cystoscopy PDD may be attractive if 
Holmium laser ablation were immediately avail-
able when tumor was detected [ 81 ]. Soler- 
Martinez reported on the feasibility of laser 
tumor ablation, although patients had intravenous 
sedation in addition to topical urethral 2 % lido-
caine [ 82 ]. All but one patient preferred it to 
TURBT, and visual analog    pain scales were low. 
Jönler found that Holmium laser ablation of 
recurrent tumors was feasible and acceptable by 
patients under local anesthetic alone [ 83 ].  

    Active Surveillance 

 Active surveillance is the cystoscopic surveil-
lance of a bladder cancer without intervention. 
Such an approach may be attractive for patients 
with recurrent low risk cancer and signifi cant 
comorbidity. In a prospective cohort matched 

study of 64 patients with low risk tumors, 6.5 % 
progressed in stage (none to MIBC), and 17.2 % 
progressed in grade [ 84 ] over a median surveil-
lance period of 10.3 months. Such an approach is 
not advocated in any guidelines, as more safety 
determinations are required.  

    Surveillance After Bladder 
Preservation Therapy for MIBC 

 Evidence of tumor at fi rst check cystoscopy after 
bladder preservation treatment indicates need 
for salvage cystectomy for fi t patients. However, 
the best surveillance schedule for patients hav-
ing a complete response to radical chemoradio-
therapy is not clear. Recommendations from a 
recent systematic review advocated a general 
anesthetic check cystoscopy at 3 months and at 
15–36 months, when recurrence was most likely. 
Otherwise fl exible cystoscopy surveillance 
should continue for at least 10 years [ 85 ].       

 Key Points 

•     Cystoscopy and TURBT are at the foun-
dation of bladder cancer diagnosis and 
management of NMIBC  

•   Virtual cystoscopy cannot yet replace 
diagnostic or surveillance cystoscopy  

•   No urine based molecular marker can 
replace cystoscopy or voided urine 
cytology  

•   The gold standard monopolar TURBT 
is fl awed  

•   Bipolar TURBT is safer and is easy to 
adopt  

•   En-bloc laser tumor resection is safer 
and has the potential to reduce tumor 
recurrence  

•   PDD and NBI both improve tumor 
detection and may improve long term 
tumor recurrence  

•   PDD or NBI is recommended to investi-
gate patients with malignant urine cytol-
ogy, with no endoscopic white light 
evidence of disease  

14 Diagnostic and Endoscopic Management of Bladder Tumors



142

   References 

    1.    Schips L, Augustin H, Zigeuner R, Trummer H, 
Pummer K, Hubmer G. Is second transurethral resec-
tion justifi ed in patients with newly diagnosed superfi -
cial bladder cancer? Eur Urol. 2000;37(Supp1.2):111.  

     2.    Schwaibold HE, Sivalingam S, May F, Hartung 
R. The value of a second transurethral resection for 
T1 bladder cancer. BJU Int. 2006;97(6):1199–201.  

    3.    Brausi M, Collette L, Kurth K, van der Meijden AP, 
Oosterlinck W, Witjes JA, et al. Variability in the 
recurrence rate at fi rst follow-up cystoscopy after 
TUR in stage Ta T1 transitional cell carcinoma of the 
bladder: a combined analysis of seven EORTC stud-
ies. Eur Urol. 2002;41(5):523–31.  

    4.    Elias K, Svatek RS, Gupta S, Ho R, Lotan Y. High- 
risk patients with hematuria are not evaluated 
according to guideline recommendations. Cancer. 
2010;116(12):2954–9.  

    5.    Khadra MH, Pickard RS, Charlton M, Powell PH, 
Neal DE. A prospective analysis of 1,930 patients 
with hematuria to evaluate current diagnostic practice. 
J Urol. 2000;163(2):524–7.  

    6.    Vining DJ, Zagoria RJ, Liu K, Stelts D. CT cystos-
copy: an innovation in bladder imaging. AJR Am J 
Roentgenol. 1996;166(2):409–10.  

    7.    Karabacak OR, Cakmakci E, Ozturk U, Demirel F, Dilli 
A, Hekimoglu B, et al. Virtual cystoscopy: the evalu-
ation of bladder lesions with computed tomographic 
virtual cystoscopy. Can Urol Assoc J. 2011;5(1):34–7.  

    8.    Singh I, Mehrotra G, Jaura MS, Agarwal V, Tandon 
A, Joshi M. Virtual cystoscopy (pneumo-cystoscopy)-
its utility in the prospective evaluation of bladder 
tumor. Indian J Urol. 2012;28(2):164–8.  

   9.       Amin MF, Abd El Hamid AM. The diagnostic accu-
racy of multidetector computed tomography with 
multiplanar reformatted imaging and virtual cystos-
copy in the early detection and evaluation of bladder 
carcinoma: comparison with conventional cystoscopy. 
Abdom Imaging. 2013;38(1):184–92.  

    10.    Kuehhas FE, Weibl P, Tosev G, Schatzl G, Heinz-Peer 
G. Multidetector computed tomography virtual cys-

toscopy: an effective diagnostic tool in patients with 
hematuria. Urology. 2012;79(2):270–6.  

    11.    Qu X, Huang X, Wu L, Huang G, Ping X, Yan 
W. Comparison of virtual cystoscopy and ultrasonog-
raphy for bladder cancer detection: a meta-analysis. 
Eur J Radiol. 2011;80(2):188–97.  

    12.    Habuchi T, Marberger M, Droller MJ, Hemstreet III 
GP, Grossman HB, Schalken JA, et al. Prognostic 
markers for bladder cancer: international consensus 
panel on bladder tumor markers. Urology. 2005;66(6 
Suppl 1):64–74.  

    13.    Lokeshwar VB, Habuchi T, Grossman HB, Murphy 
WM, Hautmann SH, Hemstreet III GP, et al. Bladder 
tumor markers beyond cytology: international con-
sensus panel on bladder tumor markers. Urology. 
2005;66(6 Suppl 1):35–63.  

       14.       Mowatt G, Zhu S, Kilonzo M, Boachie C, Fraser C, 
Griffi ths TR, et al. Systematic review of the clinical 
effectiveness and cost-effectiveness of photodynamic 
diagnosis and urine biomarkers (FISH, ImmunoCyt, 
NMP22) and cytology for the detection and fol-
low-up of bladder cancer. Health Technol Assess. 
2010;14(4):1–331. iv.  

    15.    Herr HW. The value of a second transurethral resec-
tion in evaluating patients with bladder tumors. J Urol. 
1999;162(1):74–6.  

      16.    Babjuk M, Oosterlinck W, Sylvester R, Kaasinen E, 
Bohle A, Palou-Redorta J, et al. EAU guidelines on 
non-muscle-invasive urothelial carcinoma of the blad-
der, the 2011 update. Eur Urol. 2011;59(6):997–1008.  

    17.    Herr HW. Restaging transurethral resection of high 
risk superfi cial bladder cancer improves the initial 
response to bacillus Calmette-Guerin therapy. J Urol. 
2005;174(6):2134–7.  

    18.    Coen JJ, Zietman AL, Kaufman DS, et al. Trimodality 
therapy in the management of muscle-invasive bladder 
cancer: a selective organ-sparing approach. In: Lerner 
SP, Schoenberg MP, Sternberg CN, editors. Textbook 
of bladder cancer. Oxford: Taylor & Francis; 2006. 
p. 569–77.  

    19.    Mak RH, Zietman AL, Heney NM, Kaufman DS, 
Shipley WU. Bladder preservation: optimizing radio-
therapy and integrated treatment strategies. BJU Int. 
2008;102(9 Pt B):1345–53.  

    20.    Collado A, Chechile GE, Salvador J, Vicente J. Early 
complications of endoscopic treatment for superfi cial 
bladder tumors. J Urol. 2000;164(5):1529–32.  

    21.    Golan S, Baniel J, Lask D, Livne PM, Yossepowitch 
O. Transurethral resection of bladder tumour compli-
cated by perforation requiring open surgical repair—
clinical characteristics and oncological outcomes. 
BJU Int. 2011;107(7):1065–8.  

    22.      Del RA, Pace G, Masciovecchio S, Saldutto P, 
Galatioto GP, Vicentini C. Plasmakinetic bipolar ver-
sus monopolar transurethral resection of non-muscle 
invasive bladder cancer: A single center randomized 
controlled trial. Int J Urol. 2013;20(4):399–403.  

     23.    Geavlete B, Multescu R, Georgescu D, Stanescu F, 
Jecu M, Geavlete P. Narrow band imaging cystoscopy 
and bipolar plasma vaporization for large nonmuscle- 

•   Techniques like OCT, Raman spectros-
copy, and confocal laser endomicros-
copy, may in the future allow in vivo 
assessment of abnormal urothelial 
lesions  

•   Novel surveillance strategies for 
NMIBC including NBI and PDD 
assisted fl exible cystoscopy, local anes-
thetic laser ablation, and active surveil-
lance are intriguing developments    

E.R. Ray and A. Patel



143

invasive bladder tumors—results of a prospective, 
randomized comparison to the standard approach. 
Urology. 2012;79(4):846–51.  

      24.    Geavlete B, Multescu R, Georgescu D, Jecu M, 
Dragutescu M, Geavlete P. Innovative technique in 
nonmuscle invasive bladder cancer-bipolar plasma 
vaporization. Urology. 2011;77(4):849–54.  

    25.    Xishuang S, Deyong Y, Xiangyu C, Tao J, Quanlin 
L, Hongwei G, et al. Comparing the safety and effi -
ciency of conventional monopolar, plasmakinetic, 
and holmium laser transurethral resection of primary 
non- muscle invasive bladder cancer. J Endourol. 
2010;24(1):69–73.  

    26.    Gupta NP, Saini AK, Dogra PN, Seth A, Kumar 
R. Bipolar energy for transurethral resection of blad-
der tumours at low-power settings: initial experience. 
BJU Int. 2011;108(4):553–6.  

    27.    Wang DS, Bird VG, Leonard VY, Plumb SJ, Konety 
B, Williams RD, et al. Use of bipolar energy for trans-
urethral resection of bladder tumors: pathologic con-
siderations. J Endourol. 2004;18(6):578–82.  

    28.    Canter DJ, Ogan K, Master VA. Initial North 
American experience with the use of the Olympus 
button electrode for vaporization of bladder tumors. 
Can J Urol. 2012;19(2):6211–6.  

    29.    Albarran J, Imbert L. Les Tumeurs du Rein. Paris: 
Masson et Cie; 2006. p. 452–9.  

    30.    Tolley DA, Parmar MK, Grigor KM, Lallemand G, 
Benyon LL, Fellows J, et al. The effect of intravesi-
cal mitomycin C on recurrence of newly diagnosed 
superfi cial bladder cancer: a further report with 7 
years of follow up. J Urol. 1996;155(4):1233–8.  

    31.    Ray ER, O’Brien TS. Should urologists be spending more 
time on the golf course? BJU Int. 2007;100(4):728–9.  

    32.    Kawada T, Ebihara K, Suzuki T, Imai K, Yamanaka 
H. A new technique for transurethral resection of 
bladder tumors: rotational tumor resection using a 
new arched electrode. J Urol. 1997;157(6):2225–6.  

     33.    Das A, Gilling P, Fraundorfer M. Holmium laser 
resection of bladder tumors (HoLRBT). Tech Urol. 
1998;4(1):12–4.  

   34.    Lodde M, Lusuardi L, Palermo S, Signorello D, 
Maier K, Hohenfellner R, et al. En bloc transurethral 
resection of bladder tumors: use and limits. Urology. 
2003;62(6):1089–91.  

   35.    Saito S. Transurethral en bloc resection of bladder 
tumors. J Urol. 2001;166(6):2148–50.  

    36.    Ukai R, Kawashita E, Ikeda H. A new technique for 
transurethral resection of superfi cial bladder tumor in 
1 piece. J Urol. 2000;163(3):878–9.  

    37.    Naselli A, Introini C, Germinale F, Spina B, Puppo 
P. En bloc transurethral resection of bladder lesions: 
a trick to retrieve specimens up to 4.5 cm. BJU Int. 
2012;109(6):960–3.  

    38.    Maurice MJ, Vricella GJ, MacLennan G, Buehner P, 
Ponsky LE. Endoscopic snare resection of bladder 
tumors: evaluation of an alternative technique for blad-
der tumor resection. J Endourol. 2012;26(6):614–7.  

    39.    Fritsche HM, Otto W, Eder F, Hofstadter F, Denzinger 
S, Chaussy CG, et al. Water-jet-aided transurethral 

dissection of urothelial carcinoma: a prospective clin-
ical study. J Endourol. 2011;25(10):1599–603.  

    40.    Hossain MZ, Khan SA, Salam MA, Hossain S, 
Islam R. Holmium YAG laser treatment of superfi -
cial bladder carcinoma. Mymensingh Med J. 2005;
14(1):13–5.  

   41.    Muraro GB, Grifoni R, Spazzafumo L. Endoscopic 
therapy of superfi cial bladder cancer in high-risk 
patients: holmium laser versus transurethral resection. 
Surg Technol Int. 2005;14:222–6.  

    42.    Zhong C, Guo S, Tang Y, Xia S. Clinical observation 
on 2 micron laser for non-muscle-invasive bladder 
tumor treatment: single-center experience. World J 
Urol. 2010;28(2):157–61.  

    43.    Zhu Y, Jiang X, Zhang J, Chen W, Shi B, Xu Z. Safety 
and effi cacy of holmium laser resection for primary 
nonmuscle-invasive bladder cancer versus trans-
urethral electroresection: single-center experience. 
Urology. 2008;72(3):608–12.  

    44.    Wolters M, Kramer MW, Becker JU, Christgen 
M, Nagele U, Imkamp F, et al. Tm:YAG laser en 
bloc mucosectomy for accurate staging of primary 
bladder cancer: early experience. World J Urol. 
2011;29(4):429–32.  

    45.    Kelly JF, Snell ME. Hematoporphyrin derivative: a 
possible aid in the diagnosis and therapy of carcinoma 
of the bladder. J Urol. 1976;115(2):150–1.  

    46.      Kriegmair M, Baumgartner R, Hofstetter A: In-
travesikale Instillation von Delta-Aminol~tvulins~mre 
(ALA)–Eine neue Methode zur photodynamischen 
Diagnostik und Therapie. Lasermedizin. 1992;8:83.  

   47.    Kriegmair M, Baumgartner R, Knuechel R, Steinbach 
P, Ehsan A, Lumper W, et al. Fluorescence photode-
tection of neoplastic urothelial lesions following intra-
vesical instillation of 5-aminolevulinic acid. Urology. 
1994;44(6):836–41.  

   48.    Kriegmair M, Baumgartner R, Knuchel R, Stepp H, 
Hofstadter F, Hofstetter A. Detection of early bladder 
cancer by 5-aminolevulinic acid induced porphyrin 
fl uorescence. J Urol. 1996;155(1):105–9.  

    49.    Kriegmair M, Zaak D, Stepp H, Stepp H, Baumgartner 
R, Knuechel R, et al. Transurethral resection 
and surveillance of bladder cancer supported by 
5- aminolevulinic acid-induced fl uorescence endos-
copy. Eur Urol. 1999;36(5):386–92.  

    50.   Burger M, Grossman HB, Droller MJ, Schmidbauer 
J, Hermann GG, Dragoescu O, et al. Photodynamic 
diagnosis of non-muscle invasive bladder cancer 
with hexaminolevulinate cystoscopy: a meta-analysis 
based on raw data. 1–11–2012. Ref Type: unpub-
lished work.  

    51.    Denzinger S, Burger M, Walter B, Knuechel R, 
Roessler W, Wieland WF, et al. Clinically relevant 
reduction in risk of recurrence of superfi cial blad-
der cancer using 5-aminolevulinic acid-induced 
 fl uorescence diagnosis: 8-year results of prospective 
randomized study. Urology. 2007;69(4):675–9.  

     52.    Geavlete B, Multescu R, Georgescu D, Jecu M, 
Stanescu F, Geavlete P. Treatment changes and 
long- term recurrence rates after hexaminolevulinate 

14 Diagnostic and Endoscopic Management of Bladder Tumors



144

(HAL) fl uorescence cystoscopy: does it really make a 
 difference in patients with non-muscle-invasive blad-
der cancer (NMIBC)? BJU Int. 2012;109(4):549–56.  

     53.    Schumacher MC, Holmang S, Davidsson T, Friedrich 
B, Pedersen J, Wiklund NP. Transurethral resec-
tion of non-muscle-invasive bladder transitional 
cell cancers with or without 5-aminolevulinic Acid 
under visible and fl uorescent light: results of a pro-
spective, randomised, multicentre study. Eur Urol. 
2010;57(2):293–9.  

    54.    Ray ER, Chatterton K, Wilby D, Khan MS, Thomas 
K, O’Brien TS. A prospective randomised trial of 
Hexylaminolevulinate (HAL) assisted transurethral 
resection (TURBT) plus single shot intravesical 
Mitomycin C (MMC) versus white light TURBT plus 
single shot MMC in newly presenting bladder cancer. 
BJU Int. 2011;108(S1):8. Ref Type: Abstract.  

    55.    Karaolides T, Skolarikos A, Bourdoumis A, 
Konandreas A, Mygdalis V, Thanos A, et al. 
Hexaminolevulinate-induced fl uorescence versus 
white light during transurethral resection of nonin-
vasive bladder tumor: does it reduce recurrences? 
Urology. 2012;80(2):354–9.  

    56.    Fradet Y, Grossman HB, Gomella L, Lerner S, 
Cookson M, Albala D, et al. A comparison of hexami-
nolevulinate fl uorescence cystoscopy and white light 
cystoscopy for the detection of carcinoma in situ in 
patients with bladder cancer: a phase III, multicenter 
study. J Urol. 2007;178(1):68–73.  

   57.    Jocham D, Witjes F, Wagner S, Zeylemaker B, van 
Moorselaar J, Grimm MO, et al. Improved detection 
and treatment of bladder cancer using hexaminolevu-
linate imaging: a prospective, phase III multicenter 
study. J Urol. 2005;174(3):862–6.  

    58.    Schmidbauer J, Witjes F, Schmeller N, Donat R, 
Susani M, Marberger M. Improved detection of uro-
thelial carcinoma in situ with hexaminolevulinate 
fl uorescence cystoscopy. J Urol. 2004;171(1):135–8.  

    59.    Bryan RT, Shah ZH, Collins SI, Wallace DM. Narrow- 
band imaging fl exible cystoscopy: a new user’s expe-
rience. J Endourol. 2010;24(8):1339–43.  

    60.    Bryan RT, Billingham LJ, Wallace DM. Narrow-
band imaging fl exible cystoscopy in the detection of 
recurrent urothelial cancer of the bladder. BJU Int. 
2008;101(6):702–5.  

    61.   Li K, Lin T, Fan X, Duan Y, Huang J. Diagnosis of 
narrow-band imaging in non-muscle-invasive bladder 
cancer: a systematic review and meta-analysis. Int J 
Urol. 2013;20(6):602–9.  

    62.   Zheng C, Lv Y, Zhong Q, Wang R, Jiang Q. Narrow 
band imaging diagnosis of bladder cancer: sys-
tematic review and meta-analysis. BJU Int. Dec 
2012;110(11 Pt B):E680-7.  

     63.    Naselli A, Introini C, Timossi L, Spina B, Fontana 
V, Pezzi R, et al. A randomized prospective trial to 
assess the impact of transurethral resection in narrow 
band imaging modality on non-muscle-invasive blad-
der cancer recurrence. Eur Urol. 2012;61(5):908–13.  

    64.    Zhu YP, Shen YJ, Ye DW, Wang CF, Yao XD, Zhang 
SL, et al. Narrow-band imaging fl exible cystoscopy in 

the detection of clinically unconfi rmed positive urine 
cytology. Urol Int. 2012;88(1):84–7.  

    65.    Sergeev A, Gelikonov V, Gelikonov G, Feldchtein 
F, Kuranov R, Gladkova N, et al. In vivo endoscopic 
OCT imaging of precancer and cancer states of human 
mucosa. Opt Express. 1997;1(13):432–40.  

    66.    Zagaynova EV, Streltsova OS, Gladkova ND, Snopova 
LB, Gelikonov GV, Feldchtein FI, et al. In vivo opti-
cal coherence tomography feasibility for bladder dis-
ease. J Urol. 2002;167(3):1492–6.  

    67.    Karl A, Stepp H, Willmann E, Buchner A, Hocaoglu 
Y, Stief C, et al. Optical coherence tomography for 
bladder cancer—ready as a surrogate for optical 
biopsy? Results of a prospective mono-centre study. 
Eur J Med Res. 2010;15(3):131–4.  

   68.    Manyak MJ, Gladkova ND, Makari JH, Schwartz 
AM, Zagaynova EV, Zolfaghari L, et al. Evaluation 
of superfi cial bladder transitional-cell carcinoma 
by optical coherence tomography. J Endourol. 
2005;19(5):570–4.  

   69.    Goh AC, Tresser NJ, Shen SS, Lerner SP. Optical 
coherence tomography as an adjunct to white 
light cystoscopy for intravesical real-time imag-
ing and staging of bladder cancer. Urology. 
2008;72(1):133–7.  

    70.    Ren H, Waltzer WC, Bhalla R, Liu J, Yuan Z, Lee CS, 
et al. Diagnosis of bladder cancer with microelectro-
mechanical systems-based cystoscopic optical coher-
ence tomography. Urology. 2009;74(6):1351–7.  

    71.    Schmidbauer J, Remzi M, Klatte T, Waldert M, 
Mauermann J, Susani M, et al. Fluorescence cystos-
copy with high-resolution optical coherence tomog-
raphy imaging as an adjunct reduces false-positive 
fi ndings in the diagnosis of urothelial carcinoma of 
the bladder. Eur Urol. 2009;56(6):914–9.  

    72.    Jichlinski P, Lovisa B. High magnifi cation cystoscopy 
in the primary diagnosis of bladder tumors. Curr Opin 
Urol. 2011;21(5):398–402.  

    73.    Shapiro A, Gofrit ON, Pizov G, Cohen JK, Maier 
J. Raman molecular imaging: a novel spectroscopic 
technique for diagnosis of bladder cancer in urine 
specimens. Eur Urol. 2011;59(1):106–12.  

    74.    Crow P, Molckovsky A, Stone N, Uff J, Wilson B, 
WongKeeSong LM. Assessment of fi beroptic near- 
infrared raman spectroscopy for diagnosis of bladder 
and prostate cancer. Urology. 2005;65(6):1126–30.  

    75.    Barman I, Dingari NC, Singh GP, Kumar R, Lang S, 
Nabi G. Selective sampling using confocal Raman 
spectroscopy provides enhanced specifi city for uri-
nary bladder cancer diagnosis. Anal Bioanal Chem. 
2012;404(10):3091–9.  

    76.    Sonn GA, Jones SN, Tarin TV, Du CB, Mach KE, 
Jensen KC, et al. Optical biopsy of human bladder 
neoplasia with in vivo confocal laser endomicroscopy. 
J Urol. 2009;182(4):1299–305.  

    77.    Loidl W, Schmidbauer J, Susani M, Marberger 
M. Flexible cystoscopy assisted by hexaminolevu-
linate induced fl uorescence: a new approach for 
bladder cancer detection and surveillance? Eur Urol. 
2005;47(3):323–6.  

E.R. Ray and A. Patel



145

   78.    Witjes JA, Moonen PM, van der Heijden 
AG. Comparison of hexaminolevulinate based fl exi-
ble and rigid fl uorescence cystoscopy with rigid white 
light cystoscopy in bladder cancer: results of a pro-
spective Phase II study. Eur Urol. 2005;47(3):319–22.  

    79.    Hermann GG, Mogensen K, Toft BG, Glenthøj 
A, Pedersen HM. Outpatient diagnostic of blad-
der tumours in fl exible cystoscopes: evaluation of 
fl uorescence- guided fl exible cystoscopy and bladder 
biopsies. Scand J Urol Nephrol. 2011;46(1):31–6.  

    80.    Herr HW, Donat SM. Reduced bladder tumour recur-
rence rate associated with narrow-band imaging sur-
veillance cystoscopy. BJU Int. 2011;107(3):396–8.  

    81.    Thomas K, O’Brien T. Blue-sky thinking about blue- 
light cystoscopy. BJU Int. 2009;104(7):887–9.  

    82.    Soler-Martinez J, Vozmediano-Chicharro R, Morales- 
Jimenez P, Hernandez-Alcaraz D, Vivas-Vargas E, 
Santos Garcia-Vaquero I, et al. Holmium laser treat-
ment for low grade, low stage, noninvasive bladder 
cancer with local anesthesia and early instillation of 
mitomycin C. J Urol. 2007;178(6):2337–9.  

    83.    Jonler M, Lund L, Bisballe S. Holmium: YAG laser 
vaporization of recurrent papillary tumours of the blad-
der under local anaesthesia. BJU Int. 2004;94(3):322–5.  

    84.    Hernandez V, Alvarez M, la PE D, Amaruch N, Martin 
MD, De la Morena JM, et al. Safety of active surveil-
lance program for recurrent nonmuscle- invasive blad-
der carcinoma. Urology. 2009;73(6):1306–10.  

    85.    Sapre N, Anderson P, Foroudi F. Management of local 
recurrences in the irradiated bladder: a systematic 
review. BJU Int. 2012;110 Suppl 4:51–7.  

    86.       Sobin LH, Wittekind C. TNM classifi cation of malignant 
tumours. 6th ed. Chichester/West Sussex: Wiley; 2002.  

    87.    Mostofi  FK, Sobin LH, Torloni H. International his-
tological classifi cation of tumours. Geneva: World 
Health Organisation; 1973.  

    88.    Epstein JI, Amin MB, Reuter VR, Mostofi  FK. The 
World Health Organization/international society of 
urological pathology consensus classifi cation of uro-
thelial (transitional cell) neoplasms of the urinary 
bladder. Bladder Consensus Conference Committee. 
Am J Surg Pathol. 1998;22(12):1435–48.      

14 Diagnostic and Endoscopic Management of Bladder Tumors



147H.R.H. Patel et al. (eds.), Pelvic Cancer Surgery: Modern Breakthroughs and Future Advances,
DOI 10.1007/978-1-4471-4258-4_15, © Springer-Verlag London 2015

15.1             Introduction 

 The management of muscle invasive bladder can-
cer is challenging because of the daunting task of 
discussing the appropriate therapeutic options 
and prognosis for the patient. The gold standard 
for muscle invasive bladder cancer is open radi-
cal cystectomy, extended pelvic lymph node dis-
section with appropriate choice for urinary 
diversion based on a multitude of factors. In cer-
tain subsets, patients who are either poor surgical 
candidates or strongly wish to preserve their 
bladders, despite the risk of disease progression 
must consider other less invasive treatment 
modalities. This chapter will attempt to discuss 
current therapies available for patients that are 
not candidates for a standard radical cystectomy. 
As with open radical cystectomy, laparoscopic 
and robot assisted radical cystectomy have slowly 
gained acceptance as viable options for the treat-
ment of bladder cancer. However, even in the 
most experienced hands, there is a signifi cant risk 
of perioperative and postoperative complications. 
A multi-institutional study by Smith and col-
leagues suggested a 30 % complication rate [ 1 ]. 
In addition to the removal of the bladder, the 
extended pelvic lymph node dissection has its 
own set of complications. Radical cystectomy 

series have confi rmed that the two most common 
sites of lymph node involvement are the  obturator/
hypogastric and external iliac lymph node chains 
[ 2 ]. A smaller percentage will also drain into the 
sacral or common iliac lymph nodes. Therefore, 
a standard template for pelvic lymph node dis-
section for radical cystectomy should include the 
common iliac, internal iliac, external iliac, and 
obturator packets on both sides [ 3 ]. In conjunc-
tion with the radical cystectomy, a thorough pel-
vic lymph node dissection incorporates longer 
operative time and major complications which 
can be immediately noted at the time of surgery 
or may be delayed in presentation. The immedi-
ate complications associated with a lymph node 
dissection include major vascular injury, as well 
as damage and/or transection of nerves running 
in close proximity to the lymphatic packets. 

 Post operative complications of extended 
lymph node dissections include symptomatic 
lymphocele formation and the increased risk of 
thromboembolic events [ 4 ]. 

 These factors must be considered in patients 
who may not tolerate a radical cystectomy with 
a pelvic lymph node dissection. A study by 
Chamie and colleagues [ 5 ] suggested that there 
is no signifi cant overall survival benefi t in older 
patients when comparing a radical cystectomy 
versus a bladder sparing approach. Of note, there 
is a group of patients that regardless of age will 
adamantly refuse to entertain any procedure 
that involves the removal of the bladder, even 
if a neobladder is offered to maintain anatomic 
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 continuity. These patients are few, but diffi cult to 
treat knowing the progressive nature of invasive 
bladder cancer.  

15.2     Imaging 

 One of the most diffi cult aspects of a bladder 
preservation approach for radical transurethral 
resection of bladder tumor or partial cystectomy 
is the inability to accurately evaluate tumor mar-
gins at time of surgery. Recently, many new tech-
nologies have been evaluated or are in the process 
of being evaluated for real time diagnostic accu-
racy. Macroscopic imaging techniques that 
appear to aid in the detection of bladder malig-
nancies during cystoscopy include both narrow 
band imaging (NBI) and photodynamic diagnosis 
(PDD) with the use of photosensitive protopor-
phyrin analogs such as 5-aminolevulinic acid 
(5-ALA) or hexaminolevulinate 9 (HAL) [ 6 ]. 
NBI uses a light source that fi lters standard white 
light into wavelengths of 415 and 540 nm. This 
causes a more stark contrast between benign 
mucosa and capillaries that absorb hemoglobin. 
A popular aspect of NBI is that there is no need 
for intravesical instillation of any contrast agents. 
PDD uses a combination of blue light with a 
wavelength of 375–440 nm and intravesical pho-
tosensitizing agents. The two most promising 
agents currently are 5-ALA and HAL. PDD 
requires the placement of the intravesical agent 
at least an hour prior to cystoscopy. Both NBI and 
PDD have false positive rates of at least 34 % [ 7 ]. 
Microscopic real time imaging has also gained 
traction with the use of confocal laser endomi-
croscopy and optical coherence tomography. Both 
of these modalities are still under investigation 
and need other modalities to help identify lesions 
of interest on a larger scale.  

15.3     Therapeutic Options 

 When deciding between bladder sparing 
approaches for the treatment of bladder can-
cer, there are a few options and combinations 
 available at this time. Current treatment modali-
ties include:

•    Surgical (radical TURBT, open partial cystec-
tomy, laparoscopic partial cystectomy with or 
without robotic assistance)  

•   Radiation therapy  
•   Chemotherapy  
•   Combination of all these modalities    

 Surgical options for bladder preservation 
include radical transurethral resection of bladder 
tumor (TURBT) and partial cystectomy by cor-
relating with imaging modalities.  

15.4     Radical TURBT 

 When performing a radical TURBT, certain 
technical aspects of the procedure must be con-
sidered. Monopolar transurethral resection of 
bladder tumors has been around since the 1940s 
and is still the most commonly used technology 
around the world. However, we suggest using 
bipolar cautery when available. This method 
allows for the use of normal saline as the irriga-
tion solution, which eliminates the need for 
intravesical instillation of sterile water. 
Monopolar TURBT, which uses sterile water, 
increases the risk of fl uid absorption and hypo-
natremia, especially when there is a prolonged 
operative course or known risk of bladder 
perforation. Special considerations based on the 
tumor location must be considered. For lesions 
located in the lateral aspects of the bladder, the 
transmitted energy may stimulate an obturator 
refl ex. A sudden movement during resection 
may result in bladder perforation. There should 
be an appropriate communication between the 
surgeon and the anesthesia team prior to the 
procedure. The patient should be on muscle 
relaxants before any lateral wall resection is 
attempted. When resecting around or over the 
ureteral orifi ces, remember to have the generator 
power setting on cut, not the coagulation setting, 
as the coagulation function may be more likely 
to cause scarring and possible long-term upper 
urinary tract damage. Fluid management during 
the entire case is paramount during a transurethral 
case, especially if monopolar cautery is used 
(Fig.  15.1 ). After performing a radical TURBT, 
it is important to not only biopsy the resection 
bed, separately but also, the peripheral margins 
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of the resection site. We recommend sending 
these specimens in separate containers for more 
accurate staging. Negative biopsies appear to 
correlate with better long-term survival out-
comes in patients undergoing a radical TURBT 
as the sole form of therapy [ 8 ]. In case of doubts 
about negative radical TURBT margins, a repeat 
procedure is recommended in 6–12 weeks.   

15.5     Partial Cystectomy 

 Partial cystectomy provides a feasible approach 
in a select group of bladder cancer patients who 
meet certain qualifying criteria. Though it does 
maintain a conventional voiding mechanism and 
erectile function, not all patients are appropri-

ate candidates. Patients with urachal carcinoma, 
solitary tumor located in a bladder diverticu-
lum, dome, or posterolateral aspect of the blad-
der are optimal candidates assuming there is no 
evidence of carcinoma in situ (CIS) elsewhere 
in the bladder at time of random bladder biop-
sies. Transurethral prostatic biopsies are recom-
mended to complete the staging process. There 
should be enough space to allow for wide exci-
sion without need for ureteral reimplantation. 
Partial cystectomy allows for a full thickness 
resection of the diseased bladder, with adequate 
negative margins, as well as a concomitant pel-
vic lymph node dissection. Kassouf and col-
leagues reported that only 5 out of 37 patients 
who underwent partial cystectomy subsequently 
required a radical cystectomy. Of these fi ve 

a b
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  Fig. 15.1    ( a ) Bladder lesion. ( b ) Bipolar resectoscope. ( c ) Post transurethral resection image       

 

15 Bladder Preservation Approaches



150

patients, only one patient died of bladder cancer 
with a median of 37 months of follow-up from 
the time of delayed cystectomy [ 9 ]. Patients 
undergoing partial cystectomy must understand 
that they must be compliant for lifelong cysto-
scopic evaluation if they choose this treatment 
option. The gold standard for performing par-
tial cystectomy is the open surgical approach. 
However, recent advances in minimally invasive 
surgery may allow for a laparoscopic or robotic 
resection of a portion of the bladder.  

15.6     Technique for Open Partial 
Cystectomy 

 The patient is placed in supine position with 
slight Trendelenburg and the abdomen and geni-
talia are prepped and draped giving access to the 
genitalia for sterile Foley catheter placement, 
which should be placed within the sterile surgical 
fi eld. A regional or general anesthetic approach 
may be used for the procedure. All visible blad-
der tumors should always be resected prior to 
consideration for partial cystectomy. This is to 
minimize any risk of tumor spillage. The bladder 
may be accessed via a transperitoneal or extra-
peritoneal approach. If the lesion or diverticulum 
is posterior, a transperitoneal approach is suggested. 
Sometimes, if there is a possibility for diffi cult 
identifi cation of the tumor site at time of resec-
tion, cystoscopic marking with either fulguration 
or dye should be considered at the time of surgery. 
A low vertical midline incision is used to enter 
the peritoneal cavity. Of note, a Maylard incision 
may be considered if the patient has strong reser-
vations against a midline incision. Once the peri-
toneal cavity is entered, a pelvic lymph node 
dissection can be performed in the standard fash-
ion. To aid in the dissection of the bladder, it may 
help to fi ll the bladder slightly with sterile water 
and clamp the Foley catheter. Overly distending 
the bladder may make it more susceptible to 
perforation at time of dissection. 

 It is important to quickly identify anatomic 
landmarks that help in the further mobilization of 
the bladder and facilitate partial cystectomy. The 
medial umbilical ligament can be followed to the 

superior vesical artery. The artery can then be 
ligated on the side of the bladder lesion. This will 
help further mobilize the bladder. The vas defer-
ens on that side may be identifi ed and mobilized 
or transected as needed. It is recommended that 
the perivesical fat directly over the suspected 
tumor area remain attached to the bladder. If the 
lesion is on the posterior wall, the peritoneum 
overlying the posterior bladder may be incised. 
This will allow the rectum to be mobilized off the 
bladder, if needed giving access to the posterior 
wall. All adjacent bowel contents should be 
packed away so as to avoid any contamination 
from spillage. Once the bowel is packed away 
from the fi eld surrounding the bladder, the blad-
der is evaluated and the tumor location is veri-
fi ed. This can be accomplished via manual 
palpation or with concomitant cystoscopy. If cys-
toscopy is needed, the Foley catheter should be 
removed in a manner to avoid tumor spillage. 

 Once the site of the tumor has been verifi ed, 
2–0 delayed absorbable sutures are placed to help 
elevate the bladder at time of cystotomy and par-
tial cystectomy. The Foley catheter has been 
unclamped and the bladder has been completely 
drained at this point. The bladder is incised and 
the tumor is removed with an approximate 2 cm 
margin is excised. Special care should be paid to 
the location of the ureteral orifi ces. Frozen biop-
sies at the margin sites are suggested if there are 
any questions at the time of resection. A standard 
two- layer closure with a 2–0 delayed absorbable 
suture is recommended. The bladder may be 
fi lled with 150–200 cc of sterile water to confi rm 
a watertight closure. Once the stay sutures have 
been removed, and the Foley catheter is draining 
appropriately, an abdominal drain is placed in a 
dependent location of the pelvis. The drain 
should stay in for at least 5–7 days and output 
should be monitored prior to its removal at an 
outpatient setting. Since the closed suction drain 
is intraperitoneal and there is concern regarding 
the amount of fl uid present in the drain, a 
 creatinine level of the drain fl uid should be 
obtained. The Foley catheter should stay in place 
for at least 1 week. A cystogram is performed 
prior to removal of the catheter to check for any 
contrast extravasation.  
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15.7     Robot Assisted Partial 
Cystectomy 

 The technique for robot assisted partial cystectomy 
shares a similar trocar set up with techniques for 
robot assisted radical cystectomy [ 10 ] (Fig.  15.2 ). 
Once general anesthesia is adequate, a Foley 
catheter and orogastric tube is placed. The patient 
is placed in a modifi ed low lithotomy position 
and the operating table is placed in steep 
Trendelenburg position. Special care is given to 
adequately pad and secure the patient to avoid 
any movement of the patient while the robot is 
docked. This will prevent pressure related com-
plications. The abdomen is shaved, prepped, and 
draped in the standard fashion. Access and insuf-
fl ation techniques are per surgeon preference. At 
our institution, unless there is a signifi cant his-
tory of multiple abdominal surgeries and risk of 
bowel adhesions, the Veress needle is placed in a 
supraumbilical incision and a 12 mm blunt dilat-
ing trocar is placed through the same incision. 

If there is any worry about midline adhesions, an 
off site entry is performed. The off set teaching 
laparoscope is used to perform lysis of adhesions 
when multiple ports are not feasible secondary 
to multiple intestinal adhesions to aid in proper 
dissection.  

 The da Vinci Surgical Robotic System Si type 
(Intuitive Surgical Inc., Sunnyvale, CA) is uti-
lized with all four arms being docked. Assistant 
12 and 5 mm trocars are placed in addition to the 
camera port and three robotic working ports. The 
camera port is usually placed about 3–5 cm above 
the umbilicus. If the partial cystectomy is for ura-
chal pathology, the camera is placed slightly 
higher. Once the robot is docked, the dissection is 
performed with the help of a bedside assistant. 
Our standard technique is to identify the bilateral 
medial umbilical ligaments and start the dissec-
tion at the level of the urachus and continue down 
just lateral to the medial umbilical ligament 
thereby completely dissecting and developing the 
space of Retzius. This helps to drop the bladder 
completely for ease of mobilization. As much 
perivesical fat must be left adherent to the blad-
der as possible. If the tumor or diverticulum is 
easily visualized then a 2 cm margin is used to 
excise the tumor (Fig.  15.3a ). Special care should 
be taken to avoid any urine or tumor spillage. The 
use of traction sutures and ensuring that the Foley 
catheter is draining properly will help avoid spill-
age of tumor. One may also place a small lap pad 
around the incision site. We fi nd that placing a 
Keith needle with a traction suture just over the 
pubic symphysis and into the detrusor helps to 
elevate the bladder without the need for an addi-
tional 5 mm trocar. If the tumor location is not 
easily visualized, fl exible cystoscopy by the 
bedside surgeon can help to localize the lesion. 
In certain cases, a cystotomy is performed away 
from the presumed location of the tumor and the 
tumor identifi ed with gross inspection. Once the 
tumor or margins of the diverticulum are identi-
fi ed, careful dissection with a wide surgical 
margin is performed. The specimen is immedi-
ately placed in a laparoscopic retrieval sac. The 
subsequent defect is closed with a 2.0-delayed 
absorbable suture using a standard two-layer closure 
(Fig.  15.3b ). We recommend fi lling the bladder 

ROBOT

12mm

8mm8mm

12mm12mm

5mm

  Fig. 15.2    Port placement for robotic approach with 
patient in low lithotomy and Trendelenburg position       
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with roughly 150–200 cc of fl uid to evaluate for 
any leak. Once the anastomosis is deemed water 
tight, an intra-abdominal drain is left in place 
through one of the 8 mm robotic ports. The speci-
men is extracted via a small infraumbilical verti-
cal midline or Pfannenstiel incision, depending 
on prior scars or patient preference. The drain is 
usually left in place for approximately 5–7 days 
and the Foley catheter is left in place 10–14 days. 
Prior to removing of the Foley catheter, a cysto-
gram is performed to ensure no extravasation of 
contrast.   

15.8     Laparoscopic Partial 
Cystectomy 

 Once treatment options have been discussed and 
a minimally invasive bladder sparing approach is 
desired, a laparoscopic partial cystectomy is a 
feasible option. This may be an appropriate 

option, especially in centers lacking access to 
robotic technology. Factors such as patient body 
habitus, prior abdominal surgeries, ability to tol-
erate pneumoperitoneum, and surgeon’s laparo-
scopic experience must all be considered to 
maximize patient safety and achieve a favorable 
oncological outcome. A pure laparoscopic 
approach is highly dependent on surgeon experi-
ence. The bladder reconstruction requires signifi -
cant intracorporeal suturing expertise. As 
discussed for the open technique, fl exible cystos-
copy is suggested to help with localization of the 
tumor. This can be performed at the beginning of 
the procedure or at the time of resection. The 
patient is placed in low lithotomy position with a 
small bump placed to slightly elevate the ipsilat-
eral hemipelvis. We suggest a four-port arrange-
ment (Fig.  15.4 ) using a 12 mm camera port with 
an additional 12–15 mm port and two 5 mm ports 
placed in a fan pattern. The 12 mm trocar is help-
ful for the passage of needles and the use of any 
larger cutting/coagulation devices. A Keith nee-
dle may be passed trancutaneously for placement 

a

b

  Fig. 15.3    ( a ) Resection of bladder lesion with wide mar-
gin. ( b ) Two layer closure with 3–0 delayed absorbable 
suture       

Laparoscopic Approach

5mm
12mm Camera Port

5mm

12-15mm

  Fig. 15.4    Port placement for laparoscopic approach       
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of any traction sutures. This prevents the need for 
any additional trocars but still allows for adequate 
positioning of the bladder prior to the resection. 
The dissection and suturing technique is similar 
to what is mentioned for the robotic technique. 
One additional caveat is the placement of a 5 mm 
port just superior to the pubic symphysis if an 
additional retractor is needed.   

15.9     Trimodal Therapy 

 In select patients with early tumor stage, small 
tumor size, radical TURBT with negative biop-
sies, absence of hydronephrosis, and no evidence 
of carcinoma in situ, studies suggest a 
 multi- disciplinary approach may hold promise. 
Many centers have looked at combining a radical 
TURBT with a mixture of chemotherapy and 
radiation therapy followed by cystoscopy with 
additional consolidation radiotherapy if there is 
no evidence of recurrence. Five year overall sur-
vival ranged from 48 to 62 % [ 11 ]. This approach 
does pose certain challenges such as getting all 
the various services on board and deciding who 
will have primary responsibility for the long term 
care of the patient. However, as more patients 
live longer with more complex comorbidities, 
this type of combined therapy may be become a 
more acceptable treatment option.      
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16.1             Bladder Cancer 
Epidemiology 

 Bladder cancer is a common disease with over 
70,000 new cases and almost 15,000 deaths in the 
US in 2011 [ 1 ]. Untreated, muscle invasive blad-
der cancer is a lethal disease with a 2-year mor-
tality rate approaching 85 % [ 2 ]. In addition to its 
morbidity and mortality, bladder cancer is the 
most expensive cancer to diagnose, treat, and sur-
vey, with a per-patient lifetime cost of $96,500 
[ 3 ,  4 ]. In the United States and other developed 
countries, urothelial carcinoma (UC) represents 
90 % of bladder cancers, with squamous cell 
 carcinoma and adenocarcinoma comprising the 
majority of the remaining histologies. The pre-
dominant risk factors for developing UC of the 
bladder are age and environmental exposures, 
especially to tobacco smoke and aromatic amines 
from dyes and industrial chemicals. In addition, 
males are three to four times more likely to 
develop bladder cancer than females, presumably 
due to higher rates of carcinogenic exposures. 

 The prognosis and treatment for UC of the 
bladder is largely determined by the level of 
 cellular de-differentiation (grade), and the depth 
of invasion (stage). According to the World 

Health Organization 2004 guidelines, bladder 
cancer grade is dichotomized to either low- or 
high- grade. Staging is based on the American 
Joint Committee on Cancer TNM staging system, 
which can be divided into two main groups: 
 non- muscle invasive (Ta, T1, Tis, which are all 
superfi cial to the muscularis propria), and muscle 
invasive (T2–T4). Non-muscle invasive bladder 
cancers (NMIBC) generally carry a favorable 
prognosis and are amenable to transurethral 
resection (TURBT) and instillation of intravesi-
cal therapies. Conversely, muscle invasive 
 bladder cancer is by defi nition high-grade, carries 
a poorer prognosis, and is usually treated with 
radical cystectomy and urinary diversion, with or 
without systemic chemotherapy. 

 Of all incident cases of bladder cancer, 70 % 
are non-muscle invasive, of which roughly two- 
thirds are low grade [ 5 ,  6 ]. The low-grade tumors 
commonly recur after treatment (48–71 %), how-
ever they rarely progress to muscle invasive dis-
ease (2–12 %). On the other hand, high-grade 
non-muscle invasive carcinomas have a high rate 
of both recurrence (55 %) and stage progression 
(27–61 %) within 3 years after treatment [ 7 ]. 

 For muscle invasive bladder cancer and high- 
grade NMIBC that is recurrent or persistent 
despite TURBT and intravesical therapies, the 
standard of care is radical cystectomy combined 
with bilateral pelvic lymphadenectomy and uri-
nary diversion. In addition, perioperative sys-
temic chemotherapy in the setting of muscle 
invasive disease has been shown to provide a 
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 survival benefi t, with patients with extravesical 
disease (≥pT3) receiving the most benefi t [ 8 ].  

16.2     Open Radical Cystectomy 
Outcomes, Past and Present 

 Open radical cystectomy (ORC) is the gold 
 standard treatment for muscle invasive bladder 
cancer. In 2001, Stein et al. published a landmark 
paper describing the outcomes of over 1,000 
radical cystectomy patients between 1971 and 
1997 [ 9 ]. The overall recurrence-free survival at 
5 and 10 years was 68 and 66 %, respectively. 
Twenty-four percent of patients had lymph node 
involvement and their recurrence free survival at 
5 years was signifi cantly lower (35 %) than 
patients with node-negative disease (78 %). 
The median time to recurrence was 12 months, of 
which approximately 75 % were distant (non- 
pelvic) metastases. There was a 2.5 % mortality 
rate within 30 days, and a 90-day overall compli-
cation rate of 28 %. These fi ndings were corrobo-
rated in another large study of 507 ORC patients 
in which the 5-year recurrence-free and overall 
survival was 62 and 59 %, respectively, with a 
mean follow-up of 45 months. This cohort of 
patients had a mean age of 66, 57 % were > pT2, 
and 24 % were lymph node positive. Similar to 
Stein et al. extravesical disease and lymph node 
positivity were associated with poorer prognosis, 
and the majority of cancer-related deaths occurred 
in the fi rst 2 years [ 10 ]. 

 In 2004, Herr et al. analyzed the outcomes of 
the Bladder Cancer Collaborative Group in an 
attempt to better defi ne surgical benchmarks for 
radical cystectomy. Studying outcomes from 
1,091 radical cystectomies by 16 experienced 
surgeons from four institutions between 2000 
and 2002, they concluded that pathologic goals 
for surgeons performing radical cystectomies 
should include a positive margin rate lower than 
10 % and a lymph node yield of greater than ten 
[ 11 ]. These fi ndings were corroborated by a pro-
spective study which showed improved overall 
survival in patients with negative margins and > 
ten lymph nodes dissected, independent of other 
factors [ 12 ]. It should be noted however, that ten 

dissected lymph nodes represents a minimum 
rather than a goal, as there is linear relationship 
between lymph node positivity and overall num-
ber of lymph nodes removed [ 13 ]. 

 Despite improvements in surgical technique 
and post-operative care pathways, radical cystec-
tomy remains a morbid surgical procedure. 
In 2008, Lowrance et al. reported a minor and 
major complication rate of 38 and 7 %, respec-
tively, with a 30-day mortality rate of 1.7 % [ 14 ]. 
In a large prospective study of over 1,000 patients 
between 1995 and 2005, Shabsigh et al. found the 
perioperative complication rates to be much 
higher (64 % within 90 days, with 13 % being 
high-grade) when using a strict complication 
reporting system. These complications were 
dominated by gastrointestinal events (29 %), 
infections (25 %), and wound-related complica-
tions (15 %). The 90-day mortality rate was 
found to be 2.7 %, 65 % of which was due to car-
diopulmonary events [ 15 ].  

16.3     Robotic-Assisted 
Radical Cystectomy 

 In an attempt to decrease perioperative morbid-
ity, minimally invasive surgery has been applied 
to radical cystectomy. Due to a combination of 
the familiarity of urologists with the Da Vinci 
robotic system (Intuitive Surgical, Sunnyvale 
CA), as well as the technical challenges of pelvic 
surgery with a pure laparoscopic approach, robot- 
assisted radical cystectomy (RARC) has emerged 
as the most widely utilized minimally invasive 
approach in the United States [ 16 ]. Since the fi rst 
reported case series in 2003, there has been a sig-
nifi cant increase in the use of the robotic tech-
nique for bladder cancer surgery [ 17 ]. In theory, 
the robotic approach should provide superior 
visualization, decrease blood loss, and improve 
patient convalescence due to decreased incision 
length, retractor injury, and bowel manipulation 
leading to shorter length of stay. However with 
these theoretical advantages come the potential 
disadvantages of increased operative time and 
cost, as well as concerns over pathologic com-
promise secondary to loss of tactile feedback and 
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thoroughness of pelvic lymph node dissection. A 
growing number of single and multi-institution 
case series described below have supported the 
continued utilization of RARC.  

16.4     Perioperative Outcomes 
of RARC 

 With regards to perioperative outcomes, small 
prospective studies (including two randomized 
trials) have shown non-inferiority or superiority 
of RARC compared to ORC in terms of mortal-
ity, blood loss, transfusion requirement, hospital 
stay, narcotic use, and time to resumption of diet. 
In a randomized prospective trial of ORC vs 
RARC enrolling 40 patients, Nix et al. found that 
RARC patients experienced less estimated blood 
loss, quicker return of bowel function, and lower 
use of inpatient narcotics compared to the ORC 
patients [ 18 ]. Ng et al. showed in a prospective, 
non-randomized cohort study of 187 consecutive 
patients that the 30-day overall Clavien 
 complication rate was higher in the open group 
compared with the robotic group (ORC 59 % vs 
RARC 41 %, p = 0.04), as well as the rate of 
major complications at 90 days (30 % vs 10 %, 
p = 0.007) [ 19 ]. In addition, post-operative length 
of stay has been found to be signifi cantly shorter 
in RARC patients by several authors on retro-
spective analysis [ 19 – 21 ] (Table  16.1 ). A recent 
meta-analysis of the head-to-head comparisons 
of RARC vs ORC has reinforced the above fi nd-
ings [ 31 ]. However, these advantages come at the 
expense of longer operative time in the robotic 
approach, which has been demonstrated by mul-
tiple studies [ 32 ,  33 ]. Whether these periopera-
tive improvements result in more rapid patient 
convalescence after hospital discharge is an area 
of active investigation.

16.5        Pathologic Outcomes 

 While long-term survival data continue to mature, 
pathologic outcomes such as lymph node yield 
and surgical margin status have been evaluated as 
surrogate markers of surgical quality during 

RARC. Critics of the robotic approach have 
focused on the ability to perform an adequate pel-
vic lymph node dissection, and have expressed 
concerns that the robotic approach results in poorer 
lymph node dissection [ 34 ]. In a multi- institutional 
international RARC database from 15 institutions, 
527 patients underwent robotic lymphadenectomy 
and 83 % of them had a lymph node count of 
greater than ten [ 28 ]. Using this same series, posi-
tive surgical margins occurred in 6.8 % of patients 
[ 29 ]. Importantly, 36 % of this cohort harbored 
extravesical (≥pT3) disease, a number comparable 
to prior open series. Smith et al. reported in another 
multi-institution RARC case series of 227 patients 
an average lymph node yield of 18 and a positive 
surgical margin rate of 2 % [ 35 ]. Abaza et al. dem-
onstrated that performing an extended lymph node 
dissection robotically resulted in equivalent lymph 
node yield compared with open surgery in a non- 
randomized comparison [ 36 ]. In a prospective 
cohort study, Richards et al. compared 70 consec-
utive patients (35 ORC vs 35 RARC) with equal 
rates of extravesical (40 %) and lymph node posi-
tive disease (29 %) and found a lower positive 
margin rate in RARC (3 %) compared to ORC 
(9 %) and equivalent lymph node yield [ 37 ]. 
Finally, two randomized prospective trials com-
paring ORC and RARC examined several periop-
erative outcomes including lymph node yield, and 
found RARC to be non-inferior to ORC. In the 
study by Nix et al. lymph node yield was not dif-
ferent between groups, and no positive surgical 
margins were identifi ed in either group [ 18 ]. 
Parekh and colleagues recently published results 
of a RCT with 20 patients in each arm and found 
the average lymph node yield to be 23 in the ORC 
group and 11 in the RARC group (p = 0.135), and 
positive margin rate to be identical at 5 % in each 
group. These fi ndings were despite a higher rate of 
extravesical disease in the RARC group (50 % vs 
35 %) [ 38 ]. Using these surrogate surgical out-
comes, oncologic effi cacy of RARC appears com-
parable to ORC. However, these data must still be 
interpreted with caution as retrospective studies 
are inherently susceptible to selection bias, and the 
randomized prospective studies have been small. 
These head-to-head studies are summarized in 
Table  16.2 .
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16.6        Survival Outcomes 

 While perioperative and pathologic outcomes are 
certainly important, oncologic outcomes as 
defi ned by recurrence-free survival (RFS) and 
overall survival (OS) are paramount. While the 
current survival outcomes of most RARC series 
are less than 3 years, no survival differences have 
been identifi ed when compared with ORC series 
[ 25 ,  39 ,  40 ]. Martin et al. reported oncologic out-
comes in a RARC cohort of 59 patients with a 
mean follow-up of 25 months [ 26 ]. Overall sur-
vival rates at 12 and 36 months were 82 and 
69 %, respectively, and disease-specifi c survival 
rates were 82 and 72 %. This compares favorably 
to contemporary open radical cystectomy series 
[ 9 ]. Even in patients with node-positive disease, a 
high risk group where differences in surgical 
technique should be seen in intermediate survival 
outcomes, Mmeje et al. found no difference in 
RFS compared with previous open cohorts [ 41 ]. 
They reported that lymph-node positive patients 
treated with RARC had a 3-year recurrence-free 
survival of 43 % and the local recurrence rate was 
6 %, demonstrating excellent local disease con-
trol with robotic surgery. Again, however, the 
above data should be interpreted with caution as 
they are retrospective and non-randomized. 

 Several prospective randomized trials com-
paring robotic to open radical cystectomy are 
currently underway. First, a 15-site multi- 
institution study with 2-year recurrence-free 
survival as its primary endpoint is currently 
accruing in the United States (NCI study 
#NCT01157676). The accrual target of this 
study is 160 patients in each arm. Secondary 
endpoints include peri- operative outcomes 
(EBL, blood transfusion, operative time, length 
of stay, analgesic requirement), pathologic out-
comes (lymph node yield and positive surgical 
margins), 90-day complications, post-opera-
tive convalescence, and quality of life mea-
sures. It should be completed within 5 years. 
Next, a single institution study at Memorial 
Sloan Kettering Cancer center is currently 
underway with 90-day complications as a pri-
mary end point and a number of secondary 
endpoints including EBL, operative time, posi-
tive surgical margins, lymph node yield, and 
2-year cancer recurrence with an accrual goal 
of 210 patients (NCI study # NCT01076387). 
Finally, a single-institution European study 
termed CORAL comparing open, laparoscopic, 
and robotic cystectomy has been mentioned in 
abstract form, but the full details are not yet 
known [ 42 ].  

   Table 16.2    Outcomes of head-to-head studies comparing RARC to ORC   

 Study 
design  # of patients  Complication %  PSM %  LNY (count)  LOS (days)  2-years RFS 

 Richards et al. 
(2010) [ 37 ] 

 R  35/35  60 v 66  3 v 9  15 v 16  7 v 8  NR 

 Nepple et al. 
(2012) [ 33 ] 

 R  36/29  NR  14 v 14  14 v 17  7.9 v 9.6  67 % v 58 % 

 Ng et al. (2010) 
[ 19 ] 

 P  83/104  41 v 59  7 v 9  15.7 v 17.9  5.5 v 8  NR 

 Styn et al. 
(2012) [ 32 ] 

 P  50/100  66 v 62  16 v 11  15.2 v 14.3  9.5 v 10.2  NR 

 Abaza et al. 
(2012) [ 36 ] 

 P  35/120  NR  6 v 7  36.9 v 37.5  NR  NR 

 Nix et al. 
(2010) [ 18 ] 

 RCT  21/20  33 v 50  0  18.5 v 18.3  5.1 v 6  NR 

 Parakeh et al. 
(2012) [ 38 ] 

 RCT  20/20  25 v 25  5 v 5  11 v 23  6 v 6  NR 

  Reported as counts or percentages for RARC v ORC 
  ORC  open radical cystectomy,  RARC  robot assisted radical cystectomy,  OR  odds ratio,  PSM  positive surgical margin 
rate,  LNY  lymph node yield,  LOS  length of stay,  P  prospective,  R  retrospective,  RCT  randomized controlled trial,  NR  
not reported  
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16.7     Partial Cystectomy: Open, 
Laparoscopic, and Robotic 

 In addition to radical cystectomy, minimally- 
invasive surgery has also been utilized to perform 
partial cystectomy; an operation with relatively 
rare indications including symptomatic bladder 
diverticula, bladder endometriosis, and urachal 
adenocarcinoma. The use of partial cystectomy 
for urothelial carcinoma is considered only in 
rare circumstances. 

 Traditionally, open partial cystectomy (OPC) 
for urachal carcinoma has been performed along 
with bilateral pelvic lymph node dissection 
(PLND). In the most complete series of OPC for 
urachal adenocarcinoma, out of 50 patients, Herr 
et al. found a 5-year recurrence free survival rate 
of 90 % in patients with localized disease [ 43 ]. 
Positive surgical margins, peritoneal  involvement, 
and positive lymph nodes conferred poor progno-
sis. In their series, 18 % of patients had positive 
surgical margins, the median lymph node yield 
was 14 (with 16 % lymph node positivity), and 
18 % of patients suffered a local recurrence (most 
of which who harbored a positive surgical mar-
gin). No peri-operative data such as complica-
tions, OR time, length of stay, or EBL were 
reported. 

 Laparoscopic partial cystectomy (LPC) with 
PLND is a technically challenging procedure, 
and our knowledge of the procedure is based on a 
few small case series. Mariano et al. performed 
LPC with PLND on six patients with urothelial 
carcinoma of the bladder with mean operative 
time of 200 min, mean EBL of 200 cc, mean hos-
pital length of stay of 4 days (range 2–6), with no 
reported complications. There were no recur-
rences with a mean follow-up of 30 months. 
Lymph node yield and positive margin status 
were not reported [ 44 ]. Wadhwa et al. reported 
their fi ndings with three patients with urachal 
adenocarcinoma who underwent LPC and 
PLND. The average OR time was 180 min, the 
lymph node yield ranged from 8 to 11, and no 
recurrences were found at a mean follow up of 
6 months [ 45 ]. Finally, Colombo et al. described 

the fi ndings of six patients (three with urachal 
adenocarcinoma, three with urothelial  carcinoma) 
treated with LPC without PLND. Mean operative 
time was 110 min, EBL was 70 cc, LOS was 
2.5 days, and no positive surgical margins were 
found. No recurrences were seen after a mean 
follow up of 28.5 months [ 46 ]. 

 Similar to LPC, the literature pertaining to robotic 
partial cystectomy (RPC) is sparse, which prevents 
robust conclusions. Allaparthi et al. reported three 
cases (two of urothelial CA of bladder, one of ura-
chal adenocarcinoma) treated with RPC without 
PLND. Average operative time was 165 min, EBL 
was 20 cc, and mean hospital length of stay was 
3 days (range 2–5). There was one readmission for 
bowel obstruction and no recurrences with follow-
up ranging from 3 to 10 months [ 47 ]. Kim et al. 
showed similar results for a cohort of four patients 
treated with RPC without PLND [ 48 ]. Due to the 
rarity of the operation, no head-to-head comparisons 
of RPC or LPC to OPC have been performed to 
evaluate patient convalescence, peri-operative out-
comes, and oncologic effectiveness.  

16.8     Future Directions 
in Bladder Cancer Surgery 

 While we await randomized prospective data 
on the relative effectiveness of RARC, further 
innovations are beginning to be reported. 
Radical cystectomy using laparoendoscopic 
single site surgery (LESS) has been reported in 
small series of patients [ 49 ,  50 ]. While out-
comes are favorable with operative times 
around 5 h, average EBL of 217 cc, negative 
margins with adequate lymph node yield, and a 
short length of stay (6 days), patient numbers 
were small (eight patients), and the authors 
concluded that the procedure was feasible, but 
technically challenging with a steep learning 
curve. In order to avoid the post-operative pain 
associated with the peri- umbilical midline 
incision necessary for extracorporeal urinary 
diversion, intracorporeal techniques have been 
developed (Fig.  16.1 ) [ 51 – 54 ]. However, the 
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overall surgical time, while decreased from 
 initial laparoscopic reports, is still substan-
tially increased compared to an extracorporeal 
diversion, which has so far prevented wide-
spread adoption of these techniques. Finally, 
while not specifi c to robotic bladder cancer 
surgery, efforts to avoid the use of bowel in uri-
nary conduit formation and its attendant high 
rates of post-operative complications have led 
to a current trial using bioengineered tubular-
ized synthetic conduits coated with urothelium 
derived from stem cells (NCT#01087697) [ 55 ]. 
The possibility of non-bowel conduits with 
intracorporeal anastomoses raises the exciting 
possibility of maximizing the benefi ts of lapa-

roscopic/robotic surgery for the management 
of bladder cancer in the future.   

16.9     Summary 

 While ORC remains the gold standard treatment 
for muscle-invasive bladder cancer, preliminary 
data using surrogate outcomes suggests that 
RARC may be at least non-inferior to 
ORC. Studies to date have been mostly retro-
spective, and are susceptible to selection bias. 
Large ongoing randomized clinical trials will 
answer the important question of whether RARC 
is truly equivalent to ORC in oncologic terms, 

a c

b

  Fig. 16.1    ( a ) An endovascular stapler is used to divide 
the bowel and mesentery during intracorporeal diversion. 
( b ) Ureteral stent placement performed by the robotic sur-
geon. ( c ) Post-operative image of female patient who 
underwent robotic radical anterior pelvic exenteration, 

bilateral pelvic lymphadenectomy, and intracorporeal 
orthotopic ileal neobladder. Of note, the specimen was 
placed in an impermeable sac and withdrawn through a 
small incision in the posterior vaginal wall       
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and whether the added fi nancial costs and opera-
tive times are recouped in improved patient 
convalescence. 
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17.1             Introduction 

 Orthotopic bladder substitution is an important 
tool in the armamentarium of the urologist for 
urinary diversion after cystectomy. Techniques 
for orthotopic neobladders were described in the 
early 1900s, however the procedure did not gain 
traction with urologists until the late 1970s and 
1980s when studies were published on the feasi-
bility of this type of diversion in men [ 1 ]. Various 
techniques have been introduced since the initial 
work by Camey and LeDuc, such as the Hautmann 
“W” neobladder [ 2 ], the Studer Pouch [ 3 ] and the 
T-pouch [ 4 ]. Initially, the neobladder was only 
considered in male patients because the risk of 
incontinence in the female was felt to be too high. 
In the 1990s, however, studies demonstrated 
acceptable continence outcomes in women with 
neobladders [ 5 ]. Although orthotopic urinary 
diversion is a more time-consuming procedure 
for the urologist and demands vigorous mainte-
nance by the patient, it is a rewarding procedure 
and has similar short and long term complica-
tions with simpler forms of diversion [ 6 ]. 

 The ileal conduit with a Bricker uretero-ileal 
anastomosis remains the most commonly used 
form of diversion [ 7 ]. Drawbacks to the ileal con-
duit include the risk of retrograde refl ux of urine, 

uretero-ileal anastomotic stricture, renal deterio-
ration, pyelonephritis, stomal stenosis, and peris-
tomal hernia. Use of an orthotopic neobladder 
avoids many of these drawbacks and more closely 
resembles native voiding function, and when an 
appropriate patient is selected for this diversion, 
acceptable long-term outcomes are observed [ 8 ]. 

 This chapter focuses on the general principles, 
proper patient selection, operative techniques, 
complications, and outcomes of orthotopic uri-
nary diversions.  

17.2     General Principles 

 A neobladder should resemble the function of the 
native bladder as closely as possible. This 
includes formation of a compliant reservoir with 
adequate capacity (400–500 mL) and mainte-
nance of continence. Orthotopic diversions do 
not retain the ability to contract in a coordinated 
manner, therefore patients void with the assis-
tance of gravity and valsalva maneuvers coupled 
with relaxation of the rhabdosphincter. Most 
patients with neobladders do not require self- 
intermittent catheterization (SIC), but this may 
be needed in a minority of patients who do not 
empty (approximately 12 % in women and 9.5 % 
in men) [ 9 ,  10 ]. 

 Another important concept in orthotopic diver-
sion is detubularization of the bowel segment and 
formation of a spherical diversion. The Law of 
Laplace states that the tension in the wall of a 
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container (T) is proportional to the pressure (P) of 
the container’s contents and its radius (R) [ 11 ]. 
When comparing wall tension in a sphere (neo-
bladder) versus a cylinder (tubularized bowel), 
the law dictates that the wall tension of the sphere 
is one half that of the cylinder given the same 
pressure and radius (see Table  17.1 ) [ 11 ].

   Camey and LeDuc illustrated this concept in 
comparing their initial orthotopic diversions. 
Their fi rst neobladder used tubularized bowel and 
demonstrated high intraluminal pressures [ 1 ]. 
This problem was remedied with use of 
 detubularized bowel in their later diversions [ 12 ].  

17.3     Patient Selection 

 The most common indication for orthotopic uri-
nary diversion is radical cystectomy for muscle 
invasive urothelial carcinoma (UC). The charac-
teristics of the cancer are critical to choosing the 
correct diversion, and sound oncological judg-
ment should never be compromised to obtain a 
better functional outcome. In men, the highest 
risk for urethral recurrence of UC is in patients 
who have involvement of the prostatic urethra 
[ 13 ]. While some have advocated pre-cystectomy 
biopsies of the distal prostatic urethra, it is gener-
ally felt that the most accurate information about 
prostatic involvement comes from intra-operative 
frozen section. This information is critical to the 
decision to proceed with neobladder or convert to 
an ileal conduit. Tumor multifocality, and ortho-
topic diversion (versus conduit) are also associ-
ated with urethral recurrence, but to a much lesser 
degree than prostatic urethral involvement [ 13 ]. 
Interestingly, carcinoma in situ (CIS) and patho-
logic stage at radical cystectomy are not predic-
tive of urethral recurrence. 

 In women, studies have shown that the bladder 
neck is not necessary to obtain acceptable conti-

nence rates after neobladder formation (90 % 
daytime and 57 % nighttime continence) [ 14 ]. 
Sparing the external urethral sphincter along with 
creation of a capacious neobladder provides for 
excellent continence. In terms of cancer control, 
women with UC or atypia at the bladder neck at 
the time of cystectomy should be strongly advised 
against orthotopic diversion [ 15 ]. Likewise, UC 
invasion of the vagina or cervix portends an unac-
ceptably high risk for urethral recurrence and 
these patients should not receive a neobladder. 

 Renal and hepatic function are important fac-
tors to consider when performing orthotopic neo-
bladder. Use of ileum in the urinary tract carries 
the risk for hyperchloremic, hypokalemic meta-
bolic acidosis. Urinary solutes, such as urea, 
potassium, ammonium, and bicarbonate, are 
absorbed in higher quantities than would be 
absorbed in an ileal conduit because of the greater 
surface area. Patients with a creatinine level less 
than 1.7 mg/dL and an eGFR greater than 
35–40 mL/min are considered acceptable candi-
dates for neobladder [ 16 ]. Liver function must 
also be adequate to prevent hyperammonemia 
with the increased resorption of solute that occurs 
with a neobladder (See Table  17.2 ).

   Treatment of other pelvic malignancies, such 
as prostate and cervical cancer, with pelvic radi-
ation is a common risk factor for bladder cancer 
[ 17 ]. The prevalence of prior radiation in 
patients undergoing radical cystectomy in large 
series is approximately 8 % [ 18 ]. This predicts a 
higher long-term incontinence rate and higher 
perioperative complication rate; however, a neo-
bladder can be safe and effective in a very 
appropriately selected patient with a history of 
pelvic radiation [ 19 ]. 

   Table 17.1    Formulas for calculating the wall tension of 
a vessel using the Law of Laplace   

 Sphere  T = PR/2 
 Cylinder  T = PR 

   T  wall tension (resistance to internal vessel pressure), 
 P  internal pressure,  R  radius  

    Table 17.2    Indications for orthotopic neobladder   

 Renal funtion: eGFR >35–40 mL/min 
 Liver function: low risk of hyperammonemia 
 Absence of severe urethral stricture disease 
 Absence of Infl ammatory Bowel Disease (IBD) or 
short-gut syndrome 
 Adequate manual dexterity/mental function 
 Absence of UC in prostatic urethra (men) or bladder 
neck (women) 
 Impaired rhabdosphincter 

S.M. Cheney and E.P. Castle



167

 Other factors are also important to the choice 
of urinary diversion. In general, the overall 
health status of the patient should be evaluated 
by the physician to determine if the patient will 
be able to adequately care for the neobladder. 
Age is not an absolute contra-indication to neo-
bladder formation but older patients who are 
debilitated and have multiple medical co-mor-
bidities are often not as dexterous or well suited 
to maintain a  neobladder, especially if SIC is 
required. An ileal conduit is easier to sustain and 
eliminates the risk of needing SIC. Urethral 
stricture disease is not an absolute contraindica-
tion for neobladder; however, if the degree of 
stricture is severe, orthotopic diversion should 
not be used. Prior prostate or urethral surgery 
may also add a level of complexity to the ure-
thral dissection and anastomosis, but this does 
not preclude neobladder formation. Extra care 
must be taken during the dissection around the 
urethra in order to maintain the rhabdosphincter. 
Body mass index (BMI) is another consideration 
for the type of diversion to be performed. Obese 
patients may have a fat, short mesentery and 
when coupled with a thick abdominal wall, an 
ileal conduit can be diffi cult to construct. A neo-
bladder in these patients often alleviates these 
problems and avoids post- operative issues with 
ischemia to the distal conduit segment. Before 
neobladder formation in these patients; however, 
the surgeon must also ensure that part of the 
bowel segment reaches the pelvis for urethral 
anastomosis (See Table  17.2 ).  

17.4     Surgical Preparation 

 Surgical preparation depends on the type of 
bowel to be used. Use of a bowel prep for ileal 
diversions has not demonstrated any short or 
long-term benefi t [ 20 ]. For neobladders involv-
ing colon, a clear liquid diet and full bowel prep 
the day before surgery are recommended along 
with an enema 1–2 h before surgery. Colonoscopy 
is also warranted to rule out malignancy prior to 
use of this bowel segment. 

 Deep vein thrombosis (DVT) prophylaxis is 
used prior to incision for radical cystectomy and 

a broad spectrum antibiotic covering skin and 
enteric fl ora is also recommended.  

17.5     Bowel Segment 

 Urologists have a variety of options available 
for orthotopic diversions and each segment has 
advantages and disadvantages. Surgeon prefer-
ence is the most important consideration, but 
this must be adapted to each patient specifi -
cally in order to obtain the best outcome 
possible. 

 Ileum is the most common segment used in 
neobladders because it the most compliant and 
affords the lowest fi lling pressure [ 21 ]. It is easily 
mobilized into the pelvis and most urologists are 
familiar with the properties of this bowel. The 
main disadvantage to use of ileum is the risk of 
vitamin B-12 defi ciency. This is avoided by leav-
ing the distal-most segment of ileum intact. Ileum 
may also be unacceptable for use because of 
infl ammatory bowel disease (IBD). As described 
earlier, the metabolic abnormality associated 
with this bowel segment is hyperchloremic hypo-
kalemic metabolic acidosis. Chronically, this can 
lead to bone demineralization as bone serves as a 
buffer to chronic acidosis in these patients. 
Periodic bone mineral density analysis is recom-
mended and bony complications associated with 
this bowel segment can often be prevented with 
potassium citrate. 

 Colon is the second most frequently used 
bowel segment in orthotopic diversions. Colon is 
generally less distensible and results in higher 
pressures than neobladders using ileum alone. 
Like ileal neobladders, hyperchloremic hypokale-
mic metabolic acidosis can occur with use of 
colon and this is also treated with potassium 
citrate. 

 Stomach and jejunum are rarely used in ortho-
topic diversion because of the associated meta-
bolic complications and because of the diffi culty 
mobilizing these segments down into the pelvis 
for urethral anastomosis. Use of stomach can 
cause hypochloremic hypokalemic metabolic 
alkalosis and can result in hematuria dysuria syn-
drome. Use of jejunum causes hypochloremic 
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hyperkalemic hyponatremic metabolic acidosis 
and results in severe dehydration.  

17.6     Techniques for Orthotopic 
Diversion 

 Numerous techniques are used by urologists to 
fold bowel segments into a reservoir for ortho-
topic diversion and most of these have acceptable 
long-term outcomes. The most important consid-
eration for the surgeon is the use of a familiar 
technique that can be perfected and replicated 
with each diversion. Generally, the bowel is detu-
bularized to prevent high pressure contractions 
and non-absorbable suture is avoided to prevent a 
nidus for stone formation. 

 Ureteral stents are placed before fi nal closure 
of the neobladder. The stents are either brought 
out percutaneously, through the urethra, or left in 
the bladder and removed cystoscopically later. A 
suprapubic tube is optional and may be left to 
maximize drainage during the healing process. 
An intraperitoneal drain is also left in place to 
drain any leakage and prevent abscess 
formation. 

 We describe some of the most commonly used 
techniques using ileum for creating a neobladder; 
however, it should be recognized that there are 
many other options and variations to the tech-
niques that are described herein. 

    Hautmann “W” Ileal 
Neobladder 

 Hautmann fi rst described his technique for neo-
bladder formation in 1988 [ 2 ]. Seventy centime-
ters (cm) of terminal ileum is harvested and 
folded into a “W” with an equal length for each 
limb of the W. The bowel is detubularized along 
the anti-mesenteric border and the inner-most 
aspect of each limb is sutured together. A button-
hole incision on the distal aspect of one of the 
limbs is created and the urethral anastomosis 
completed. The ureters are anastomosed to the 
neobladder in an end-to-side fashion, and the out-
side edges of the W are closed to each other in a 

side-to-side fashion (See Fig.  17.1 ). The advan-
tages to this technique are the large capacity 
which decreases nocturnal incontinence, and the 
ability to leave the ends of the W long if the ure-
ters are short. The main disadvantage also stems 
from the large size of this diversion. As the neo-
bladder matures and expands with time, patients 
can experience an increase in absorption of uri-
nary solutes and also have a higher risk of 
retention.  

 A variation of this technique, called the 
serous-lined extra-mural tunnel, was fi rst 
described by Abol-Enein in dogs and eventually 
tested in humans [ 22 ]. Forty centimeters of ter-
minal ileum are used instead of 70 cm. A trough 
is made for the ureters between the fi rst and sec-
ond limbs, as well as the third and fourth limbs 
of the W. The ureters are then laid into the 
troughs, spatulated, and anastomosed to the 
mucosa at the inside corners of the W. The bowel 
mucosa is then closed over the top of the ureter 
in each trough, and the neobladder is closed in 

  Fig. 17.1    Hautmann neobladder: a Hautmann neoblad-
der utilizes 70 cm of terminal ileum folded into a W con-
fi guration (By permission of Mayo Foundation for 
Medical Education and Research. All rights reserved)       
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side-to- side fashion, similarly to Hautmann’s 
technique. The serous troughs serve as an anti-
refl uxing mechanism, but also increase the risk 
of distal ureteral obstruction. A very long ure-
teral length is necessary for this diversion, so 
this is not possible unless the distal ureters are 
free of UC (Fig.  17.1 ).  

    Studer Ileal Neobladder 

 This neobladder is the most commonly per-
formed orthotopic diversion because it is simple 
to construct and gives the urologist a great deal of 
fl exibility with the uretero-ileal and urethral 
anastomoses. A 50–60 cm segment of terminal 
ileum is isolated, detubularized, and folded into a 
“U” confi guration, leaving the proximal 
10–15 cm segment (chimney) tubularized and 
isoperistaltic for ureteral anastomosis. The bot-
tom half of the U is folded vertically and prior to 
closure, the urethral anastomosis is performed. 
The ureters are anastomosed to the chimney with 
the Bricker or Wallace technique (See Fig.  17.2 ).  

 This simple, elegant diversion avoids the use 
of staples, accommodates short ureters, has a low 
rate of anastomotic stricture, and provides for 
excellent continence rates [ 23 ].  

    T-Pouch Ileal Neobladder 

 The T-pouch was described by Stein and Skinner 
[ 4 ] and is similar to the anti-refl uxing anasto-
motic technique of the serous lined tunnel. Forty- 
four centimeters of terminal ileum are harvested 
and the proximal 8–10 cm are left tubularized 
and isoperistaltic for uretero-ileal anastomosis. 
The distal portion of the bowel segment is detu-
bularized and folded into a U confi guration. A 
trough in the upper aspect of the U is created for 
the distal part of the tubularized segment to lie. 
The mucosa of the bowel segments is sutured 
together and the bowel is then closed over this 
segment. The distal half of the U is then folded 
vertically and closed after stent placement and 
urethral anastomosis (See Fig.  17.3 ). This tech-
nique preserves an anti-refl uxing mechanism and 

avoids the increased risk of ureteral stricture that 
was historically seen with the Koch pouch.   

    Uretero-Neobladder 
Anastomosis 

 There has been considerable debate in the litera-
ture regarding use of anti-refl uxing ureteral anas-
tomosis for urinary diversion. Long term renal 
deterioration is observed with refl uxing anasto-
moses in a signifi cant proportion of patients, and 
was more common in patients receiving ileal 
conduit (36 %) versus Studer Neobladder (21 %) 
[ 24 ]. Patients with neobladders usually void by 
valsalva maneuvers which can create refl ux of 
urine. Not only does this cause a “waterhammer” 
effect on the kidney, but it also causes refl ux of 
bacteria into the upper tracts, increasing the risk 
for pyelonephritis and scarring. This is a critical 
problem in children, but also effects adults with 
urinary diversions. Approximately 30 % of 
patients with a neobladder have asymptomatic 
bacteriuria and 58 % will have a urinary tract 
infection (UTI) by 5 years after diversion [ 25 ]. 
The surgeon must weigh the benefi t of prevention 
of bacterial refl ux with the increased risk of ste-
nosis with an anti-refl uxing anastomosis.   

17.7     Urethral Dissection 
and Anastomosis 

 In both men and women, extreme care should 
be taken during dissection near the membra-
nous urethra and its surrounding attachments. 
Large suture bites through the pelvic fl oor mus-
cles and rhabdosphincter should be avoided. In 
men, a nerve sparing approach is felt to help 
maintain continence. In women, the anterior 
vaginal wall should be spared if oncologically 
feasible to preserve sexual function. When a 
strip of vagina must be taken with the bladder, 
an omental fl ap between the vagina and neo-
bladder should be employed to prevent forma-
tion of a fi stula [ 26 ]. The apex of the vagina 
should then be suspended to the uterosacral 
ligaments if possible.  
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  Fig. 17.2    Studer    neobladder: the Studer neobladder is 
formed with a tubularized “chimney” to prevent retrograde 
refl ux of urine. The distal bowel segment is folded into a U 
confi guration and folded on itself to resemble a sphere. 
 a ) Isolate and harvest 50–60 cm;  b ) ureters anastomosed to 

the 10 to 15 cm chimmney;  c ) U-shape created from detu-
bularized ileum;  d ) the pouch is folded on itself to create a 
sphere; and  e ) fi nal closure of the Studer pouch with stents 
externalized (By permission of Mayo Foundation for 
Medical Education and Research. All rights reserved)         

a

d

b

c
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17.8     Complications 
and Outcomes 

 It is imperative to accurately counsel patients 
who are considering a neobladder so they can 
anticipate the rigorous upkeep and understand 
the benefi ts and pitfalls of the operation. 

 Complications with cystectomy and urinary 
diversion are commonplace. It is important to 
note that the complication rate with orthotopic 
diversion is not signifi cantly different to that of 
ileal conduit formation. Gastrointestinal prob-
lems and urine leak are among the most common 
early complications. Urine leak should be treated 
initially with diversion using nephrostomy tubes 
followed by exploration and repair if the leak 
does not heal spontaneously. Long-term compli-
cations include small bowel obstruction (SBO), 
ureteral/urethral anastomotic stricture, inconti-
nence, and pouch perforation. 

 Maintenance of continence is the most impor-
tant quality of life issue for patients with neo-
bladders. There is generally an early period of 
poor continence/recovery that gradually improves 
over 6–12 months as the neobladder stretches and 
the rhabdosphincter is trained [ 14 ]. Night-time 
incontinence is generally more commonplace 
(20–50 %) than daytime incontinence (7 %). Risk 
factors for incontinence are increasing age, use of 
colon, and lack of a nerve sparing approach [ 27 ]. 
If incontinence is signifi cantly bothersome, pro-
cedures such as placement of an artifi cial urinary 
sphincter (AUS), sling, or bulking agent can alle-
viate this issue. 

 Urinary retention is also a signifi cant issue for 
some patients with neobladders, occurring in 
2–6 % in large series [ 27 ,  28 ]. There are many 
etiologies for retention, including a capacious 
reservoir, stricture disease, mucus plugging, poor 
voiding technique, and vaginal prolapse. This is 
usually more common in females due to angulation 

e

Fig. 17.2 (continued)

  Fig. 17.3    T pouch neobladder: the T pouch neobladder 
utilizes a separate proximal bowel segment to create a 
non-refl uxing serous-lined tunnel. The distal bowel seg-
ment is folded into a U confi guration (By permission of 
Mayo Foundation for Medical Education and Research. 
All rights reserved)       
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between the neobladder and urethra. SIC is usu-
ally curative of this problem and prevents UTIs 
due to urinary stasis. Detailed patient instruction 
following catheter removal is imperative to 
proper emptying, although some patients need 
long-term SIC despite adequate technique.  

17.9     Robot-Assisted 
Intracorporeal Neobladder 

 Robotic technology has allowed urologists to 
adapt minimally invasive techniques to many dif-
ferent operations, including radical prostatec-
tomy, partial nephrectomy, sacrocolpopexy, and 
radical cystectomy. Historically, robotic surgeons 
would generally extend a mid-line port or make 
an infraumbilical incision to perform the urinary 
diversion. Several surgeons recently described 
successful intracorporeal diversion, including 
ileal conduit and orthotopic neobladder [ 29 – 32 ]. 
This is a challenging procedure but has been 
described as successful with similar early com-
plication rates and favorable outcomes when 
compared to the open alternative [ 32 ].  

17.10     Summary 

 Orthotopic urinary diversion is a safe, well- 
established surgical option for patients undergo-
ing cystectomy. A properly selected patient can 
expect voiding function that more closely resem-
bles normal voiding and has the potential to avoid 
chronic renal deterioration seen with other types 
of urinary diversions. With diligent follow-up 
care and maintenance, most patients will have 
excellent long-term urinary function.     
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18.1             Introduction 

 Radical cystectomy and urinary diversion have 
been assessed the highest relative value in terms 
of diffi culty of the surgery for any procedure in 
urology. They are also the most diffi cult laparo-
scopic or robotic procedures and more so if the 
diversion is performed totally intracorporeally. 
The risk of cystectomy and urinary diversion is 
based not only on the technical challenges of the 
procedure but also on the nature of the patient's 
need. The incidence of bladder cancer increases 
continually with advancing age; thus, the respon-
sibility of providing optimal surgical treatment 
for elderly and possibly frail patients is common 
among urologists. Improvement in patient reha-
bilitation is noteworthy through continent cuta-
neous diversions and neobladders and better 
enterostomal therapy support. In this context, 
there must remain continued emphasis on refi n-
ing the surgical technique of radical cystectomy 
and urinary diversion to provide utmost safety for 
the patient [ 1 ,  2 ]. Unfortunately, not a single ran-
domized controlled study within the fi eld of uri-
nary diversion exists. A recent International 
Consultation on Urological Diseases (ICUD) has 
looked at published evidence and produced rec-
ommendations. They form the basis of this 

 chapter [ 1 ,  2 ]. This expert opinion is based on 
almost 16,000 diversions and radical cystecto-
mies. This ICUD committee represents a well-
balanced combination of pioneering institutions 
of any type of diversion, high volume centers and 
surgeons, as well as data from low volume insti-
tutions, plus a leading pediatric urology institu-
tion and the Swedish registry for bladder cancer, 
which reports any case from Sweden, including 
treatment, that has been observed in the respec-
tive period (Table  18.1 ).

   Some conclusions from Table  18.1  are:
•    Only 3/11 institutions have experience with 

any type of diversion  
•   Anal diversions play no role in the US, but are 

of value in pediatric patients and in the third 
world.  

•   Continent cutaneous diversions play a second-
ary role; even former pioneering institutions 
use it with decreasing frequency.  

•   Conduit (42.2 %) and neobladder (38 %) are 
the standard diversions at large centers.  

•   Truly population-based data from the USA 
and from the Swedish Bladder Cancer Registry 
(S. Jahnson, Linköping, Sweden) show a neo-
bladder rate in the range of 15 %; with increas-
ing hospital volume the neobladder/continent 
diversion rate approaches 75 %, addressing 
the impact of hospital volume on the use of 
continent reconstruction.    
 Table  18.1  includes data of seven pioneering 

institutions of UD. Their average annual RC 
caseload is 80 (range: 27–100). The Swedish 

        R.  E.   Hautmann ,  MD, MD hon       
  Department of Urology ,  University of Ulm , 
  Neu-Ulm ,  Germany   
 e-mail: richard.hautmann@uni-ulm.de  

  18      Techniques of Urinary Diversion 

           Richard     E.     Hautmann     

mailto: richard.hautmann@uni-ulm.de


176

Registry includes all RCs performed annually. 
With a minimum of seven RC centers required 
for Sweden, the annual caseload would be 30. 
A minimum annual caseload of 25 RCs done by 
not more than two surgeons is the basis of a high- 
volume surgeon. An additional 15–20 cases per-
formed by the next generation of high-volume 
surgeons under the supervision of the actual 
high-volume surgeons defi nes 40–45 RCs per 
year as a high-volume center [ 1 ].  

18.2     General Aspects 
of Urinary Diversion 

    Urinary Diversion and Real Function 

 Urinary diversion into bowel segments is not 
inherently damaging to the kidneys. In general, 
renal function after diversion into continent detu-
bularized reservoirs compares favorably with 
ileal conduit diversion. However, the literature is 
insuffi cient to recommend one form of diversion 
over another. There remains a long-term risk of 
renal deterioration, which is often asymptomatic, 
and thus close follow-up is necessary for all 
patients who have undergone urinary diversion in 
order to identify correctable causes early. 

 Those with renal pathology prior to surgery 
seem to be at greatest risk of postoperative renal 
deterioration. Serum creatinine is an imprecise 
measure of renal function. Isotopic GFR mea-
surement will detect renal function deterioration 
most accurately and at an early stage. The latter, 
however, is not available to all patients. In these 
situations, follow-up with serum creatinine and 
ultrasound should be followed by diuresis renog-
raphy if upper tract dilation is seen. Early inter-
vention for physical obstruction often results in a 
sustained improvement in renal function [ 2 ].  

    Secondary Tumors 
After Urinary Diversion 

 Patients who have undergone conduit diversion, 
continent cutaneous diversion, or orthotopic 
bladder substitution do not seem to be at increased 

risk of secondary malignancy. By comparison, 
the risk is slightly higher after cystoplasty, albeit 
not increased enough to support endoscopic sur-
veillance. However, the present knowledge 
regarding gastric cystoplasty is insuffi cient, and 
hence patients should be followed after such sur-
gery. Furthermore, yearly colonoscopy is recom-
mended in cases involving ureterosigmoidostomy, 
beginning 10 years after the procedure [ 2 ].  

    Complications 

 Radical cystectomy and urinary diversion are two 
steps of one operation. However, the literature 
notoriously reports on complications of radical 
cystectomy, ignoring that the vast majority of 
complications are diversion-related [ 3 ]. Surgical 
morbidity following urinary diversion is signifi -
cant and, when strict reporting guidelines are 
incorporated, higher than previously published 
(20–57 %). Accurate reporting of postoperative 
complications after radical cystectomy is essen-
tial for counseling patients, combined modality 
treatment planning, clinical trial design, and 
assessment of surgical success [ 3 ].  

    Urinary Diversion 
After Pelvic Irradiation 

 Tumor recurrence in patients who had received 
defi nitive radiation therapy may be followed by 
salvage radical cystectomy. Historically, these 
patients have been considered to have a risk of 
signifi cant postoperative morbidity and unsatis-
factory functional results. Complications have 
been attributed to radiation damage to the ureter 
and bowel, resulting in increased rates of anasto-
motic problems, upper urinary tract obstruction, 
and infection. Therefore, most centers use supra-
vesical urinary diversion with a transverse 
colonic segment or cutaneous ureterostomy. 

 During pelvic radiotherapy for cancer, the 
cecal pole as well as parts of the ascending colon, 
appendix and ileum are exposed to considerable 
doses of radiation. Since these segments of bowel 
are used for reservoir and afferent segment 
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 construction, it is plausible that the high compli-
cation rate that was observed was secondary to 
radiation damage of the intestinal segments. 

 Since radiation damage is historically known 
to increase with time, these aspects are especially 
important when evaluating complications of sur-
gical procedures in irradiated patients, Proper 
patient selection for salvage surgery has also con-
tributed to the improvements in long-term out-
come. Selection of appropriate surgical 
candidates for salvage therapy depends on sev-
eral factors: recurrent prostate or bladder cancer 
versus gastrointestinal or gynecologic cancer, 
extent of recurrent disease, and existence of fi s-
tula formation. It is believed that patients with 
more advanced local disease, refractory voiding 
symptoms related to a fi brosed non-functional 
bladder, or severe symptoms related to other 
complications associated with the prior irradia-
tion will be better served with cystectomy and 
lower urinary tract reconstruction. Based on the 
published long-term experience, salvage surgery 

(cystoprostatectomy, anterior exenteration) with 
orthotopic lower urinary tract reconstruction is a 
safe, effective procedure that can provide a poten-
tial curative intervention and a functional lower 
urinary tract for properly selected patients in 
whom previous defi nitive radiation therapy has 
failed, with results only marginally worse as 
compared to nun-irradiated patients, at least in 
high volume centers [ 2 ].   

18.3     Continent Diversion 

    Orthotopic Bladder 
Substitution in Men 

 The extent of pelvic disease has little bearing on 
the appropriateness of a neobladder. If pelvic 
recurrence does develop, it does not usually have 
a signifi cant impact on the function of a neoblad-
der and patients who have positive pelvic nodes 
can achieve good functional results. 

     Table 18.1    Numbers and types of urinary diversions (%) performed by the authors   

 #RC  Period 
 Neo- 
bladder    

 Cont. 
cut  Conduit 

 UC 
TUUC  Anal 

 Unknown no 
diversion 

 Others 

 Ann Arbor  643  95–04  45.1  1.4  53.5  –  –  –  – 
 962  00–09  40.0  2.0  58.0  –  –  0.9  – 

 Bern  611  85–99  51.5  1.5  42.5  1.6  2.5  –  0.4 
 708  00–10  51.0  8.0  39.0  1.5  0.5  –  0.1 

 Kassel  765  94–10  30.2  6.8  60.5  0.7  2.0  0.1  – 
 Los Angeles  1,359  71–01  51.6  25.8  22.3  –  –  –  0.3 

 1,012  00–10  74.2  5.3  20.2  –  –  0.3  – 
 Lund  119  00–04  28.6  31.1  40.3  –  –  –  – 

 134  04–09  6.0  30.6  63.4  –  –  –  – 
 Mainz  335  68–80  –  –  55.0  –  45  –  – 

 593  81–90  2.0  33  41.0  –  15  –  9 
 982  91–00  6.0  39  41.0  –  12  –  2 

 1,023  01–10  15.0  24  53.0  –  4  –  4 
 Mansoura  3,157  80–04  39.1  3.5  34.4  –  23.1  –  – 
 Norwich  246  02–09  10.6  –  89.4  –  –  –  – 
 Swedish/Registry  158  1997  19.0  19  55.0  –  –  7  – 

 221  2003  17.0  12  70.0  –  –  1  – 
 208  2006  9.0  6  80.0  –  –  5  – 
 229  2008  15.0  4  81.0  –  –  –  – 

 Ulm  1,613  86–09  66.0  0.4  22.0  10.0  1.3  0.2  – 
 Vanderbilt  789  00–07  35.5  0.4  63.5  –  0.1  –  0.5 
 Total  15,867  38.0  10.4  42.2  1.2  7.5  0.1  0.8 
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 The risk of urethral recurrence after a neo-
bladder is generally 5–10 % and it usually 
occurs in the fi rst 3 years when it does happen. 
A high risk is a contraindication to a neoblad-
der, but prediction of risk is not simple. 
Reported risk factors for urethral recurrence 
include multifocal disease, carcinoma in situ, 
prior intravesical chemotherapy, ureteric dis-
ease, and urothelial cancer in the distal pros-
tatic urethra. Nevertheless, an intraoperative 
frozen section of the resection margin is con-
sidered suffi cient by many centers. Biopsies 
done before cystectomy also enable discussion 
of the result with the patient, who then has 
greater certainly that orthotopic bladder 
 substitution will be possible at the time of 
 cystectomy [ 1 ]. 

    Age and Motivation 
 Although there is no age cut-off for a neoblad-
der, in practice many patients over the age of 
70 years will opt for a simpler conduit urinary 
diversion as the postoperative course is less 
arduous and urinary incontinence is less likely. 
The motivation of the patient is probably the 
most important factor when considering their 
suitability for a neobladder, although it is diffi -
cult to assess this objectively. Patients must be 
prepared to commit to the long-term follow-up 
program necessary.  

    Sphincter Function 
 Urinary continence after orthotopic bladder sub-
stitution depends, amongst other factors, on ade-
quate urethral sphincter function. Caution should 
be exercised before offering orthotopic bladder 
substitution in patients with signifi cant urethral 
strictures.  

    Surgical Technique 
 If tumor characteristics permit, then nerve spar-
ing should be attempted. This can be bilateral if 
disease is not muscle-invasive, or unilateral if 
there is lateralized muscle-invasive disease. In 
men, the nerves are at particular risk dorsolateral 
to the seminal vesicles, in the vesicoprostatic 
angle, and in the region of the prostatic apex 
(Fig.  18.1 ).   

    Reservoir Confi guration 
 A neobladder must be a low-pressure reservoir of 
adequate capacity and must empty to completion. 
If this is so, the upper urinary tracts will be pre-
served, and metabolic disturbance will be mini-
mal. Many surgical techniques have been reported 
but some key factors are alike. Detubularization 
and a spherical shape ensure that an orthotopic 
bladder substitute has low pressure and maximum 
volume for the length of bowel used (Fig.  18.2 ). 
Popular techniques include an ileal afferent limb 
orthotopic bladder substitute using 55 cm of distal 
ileum, preserving the 25 cm of terminal ileum, 
and the W-shaped classical ileal neobladder.  

 A simple end-to-side freely refl uxing anasto-
mosis into an afferent limb of a low pressure 
orthotopic reconstruction (Fig.  18.3 ) is suffi cient.   

    Minimally-Invasive Surgery 
 There is increasing interest in laparoscopic and 
robotic cystectomy, with either intracorporeal or 

  Fig. 18.1    Final situation after nerve- and seminal vesicle 
sparing radical cystectomy: The procedure starts as a stan-
dard nerve-sparing radical prostatectomy (RP). After 
transection of the urethra with Denonvillier’s fascia still 
intact, vasa deferentia and seminal vesicles are transected 
at the base of the prostate, and the trigone is undermined 
to the space of Douglas. The cystectomy is completed in 
ascending or preferably descending fashion (Reprinted 
from Hautmann et al. [ 6 ]. With permission from Elsevier)       
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management and regular long-term follow-up of 
patients with an orthotopic bladder substitute. The 
key issues are achieving a capacity of 400–500 mL, 
residual free voiding of sterile urine, and the treat-
ment of any outlet obstruction [ 1 ].   

    Orthotopic Diversion in Females 

 A number of the contraindications to continent 
diversion are identical for men and women. These 
include the basic requirements of adequate renal 
function, available healthy bowel, and a func-
tional urethral sphincter. Pre existing inconti-
nence is a relative contraindication for women 
considering a neobladder. A woman with stress 
urinary incontinence may be willing to continue 
to wear pads rather than deal with a stoma, or 
may be considered for a sling or Burch procedure 
at the time of diversion with planned self cathe-
terization. Age alone is not a criterion for offering 
continent diversion. Women over age 75 are at 
higher risk of incontinence but some of them will 
have excellent neobladder function [ 1 ]. 

    Complications 
 Most of the early and late complications of 
women undergoing radical cystectomy and neo-
bladder are identical to those of men and are 
managed in a similar fashion. Two complications 
are different in female patients:
•    Pouch-vaginal Fistula  
•   Urinary Retention    

 Urinary retention is clearly more common in 
women than men undergoing orthotopic diver-
sion. Such retention may occur early, but often 
appears after a year or more of good neobladder 
function and emptying. In the Ulm series of 116 
women, the rate of retention increased steadily 
over time to approximately 50 % by 5 years. The 
etiology has been debated, but most authors 
believe it is due to a mechanical kink in the 
urethra- pouch anastomosis as the full pouch falls 
posteriorly during Valsalva maneuver. This can 
often be documented on a lateral straining cysto-
gram. However, not all patients with retention 
have this fi nding. Other suggested etiologies 

  Fig. 18.2    W-shaped reconfi guration of the intestinal seg-
ment after detubularization and asymmetric incision of the 
ileal wall at the site of the anastomosis to the urethra, form-
ing a U-shaped fl ap. Refl uxing ileo-ureteral anastomosis 
using chimneys of a 3–5 cm afferent limb on each side       

  Fig. 18.3    Completely extraperitoneal localization of 
neobladder as well as ileo-urethral and ileo-ureteral 
anastomoses       
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include autonomic denervation of the urethral 
stump or disordered reinnervation resulting in 
inability to relax the sphincter [ 2 ]. 

 Treatment of retention is intermittent cathe-
terization. Transurethral resection of an urethral 
fold and open reduction of the pouch size with 
anterior fi xation to the abdominal wall have also 
been described. It is clear that every woman 
undergoing neobladder reconstruction should be 
advised that intermittent catheterization may 
be required for adequate emptying and must be 
willing and able to learn how to perform this. 
Many women who are dry but require self- 
catheterization seem quite happy with the diver-
sion in spite of this [ 2 ]. 

 It is reasonable to advise against neobladder 
reconstruction for a woman with invasive bladder 
neck involvement or suspected invasion of the 
vaginal wall or cervix. However, such patients 
may be considered for neobladder diversion if 
intraoperative frozen section of the urethral mar-
gin is negative. It appears that overall 60–70 % of 
women undergoing cystectomy might be reason-
able candidates for continent diversion [ 2 ].   

    Continent Cutaneous 
Urinary Diversion 

 The modern era of continent urinary diversion 
began 30 years ago with the introduction of con-
tinent cutaneous diversion, which at that time 
was represented by the Kock pouch. Since then, 
numerous techniques for this type of diversion 
have been described, but some of these appeared 
only once in the literature, indicating that they 
were associated with technical problems, high 
complication rates, and suboptimal functional 
results. Today, only a handful of methods are in 
use, and, in general, they are the second choice 
after orthotopic bladder substitution for patients 
undergoing radical cystectomy. 

    Indications 
 In patients with bladder cancer undergoing radi-
cal cystectomy, the main indication for continent 
cutaneous diversion is when urethral removal is 
deemed necessary due to a high risk of  recurrence 

of urothelial carcinoma. The risk can be  estimated 
based on the pathology report from the preopera-
tive transurethral resection biopsies of the pros-
tate. Such biopsies should be taken from the 
bladder neck to the verumontanum on both sides 
before cystectomy. Relying on frozen sections of 
the urethra obtained during surgery may be dan-
gerous because of the risk of a false negative 
report from the pathologist. Urothelial cell carci-
noma locates in the urethra or involving prostatic 
ducts or stroma is the main indication for 
urethrectomy. 

 In female patients, biopsies should also be 
obtained from the bladder neck, and, if positive 
urethrectomy should be performed. Furthermore, 
it is necessary to exercise caution if there is a 
tumor close to the bladder neck, as well as in 
cases involving widespread CIS. Optimal knowl-
edge regarding the urothelial pathology of the 
lower urinary tract is of importance when inform-
ing and discussing with the patient 
preoperatively. 

 Some patients may prefer continent diversion 
to orthotopic reconstruction because of the risk 
of urine leakage after the latter procedure.  

    The Outlet 
•     Intussuscepted ileal nipple valve  
•   Mainz pouch I  
•   Appendix  
•   Tapered/stapled ileal outlet  
•   Indiana pouch  
•   Lundiana pouch  
•   Serous-lined extramural valve/T-pouch    

 Continent cutaneous diversion has a place as 
an option for reconstruction of the urinary tract in 
patients who undergo cystectomy. The main indi-
cations seem to be in patients in whom urethrec-
tomy has to be performed and in those in whom 
the prospect of possible urine leakage after ortho-
topic neobladder is repugnant. Multiple tech-
niques have been described. However, many of 
them are too complicated to gain widespread 
acceptance. Simplicity characterizes the appendi-
ceal outlet and the outlet of the different 
 modifi cations of the Indiana pouch, and excellent 
functional results can be obtained. However, 
complications from the pouch and the outlet are 
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not infrequent and lifelong surveillance of these 
patients is necessary [ 1 ,  2 ].    

18.4     Incontinent Diversion 

    Conduit Urinary Diversion 

 Urinary conduit using ileum is the most com-
monly performed conduit procedure. Studies 
comparing ileal or colonic urinary conduit diver-
sion have documented fairly similar long- and 
short-term complication rates. It is likely that 
ileum is used more commonly because it is the 
technically simplest conduit to perform. 
Acknowledging this, there are still settings where 
it is preferable that colon, as opposed to ileum, be 
used. Specifi cally, in the setting of patients with 
short bowel syndrome or in patients who have 
had prior irradiation of the ileum or distal ureters, 
a colonic conduit should be considered. Another 
setting where a sigmoid colon conduit should be 
considered is in the patient who is undergoing en 
bloc resection of the colon or rectum, as this may 
eliminate the need for an additional bowel anas-
tomosis [ 1 ,  2 ]. 

 Nevertheless, ileal conduit diversion remains 
the most commonly used method for reconstruct-
ing the urinary tract in conjunction with radical 
cystectomy. It is probably technically easier than 
continent reconstruction. However, the complica-
tions, early as well as late, are legion. It is diffi -
cult to draw defi nitive comparisons with other 
diversion techniques as surgical techniques have 
improved markedly over the last 25 years, and 
few series report comparable long-term outcomes 
(>20 years) in patients with neobladders.  

    Ureterosigmoidostomy 

 Regarding this type of diversion, there is no really 
new information. This corresponds to conduit 
diversion. 

 Although the mortality and initial morbidity 
following ureterosimoidostomy have been sig-
nifi cantly reduced, some inherent chronic com-
plications remain problematic.   

18.5     Palliative Urinary Diversion 

 The issue of palliation and urinary diversion 
centers around two issues: (1) management of 
elderly/geriatric patients with muscle-invasive 
bladder cancer in whom radical cystectomy/
urinary diversion is associated with a consider-
able morbidity and mortality, and (2) patients 
with tumor-induced upper urinary tract dilata-
tion and renal insuffi ciency in a palliative 
setting. 

    Cutaneous Ureterostomy 

 This is the most popular form of alternative 
 non- bowel type of diversion in elderly patients or 
in a palliative setting. Operative time is short, and 
renal function is not a selection factor. 
Construction of a single stoma in the lateral or 
midline position is generally feasible and ensures 
easy care with minimal patient discomfort 
(Table  18.2 ).

       Defunctionalization 
of the Contralateral Renal Unit 

 If only one kidney is diverted and urine contin-
ues to fl ow downstream, it may be necessary to 
defunctionalize the latter. These patients are 
usually poor candidates for nephrectomy. In a 
previously obstructed kidney, ligation of the 
ureter usually causes signifi cant pain and spon-
taneous ureteral recanalization. In these cases, 
renal arterial embolization should be consid-
ered [ 2 ].  

    Percutaneous Nephrostomy 

 Drainage of an obstructed upper urinary tract 
caused by a locally advanced or metastatic uro-
thelial cancer leads to an ethical dilemma—is 
such drainage going to facilitate treatment with 
chemotherapy or radiotherapy, or is it perpetuat-
ing and allowing other problems to develop? 
Only patients with specifi c cancers (e.g., prostate 
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cancer) that progress slowly by nature may sub-
stantially benefi t from the procedure. Bilateral 
nephrostomies are generally poorly tolerated and 
usually only the renal unit with the better func-
tion should be diverted by nephrostomy. 
Subcutaneous pyelovesical diversion ensures a 
better quality of life than classical percutaneous 
nephrostomy in cancer patients at the palliative 
stage [ 2 ]. 

 These data suggest that in patients with a lim-
ited life expectancy permanent stents might be an 
option. 

 The decision regarding bladder sparing or 
radical cystectomy in the elderly/geriatric 
patient with invasive bladder cancer should be 
based on tumor stage and comorbidity best 
quantifi ed by a validated score, such as the 
Charlson score. Chronological age is of limited 
relevance. Cutaneous ureterostomy is the most 
popular non- bowel urinary diversion in this 
setting, providing adequate quality of life. The 
issue of decompression of an obstructed uri-
nary tract in a patient with advancing pelvic 
malignancy (particularly bladder cancer) 
remains a diffi cult clinical situation. The indi-
cation for drainage should only be made when 
the views and wishes of the patient and care-
givers are taken into account. The prognosis 
remains very poor.   

18.6     Current Status of the Urinary 
Bladder in Regenerative 
Medicine 

 There are possible advantages offered by regen-
erative medicine over currently available treat-
ment. A tissue-engineered bladder augment or 
neobladder lined by autologous urothelium 
(rather than intestinal epithelium) could be pre-
dicted to overcome most of the complications 
associated with conventional enterocystoplasty. 
The risks and complications associated with 
intestinal resection in poor-risk patients undergo-
ing cystectomy for bladder cancer might also be 
obviated by the availability of a tissue-engineered 
urinary conduit. 

 The ideal material for bladder augmentation 
or substitution would, therefore, combine the 
compliance conferred by smooth muscle with a 
urinary barrier, as provided by the urothelium. 

 An ideal tissue engineered urinary bladder 
would mimic the range of functions fulfi lled by 
the normal healthy bladder. Adequate compli-
ance is critical to the low pressure storage of 
urine and protection of the upper urinary tract. As 
normal bladder function is dependent on a com-
plex interplay between neuronal circuits, detru-
sor muscle and sphincteric complex, the creation 
of a functioning neobladder may in fact represent 

   Table 18.2    Advantages and disadvantages of conduit and UC/TUUC UD   

 UC/TUUC  Conduit 

 Advantages  Safe and easy  Safe and reliable 
 Fast  Gold standard of UD 
 Short LOS  Most frequently used UD 
 Low perioperative complication rate  Low stomal stenosis rate 
 Easy access to upper tract  No metabolic complications 
 QoL acceptable  QoL high 

 Disadvantages  Stomal stenosis rate high  Complications are legend 
 Complications increase linear to time 

 Lifelong need mono/double J  Abdominal procedure 
 Diffi cult with short ureters  Risk of intestinal leakage 

 Risk of parastomal hernia 
 UTI  UTI 
 Skin reaction  Longer LOS 

 More diffi cult access to upper tract 

   UD  urinary diversion,  UC  cutaneous ureterostomy,  TUUC  trans-uretero-ureterostomy,  LOS  length of stay,  QoL  quality 
of life  
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one of the most challenging tasks for tissue 
 engineering. However, as an interim approach, it 
seems reasonable to assume that clean intermit-
tent catheterization can be relied upon to substi-
tute for the voiding component of bladder 
function. 

 The long term durability of tissues arising from 
implanted cell-scaffold constructs will need to be 
addressed in future studies, especially in pediatric 
patients in whom the regenerated tissue would be 
retained over their remaining life-time [ 4 ]. 

 The mechanisms of urothelial tissue regenera-
tion in vivo are still poorly understood and, 
although the presence of slow-cycling cells in rat 
urothelium has been described a distinct resident 
human urothelial stem cells populations has not 
yet been identifi ed. Isolated human urothelial 
cells show a highly proliferative phenotype, but 
enter a senescent state after a fi nite number of 
cell divisions in vitro. It will be clinically relevant 
to assess whether ex vitro urothelium shows a 
long term regenerative capacity in vivo [ 4 ]. The 
potential to acquire full voiding function by a 
reconstructed urinary bladder is questionable. 
Although smooth muscle cell contraction has 
been reported from cultured smooth muscle cells 
and different studies have indicated the formation 
of neuronal structures, a voluntarily-controlled 
voiding function seems unlikely, particularly 
where the graft exceeds a critical size.  

18.7     Alloplastic Bladder 
Substitution 

 Although artifi cial substitution of the bladder 
would be desirable due to the physical, psycho-
logical, technical, and economic benefi ts, an allo-
plastic material with compatible properties to the 
human body has yet to be discovered. So, the 
answer to the question “are we making prog-
ress?” must be unequivocal “no” or “not suffi -
cient.” Indeed, the repeated failure of this 
therapeutic approach has been one of the factors 
prompting researchers to explore tissue engineer-
ing and other alternatives to conventional entero-
cystoplasty. Inter-professional collaboration, 
recent advances in technology, and innovations in 

tissue engineering may help in developing suit-
able alloplastic prosthesis. Therefore both urolo-
gists, as well as engineers and the industry need 
to give this matter a serious attention [ 5 ].  

18.8     Summary 

 At high volume hospitals, orthotopic reconstruc-
tion has become the procedure of choice for uri-
nary diversion. In these patients, the construction 
of a neobladder allows the elimination of a stoma 
and preservation of body image without compro-
mising the cancer control. However, the patient 
must be committed to the labor-intensive 
 rehabilitation process. He or she must also have 
adequate manual dexterity to perform self-cathe-
terization should it become necessary. When 
involvement of the lower urinary tract by tumor 
excludes the use of a neobladder, a continent 
cutaneous reservoir may still offer some advan-
tages over an ileal conduit. For patients who are 
not candidates for either type of continent diver-
sion, the ileal loop remains a time- honored 
option. 

 Key Points 

•     Radical cystectomy and urinary diversion 
have been assessed the highest relative 
value of diffi culty of the surgery of any 
procedure in urology, resulting in a low 
acceptance of neobladder reconstruction 
as seen from population- based data.  

•   The perioperative and long-term com-
plication rate is signifi cant, even in the 
most experienced hands, and higher 
than previously published.  

•   The morbidity of the procedure is up to 
75 % diversion-related.  

•   This type of surgery should only be per-
formed at high volume hospitals.  

•   If it is done with the intent to cure high 
volume surgeons prefer orthotopic recon-
struction whenever possible (80 %).  

18 Techniques of Urinary Diversion
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•   CCUD is second choice after orthotopic 
reconstruction and used in cases when 
the reservoir cannot be anastomosed to 
the urethra.  

•   Anal diversions are used in rare 
circumstances.  

•   Conduit UD remains the gold standard, 
against whom the others have to be 
measured.  

•   Incontinent diversion including UC, 
TUCC are done for palliation.  

•   UD into bowel segments is not interher-
ently damaging to the kidneys as com-
pared to anal UD.  

•   Conduit, CCUD and orthotopic recon-
struction are not at increased risk of sec-
ondary malignancy.  

•   Meticulous follow up after any type of 
UD is mandatory.    

R.E. Hautmann
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19.1             Introduction 

 Laparoendoscopic single site surgery (LESS) has 
been conceived with the aim of minimizing the 
morbidity associated with laparoscopic surgery 
[ 1 ]. A broad spectrum of urologic procedures has 
been shown to be feasible with LESS, including 
radical nephrectomy and prostatectomy [ 2 ,  3 ]. 

 A number of studies comparing standard 
urologic laparoscopy to urologic LESS have 
been reported [ 4 – 8 ]. Overall, these studies 
suggest that LESS is not inferior to laparoscopic 
surgery with regards to perioperative outcomes, 
with a trend towards improved cosmesis and less 
post- operative pain. 

 However, it has been recognized that LESS is 
signifi cantly more challenging, especially when 
complex reconstruction or intracorporeal sutur-
ing is required. The need to cross instruments at 
the abdominal wall to facilitate dissection results 
in a signifi cant mental challenge, due to the 

resulting reverse handedness. Other challenges 
include instrument collision, lack of triangula-
tion, and in-line vision. A number of strategies 
were developed to overcome these diffi culties, 
including curved and articulating instruments, 
fl exible endoscopes, and needlescopic accessory 
ports/instruments [ 9 ]. 

 Despite these advances, conventional LESS 
remains challenging and it requires extensive 
surgeon experience in laparoscopy and strin-
gent patient selection to achieve successful 
outcomes [ 10 ]. 

 Robotic-assisted laparoscopic surgery offers 
several advantages when compared to standard 
laparoscopic surgery, including better visualiza-
tion, ergonomics, dexterity, and precision. For 
these same reasons, it was postulated that the 
application of robotics could facilitate LESS 
by overcome some of the aforementioned con-
straints. Kaouk et al. [ 11 ] reported the fi rst expe-
rience with robotic LESS (R-LESS) in 2008 and 
immediately noted that intracorporeal suturing 
and dissection were easier, as compared with 
standard LESS. 

 Since then there have been numerous reports 
and refi nements in technique from the same 
group, for a number different of urologic proce-
dures [ 12 – 14 ]. However, despite the advantages 
provided by the current da Vinci ®  robotic plat-
form, R-LESS is not free of challenges. Although 
solutions are currently under development [ 15 , 
 16 ], we are in the infancy of R-LESS. 

        D.   Samarasekera ,  MD, FRCSC    
  Glickman Urologic and Kidney Institute, 
Cleveland Clinic ,   Cleveland ,  OH ,  USA     

    R.   Autorino ,  MD, PhD, FEBU    
  Urology Institute, University Hospitals Case 
Western Reserve University ,   Cleveland ,  OH ,  USA     

    A.   Rane ,  MS, FRCS (Urol)      (*) 
  Department of Urology , 
 East Surrey Hospital ,   Redhill ,  UK   
 e-mail: a.rane@btinternet.com  

  19      Single Port Surgery in the Pelvis: 
Current and Future Feasibility 

              Dinesh     Samarasekera     ,     Riccardo     Autorino     , 
and     Abhay     Rane     

mailto: a.rane@btinternet.com


186

 Both conventional LESS and R-LESS have 
been successfully employed for pelvic malig-
nancies in general surgery, gynecology, and 
urology [ 17 – 19 ]. This chapter will highlight 
current applications and challenges as well as 
future perspectives of LESS in pelvic urologic 
surgery.  

19.2     Patient Selection 
and Current Indications 
in Pelvic Surgery 

 Theoretically, all patients who are eligible for 
laparoscopic surgery should be eligible for LESS 
[ 20 ]. However, patient selection for LESS in 
reported series has been more rigorous as com-
pared to standard laparoscopy, despite that fact 
that the procedures were done by experienced 
laparoscopic surgeons. 

 Kaouk et al. [ 10 ] performed a multi- 
institutional review of 1,076 cases (only 3 % were 
pelvic surgery). Mean age was 52.1 ± 16.9 years, 
BMI was 25 ± 4.2 kg/m 2 , and ASA was 1.7 ± 0.7. 
Patients tended to be younger, non-obese, and of 
low surgical risk. 

 However, as more surgeons gain experience, it 
is logical to expect that more challenging cases 
will be attempted, as this was seen with pure 
laparoscopy. Furthermore, wide adaptation of 
the robotic platform to LESS, will further aid this 
progression. 

 Regarding, more specifi cally, pelvic surgery, a 
variety of indications for LESS has been investi-
gated thus far (Table  19.1 ).

19.3        LESS Prostate Surgery 

    Simple Prostatectomy 

 The open simple prostatectomy remains the gold 
standard in surgical therapy for prostates larger 
than 80 g [ 21 ]. However, there is still the poten-
tial for signifi cant morbidity associated with this 
procedure, including signifi cant hemorrhage. 
A number of centers have recently reported their 
experience with single-port transvesical enucle-
ation of the prostate (STEP) as a minimally inva-
sive alternative. For this procedure ports are 
placed through the bladder, and the prostate ade-
noma is enucleated. Desai et al. [ 22 ] described 
their experience with 34 cases in 2010. The mean 
prostate volume estimated by transrectal ultraso-
nography was 102.5 mL and the mean baseline 
prostate-specifi c antigen level was 6.7 ng/mL. A 
TriPort (Advanced Surgical Concepts, Wicklow, 
Ireland) multichannel port was placed into the 
bladder under direct cystoscopic vision, and 
pneumovesium of 15 mmHg was achieved. The 
adenoma was then enucleated with electrocau-
tery or ultrasonic shears, by creating a circumfer-
ential mucosal incision at the bladder neck. 
A stay suture (2-0 polyglactin on CT-X needle) 
was placed through the intravesical adenoma and 
brought out percutaneously using a Carter- 
Thomason device, to facilitate retraction. In 
patients with a small intravesical component 
(19/34 of patients), enucleation of the distal api-
cal adenoma was done with fi nger dissection by 
disconnecting the valve of the TriPort. Mean OR 
time was 116 min and EBL was 360 mL. There 
were two conversions to the open procedure. 
Major complications included one death, which 
was due to hemorrhage/coagulopathy in a 
Jehovah’s Witness who refused transfusion. One 
patient experienced a rectal injury. At 8 months 
follow-up mean American Urologic Association 
symptom score was 3, maximum urinary fl ow 
rate was 44 ml/s, and post-void residual was 
30 mL. No patients developed incontinence. 
Wang et al. [ 23 ] performed the STEP procedure 
in nine patients with a mean prostate size of 
83.8 ± 19.9 mL. Using a similar technique, a 
TriPort was placed in a preperitoneal fashion into 

   Table 19.1    Pelvic LESS procedures   

 Indication  LESS procedure 

 Prostate adenocarcinoma  Radical prostatectomy 
 TCC bladder  Radical cystoprostatectomy 
 BPH  Simple prostatectomy 

(STEP) 
 Reconstruction  Bladder diverticulectomy 

 Ureteral reimplantation 
 Vesico-vaginal fi stula repair 
 Sacrocolpopexy 

D. Samarasekera et al.
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the bladder. Mean OR time was 160.9 ± 30.4 min, 
and EBL was 418.8 ± 282.76 mL. One case was 
converted to open prostatectomy because of dif-
fi culties with TriPort insertion. At 12 months post 
procedure, the mean Qmax was 22.7 ± 4.62 mL/s, 
PVR was 36.1 ± 40.02 mL, and IPSS was 
4.1 ± 1.36. Fareed et al. [ 24 ] reported their experi-
ence with STEP, using the DaVinci surgical 
robot. Nine patients underwent R-STEP with a 
GelPort (Applied Medical, Santa Margarita, CA) 
as the access platform (Fig.  19.1 ). Robotic instru-
ments consisted of a 5-mm Schertel grasper and 
harmonic scalpel. Mean gland size was 146.4 mL 
(83–304 mL) based on trans-rectal ultrasound. 
Mean OR time was 3.8 h (2.75–4.75), and EBL 
was 584.4 mL (150–1,200). One patient required 
conversion to an open prostatectomy, and was 
excluded from the analysis. Two patients required 
cystoscopy, fulguration, and clot evacuation post-
operatively for clot retention. Additionally one 
patient developed a DVT which required anti-
coagulation, and one patient suffered a peri-oper-
ative myocardial infarction, requiring admission 
to the ICU. At 1 month follow up mean IPSS was 
4.83 (2–15), Q max  was 20.1 mL/s (6–36), and 
PVR was 75.75 m; (0–360). The authors con-
cluded that while R-LESS is technically feasible 

and effective in treating bladder outlet obstruc-
tion, they found a high rate of complications in 
their study (Table  19.2 ). 

       Radical Prostatectomy 

 Kaouk et al. fi rst reported a series of conventional 
LESS radical prostatectomy [ 3 ]. Four patients 
(mean age 63 years, mean BMI 29 kg/m2; mean 
PSA 5.50 ng/dl; no prior history of pelvic sur-
gery) were selected to have the procedure. All 
were clinical stage T1c, with a Gleason score 
3 + 3 in two, and 3 + 4 in two patients. An open 
Hassan technique was used to insert a Uni-X™ 
single access (Pnavel Systems) multichannel port 
through a 1.8 cm umbilical incision into the peri-
toneal cavity. Then, a 5 mm Endoeye scope 
(Olympus) with a fl exible tip and articulating 
graspers (Novare Surgical Systems, Cupertino, 
CA, USA) were used (Fig.  19.2a ). The surgeons 
reported that these instruments were helpful in 
providing effective retraction during dissection, 
but diffi culty was noted with applying adequate 
anterior traction on the seminal vesicles and vas 
deferens while at the same time retracting the 
bladder cephalad to gain exposure to the rectum. 

a b

  Fig. 19.1    Illustration of R-STEP. ( a ) Gel-port located in 
the suprapubic area; ( b ) 12mm robotic scopeand two 
5mm robotic instruments introduced thorugh the Gel-port 

inserted in tranvesically through the bladder dome. The 
30° lens are  angled upwords in order to minimize instru-
ment clashing       
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For this reason apical dissection of the prostate 
was done fi rst, prior to releasing the vas deferens 
and seminal vesicles completely. A lymph node 
dissection was performed in one patient only. 
Although the 5 mm LigaSure (Valley Lab) was 
used to take the pedicles, the neurovascular bun-
dles were released with cold scissors. The 
urethro- vesical anastomosis was completed with 
interrupted 2-0 Vicryl sutures on SH needles 
(Fig.  19.2b ). The knots were tied externally and 
advanced into the pelvis with a knot pusher. At 
the end of the procedure the prostate was deliv-
ered by extending the umbilical incision up to 
2–3 cm. There were no urine leaks when the 
anastomosis was tested intraoperatively by fi lling 
the bladder with saline. Additionally there were 
no conversions to either standard laparoscopy, or 
open prostatectomy. Mean OR time was 4.75 h, 
and EBL was 287 mL. On follow-up, three 
patients were continent (using 0 or 1 pad for 
security). Follow up was too short to determine 
potency outcomes. One patient developed a 
recto-urethral fi stula, which was treated with a 
mucosal advancement fl ap. Two patients had a 

positive margin but their PSA remained undetect-
able on short-term follow up. The authors 
 concluded that while LESS radical prostatectomy 
was technically feasible, there was considerable 
diffi culty with intracorporeal suturing and knot 
tying. They postulated that application of the 
robotic platform might overcome the challenges 
with conventional LESS.  

 Caceres et al. reported the largest LESS pros-
tatectomy series of 31 patients using the KeyPort 
multi-channel single site umbilical system 
(Richard Wolf GmbH, Knittlingen, Germany), in 
conjunction with a new DuoRotate system 
(Richard Wolf) [ 26 ]. The system incorporates 
bent instruments with double rotation, and allows 
for precise movement at the tips of the instru-
ments after alignment of the arms. The majority 
of patients had intermediate risk disease (45.8 %) 
according to D’Amico stratifi cation [ 27 ]. An 
additional 3.5 mm port placed in the right iliac 
fossa was used by the assistant for suction/retrac-
tion, and was also used by the primary surgeon 
during the urethrovesical anastomosis to facili-
tate suturing. They also used “marionette” sutures 

a b

  Fig. 19.2    Illustration of LESS radical prostatectomy. ( a ) Set-up with multichannel port and in-line instruments and 
scope ( b ) detail of urethro-vesical anastomosis using articulating instruments       
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to retract the bladder cephalad during dissection 
of the prostate. The anastomosis was completed 
with a running barbed polyglyconate suture 
V-LOC 90 2–0 (Covidien). There were no con-
versions to standard laparoscopy, or intraopera-
tive complications. Mean OR time was 207 min 
(120–390) and EBL was 258 mL (200–500). 
Nerve sparing was performed in ten patients 
(32.3 %) and a lymph node dissection was done 
in eight (25.8 %). At 20 weeks post procedure, 
33 % were fully continent. With regards to 
potency, 3/10 of patients who had an athermal 
nerve sparing procedure had a SHIM score of 
>21 at 20 weeks. Five patients had a focal posi-
tive margin. Two patients experience major com-
plications. One patient had a rectal injury and 
presented 2 days post-op with peritonitis. He 
underwent a diverting colostomy. Another patient 
developed respiratory acidosis due to a prolonged 
OR time (390 min) and required admission to the 
intensive care unit post-operatively. 

 Zhu et al. [ 28 ] performed a LESS RP using 
an extraperitoneal approach in six patients. 
Mean age was 74.7 years (74–76) and BMI was 
23.8  kg/m 2    (19.5–32.2). Mean PSA was 
8.49 ng/mL (1.53–19.4) and prostate volume 
was 45.5 ml (27.2–63.3). Three patients were 
cT2a and the remaining three were cT3a. On 
TRUS biopsy, two patients had Gleason 6 dis-
ease, and four patients had Gleason 7 (3 + 4 = 1 
patient, 4 + 3 = 3 patients) Standard laparoscopic 
instruments were used in conjunction with a 
QuadPort (Olympus, Tokyo, Japan) and a 0° 
Olympus EndoEYE 5 mm fl exible tip video-
laparoscope. The extra- peritoneal space was 
developed using a balloon device. Nerve-sparing 
was not performed in this series of patients, and 
the harmonic scalpel was used to control the 
prostate pedicles. Mean OR time was 252.5 min 
(190–305) and EBL was 300 mL (100–500). 
There were no intraoperative complications or 
conversions to standard laparoscopy/open sur-
gery. Long-term oncologic outcomes were not 
presented, but there were no positive margins, 
and all patients had an undetectable PSA at 
1 month. Additionally all six patients were com-
pletely continent (0 pads/day) at 12 months 
post-operatively. Again, like previous studies, 

the authors reported that LESS RP is feasible, 
but found intracorporeal suturing during the 
urethrovesical anastomosis challenging. 

 A number of groups have reported their expe-
rience with R-LESS radical prostatectomy [ 29 , 
 30 ], the largest including 20 patients by White 
et al. [ 14 ]. They used a single-site approach, with 
a SILS port and two 8 mm standard robotic tro-
cars (or one 8 mm and one 5 mm trocar) placed 
through separate fascial incisions (Fig.  19.3 ). 
Standard 8 mm EndoWrist (Intuitive Surgical) 
monopolar shears and a 5 mm EndoWrist Schertel 
grasper were used during dissection. The major-
ity of patients were D’Amico low risk (45 %). 
Mean age was 60.4 years, and mean BMI was 
25.4 kg/m 2 . Because the fourth arm was not used, 
retraction was accomplished by assistant suction 
or marionette sutures. Mean OR time was 
187.6 min, and EBL was 128.8 mL. There was 
one conversion to standard robotic prostatectomy 
because of a large median lobe and need for more 
effective retraction. Also, two cases required an 
additional 8 mm port placed outside of the umbil-
ical incision due to issues with triangulation and 
leakage of gas from the SILS port. There were 
four positive margins, but no patients experi-
enced biochemical recurrence at 1 year follow 
up. The authors also reported a trend towards 
improved urinary continence, with fi ve patients 
completely pad free over the follow up period. 
Three patients underwent an interfascial nerve 
sparing technique, and one had SHIM score of 
>21 at 3 months post-operatively. Five patients 
had a leak at the urethrovesical anastomosis on 
cystogram done 1 week post surgery, and required 
an additional week of catheterization. One patient 
experienced urosepsis and was admitted to the 
ICU 45 days postoperatively, but recovered with 
intravenous antibiotics. The authors concluded 
that R-LESS is feasible, and less challenging 
than conventional LESS. Instrument clashing 
was virtually eliminated by staggering the robotic 
trocars, and marionette sutures allowed for effec-
tive retraction despite inability to use the fourth 
arm. Assistant-driven retraction with the suction 
was also important, and facilitated by placing a 
15–30° downward bend, in the distal one third of 
the instrument    (Table  19.3 ). 

D. Samarasekera et al.
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19.4         LESS Bladder Surgery 

    Radical Cystectomy 

 There is considerably less experience with LESS 
radical cystectomy, with only a few cases reported 
in the literature. Kaouk et al. [ 32 ] reported their 
experience with conventional LESS radical cys-
tectomy in three patients (two male, one female; 
mean age 73 years, mean BMI 28 kg/m 2 ). Access 
was gained in a similar fashion to their reported 
LESS radical prostatectomy series, using the 
UniX multichannel port (Pnavel Systems). A 
steerable, 5-mm laparoscope (Olympus Surgical) 
was used with fl exible 5 mm instruments. Bladder 
pedicles were taken with either the 5 mm 
Harmonic Scalpel (Ethicon Endo-Surgery), 
5-mm Ligasure (Valleylab) or Hem-o-Lok clips 
(Weck Closure Systems). A full lymph node dis-
section was carried out up to the bifurcation of 
the aorta. For diversion, all patients had an ileal 
conduit, which was constructed extracorporeally 
by extending the peri-umbilical incision. Mean 
OR time was 315 min, and mean EBL was 
217 mL. There were no intraoperative complica-
tions, or conversions to standard laparoscopy or 
the open technique. All surgical margins were 

negative, and patients were free of recurrent or 
metastatic disease at 2-year follow up. 

 More recently, Ma et al. [ 33 ] reported the 
Chinese experience with LESS radical cystec-
tomy in fi ve male patients using a homemade 
port constructed using an inverted polycarbonate 
cone device, and a surgical glove. Standard lapa-
roscopic instruments were used for dissection. 
Mean age was 62.2 years, and BMI was 23.64 kg/
m 2 . All patients underwent a standard lymph 
node dissection. Two patients had a cutaneous 
ureterostomy as their diversion, and the remain-
ing three had an ileal conduit. Mean OR time for 
the extirpative portion of the procedure was 
208.2 min, and mean EBL was 270 mL. Average 
length of stay in hospital was 19.5 days, and 4/5 
of patients developed an ileus post-operatively 
(mean duration 9.75 days). One patient devel-
oped a small bowel obstruction that resolved 
spontaneously. One patient suffered a peri- 
operative MI related to a blood transfusion, and 
expired. The surviving patients remained disease 
free on latest follow-up (mean follow up 143 
(110–173) days). 

 Lin et al. [ 34 ] performed a LESS radical cys-
tectomy, lymph node dissection, and orthotopic 
ileal neobladder in 12 patients with muscle 

a b

  Fig. 19.3    Port confi guration for R-LESS radical prosta-
tectomy: ( a ) SILS port (Covidien) and two 8 mm standard 
robotic trocars (or one 8 m and one 5 mm trocar) placed 

through separate fascial incisions; ( b ) fi nal aspect of 
umbilical incision (Photos courtesy of Dr. Jihad Kaouk, 
Cleveland Clinic)       
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invasive bladder cancer. A homemade port which 
consisted of a surgical glove was also used for 
access. The ileal neo-bladder was constructed 
extracorporeally and was subsequently sutured to 
the urethral stump laparoscopically. The proce-
dures were actually considered “hybrid-LESS,” 
as a separate sub-umbilical port was placed for 
the laparoscope. Nevertheless, all procedures 
were completed successfully without need for 
conversion. Median OR time was 383 min, and 
EBL was 150 mL. All surgical margins were neg-
ative, and at a mean follow-up of 16.1 months, all 
patients were free of recurrent or metastatic dis-
ease. Three patients received adjuvant chemo-
therapy for positive lymph nodes, or pT3a 
disease. Furthermore patients had good func-
tional outcomes with regards to their neo- bladder. 
At 12 months mean pouch capacity, PVR, and 
maximal fl ow rate were 369 mL (230–640 mL), 
42 mL (0–180 mL), and 12.1 mL/s (7.1–28 mL/s), 
respectively. No patients experienced urinary 
retention or stricture disease. The authors 
reported that the extra sub-umbilical incision for 
the laparoscope facilitated lymph-node dissec-
tion and suturing of the neo-bladder to the ure-
thral stump, without compromising the cosmetic 
results. They found that the initial incision often 
had to be extended anyways, to extract the speci-
men (Table  19.4 ).

       Bladder Diverticulectomy 

 Bladder diverticula are essentially a herniation of 
urothelium through the detrusor muscle of the 
bladder wall. They are classifi ed as either con-
genital or acquired, and acquired diverticula are 
typically seen in the setting of bladder outlet 
obstruction. Indications for bladder diverticulec-
tomy include chronic urinary tract infection, 
stones within the diverticlum, malignancy, or 
upper tract deterioration secondary to  refl ux/
obstruction. Both transurethral-endoscopic, and 
open surgical approaches have been utilized. 
However typically the endoscopic approach is 
reserved for poor surgical candidates, and open 
surgery remains the gold standard. In an effort to 
reduce the morbidity of an open diverticulec-

tomy, minimally invasive approaches have been 
developed, including LESS. Stolzenberg et al. 
[ 35 ] used a TriPort and a combination of bent and 
conventional laparoscopic instruments to per-
form trans-peritoneal diverticulectomies in four 
patients. Prior to resection a stent was placed in 
the ureter on the side of the diverticulum, and an 
18F foley was advanced into the diverticulum 
under fl uoroscopic guidance. The balloon was 
then infl ated, to guide dissection. Following 
resection of the diverticulum the bladder was 
closed by absorbable interrupted sutures. Saline 
was then instilled into the bladder via the foley 
catheter, to check for any leakage. Median OR 
time was 130 min (101–154 min) and blood loss 
was minimal. There were no complications and 
pain scores were minimal on post-operative day 
three. Follow-up cystogram was done in each 
patient after catheter removal, and there were no 
leaks. Roslan et al. [ 36 ] described their technique 
of transvesical LESS diverticulectomy in three 
male patients. After a 1.5 cm incision was made 
2 cm above the pubic symphisis, a TriPort+ 
was inserted using an unbladed introducer 
into the bladder under cystoscopic guidance. 
Pneumovesicum was then created and the diver-
ticular sac was dissected transvesically using 
5-mm laparoscopic instruments. To facilitate 
resection, an extragrasper was placed transure-
thrally into the bladder. The bladder wall defect 
was then closed with an absorbable 3–0 running 
suture (The V-Loc 90 Absorbable Wound Closure 
Device, Covidien, Norwalk, CT), and a foley 
catheter was left in place. After removal of the 
TriPort, only the skin incision was sutured closed. 
Routine cystography was not performed prior to 
catheter removal. Mean OR time was 128 min, 
and there were no complications. Both of these 
studies illustrate the fact that LESS bladder diver-
ticulectomy is feasible and safe, and may be 
approached in a transvesical or transperitoneal 
fashion.  

    Ureteroneocystotomy 

 Both extra-vesical and transvesical ureteral re- 
implantation have been attempted using the 
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LESS approach. Desai et al. [ 37 ] reported on 
their fi rst 100 LESS cases, two of which were 
ureteral reimplantation. Operative times were 
210 and 140 min, with an EBL of 100 and 
250 mL, respectively. Two additional needle-
scopic ports were used to facilitate triangulation 
and retraction during suturing. Roslan et al. [ 38 ] 
used their experience with transvesical LESS, 
and performed a ureteral reimplantation in a 
39 years old female with vesicoureteric refl ux. 
Like their transvesical diverticulectomy series, 
they used a TriPort with was placed directly in to 
the bladder. The procedure took 250 min to com-
plete, and blood loss was reported as minimal. 
The ureter was dissected and the 5 cm terminal 
portion was transected. A 4 cm submucosal tun-
nel was then created, and the ureter was brought 
through this tunnel near the fundus of the blad-
der. Diuretic renography and an ultrasound at 
6 months post-op revealed resolution of her 
hydronephrosis, and no evidence of persistent 
refl ux or obstruction.  

    Vesicovaginal Fistula Repair 

 The most common cause of a vesicovaginal fi s-
tula (VVF) in the industrialized world is inadver-
tent bladder injury at the time of pelvic 
gynecologic or urologic surgery. This occurs 
most commonly during a hysterectomy, when an 
unrecognized cystotomy is made near the vaginal 
cuff. Both the abdominal and transvaginal routes 
of repair have been extensively used, with the 
transvaginal approach being less morbid [ 39 ]. 
However fi stulas that are high in the vaginal cuff 
can be diffi cult to repair by this route. Abdel- 
Karim et al. fi rst reported their experience with 
conventional laparoscopic VVF repair in 2010 
[ 40 ], and subsequently LESS VVF repair [ 41 ]. 
Five patients underwent transperitoneal LESS 
VVF repair, with omental interposition. An extra 
5 mm port was used to facilitate intracorporeal 
suturing and triangulation. There were no com-
plications, or conversions to standard laparos-
copy or open surgery. Mean follow up was 
8 ± 3.2 months, and all patients were continent 
with no recurrence of their fi stulae.   

19.5     LESS Reconstructive Surgery 

    Sacralcolpopexy 

 Sacralcolpopexy is an effective technique for 
repair of a pelvic-organ prolapse (POP) in young 
patients who desire to continue with sexual inter-
course, as vaginal shortening is minimal. Open, 
pure laparoscopic [ 42 ], and robotic approaches 
[ 43 ] have been described. White et al. [ 44 ] com-
pared a cohort of 30 patients with POP who 
underwent sacralcolpopexy. Ten patients under-
went conventional laparoscopic repair, ten had a 
robotic repair, and ten had a LESS repair. There 
were no differences amongst the three groups 
with regards to OR time, EBL, visual analog pain 
scores at discharge, or duration of hospitaliza-
tion. At 6 months follow-up 27 patients under-
went repeated POP-Q scoring which revealed 
excellent apical support and no recurrence of 
their prolapse. Tome et al. [ 45 ] described their 
LESS approach in one patient with a stage IV 
(POP-Q) vaginal vault prolapse. They used a 
homemade multichannel port (Alexis wound 
retractor and surgical glove) and clips, rather than 
knots for securing the mesh. At 3 months post 
surgery, the patient was a stage 0, and experi-
enced no complications. LESS sacralcolpopexy 
appears technically feasible with excellent 
results, however it seems an extra-port is helpful 
to facilitate intracorporeal suturing during repair.   

19.6     Summary 

 Laparoendoscopic single-site surgery continues 
to evolve, with improvements in technique 
and instrumentation. Issues with triangulation, 
clashing, and visualization have been addressed 
with articulating instruments and endoscopes, 
and application specifi c access platforms. 
Additionally considerable laparoscopic expertise 
is required before attempting LESS. The tech-
nique has been applied to a number of different 
pelvic oncology procedures, spanning the fi elds 
of Gynecology, Urology, and General Surgery. 

 Comparative analysis between standard lapa-
roscopy and LESS exist, which reveal while 
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LESS is not inferior with regards to most peri- 
operative outcomes, it is much more technically 
demanding. However, the main benefi t of LESS 
seems to be the potential for better cosmetic 
outcomes as it represents a step towards truly 
“scarless” surgery. 

 The application of robotics to LESS (R-LESS) 
has addressed many of the limitations seen with 
the conventional technique. The endowrist™ 
technology allows for superior dissection, trian-
gulation, and intra-corporeal suturing. However 
R-LESS is still in its infancy, as the current itera-
tion of the DaVinci robotic platform has not been 
designed for LESS. As a result of the bulky extra- 
corporeal profi le, instrument clashing and limited 
space at the bedside remain important issues. 
Solutions such as the DaVinci Single-site™ plat-
form (Fig.  19.4 ) have been designed to address 
these challenges, however their full clinical 
potential has not yet been reached as further 
testing is required.  

 The ideal robotic platform for R-LESS 
would be low profi le, task specifi c, and would 
allow for deployment through a single incision. 
Additionally the instruments would be articulat-
ing, and there would be effective triangulation 
and retraction. Further advancements in the fi eld 
of robotic surgery are necessary before truly scar-
less LESS becomes widely adapted.      
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20.1             Introduction 

 Radical perineal prostatectomy was fi rst described 
by Young in 1905 for the management of clini-
cally localized prostate cancer. Young described 
the “supra sphincteric approach” later modifi ed 
in 1939 by Belt describing the “sub sphincteric 
approach.” Both procedures, based on wide exci-
sion of the prostate usually resulted in erectile 
impotence [ 1 ,  2 ]. The radical perineal prostatec-
tomy technique was the treatment of choice for 
clinically localized prostate cancer until the mid 
1970s when Walsh and associates described tech-
nical modifi cations to the retro- pubic approach 
with an anatomical description of the dorsal venous 
complex (DVC) and neurovascular bundles (NVB) 
responsible for maintaining erectile function. This 
approach was familiar to many urologists used to 
operating in the retro- pubic space. In this pre-PSA 
era, when nearly 60 % of prostate cancers diag-
nosed were T3 tumors, access to the pelvic lymph 
nodes through the retropubic approach was an 
additional advantage of the retropubic approach. 
In 1988 Weldon et al. described the nerve spar-

ing radical perineal prostatectomy with potency 
preservation similar to the retro-pubic nerve spar-
ing procedure [ 3 ]. Further modifi cations by one 
of the authors (Coetzee) with the use of pediatric 
instruments excluding any mechanical retractors, 
has eliminated traction on the NVB and improved 
potency rates to 70–80 % in men who were potent 
pre- operatively, particularly those under the age of 
65 year. 

 In the pre-PSA era, nearly 60 % of patients 
were diagnosed with stage C (T3) prostatic carci-
noma, but since 1989 the introduction of PSA 
testing has resulted in stage migration towards 
T1C prostate cancer and nearly 75 % of patients’ 
diagnosed today have non-palpable disease. 
Nomograms have assisted in determining the 
potential risk of lymph node involvement [ 4 – 6 ], 
leading to renewed interest in radical perineal 
prostatectomy, which could provide equivalent 
cancer control with a reduced morbidity. Despite 
the introduction of the laparoscopic and robotic 
approaches, cancer control rates have remained 
very similar to open approaches [ 7 – 9 ]. 

 In the last 5 years there has been renewed 
interest in the importance of pelvic lymphade-
nectomy as well as limited versus extended pel-
vic lymphadenectomy and the impact of this on 
not only staging, but also on possible survival 
[ 10 ,  11 ]. The impact on survival versus improved 
staging is as yet uncertain with a long-term fol-
low up. In most contemporary series, a statistical 
risk analysis using nomograms can determine the 
risk of possible lymphatic spread [ 12 ,  13 ]. Pelvic 
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lymphadenectomy is not performed if the risk 
falls below 5–7 %. In fact a decisional analysis 
would suggest that pelvic lymph node dissection 
is unnecessary in the subset of patients where the 
risk of nodal involvement is less than 18 % [ 14 ].  

20.2     Indications and Limitations 
of the Perineal Approach 

 The classic indications include any pT1–2, Nx-0, 
M0 prostate cancer. Radical perineal prostatec-
tomy is the favored approach in the following 
circumstances:
•    Previous abdominal sepsis, adhesions or mul-

tiple laparotomies  
•   Problematic mesh inguinal and incisional her-

nia repairs, both open and laparoscopic  
•   Previous anterior resection or abdomino- 

perineal excision of rectum (APER)  
•   Renal transplant patients [ 15 ]  
•   Previous retro-pubic surgery  
•   Pelvic vascular surgery    

 Advantages to the radical perineal prostatec-
tomy include reduced blood loss, excellent access 
to the apex of the prostate with maximal preser-
vation of the sub-sphincteric urethral length with 
resultant early regaining of urinary incontinence. 
In experienced hands clear visualization of the 
NVB responsible for potency preservation, early 
mobilization and regaining of bowel function due 
to extra-peritoneal surgery conducted entirely 
beneath the pelvic fl oor. 

 A limitation of the perineal operation has been 
the inability to access pelvic lymph nodes through 
the same incision as with the retro-pubic approach. 
We favor a 5 cm supra-pubic mini- laparotomy, 
giving access to the pelvic lymph nodes up to the 
internal iliac arteries in all but the most obese of 
patients [ 16 ]. Saito and colleagues demonstrated 
the feasibility of sampling the pelvic lymph nodes 
via the perineal incision, while a combined lapa-
roscopic lymphadenectomy has been described. 

 Contra-indications to perineal prostatectomy 
would include:
•    Severe ankylosis of the hips  
•   Unstable total hip replacements  
•   Prior history of rectal operations, recto- 

cutaneous fi stula or perirectal abscess  

•   Massive prostates size (relative in experienced 
hands)  

•   Morbid obesity if ventilation pressures are too 
high (relative- see below)    
 Boczko and Melman reported their series in 

100 patients with a BMI of greater than 30 kg/m 2 . 
They reported no major diffi culties performing 
RPP with no need for blood transfusion [ 17 ].  

20.3     Patient Selection and Pre- 
operative Preparation 

    Pre-operative Counseling 
and Planning Nerve Sparing Versus 
Wide Excision 

 Radical prostatectomy has become a procedure 
judged by not only the cancer cure rates, but also 
the ability to preserve the functional outcomes of 
potency and urinary continence, especially in the 
younger potent patients. Planning nerve sparing 
radical prostatectomy has improved in T1C or 
suspected T3a disease with pre-op staging MRI 
scans, and is particularly useful in patients with 
high volume or intermediate to high risk Gleason 
grade or even a patient in the intermediate 
d’Amico risk category group. The pre-operative 
MRI scans also allows the surgeon to counsel the 
patient about the possibility nerve sparing versus 
wide excision. It is important to emphasize that 
the primary goal of the surgery should be curative 
and that the nerve sparing option although desir-
able, is not the number one priority. The sur-
geon’s discretion to the type of nerve sparing or 
not should be accepted by the patient and prefer-
ably the partner as well in the pre-operative coun-
seling session.  

    Pre-hospital Preparation 

 Patients undergo pre-operative assessment 
7–10 days prior to surgery with FBC, U&E, 
 urinalysis and blood group and save without 
cross matching and MRSA screening. Given that 
most men considering radical prostate surgery 
are ASA risk I-II, specifi c anesthetic review is 
rarely required. We have stopped any autologous 
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blood donation, as this is not cost effective. 
Patients receive a single dose of Coloprep bowel 
preparation 12 h before their surgery.  

    Immediate Pre-operative Preparation 
in the Operating Room 

 In the operating room, the patient is given a spinal 
or caudal injection of Marcaine with opiates for 
immediate and post-operative pain control for the 
fi rst 12–24 h. The patients are positioned in the 
extended dorsal lithotomy position attempting to 
get the perineum parallel to the fl oor (Fig.  20.1 ) 
so that the perineal incision allows the prostate to 
be approached through the base of the triangular 
pelvic entrance between the ischial tuberosities. 
If this is not done, the surgeon tends to oper-
ate through the narrower sub-pubic arch of the 
apex of the triangular entrance to the pelvis that 
restricts the view. This is especially important in 
patients with larger prostates above 50 g. Rarely 
the anesthetist may encounter raised ventilation 
pressures in large patients, which can usually be 
overcome by minor patient repositioning.    

20.4     Surgical Technique 

 An inverted horseshoe incision is made with 
clearance of the anal verge by roughly 2 cm all 
round. A curved Lowsley retractor is passed 

down the urethra into the bladder. The incision is 
roughly square shaped with rounding of the 
edges. This gives a broad based fl ap and has been 
found to have less of an incidence of midline 
wound break down due to ischemia with retrac-
tion of the skin margins. 

 Following the development of the ischio- rectal 
fossa the central tendon is identifi ed and a fi nger 
passed beneath the central muscle/tendon anterior 
to the rectal wall and the central tendon divided 
allowing the rectum to drop away, opening the 
approach to the prostate. Following the division of 
the central tendon, the space either side of the cen-
tral tendon is developed exposing the anterior rec-
tal wall and the recto-urethralis muscle which is 
placed on stretch by double gloving and placing 
the index fi nger of the left hand (right handed sur-
geon) through the anus and retracting directly pos-
teriorly towards the fl oor. The central tendon is 
then cut back with sharp dissection (this is usually 
an avascular structure and provided it is thinned 
out and only the tendon is cut). Within two to three 
centimeters back the midline space opens up and 
the prostate can usually be visualized in the depths 
of the incision. The two lateral wings of remaining 
muscle either side of the central tendon are divided 
a short way back, but not as far as the central ten-
don. These muscular structures are continuous 
with the layer in which the neuro-vascular bundle 
is housed and it is felt that by not cutting them 
back against the prostate that the neuro-vascular 
bundle is afforded some protection (see Fig.  20.2 ).  

  Fig. 20.1    Patient draped and 
positioned with the perineum 
parallel to the fl oor       
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 The down side of this is that the visualization 
of the prostate is slightly more limited. It has 
been our policy over the last 8 years not to use 
any instrumentation for retraction as this places 
the nerve bundles on stretch and although it may 
improve the visualisation of the prostate for the 
surgeon, it is usually not necessary with the 
instruments we use. I fi nd it very useful to use 
two small stainless steel pediatric spatula (1 and 
1.5 cm wide) which can be bent and hooked in 
behind the neuro-vascular bundles to gently 
retract these off the prostate while the connec-
tions with the prostate are divided with or with-
out small liga-clips on visible blood vessels. The 
urethral prostatic junction is then cleaned and the 
length of urethra below the sphincter exposed. A 
right angle Mieke or Lahey clamp passed behind 
the urethra between the urethra and the dorsal 
vena complex, gently opened to separate the dor-
sal complex off the urethra and the urethra is then 
divided against the Lowsley retractor. The 
 retractor is withdrawn and a holding suture 
placed through the urethra before it is totally 
divided (Fig.  20.3 ). A long Ellis clamp placed in 
the urethral opening into the prostate allows the 
prostate to be manipulated and the dorsal venous 
complex to be gently shifted back towards the 
bladder neck. The alternative is the placement of 
straight Lowsley retractor into the bladder which 
then can be used to manipulate the prostate and 
also to clearly delineate the vesico-prostatic junc-
tion. This is recommended in the early learning 
phase of one’s surgical experience. Hereafter the 

plane is developed between the prostate and the 
bladder by cutting down at 90° with a right- 
angled scissors opening the bladder neck area 
and visualizing the internal surface of the blad-
der. This automatically creates two lateral pedi-
cles between the bladder and the prostate, which 
can then be clipped and sharply divided or cut 
with a Harmonic scalpel. The tissue lateral to the 
seminal vesicles represents the vascular pedicles 
which are clipped and divided. The prostate is 
lifted and approached from the posterior aspect 
with division of Denonvilliers and the anterior 
rectal fascia covering the posterior aspect of the 
prostate. This fascia and with it the rectum can 
then be gently swept off the vesicles, allowing 
the rectum to drop away out of harm’s way. The 
seminal vesicles can either be dissected out com-
pletely or truncated, clipped and divided. We sel-
dom remove more than two-thirds of the vesicles 
as we believe if there is infi ltration beyond this 
point, the surgery becomes a non-curative proce-
dure and the risk of disturbing the vesical nerve 
plexus at the apex of the vesicle does not justify 
the wide dissection posterior to the bladder. We 
perform a circumferential bladder neck frozen 
section biopsy to establish a clear bladder neck 
margins particularly in patients with suspected 
T4 cancer infi ltrating the bladder neck. We rou-
tinely use a posterior racket handle reconstruc-
tion, and don’t believe preservation of the bladder 
neck plays a major role in the regaining of uri-

  Fig. 20.2    Exposure of the urethra under the neuro- 
vascular bundles       

  Fig. 20.3    Divided urethra with a Foley catheter in place 
(tagged with suture) between the neuro-vascular bundles. 
The limited space available working between the neuro-
vascular fascia is visible       
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nary incontinence. Sutures are placed after visu-
alizing the ureters and progressed from the 
6 o’ clock position towards 12 o’ clock. After two 
to three stitches have been placed, a running 4-O 
monocryl suture everts the mucosal lining from 
12 to 4 o’clock and 12 to 8 o’clock. An 18 French 
Biocath urethral catheter is then passed and the 
anastomotic sutures in the urethra placed at 1, 11, 
5, 7, 3 and 9 o’clock positions. The 3 o’clock and 
9 o’clock sutures are placed at a later stage once 
the racket handle has been completed and the 
urethral opening closed to the required caliber 
from posterior. The urethral-vesical anastomosis 
is then carried out under direct vision (this is one 
of the big advantages of the perineal approach) 
and once completed can be inspected and addi-
tional sutures placed to stabilize the anastomosis. 
The rectal wall is the checked for any possible 
injuries. The wound is irrigated and checked for 
any residual bleeding from the lateral pedicles. 
The wound is closed in layers with zero absorb-
able glycolic acid fat sutures with an 8 mm pencil 
drain in the right lower corner of the wound, cap-
rosyn sutures in the vertical arms of the suture 
and a 4-O V-lock suture sub-cuticularly along the 
apex of the wound. The legs are then lowered and 
the patient, after leaving the operating room, is 
returned to the post-surgical ward and depending 
on the facilities, either to a general surgical ward 
or to a high care ward [ 2 ,  18 ,  19 ].  

    Lymphadenectomy 

 In the high risk patients, Gleason 7 or higher, 
PSA above 15 and clinical T3 cancers, or patients 
with suspected seminal vesicle infi ltration, a pre- 
radical prostatectomy mini laparotomy is done 
through a 5 cm suprapubic incision and frozen 
sections is done on the lymph nodes. Although it 
is very rare that in a patient who otherwise quali-
fi es for a radical prostatectomy due to clinical 
organ confi ned disease and acceptable risk pro-
fi le, would be disqualifi ed due to bulky nodal dis-
ease and this is done mainly as a staging 
procedure. It is done under the same anesthetic 
and adds roughly 30 min to the surgery.   

20.5     Post-operative Management 

 Patients can usually start eating and drinking 
immediately as there is no abdominal wound in 
the majority of cases (even with a small extra-
peritoneal mini-lap incision). The risk of deep 
vein thrombosis is extremely low because the 
legs are at a higher level than the heart during the 
time of the entire procedure, the patient is still 
covered with prophylactic anti-coagulation with 
low molecular weigh heparins and elasticated 
stockings for the fi rst few days of the hospital 
stay and in high-risk patients the fi rst 14 days fol-
lowing their surgery. 

 The patients are mobilized and resume normal 
diet on day 1 and encouraged to walk actively. 
Emphasis is placed on wound care and keeping 
the wound dry especially the apical part of the 
incision in the midline raphae which can, because 
of its poor blood supply, sometimes show slight 
delayed healing. Since using the sub-cuticular 
V-lock suture over the last 2–3 years, we have 
seen very few problems in this area. An oral stool 
softener (not a laxative) is given daily until the 
fi rst bowel movement. The patients are usually 
discharged on the second or third post-operative 
day once they have had their fi rst bowel move-
ment. It is important allow the patient access to 
the surgeon/nurse practitioner if he has any con-
cerns about wound infection, pain control, bowel 
activity etc. The Foley-catheter is usually removed 
between 10 and 14 days depending on the size of 
the patient, the ease of the surgery and the general 
confi dence level of the surgeon following the pro-
cedure with regards to the  vesico- urethral anasto-
mosis. We now seldom do a retrograde 
urethrogram/cystogram prior to removing a cath-
eter, unless concerned in very obese patients for 
example, about the integrity of the anastomosis.  

20.6     Complications and Their 
Management 

 Overall the peri-operative variables show the 
safety of the perineal approach (Table  20.1 ) 
The risk of peri-operative of complications is 
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low as summarized in our series of over 1,700 
cases (Table  20.2 ). The incidence of rectal 
injury in our combined series of 1,786 patients 
over a 17 year period is 0.003 %. Two of these 
patients had a loop colostomy for 6 weeks. The 
others were repaired primarily during the oper-
ation and recovered uneventfully. This is well 
below the quoted incidence of 1 % and signifi -
cantly below the 4 % incidence reported by 
Bishoff et al. [ 20 ]. Rectal injuries not recog-
nized at the time of surgery usually require a 
loop diverting colostomy for 6–8 weeks. 
Important is to confi rm closure of the fi stula 
prior to the closing of the colostomy. Those 
injuries recognized intra-operatively are closed 
in two layers using absorbable sutures. Anal 
stretch and a period of bowel rest with antibi-
otic cover followed by a low residue diet for a 
week allows the majority of these injuries to 
heal without incident.

    Late development of a fecal fi stula is rare 
and this can be repaired by the same trans peri-
neal approach with freeing up of the tissue well 
back from the fi stula and closing this with a 4-O 

monocryl suturing at least two layers. Hereafter 
tissue inter-position either with the patient’s own 
tissue or a collagen patch is recommended. To 
date we have repaired a number of post laparo-
scopic recto-vesical fi stulae (possibly unrecog-
nized due to abdominal insuffl ation) but only 
two following radical perineal prostatectomy 
(0.001 %). 

 At the time of catheter removal patients are 
warned about minor stress incontinence that can 
take 2–4 weeks for regaining of urine control 
and the patient is issued with protective pads. 
More than 50 % of the patients in our series have 
been dry within 24 h to the extent that they do 
not require any external protection, 25 % are dry 
within 2 weeks and the remainder usually within 
the fi rst 4–6 weeks. In patients who do have 
delayed return of urine control, any external col-
lecting device such as condom catheter or penile 
clamp is strongly discouraged especially in the 
early healing phase up to 6 months. Following 
this peri-urethral bulking, the male advance sling, 
and AMS 800 sphincter are options in patients 
with signifi cant leakage, which in our series was 
less than 1 %. 

 In the odd patient who has diffi culty to pass 
urine or develops urine retention, the catheter is 
usually re-inserted for a further week. Late epi-
sodes of poor urine fl ow or retention, although 
extremely uncommon, are usually managed with 
a careful dilatation of what is usually an anasto-
motic stricture. Given the careful eversion of the 
bladder mucosa during the surgery and the 
mucosa to mucosa anastomosis, this is seldom 
seen however. 

 Neurapraxia due to the exaggerated lithotomy 
position has been described. This is seldom seen 
provided the surgical time is limited to less than 
2 h. Isolated nerve injuries may occur due to 
patient positioning but are preventable with use 
of generous gel foam padding. Rhabdomyolysis 
has been described but is extremely rare and 
tends to be associated with very long periods of 
surgery above 4 h. As the average time for our 
surgery was between 110 and 140 min, we did 
not in our series see a single case of rhabdomy-
olysis and myoglobinuria [ 21 ].  

   Table 20.1    Peri-operative variables after 1,764 
consecutive   

 Variable  Result (mean and range) 

 Age  Mean 61 years (42–78) 
 PSA  Mean 8 ng/ml (0.2–37) 
 Operative time  141 min (93–185) 
 Prostate weight  38 g (15–142) 
 Catheterization  14 days (9–29) 
 Hospital stay  3.2 days (2–20) 

   Table 20.2    Complications in our series of 1,764 con-
secutive radical perineal prostatectomies   

 Complication  Incidence (%) 

 Wound infection  4.0 
 UTI/orchitis within 30 days surgery  4.1 
 Bladder neck stenosis  1.6 
 Urine leak  1 
 Lower limb neurapraxia  0.001 
 Pulmonary embolism  0.1 
 Sub-vesical hematoma  0.3 
 Ileus  0.001 
 Urinary fi stula  0.001 
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20.7     Outcomes After Radical 
Perineal Prostatectomy 

    Cancer Control 

 Few large contemporary series of radical peri-
neal prostatectomy (RPP) have published onco-
logical outcomes, since the landmark publication 
from Duke University in 1999 [ 9 ]. We evaluated 
cancer control in 1,320 men after RPP over a 
13 year period. Mean follow up was 
61 ± 40 months (Range 12–157). At the time of 
the analysis 1,270 patients were alive and 
remain under surveillance, 22 patients have 
died, (9 prostate cancer; 13 other causes). 
Twenty-eight patients are lost to follow up. 
Median pre-operative PSA of 7.2 ng/ml; the 
pathological staging were T2a 9 %; T2b 66 %; 
T3 25 %. Positive surgical margin rate was 16 % 
for pT2 and 43 % for pT3. Kaplan-Meier esti-
mates of actuarial PSA survival as a function of 
surgical margin status (months) are shown in 
Fig.  20.4  below. Overall survival at 5 years was 
94 % (93.0–95.5) and at 10 years was 94 % 
(93.0–95.5).  

 RPP therefore offers excellent cancer control 
and overall survival at 10 years. As shown in 
other large RP series, pT3 disease, PSA >10, and 
positive surgical margins are signifi cant risk fac-
tors for PSA recurrence [ 22 ].  

    Continence 

 In our series we defi ned using no external protec-
tion urinary continence. To date the risk of 
 signifi cant stress incontinence in over 1,764 
patients is 2 %. Some risk factors for delayed 
urine control are the following:
•    Large apical tumors,  
•   Morbidly obese patients,  
•   Patients with previous trans-urethral resection 

of their prostate;  
•   Poorly controlled diabetic patients    

 To date three artifi cial sphincters and fi ve male 
slings have been placed in our series.  

    Potency 

 In our series we defi ned potency as being able to 
achieve penetrative intercourse with/or without 
added PDE5 inhibitors. Overall potency rates 
were 70 % in patients under 65 years of age, ris-
ing to 84 % in men under 55 years with no other 
co-morbidities, with organ confi ned disease and 
no sign of a capsular encroachment or penetra-
tion. In our early experience using external 
retraction in the same population group, potency 
rates were lower at of 53 %. 

 Our patients are started on Tadalafi l 5 mg per 
day or Vardenafi l daily for the fi rst 3–6 months, 
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followed by intracavernous injection therapy if 
there is no response to PDE5 inhibitors. Harris 
et al. reported that after 12 months 50 % of 
patients who underwent unilateral nerve sparing 
radical perineal prostatectomy and 70 % of 
patients who underwent bilateral nerve sparing 
radical perineal prostatectomy were able to 
achieve an erection adequate for intercourse with 
or without the use of PDF 5 inhibitors [ 23 ].   

20.8     Summary 

 Radical perineal prostatectomy remains as rele-
vant today as when it was fi rst described more 
than a century ago. Despite the increasing popu-
larity of laparoscopic and robotic surgery, not 
every patient qualifi es for these approaches, and 
these patients should not be denied the option of 
surgical treatment based on contraindications to a 
single surgical approach. In these patients the 
perineal approach is an excellent alternative, 
offering ease of access, good visualization, low 
blood loss, ability to preserve the neuro-vascular 
bundles and potency, early post operative mobili-
zation and short hospital stay, particularly to 
patients with low and intermediate risk disease, 
providing cure rates comparable with any other 
approach while keeping salvage options open 
should they be required at a later stage. This pro-
cedure is also especially relevant in developing 
countries, where access to fi rst world technology 
and intensive care facilities in the post-op period 
may be limited which these patients seldom 
require due to the low morbidity of the surgery.      
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21.1             Management of Pelvic 
Retroperitoneal Tumors 

 Retroperitoneal tumors of the pelvis are com-
monly encountered in urology. This is due to 
the refl ection of the peritoneum, which refl ects 
over the dome of the bladder, leaving the major-
ity of the bladder, prostate, seminal vesicles, 
and ureters in the retroperitoneum. While some 
cancers are commonly encountered such as 
prostate cancer and bladder cancer, others are 
infrequently encountered, such as tumors of the 
seminal vesicles. Often pelvic tumors encoun-
tered in the retroperitoneum require not only 
extirpation, but also pelvic lymphadenectomy, 
reconstruction, and multimodal treatments. 
Through improvements in laparoscopic and 
robotic techniques, many of these tumors are 
now treated in a minimally invasive manner. In 
this chapter, the different types of retroperito-
neal urologic tumors are reviewed with empha-
sis on the controversies of lymphadenectomy, 
multimodal therapy, and  minimally invasive 
therapy.  

21.2     Prostate Cancer 

 Prostate cancer is the most commonly encoun-
tered pelvic retroperitoneal tumor in urology. 
While it is discussed in other chapters, there are 
some aspects of treatment that bear debate. The 
indication for pelvic lymphadenectomy and its 
extent is one topic. Another is the comparative 
effi cacy of minimally invasive prostatectomy and 
open prostatectomy. 

 Due to stage migration of prostate cancer in 
recent years, the rate of lymph node metastases 
has signifi cantly declined. This is mirrored in the 
declining use of PLND in the U.S.A. at the time 
of radical prostatectomy with a median of 4LN 
removed during open surgery and three during 
minimally invasive prostatectomy [ 1 ,  2 ]. Recent 
guidelines from the AUA and EUA reserve 
PLND for high risk and intermediate and high 
risk patients respectively [ 3 ]. The NCCN guide-
lines in 2011 changed the recommendation for 
PLND if the nomogram risk is at least 2 %, down 
from 7 % [ 3 ]. None of these specify to what 
extent the lymphadenectomy should be per-
formed. Comparisons of standard lymphadenec-
tomy (SLND includes external iliac and obturator 
nodes, Fig.  21.1 ) and extended lymphadenec-
tomy (ELND includes SLND plus internal iliac 
nodes and common iliac nodes up to the level of 
the ureter, Fig.  21.1 ) demonstrate increased node 
positivity with ELND [ 3 – 5 ]. However, it is not 
clear whether biochemical recurrence is altered 
[ 3 ]. In an analysis of 52 patients (1,469 lymph 
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nodes) undergoing ELND, positive lymph nodes 
were found in the standard template in 71 % of 
lymph nodes removed, 16 % along the internal 
iliac vein, and 13 % by the common iliac vein 
(32) [ 4 ]. Among lymph node positive patients, 
63 % had positive nodes outside the standard 
template [ 4 ]. Comparing ELND (54 patients), 
SLND (231), and no lymphadenectomy (207), 
Liss et al. found positive lymph nodes in 24.1 % 
ELND versus 3.4 % SLND [ 3 ]. In high risk 
patients, positive lymph nodes were found in 
29.3 % ELND versus 12.3 % SLND. There was 
no difference in overall complications and clini-
cally signifi cant lymphoceles occurred in 0 
ELND and 3.4 % SLND [ 3 ]. However, there was 
no difference in biochemical recurrence noted. 
Similarly, Yuh et al. compared 202 ELND with a 
historical cohort of 204 SLND, performed in the 
2 years prior to starting ELND [ 5 ]. Median lymph 
node yield and lymph node positivity was signifi -
cantly higher for ELND, 21.5 versus 7 and 10 % 
versus 4 % respectively. Symptomatic lympho-
celes occurred in 2.5 % ELND and 2.9 % 
SLND. Thrombotic complications occurred in 
1 % ELND and 2.9 % SLND [ 5 ]. Though higher 
diagnostic yield was achieved with ELND with 
little change in complications in these series, one 
barrier to this may be the learning curve required. 

In a review of 500 cases, plateus for OR time, 
lymphadenectomy-specifi c complications, and 
lymph node count occurred after 130, 40, and 
150 cases [ 6 ]. However, plateus are infl uenced by 
case selection and may not be a measure of com-
petence, making the learning curve unrealisti-
cally steep.  

 Since the emergence of robotic prostatectomy 
(RARP), its oncologic effi cacy relative to open 
prostatectomy (RRP) has been debated. In a 
recent meta-analysis of robotic prostatectomy, 13 
series that compared RARP (3,917) to RRP 
(4,241) demonstrated no difference in positive 
surgical margins (847 and 820 cases for each, 
HR = 1.2, p = 0.19) [ 7 ]. There was also no differ-
ence in biochemical recurrence between RARP 
and RRP (HR = 0.9, p = 0.53). Positive margins 
were also similar for laparoscopic prostatecto-
mies. In a separate meta-analysis, urinary inconti-
nence was slightly less for RARP (7.5 %) than 
RRP (11.9 %) at 12 months (HR = 1.53, 
CI95 % = 1.04–2.53) [ 8 ]. Finally, the same authors 
performed a meta-analysis evaluating potency 
rates following RARP and RRP, demonstrating a 
slight advantage at 12 months with RARP (OR: 
2.84, CI95 %: 1.46–5.43) [ 9 ]. Though slight 
advantages were seen for functional outcomes, 
true comparison of technique was limited in these 
meta-analyses, given wide variation in patients, 
outcome defi nitions and reporting.  

21.3     Bladder Cancer 

 Though bladder cancer is discussed in other 
chapters, several crucial aspects regarding its 
management are still debated. The therapeutic 
effect of lymphadenectomy and the extent is one 
such topic. Another is the comparison between 
open and laparoscopic or robotic cystectomy. 
Finally, the benefi t and timing of perioperative 
chemotherapy is debated. 

 In patients undergoing radical cystectomy, 
25–30 % were found to have positive lymph nodes 
[ 10 – 12 ]. Along with grade and stage at transure-
thral resection, the presence of  lymphovascular 
invasion and preoperative hydronephrosis pre-
dicted lymph node metastasis [ 13 – 15 ]. Many 

a

b

  Fig. 21.1    ( a ) Standard lymph node dissection for pros-
tate cancer includes the lymph nodes adjacent to the exter-
nal iliac vein and the obturator fossa, extending from the 
node of Cloquet to the confl uence of the external and 
internal iliac veins. ( b ) Extended lymph node dissection 
includes the standard template and the nodes adjacent to 
the internal iliac vein and common iliac vessels up to the 
ureter       
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series have attempted to delineate a minimum 
number of nodes as measure of extent, ranging 
from 10 to 16 [ 16 ]. However, one large series 
showed increasing survival benefi t with increas-
ing node counts [ 17 ]. Additionally, lymph node 
counts are affected by patient anatomy, and spec-
imen collection, processing, and interpretation 
[ 18 ]. Lymph node extent was better defi ned by 
template, which can be divided into three levels 
(Fig.  21.2 ). Rates of node positive ranged from 
21 to 31 % for level I, 9 to 19 % for level II, and 
7 to 13 % for level III [ 19 – 21 ]. Additionally, the 
necessary extent for lymph node dissection was 
affected by the rate of skip metastases observed 
which range from 2 to 8 % of cases with posi-
tive nodes in level II [ 12 ,  20 ,  22 ], and 0–6 % for 
level III [ 20 ,  21 ], though many series have found 
the latter to be rare. While an extended lymph-
adenectomy versus a limited dissection (approxi-
mating level 1) has shown improved survival [ 11 , 
 23 ], a recent comparison of superextended up to 
the inferior mesenteric artery (level III) showed 
no benefi t over lymphadenectomy up to the prox-
imal common iliac arteries (level II) [ 24 ]. The 
survival benefi t of extended lymphadenectomy is 
also clouded by stage migration.  

 Systemic chemotherapy has also been shown 
to improve survival in patients undergoing radi-
cal cystectomy. In the neoadjuvant setting, a ran-
domized trial comparing 153 treated with MVAC 
versus 154 without chemotherapy showed a 
median survival benefi t of 77 months vs 
46 months (p = 0.05) [ 25 ]. In terms of cancer spe-
cifi c survival, there were 54 deaths due to bladder 
cancer in the neoadjuvant group and 77 in the 
group treated with surgery alone, HR = 1.66 
(CI95 %: 1.22–2.45). Similarly, a meta-analysis 
of 11 trials comparing platinum based neoadju-
vant chemotherapy with surgery alone demon-
strated a benefi t in overall survival (HR: 0.86, 
CI95 %: 0.77–0.95) [ 26 ]. In the adjuvant setting, 
Svatek et al. retrospectively reviewed 3,947 
patients from 11 different institutions, fi nding 
improved survival with adjuvant chemotherapy 
(HR: 0.83, CI95 %: 0.72–0.97 %) [ 27 ]. Direct 
comparison of neoadjuvant chemotherapy versus 
adjuvant chemotherapy is inadequate in the cur-
rent literature. However, Eldefrawy et al. demon-
strated that patients who received neoadjuvant 
chemotherapy were more likely to complete the 
planned cycles of chemotherapy (83.5 %) than 
those receiving adjuvant chemotherapy (35.5 %) 
[ 28 ]. The reason for this may be due to the diffi -
cult recovery that is required following radical 
cystectomy with urinary diversion. 

 Through increased robotic experience, many 
institutions have performed minimally invasive 
radical cystectomies with lymph node dissection. 
Several series demonstrated similar oncologic effi -
cacy and complications between robotic and open 
cystectomy with less blood loss at the expense of 
typically longer operative times (Table  21.1 ) [ 29 –
 34 ]. Lymph node yield and the proportion of cases 
with positive lymph nodes were similar for both 
modalities. Type of urinary diversion did not vary, 
though it is not clear what proportion were per-
formed by an intracorporeal method.

21.4        Distal Ureteral Cancer 

 Upper tract urothelial-cell carcinoma accounts for 
5 % of urothelial carcinomas [ 35 ]. Nearly 70 % of 
ureteral tumors occur in the distal ureter, which is 
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  Fig. 21.2    Three levels of template dissection relevant to 
bladder cancer.  Level 1 : external iliac nodes, internal iliac 
nodes, obturator, and deep obturator nodes.  Level 2 : 
Common iliac, presacral and presciatic nodes.  Level 3 : 
Para-aortic, interaortocaval, and paracaval lymph nodes 
below the inferior mesenteric artery       
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found in the pelvis [ 35 ]. Radical nephroureterec-
tomy is the gold standard treatment for high grade 
and invasive tumors of the upper tract. In a recent 
multi-institutional review of 1,363 patients, can-
cer-specifi c survival following nephroureterec-
tomy was 78.3 ± 1.3 and 72.9 ± 1.4 % at 3 and 
5 years respectively [ 36 ]. Imaging with CT uro-
gram is the modality of choice for diagnosing dis-
tal ureteral tumors [ 37 ]. Cytology can be helpful 
as positive cytology has been associated with 
muscle-invasive and higher stage tumors [ 38 ]. 
Ureteroscopy is a useful diagnostic adjunct, when 
the diagnosis is uncertain, and it can determine 
tumor grade in 90 % of cases [ 39 ]. 

 While nephroureterectomy is the gold stan-
dard therapy for invasive upper tract tumors, dis-

tal ureterectomy may have a similar outcome to 
nephroureterectomy in managing invasive or 
high grade tumors in the distal ureter. Initially 
performed for cases in which renal preservation 
was imperative (i.e., solitary kidney), distal ure-
terectomy is increasingly offered electively to 
reduce the development of chronic kidney dis-
ease, thereby avoiding associated cardiovascular 
morbidity and maximizing adjuvant chemother-
apy options. Recently, several series demon-
strated similar oncologic effi cacy of segmental 
ureterectomy versus nephroureterectomy for dis-
tal ureteral tumors (Table  21.2 ) [ 40 – 45 ]. 
Follow-up of these patients demonstrated that 
recurrence in the ipsilateral upper tract was low. 
For example, Dalpiaz et al. noted two patients 

   Table 21.1    Comparison of the outcomes of robotic and open cystectomy   

 N 
 EBL(ml)/
transfuse %  OR time  Complications %  LOS d 

 Positive 
margin %  LN 

 Nix et al. [ 29 ]  RC- 21  258 a   4.2 a   33  5.1  0  18 (12–30) 
 OC- 20  575  3.5  50  6.0  0  18 (8–30) 

 Parekh et al. [ 30 ]  RC- 20  400 a /0  300 a  (245–366)  20 (Cl >1)  6  5  11 (9–21.5) 
 OC- 20  800/2  285 (240–321)  20 (Cl >1)  6  5  23 (15–28) 

 Styn et al. [ 31 ]  RC- 50  350 a /4 a   459  28.1 (Cl >2)  9.5  2  14.3 ± 9.1 
 OC-100  475/24  349  21.3 (Cl >2)  10.2  2  15.2 ± 9.5 

 Knox et al. [ 32 ]  RC-58  276 a   7.8 a  ± 1.5  43  7 
 OC-84  1,522  6.6 ± 1.25  65  8 

 Gondo et al. [ 33 ]  RC-11  656 a /0 a   54  9.1  20.6 a  
 OC-15  1,788/40  75  20  14.1 

 Nepple et al. [ 34 ]  RC-36  675 a /39 a   410  7.9  6  17 (12–20) 
 OC-29  1,497/83  345  9.6  7  14 (10–20) 

   a Denotes a statistically signifi cant difference between the two treatment modalities in that particular series  

   Table 21.2    Comparison of the oncologic outcomes of nephroureterectomy and distal ureterectomy for distal ureteral 
tumors   

 Series  Number of patients 
 Median follow-up
(months) 

 Cancer-specifi c
survival (%)  P 

 Dalpiaz et al. [ 40 ]  RNU: 42  51.5  5 years: 78  0.92 
 DU: 49  5 years: 77 

 Simonato et al. [ 41 ]  DU: 73  87  5 years: 94.1 
 Colin et al. [ 43 ]  RNU: 416  26  5 years: 86.3  0.99 

 DU: 52  5 years: 87.9 
 Jeldres et al. [ 42 ]  RNU: 1,222  30  5 years: 82.2  >0.05 

 DU: 569  5 years: 86.6 
 Lehmann et al. [ 44 ]  RNU: 91  96  10 year pTa/1: 87  0.271 

 DU: 51  10 year pT2-4: 36 
 Giannarini et al. [ 45 ]  RNU: 24  58  5 years: 66  0.896 

 DU: 19  5 years: 64 
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with such recurrence at 63 and 45 months after 
surgery, both were alive after nephroureterec-
tomy [ 40 ]. When planning a distal ureterectomy, 
diagnostic ureteroscopy was avoided in several of 
the series for fear of seeding the proximal upper 
urinary tract. Additionally, performance of 
lymphadenectomy during nephroureterectomy or 
distal ureterectomy was done sparingly in many 
of the series [ 40 ,  41 ,  43 ]. Although lymphade-
nectomy is benefi cial in bladder urothelial carci-
noma, a similar benefi t for upper tract urothelial 
cancer has not been defi nitively shown [ 46 ]. 
Furthermore, the precise boundaries for lymph-
adenectomy for upper tract TCC is not clearly 
defi ned. In the multi-institutional review, 
Margulis et al. found that lymphadenectomy was 
performed in 48 % of cases [ 36 ].

   Although theoretical, the benefi t of platinum- 
based chemotherapy was assumed due to the suc-
cess of this regimen in bladder cancer, but there is 
considerably less data for its support for the treat-
ment of upper tract TCC. In one study of neoadju-
vant chemotherapy (which compared 43 patients 
receiving neoadjuvant chemotherapy with 107 
historical controls), Margulis et al. demonstrated 
a reduction in stage pT2 or higher disease (46.5 % 
versus 65.4 %) and pT3 or higher disease (27.9 % 
versus 47.7 %) at the time of surgery in patients 
treated with neoadjuvant  chemotherapy [ 47 ]. In 
two separate multi- institutional studies, adjuvant 
chemotherapy had minimal impact on cancer-
specifi c survival [ 48 ,  49 ]. 

 Minimally invasive distal ureterectomy with 
reconstruction for distal ureteral cancer was 
reported in some series [ 50 – 54 ]. Schimpf et al. 
reported 11 patients, of which 5 were for ureteral 
cancer, with median operative time of 189 min 
[ 50 ]. One intraoperative complication, an iliac 
vein injury, was repaired intraoperatively. Three 
patients underwent psoas hitch and two under-
went boari fl ap. There were two recurrences 
noted, both in the ipsilateral pelvis treated with 
nephroureterectomy. All patients were free of 
disease at follow-up. Glinianski et al. reported 
nine patients undergoing distal ureterectomy of 
which six had a psoas hitch, with a mean opera-
tive time was 252 min [ 51 ]. There were no intra-
operative complications, and all margins were 

negative. One patient each had pT1,2, and 3 dis-
ease, and fi ve patients had high grade urothelial 
carcinoma. During follow-up fi ve patients had 
superfi cial bladder cancer, and one patient had 
superfi cial recurrence in the renal pelvis. In gen-
eral patients undergoing distal ureterectomy by 
minimally invasive means tended to be of lower 
grade and stage. Robotic port placement was 
achieved with the camera cephalad to the 
 umbilicus, with three trocars and one assistant 
port placed laterally in a confi guration similar to 
robotic prostatectomy [ 50 ,  53 ].  

21.5     Seminal Vesicle Tumors 

 Tumors of the seminal vesicle most often occur 
due to spread from other tumors. Primary can-
cers of the seminal vesicle are very rare, with 51 
reported in a review in 2002 [ 55 ]. The most 
common histology of these tumors is adenocar-
cinoma. Diagnosis is supported by increased 
levels of CA-125 [ 55 ]. Primary seminal vesicle 
adenocarcinomas do not produce PSA or CEA 
[ 56 ]. Useful imaging studies include pelvis CT 
[ 57 ] and pelvic MRI [ 58 ], which has the advan-
tage of improved soft tissue resolution to help 
delineate the extent of the tumor. Method of his-
tologic diagnosis varied, but 30 % were diag-
nosed by transrectal biopsy, 25 % by 
transurethral resection, and 45 % at the time of 
open surgery [ 55 ]. 

 While prognosis was historically poor, recent 
reports demonstrated prolonged recurrence-free 
survival over 3 years, likely due to earlier diagno-
sis [ 55 ]. Primary treatment involved surgical 
resection. Early reports recommended excision 
of the prostate and seminal vesicles, due to fre-
quent involvement of the ejaculatory ducts [ 59 ]. 
In tumors without evidence of invasion into the 
prostate, vesiculectomy may be performed [ 55 ]. 
Conversely, patients with more advanced tumors 
may benefi t from cystoprostatectomy with uri-
nary diversion. Surgery with negative margins 
offered the best chance of cure as it is not clear 
whether radiation or chemotherapy improved 
outcomes [ 56 ,  60 ]. Androgen deprivation therapy 
was reported to have effi cacy in some series [ 61 , 
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 62 ]. Other histologies of primary seminal vesicle 
tumors include sarcoma, germ cell tumors, and 
squamous carcinomas [ 63 ,  64 ].  

    Conclusion 

 Urologic retroperitoneal tumors span a wide 
variety of tumor types. However, treatment 
of many of these tumors not only involves 
removal of the offending organ, but also 
involve regional lymphadenectomy. The effi -
cacy and extent of such lymphadenectomy is 
still debated. With improvements in minimally 
invasive tools and techniques, minimally inva-
sive treatments have been increasingly applied 
to what was once a diffi cult tumor location to 
reach. Further monitoring of the safety and 
effi cacy of these treatment are warranted, and 
they should be applied in the appropriately 
selected cases.      
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and surgery is the key component of 
treatment.    
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22.1             Introduction 

 Men undergoing radical prostatectomy (RP) 
require management of the sexual dysfunction 
sequelae that accompanies this surgery. Erectile 
dysfunction (ED) is the most common sexual 
dysfunction following RP, and has a prevalence 
of anywhere from 20 to 90 % [ 1 ]. It is important 
for prostatectomists to appreciate, however, that 
ED is not the only sexual dysfunction encoun-
tered by patients and their partners. The “burden 
of cure” which men face after radical prostatec-
tomy encompasses many facets of sexual satis-
faction and intimacy (Table  22.1 ).

   The signifi cant discrepancy in the quoted ED 
prevalence after RP stems from multiple causes. 
ED is defi ned as the consistent inability to obtain 
or maintain an erection suffi cient for sexual activ-

ity for at least 3 months duration. This defi nition 
is liberally applied throughout the published lit-
erature, and there is often no distinction between 
men who have spontaneous return of erections 
after RP and men who continue to require erecto-
genic agents for the duration of their lives. Men 
who require these aids are still recorded as hav-
ing “return of erectile function” for the purposes 
of publication, despite this being signifi cantly 
different from their baseline function. In many 
instances, there is no formal assessment of erec-
tile function through the use of validated instru-
ments such as the International Index of Erectile 
Function (IIEF questionnaire). Merely asking 
patients “have your erections returned” is an 
inadequate means of determining erectile func-
tion, yet unfortunately this is a common method 
for determining published outcomes. In addition, 
the formal evaluation of the effect of RP on erec-
tile function is confounded by the defi nition of 
“nerve sparing” being subjectively assessed by 
the prostatectomist given the lack of any objec-
tive way to determine the nerve-sparing status. 
Retrospective studies often do not include the 
entire population of men who underwent RP, and 
the introduction of this selection bias clearly 
impacts results. Furthermore, duration of follow-
 up is limited, and there is limited data on ED 
prevalence beyond several years after surgery. 
This is important to appreciate because although 
we know that there is an immediate decline in 
function after RP that often improves over time, 
very little is understood regarding the role RP 
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plays in the patient’s long-term erectile function 
as they undergo the natural process of aging or 
cope with the ramifi cations of additional co- 
morbidities such as diabetes or hypertension. 

 Optimal evaluation of erectile function would 
include a prospective baseline pre-RP assessment 
as well as repeated post-RP evaluations over 
time. EF should be evaluated in a way that incor-
porates all aspects of sexual dysfunction into the 
surgeon’s queries and utilizes objective, validated 
instruments. Because of the obvious limitations 
within the published literature, prostatectomists 
should be encouraged to maintain their own pro-
spective databases in order to be able to accu-
rately inform their patients regarding what their 
specifi c functional outcomes truly are.  

22.2     Pathophysiology of Erectile 
Dysfunction After Radical 
Prostatectomy 

 Erectile Dysfunction after radical prostatectomy 
differs from ED due to other causes. Post prosta-
tectomy ED is associated with a life changing 
diagnosis (cancer); the onset of post prostatec-
tomy ED can be immediate and post prostatec-
tomy ED is relatively refractory to simple therapy 
(ED response rates to phosphodiesterase type 5 
inhibitor (PDE5i) therapy are the lowest of all 
etiological categories) at least in the fi rst 
12 months after surgery. The introduction of 
nerve-sparing radical prostatectomy reduced 
direct surgical injury and interruption of the neu-
rovascular bundle, yet even careful low trauma 
surgical maneuvers can lead to neuropraxia [ 2 ]. 
The cavernous nerve is located on the postero- 

lateral aspect of the seminal vesicle and the pros-
tate, ascends to the 1 o’clock position and 11 
o’clock position along the membranous urethra 
under the pubic bone and penetrates the hilum of 
the penis to enervate the corpora cavernosa [ 3 ]. 
Quinlan et al. reported the fi rst series document-
ing the potential impact of nerve sparing; of 503 
patients who were potent preoperatively, 342 
(68 %) remained potent at 18 months, though 
these were self-reports gathered in the era before 
validated patient reported outcome instruments 
were introduced [ 4 ]. While it has been reported 
that the advent of robotic surgical techniques 
appears to have diminished the ED seen after 
prostatectomy, this has not yet defi nitively trans-
lated into better functional erectile outcomes [ 5 ]. 
Traction, thermal injury and ischemia due to 
associated vascular injury still accompany all 
operative techniques (open, conventional laparo-
scopic and robot-assisted laparoscopic 
prostatectomy). 

 The pathophysiology leading to ED after radi-
cal prostatectomy has been well documented by 
Hatzimouratidis et al. and there is signifi cant ani-
mal data in the literature to support this mecha-
nism [ 6 ]. Neuropraxia is, to a degree, an expected 
outcome of prostatectomy while complete neural 
destruction may occur when nerve-sparing is not 
clinically indicated or possible. The reduction or 
complete loss of erectile function after radical 
prostatectomy is a consequence of the cumulative 
or even synergistic response to multiple injuries 
of the erectile mechanism. 

 The response to neural injury or loss is imme-
diate and is initiated at the genetic level. Neuro- 
modulatory treatment strategies resulting in 
improved erectile function currently suffer from 
a lack of knowledge of the complex genetic 
changes that orchestrate the molecular systems 
involved in recovery. Initial investigation of the 
neuro-reparative processes at the gene level was 
performed by User et al. using nascent gene 
expression technology [ 7 ]. Penile tissue from 
Sprague Dawley (SD) rats was harvested 48 h 
after bilateral cavernous nerve injury. Of a pos-
sible 8,000 genes analyzed in the array, 126 were 
found to be signifi cantly altered; 79 were up 
regulated and 47 genes down regulated. The 

   Table 22.1    Prevalence of sexual dysfunctions after RP   

 Dysfunction  Prevalence (%) 

 Erectile dysfunction  20–90 
 Climacturia  14–28 
 Arousal incontinence  93 
 Orgasmic dysfunction (anorgasmia, 
delayed orgasm, dysorgasmia, 
decreased orgasm intensity) 

 18–46 

 Reduced penile size  68–71 
 Peyronie’s disease  16 
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dominant class of genes activated did not appear 
to be directly involved in erectile function. 
Recognizing that erectile recovery was primarily 
dependent on neuro-regenerative properties, 
Calenda et al. turned away from the penis, which 
is the target tissue of enervation, to the injured 
peripheral nerve itself as the focus of examina-
tion [ 8 ]. These investigators used the major pel-
vic ganglion as the target for gene expression 
analysis in a SD rat model; two time points were 
examined representing acute (48 h) and chronic 
(14 days) after bilateral cavernous nerve injury. 
A signifi cant number (265) of neuro-reparative 
and neuro-protective genes were uniquely up-
regulated acutely, 54 genes uniquely up-regu-
lated at chronic time point, and 60 additional 
genes were up-regulated at both time points. In 
addition to genes involved in infl ammation and 
immune responses, genes involved in tissue dif-
ferentiation, neural growth, and proliferation 
were signifi cantly involved in the response to 
injury. Further research based on this novel 
approach may lead to tailored neuro- modulatory 
therapy with the hope of signifi cant recovery of 
pre-surgical erectile function. 

 With surgical neural injury and loss, cessation 
of daily and nocturnal erections occurs, leading 
to signifi cant cavernosal hypoxia with attendant 
microstructural consequences. Schwartz et al. 
reported on two groups of post prostatectomy 
patients who underwent pre-operative penile 
biopsy, the fi rst group received sildenafi l 50 mg 
every other night for 6 months and the second 
100 mg of sildenafi l every other night [ 9 ]. While 
a minority of patients returned for a second penile 
biopsy, there was a difference in percentage of 
smooth muscle content between the groups; 
patients receiving 100 mg of sildenafi l demon-
strated an increase in the percentage of smooth 
muscle. Despite limitations, this manuscript con-
tributed in part to the concept of chronic PDE5i 
therapy as a possible penile rehabilitation. 

 Several authors have utilized a model of radi-
cal prostatectomy induced ED in SD rats demon-
strating that cavernous nerve injury leads to 
generation of multiple cytokines (Transforming 
Growth Factor β[beta], Endothelin1) and signifi -
cant apoptosis of penile erectile tissue [ 10 ,  11 ], 

followed by fi brosis [ 12 ], depending in part on 
the severity of the injury. Using the same model 
of RP induced ED, Leungwattanakij et al. docu-
mented increases in hypoxia-inducible factor-
1a-(HIF-1a), TGFβ[beta] and collagen I and III 
(all markers of fi brosis), in penile tissue [ 13 ]. 
Gross morphometric changes in the penis occur 
subsequent to cavernous nerve injury in this rat 
model. Penile fi brosis and loss of smooth muscle 
lead to failure of the veno-occlusive mechanism 
and the development of erectile dysfunction. 

 The correlation between the degree of neuro-
vascular injury and the severity of morphometric 
change and subsequent development of ED was 
confi rmed in a later study by Özden    et al. [ 14 ]. 
These investigators used a rat model of ED and 
compared bilateral cavernous nerve injury (BCN) 
to unilateral cavernous nerve injury (UCN) and 
sham operated animals; a subset of animals in 
each group were given sildenafi l after injury. The 
BCN animals had the largest decrease in penile 
weight and smooth muscle apoptosis, while UCN 
animals demonstrated less severe loss of penile 
weight and apoptosis. 

 Radical prostatectomy may injure more than 
just the cavernous nerve. Accessory pudendal 
arteries (APA’s) are vessels that arise in a supra- 
diaphragmatic location. Such arteries often 
course close to the prostate and travel beneath the 
pubic bone. In some patients, these arteries repre-
sent a major source of arterial infl ow to the cor-
pora cavernosa. It is estimated that APA’s occur 
in 30 % of men based on laparoscopic or robotic 
prostatectomy studies. Neurovascular injury sub-
sequent to radical prostatectomy was documented 
by Aboseif et al. who evaluated 20 patients with 
intracavernosal injection (ICI) of prostaglandin 
E1 (PGE1) with subsequent duplex Doppler 
ultrasound evaluation of the cavernosal arteries 
[ 15 ]. At 1 year post surgery 8/20 (40 %) had 
reduced erectile hardness in response to the ICI 
PGE1 with accompanying decreased in arterial 
blood fl ow. 

 Several morphometric reports document the 
effects of neurovascular injury with subsequent 
fi brosis and apoptosis after radical prostatectomy. 
Penile measurements were made from the sym-
physis pubis to the mid glans in the stretched 

22 Management of Erectile Dysfunction After Radical Prostatectomy



220

penis in 31 men before and 3 months after radical 
prostatectomy; nearly half of the men experi-
enced a loss of penile length ±1 cm, and an addi-
tional 23 % had loss between 0 and 1 cm [ 16 ]. A 
larger series of 124 men undergoing reported by 
Savoie et al. confi rmed that morphometric penile 
changes were measurable men 3 months after 
radical prostatectomy [ 17 ].  

22.3     Rehabilitation 
and Preservation of Erectile 
Function After 
Prostatectomy 

 Rehabilitation or optimal preservation of natural 
EF after radical prostatectomy represents the ulti-
mate goal for patients and a challenge for the 
practicing urologist. 

 Neuropraxia leads to an impairment of erec-
tile responsiveness to sexual stimuli as well as a 
reduction of nocturnal and morning erections and 
is associated with a persistent hypoxia of penile 
corpora cavernosa, evident immediately follow-
ing prostatectomy. 

 Montorsi et al. [ 18 ] fi rst suggested the concept 
of penile rehabilitation, based on the preservation 
of EF through the improvement of tissue- 
oxygenation to prevent from endothelial dys-
function and cavernosal smooth-muscle fi brosis. 

 However, to date no strategy investigated pro-
vides the defi nite answer, and a clear goal for 
these patients is also to improve EF early after 
surgery and to retain the best response to PDE5i 
if they require assistance. 

 The concept of penile rehabilitation with 
PDE5i is supported by several well-designed 
preclinical studies [ 19 ]. Promotion of 
EF-recovery, improvement of the smooth-
muscle- to-collagen ratio, reduction of cavernosal 
apoptotic index, preservation of endothelial func-
tion, and neuroprotection during nerve damage 
have been proven in animal models [ 19 ]. 

 In clinical practice, rehabilitative concepts 
using different PDE5i and schedules for adminis-
tration are widely adopted based on their poten-
tial antifi brotic and neuroprotective properties, 
but its use is so far not fully supported by high 

evidence data. While chronic administration of 
short-acting PDE5i such as sildenafi l-citrate or 
vardenafi l HCL has been shown to increase the 
rate of EF recovery as compared to placebo [ 20 , 
 21 ], no study has demonstrated higher effi cacy 
on penile rehabilitation with PDE5i with its 
chronic use as compared to the respective on- 
demand administration schedules. 

 One of the main criticisms of these studies lies 
in the type of PDE5i used. Both sildenafi l-citrate 
and vardenafi l-HCL are characterized by a rela-
tively short half-life, which may prevent them 
from reaching coverage over a full dosing- interval 
with a single daily administration. In contrast, the 
longer half-life of tadalafi l confers to this drug the 
optimal pharmacokinetic profi le for its use in the 
rehabilitative setting with a once-daily adminis-
tration [ 22 ]. However, Montorsi et al. could not 
demonstrate higher effi cacy on unassisted EF 
with once-daily tadalafi l (5 mg) as compared to 
on-demand administration of 20 mg in a multi-
center, randomized, double- blind trial (REACTT) 
[ 23 ]. Chronic use of once- daily tadalafi l 5 mg 
given for 9 months was not superior to tadalafi l 
20 mg given on demand or to placebo in EF reco-
very rates at the end of a 6-weeks wash-out (pri-
mary endpoint of the trial). Further criticisms of 
the design of REACTT and all other published 
evidence are the improper patient selection (men 
at low risk of postoperative ED) and the relatively 
short duration of the study-period, as the ultimate 
rehabilitation analyses should ideally performed 
at 18–24 months post NSRP [ 24 ,  25 ]. 

 Therefore, none of the currently available 
PDE5i showed higher effi cacy on rehabilitation 
of unassisted EF within a time-period of approxi-
mately 1 year post surgery when administered 
once-daily as compared to on demand dosing 
following RP in well-designed, prospective, 
randomized trials. 

 However, in the REACTT-Trial, treatment 
with tadalafi l 5 mg once daily provided signifi -
cant benefi t on recovery of assisted EF, as indi-
cated by a signifi cant improvement of achieving 
penile tumescence (Sexual Encounter Profi le 
Question 1, SEP1) both at the end of the 9-month 
randomized double-blind, double-dummy treat-
ment phase as well as at the end of the open-label 
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phase at month 13.5 versus placebo, whereas on- 
demand treatment with tadalafi l 20 mg was not 
signifi cantly superior to placebo at month 13.5. 
Improvements of successful intercourse (SEP3) 
were statistically signifi cant versus placebo only 
for tadalafi l once daily and exceeded the minimal 
clinically important difference (MCID) after 
double-blind treatment. Results of this trial indi-
cate that active treatment early after NSRP 
improves responsiveness to PDE5i also in the 
further course of post-surgery follow-up, as 
shown by signifi cantly improved SEP3 yes- 
responses (55.3 %, post-hoc ANCOVA) after re- 
challenge with tadalafi l once-daily during the 
3-month open-label treatment, with (absolute) 
17.5 % less per-patient yes-responses to SEP3 
after OLT in those patients with no active treat-
ment during DBT. 

 REACTT is the fi rst randomized controlled 
trial providing evidence that chronic inhibition of 
PDE5 with tadalafi l once daily signifi cantly pro-
tects from penile length loss post RP. Similar 
results confi rming chronic PDE5-inhibition pro-
tects penile length following prostatectomy have 
recently been published by Berookhim and col-
leagues from Memorial Sloan Kettering Cancer 
Center [ 26 ].  

22.4     Treating Erectile Dysfunction 
in Radical Prostatectomy 
Patient 

    PDE5 Inhibitors 

 Multiple treatment modalities are available for 
men after RP, and a rudimentary understanding 
of the various options are important for anyone 
counseling patients (Table  22.2 ). Even more 
salient is the concept that EF recovery is a long- 
term process, and the degree of recovery at 
2 years is often signifi cantly better than what 
patients experienced 6 months after surgery [ 27 ].

   First-line therapy for ED after RP is the use of 
a phosphodiesterase type 5 inhibitor. There is no 
evidence that any one member of this family of 
drugs is more effi cacious than another, and it is 
reasonable to consider the patient’s/couple’s 

sexual dynamics and fi nancial constraints when 
choosing which drug to prescribe [ 28 ]. Although 
85 % of men will not respond to PDE5i at 
6 months, over time up to 70 % of men will 
achieve penetration hardness erections after RP 
with PDE5i use [ 29 ,  30 ]. The degree of success is 
directly related to the degree of nerve sparing, 
and men with bilateral nerve sparing surgery 
clearly have better outcomes with PDE5i [ 31 ].  

    Intracavernosal Injections 

 Intracavernosal injections are a highly effective 
although initially anxiety-provoking treatment 
for ED. Multiple medications and combina-
tions are available, however, a combination 
of alprostadil, phentolamine, and papaverine 
(also known as trimix) is the most common 
formulation utilized by sexual medicine practi-
tioners in the USA. Appropriate counseling for 
patients will alleviate the vast majority of anxi-
ety, and it is routine practice for patients to 
undergo in-offi ce training using two teaching 
visits to ensure proper injection technique and 
dose titration. Although the response rate is 
lower after RP and there is a higher drop-out 
rate in this population, it has been established 
that a signifi cant cause of ICI attrition is second-
ary to patients converting to being PDE5i 
responders or having return of their natural 
erectile function [ 32 ].  

    Vacuum Erection Device 

 The vacuum erection device (VED) uses negative 
pressure to pull venous blood into the erectile 
bodies and superfi cial veins; a constriction band 
needs to be applied to the base of the penis in 
order to maintain the erection. VED can be used 
in combination with another erectogenic aid with 
improvement in patient satisfaction with the 
quality of their erection. In conjunction with 
PDE5i, VEDs increased the number of patients 
with penetration rigid erections to over 90 % 
compared to 57 % on PDE5i alone [ 33 ]. Another 
utility of the VED may be preventing penile 
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volume loss after RP, although the seminal objec-
tive studies remain to be performed [ 34 ,  35 ].  

    Intraurethral Alprostadil Suppository 

 Intraurethral alprostadil (IUA) involves insertion 
of a small pellet into the fi rst inch of the urethra. 
Patients must be standing to encourage absorp-
tion of the medication across the urethra, through 
the corpus spongiosum, and into the corpora cav-
ernosum. Unfortunately for the 40 % of men 
post-RP who do respond to this medication, IUA 
is inconsistent, as it fails to result in erection in 
up to 50 % of administrations [ 36 ].  

    Penile Implant Surgery 

 Infl atable penile prosthesis (IPP) surgery warrants 
special attention not only because of its impres-
sive patient satisfaction rates, but because the 

surgery itself is more complicated in men who 
have undergone RP. A three-piece IPP consists of 
two cylinders placed within the corpora caverno-
sum, a pump placed with the scrotum, and a reser-
voir. Traditionally, the reservoir has been placed 
retroperitoneally in the space of Retzius, however, 
this space can often be obliterated in men who are 
post-RP. Ectopic reservoir placement refers to 
placement within the abdominal wall between the 
rectus abdominis and the transversalis fascia. In 
men with pre-existing ED who would require an 
IPP even before undergoing RP, it is possible to 
undergo simultaneous IPP and RP [ 37 ]. In these 
instances, however, some surgeons place only the 
reservoir during RP and leave the cylinder/pump 
placement till some months after the RP. For 
patients who have a pre- existing IPP who are to 
undergo a RP, it is recommended that they be 
prescribed antibiotics to help reduce the risk of 
infection that exposure to urine might cause. 
Infl ating the implant during the RP may assist the 
operative dissection by defl ating the reservoir.       

   Table 22.2    Comparison of ED treatments after RP   

 Treatment  Success rates (%)  Pros  Cons 

 PDE5i  80  Oral therapy
Have glans tumescence with erection 

 Side effects include headache, GERD, 
chromotopsia, muscle aches 

   Cannot be used in men taking nitrates 
 Could be cost prohibitive 

 ICI  >50  Initially anxiety provoking  Can only use up to three times a week 
 Erection occurs within 15 min 
without stimulation 

 Risk of priapism (less than 3 %)
No glans tumescence 

 Inexpensive   
 IUA  40  Glans tumescence occurs with 

erection 
 Painful urethritis is common (at least 
20 %) 
 Inconsistent erections (50 % of time does 
not work in men who initially responded) 
 Most expensive drug treatment 

 VED  75  Can be effective even after IPP 
removal with severe penile fi brosis 

 Cosmetically questionable with engorged 
superfi cial veins and cold, blue penis 

 Inexpensive  Constriction band may be uncomfortable 
 Not recommended in men on blood 
thinners or with decreased penile 
sensation (risk of pressure injuries) 

 IPP  >90  Highly effective  Most invasive 
 Immediate erection upon activation  Risk of infection and malfunction 

 No glans tumescence 

   PDE5i  phosphodiesterase type 5 inhibitors,  GERD  gastroesophageal refl ux disease,  ICI  intracorpo-
real injections,  IUA  intraurethral alprostadil;  VED  vacuum erection device,  IPP  infl atable penile 
prosthesis  
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23.1             Introduction 

 After successful management of Pelvic malig-
nancies, one of the main quality of life issues is 
urinary incontinence. The etiology of this is as 
varied as the management. A correct diagnosis of 
the cause goes a long way to manage the patient 
presenting with incontinence. Although there are 
common pathways, differences in male and 
female anatomy as well as difference in physiol-
ogy requires us to look at the two in separate 
algorithms. The etiology of incontinence can be 
attributed to neural interruption resulting in blad-
der dysfunction or the failure of the outlet, i.e. 
sphincteric dysfunction.  

23.2     Urinary Incontinence 
Following Pelvic Surgery 
or Radiation in a Male 

 Voiding dysfunction in men undergoing surgery 
or radiation for pelvic malignancy is a common 
occurrence. Urologic surgeries for malignancies 
such as the bladder or prostate are the most com-

mon causes of voiding dysfunction; however 
abdominoperineal resection can cause inconti-
nence as well. In patients with neobladder  creation 
post cystectomy, nocturnal enuresis is a common 
issue and it occurs in 6–25 % of patients depend-
ing on the type of neobladder [ 1 – 3 ]. Daytime 
continence rates are much higher. This is pre-
sumed to be due to decrease in the outlet resis-
tance from relaxation of the voluntary component 
of the external sphincter as well as the higher vol-
ume of urine at night. Incontinence after abdomi-
noperineal resection can be due to overfl ow from 
detrusor failure in the immediate post-operative 
period while delayed presentation can be due to 
loss of compliance or bladder denervation. 

 Quality of life 2 years after treatment for pros-
tate cancer shows wide variability. Radical prosta-
tectomy had the largest negative impact on urinary 
incontinence while differences between external 
radiation and brachytherapy were relatively small 
[ 4 ]. Of note, patients undergoing brachytherapy 
had a moderate increase in urinary irritation com-
pared either the external beam radiation therapy 
or prostatectomy groups. Urinary symptoms, as 
quantifi ed by IPSS, have been shown to exacer-
bate acutely over the 1–3 months post treatment 
with brachytherapy with return to pretreatment 
baseline levels over the following 9–18 months 
[ 5 ]. When comparing open radical retropubic 
prostatectomy (ORRP) to robot assisted laparo-
scopic radical prostatectomy (RALRP) quality-
of-life outcomes are not statistically signifi cant. 
Patients undergoing salvage treatments for failed 
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cancer control, however, had dissatisfaction and 
regret rates which were higher than patients 
undergoing RALRP [ 6 ]. Multiple studies have 
quoted a 56–89 % 1 year urinary continence rates 
in patients undergoing prostatectomy [ 7 ,  8 ]. In 
these studies the majority of patients reached con-
tinence at 7–8 months and patients that were 
incontinent at 18 months rarely regained conti-
nence. In the majority of these patients mean uri-
nary function and incontinence did not recover to 
preoperative baseline after prostatectomy; how-
ever, this did not add distress because mean uri-
nary bother returned to pre- prostatectomy levels. 

 Urinary incontinence post treatment for can-
cer of the prostate is most commonly due to the 
sphincteric dysfunction, associated detrussor 
overactivity secondary to a stricture, or poor 
compliance post radiation (Table  23.1 ). Desautel 
et al. found that sphincteric incontinence was the 
most common cause of urine leakage following 
retropubic prostatectomy (RRP), followed by 
detrusor instability/poor compliance, detrusor 
hypoactivity, and stricture formation [ 9  ]. In 
patients undergoing RRP, this group also found 
urethral scarring and anastomotic stricture, as 
demonstrated on fl exible cystoscopy and fl uoro-
scopic cystourethrography, occurred in 67 % of 

patients, which, in 38 % of the patients, was con-
founded by detrusor instability.

  The risk of urethral stricture after prostate 
cancer therapy ranges from 1.1 to 8.4 % depend-
ing on cancer treatment type [ 10 ]. This risk was 
highest after radical prostatectomy or brachyther-
apy plus external beam radiotherapy and in those 
with advanced age or obesity. Multiple series 
have quoted between a 0.7 and 29 % bladder 
neck contracture rates for RRP [ 11 – 13 ]. It is 
believed that the etiology of bladder neck con-
tractures are related to urine leakage, periurethral 
hematoma, lack of mucosa to mucosa anastomo-
sis, devascularization of the bladder neck or ure-
thral segment, and prolonged catheterization. In a 
large series Geary et al. found a 0.5–9 % bladder 
neck contracture rate which often occurred sev-
eral years after RRP [ 14 ]. They found technical 
factors that increased the risk of anastomotic 
stricture included excessive blood loss intra- 
operatively and urinary extravasation, while a 
previous history of TURP or EBRT also increased 
the risk of stricture. The contracture rate is con-
siderable better for patients undergoing robotic 
prostatectomy, with an average of less than 1 % 
contracture rate [ 15 – 17 ]. Patients undergoing 
radiation therapy for prostate cancer have a 2.2–
35 % urinary stricture rate as well as an increased 
risk of urinary retention [ 18 ,  19 ].  

23.3     Urinary Incontinence 
Following Pelvic Surgery 
or Radiation in a Female 

 Female voiding dysfunction following pelvic 
radiation or pelvic surgery can be related to a 
variety of issues including bladder dysfunction 
and bladder outlet disorders (Table  23.2 ). Bladder 
overactivity in this group can be related to neuro-
logic injury, decreased compliance, bladder out-
let obstruction, infl ammation, irritation, or pain. 
During radical hysterectomy or abdominal peri-
neal resection, posterior dissection along the 
bladder can lead to denervation of the bladder or 
urethra leading to urinary retention and/or intrin-
sic sphincter defi ciency. Women that undergo 
abdominoperineal resection and/or radiation 
for rectal cancer have an increased incidence of 

   Table 23.1    Causes of incontinence after pelvic surgery 
for malignancy or radiation in a male   

 Bladder causes 
 1.  Over activity of the bladder from obstruction 

secondary to: 
  (a) RT (radiotherapy), 
  (b) Seeds (brachytherapy), 
  (c)  Urethral stricture after radical prostatectomy 

(RRP) 
 2. Loss of compliance secondary to: 
  (a)  Denervation post APR (abdomino-perineal 

resection), 
  (b)  Post RT for pelvic cancers (prostate, bladder, 

rectum) 
 3. Overfl ow: 
  (a)  Denervation (post APR, post radical 

prostatectomy), 
  (b) Neobladder 
 4. Outlet/sphincteric incontinence: 
  (a) Post radical prostatectomy 
  (b) Post cysto-prostatectomy 
  (c) TURP post RT/brachytherapy/cryotherapy) 

P. McKenzie and G. Badlani



227

urinary incontinence and detrusor overactivity 
[ 20 ]. Decreased outlet resistance in this group 
results from damage to the innervation of struc-
tural elements of the smooth and/or striated 
sphincter or damage that impairs the support of 
the bladder outlet in the female. A special consid-
eration is outlet obstruction following neobladder 
creation which is reported to occur in 1.2–2.5 % 
of women undergoing neobladder creation [ 21 , 
 22 ]. In patients with neobladder creation urinary 
leakage due to overfl ow incontinence and ure-
thral stricture are common. A decrease in bladder 
compliance can also lead to lower urinary tract 
symptoms in women following pelvic surgery or 
radiation [ 23 ]. The decrease in compliance can 
either be related to neurologic injury at the time 
of surgery or delayed neurologic injury following 
pelvic radiation. Radiation can also cause remod-
eling of the detrusor muscle [ 24 ] and this damage 
long- term leads to a decrease in compliance and 
bladder function [ 25 ,  26 ].

   A unique situation following radiation or sur-
gery for pelvic malignancy in female patients is 
fi stula formation. The most common cause of 
vesicovaginal fi stula (VVF) formation is surgical 
injury during gynecologic, urologic, or other pel-
vic surgery [ 27 ,  28 ]. The incidence of fi stula after 
hysterectomy is estimated to be 0.1–0.2 % [ 29 ]. 
Cervical, vaginal, and endometrial carcinoma are 
the most common causes of malignant VVF 
which account for 3–5 % of VVF [ 30 ]. Pelvic 
radiation is also a cause of urinary fi stula and 
usually occurs several years after radiation treat-
ment [ 31 ]. There have been numerous studies 
which have estimated the VVF rate after pelvic 
radiation to be between 0.6 and 2.0 % [ 32 – 34 ]. 
Another complication of pelvic surgery and radi-

ation is ureterovaginal fi stula formation. The 
most common cause for ureterovaginal fi stulae is 
surgical injury to the distal ureter which includes 
ureteral laceration or transection, avulsion, crush 
injury, suture ligation, and/or ureteral ischemia 
due to compromise of the vascular supply or 
electrocautery injury. The incidence of ureteral 
injury during pelvic surgery has been estimated 
to be between 0.5 and 2.5 % [ 35 ].  

23.4     Patient Workup 

 A careful history is pertinent in diagnosing the 
likely physiologic mechanism for voiding dys-
function and devising a treatment plan. The phy-
sician should document predisposing factors for 
voiding dysfunction which may have been pres-
ent prior to the pelvic surgery or pelvic radiation 
including: (1) Neurologic symptoms or spinal 
issues or surgeries, (2) Metabolic issues includ-
ing diabetes mellitus control, (3) Benign pros-
tatic hyperplasia, (4) Detrusor overactivity, and 
(5) Stress urinary incontinence. It has been doc-
umented that patients with prior BPH and detru-
sor overactivity will have their symptoms 
worsen with pelvic radiation. It is therefore, 
important to document these pre-existing condi-
tions when evaluating a patient with new onset 
voiding complaints following pelvic radiation or 
surgery. The onset of symptoms can also shed 
light on the likely etiology. For example, imme-
diate onset of urinary issues following discon-
tinuation of the Foley catheter may be related 
detrusor overactivity versus urinary tract infec-
tion versus bladder neck or urethral irritation. 
Urinary fi stula, however, presents days to 
months to years after the treatment whereas 
issues with compliance or strictures usually 
present several months to years after the initial 
surgery or pelvic radiation. Acute exacerbation 
of mild leaking usually point to urinary tract 
infection versus gradual onset of mild leaking 
which can represent overfl ow incontinence. 

 Further history should focus on the progres-
sion of symptoms over time. Issues with com-
pliance and detrusor overactivity usually worsen 
over time while sphincteric incontinence usu-
ally gets better over time up until 18 months 

   Table 23.2    Causes of incontinence after pelvic surgery 
for malignancy or radiation in a female   

 Bladder 
   Retention/overfl ow: post radical hysterectomy, APR 

(denervation) 
   Loss of compliance: post RT for carcinoma of 

cervix, ovarian or rectal malignancy 
   Fistula formation: post-surgical, post RT, vesico 

vaginal, ureterovaginal 
 Outlet 
   Post neo bladder, post RT resulting in ISD 
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post procedure. The time of day that the urinary 
dysfunction occurs is also important in deter-
mining likely etiology. Urinary leakage that 
occurs during the day especially with change in 
position is more likely to be sphincteric inconti-
nence due to gravity. Detrusor overactivity will 
often present as episodic urinary leakage or 
urge. Urinary leakage that occurs at night can 
also be related to detrusor overactivity, but over-
fl ow incontinence, storage issues such as com-
pliance and issues with bladder augments 
capacity or neobladder capacity must also be 
considered. Patients with continuous daytime 
and nighttime leakage may be due to overfl ow 
incontinence versus urinary fi stula. In all of 
these scenarios it is important to consider the 
associated voiding pattern. Are these patients 
having frequency with small volumes to suggest 
overfl ow or sphincteric incontinence or fre-
quency with large volumes to suggest overac-
tive bladder? Does the patient have associated 
urgency, a weak stream, hesitancy, straining or 
pushing to urinate? Is gross hematuria present 
and is it initial, continuous, or terminal hematu-
ria to help delineate between stricture, radiation 
cystitis, or sloughing post radiation? All of 
these associated urinary complaints are key in 
steering any further workup and the treatment 
plan. It is also helpful to illicit any previous 
workup or treatments the patient underwent for 
their symptoms and the timing of assessments 
and treatments. 

 Following an appropriate detailed history the 
clinician should focus on a detailed neurologic, 
abdominal, and genitourinary exam when eval-
uating patients with voiding complaints follow-
ing pelvic radiation or surgery. Assess for 
abdominal fullness or discomfort related to a 
full bladder or the presence of a colostomy or 
non-healing wound. It is important to assess 
overall strength and sensation when trying to 
rule out systemic disease where voiding dys-
function is the initial complaint and the timing 
of pelvic surgery or radiation is a coincidence. 
The physician should also assess perigenital 
sensation, rectal tone, ability to contract the 
pelvic fl oor, and bulbarcavernosal refl ex as part 
of the routine workup if the rectum is present. 

In women vaginal support should be assessed 
especially in patients who have had an anterior 
exenteration, hysterectomy, or a neobladder 
creation. Urethral obstruction due to anterior 
overcorrection is more likely in the neobladder 
population. Concomitant radiation therapy can 
also increase the risk of  induration or irritation 
of the labia, urethra, or vagina in this popula-
tion, and it has been shown to increase the risk 
or fi stula formation. It is, therefore, important 
to document these fi ndings during your initial 
evaluation. 

 During the initial evaluation the patients 
should have a UA to look for hematuria and to 
rule out UTI as the cause of the voiding com-
plaints, and a post void residual (PVR) to rule 
out retention. If UTI is present treat accordingly 
and see the patient back to ensure the voiding 
symptoms have resolved. If retention is found 
the patient should be taught clean intermittent 
catheterization (CIC) if the patient is able to do 
so, and if not, a Foley catheter should be placed. 
If the catheter cannot be passed in a male and 
retention is present these patients should 
undergo fl exible cystoscopy followed by wire 
passage, stricture dilation, and catheter place-
ment. If UTI and urinary retention has been 
ruled out, the patient should be instructed to 
complete a voiding diary prior to their follow-up 
appointment to further assess the severity and 
chronology of their voiding dysfunction. The 
majority of patients with these complex presen-
tations should undergo a pressure fl ow study or 
videourodynamics (VUDS) to further assess the 
etiology and severity of their voiding dysfunc-
tion. During VUDS it is important to document 
initial fl ow and PVR along with fi lling compli-
ance, Valsalva leak point pressure (VLPP), and 
detrusor leak point pressure (DLPP). These 
parameters will assist in delineating stricture, 
detrusor overactivity, detrusor underactivity, 
denervation, and poor compliance as cause for 
the patients voiding dysfunction as well as 
assess the risk for upper tract deterioration. If 
sphincteric incontinence is suspected and cannot 
be demonstrated with catheter in place, the ure-
thral catheter should be removed and leaking 
assessed using rectal pressure as VLPP.  
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23.5     Treatment Options 

 After proper identifi cation of the cause of the 
voiding complaint, it is important to counsel 
patients on the various treatment options. 
Detrusor overactivity in both male and female 
patients can be managed by fi rst treating the 
underlying cause, i.e. obstruction, followed 
by anticholinergics in patients with refractory 
detrusor overactivity. Botox can also be offered 
in this population, but the patient must be coun-
seled on the 5–10 % risk of retention and the need 
to do CIC following Botox administration. 
Patients who are unwilling to accept CIC should 
not be offered intravesical Botox as a treatment 
for their detrusor overactivity. 

 In patients with urinary retention following 
pelvic surgery or radiation, the etiology of their 
retention is important in determining the appro-
priate treatment. Patients with retention due to 
prostatic obstruction can be offered CIC versus 
TURP. Post radiation, however, sphincteric 
incontinence after TURP is more likely [ 36 ]. 
Individuals with urinary retention with normal 
bladder compliance can be managed with 
indwelling Foley catheter versus CIC versus 
suprapubic tube placement depending on patient 
preference and dexterity. In patient with poor 
bladder compliance, however, it is important to 
add anticholinergics or Botox to the treatment 
algorithm in order to promote dryness in between 
catheterization and decrease urinary leakage with 
the catheter in place. In patients with retention 
due to stricture the least aggressive treatment 
would be to dilate and leave an indwelling cathe-
ter for 3–5 days. Patients receiving this treatment 
must be warned that this is only a temporizing 
measure and that the stricture is very likely to 
recur without further treatment or daily catheter-
izations. Another treatment option for male 
patients with urethral stricture is direct vision 
internal urethrotomy (DVIU). This can be accom-
plished with either an endoscopic cold knife or 
laser and this treatment has good short and mid-
term results. The best results are obtained by 
DVIU followed by daily catheterizations to main-
tain urethral patency. It is also important that 
patients undergoing this treatment be counseled 

that their incontinence may worsen due to dam-
age to the sphincter, especially if the patient had 
prior radiation. In male patients with sphinteric 
incontinence following radical prostatectomy, the 
pad weight should determine the appropriate 
treatment, i.e. in patients with pad counts of less 
than two a male sling can be offered, whereas in 
patients with higher pad counts, an artifi cial uri-
nary sphincter should be considered. 

 Special situations that lead to voiding dys-
function following pelvic surgery or radiation 
include urinary fi stula formation, incontinent and 
continent diversion. After the initial diagnosis of 
a urinary fi stula immediate management or con-
trol of the urinary leakage is important. Urine 
management with indwelling catheters, pads, or 
nephrostomy tubes early on is important in the 
management of urinary fi stula since it will 
decrease the incidence of skin breakdown and 
related complications. A small number of urinary 
fi stulas will close with conservative management, 
however the majority of fi stulas, especially fi stu-
las related to radiation, will require surgical inter-
vention. Often times, repair and reconstruction of 
urinary fi stulae are complex and these repairs 
should be approached on a case by case basis. 
The majority of these complex repairs will require 
extensive experience as well as innovative and 
improvisational techniques including a variety of 
tissue or muscle fl aps. After defi nitive repair, 
recurrence of the fi stula may be due to a variety of 
patient factors including malignancy, nutritional 
issues, tissue ischemia, or a host of surgical 
issues, including persistent distal urinary obstruc-
tion, technical issues with the surgery, or inade-
quate postoperative urinary drainage. In patients 
with radiation related fi stulas it is important to 
close the fi stula with a muscle fl ap to provide 
adequate vascular supply to the area to promote 
healing and to prevent fi stula recurrence. 

 In male patients with recurrent urethral stric-
ture or dystrophic calcifi cations, in the setting 
of incontinence and/or upper tract deteriora-
tion, continent versus incontinent urinary diver-
sion must be considered. This is especially true 
in patients with recurrent stricture or calcifi ca-
tions following EBRT or brachytherapy that 
have previously been managed with aggressive 
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endoscopic resection. The type of urinary diver-
sion should be based on a host of patient factors 
including body habitus, comorbidities, previous 
surgeries, upper tract status, and patient com-
pliance. Female patients with decreased bladder 
compliance with concomitant upper tract 
changes following either pelvic surgery or radi-
ation should also be counseled on urinary diver-
sion in order to improve quality of life and 
prevent further upper tract deterioration.  

23.6     Summary 

 Voiding dysfunction and urinary incontinence 
following pelvic malignancy surgery or radia-
tion is often complex and requires a detailed his-
tory, workup and management strategy. Patients 
should be counseled on treatment options as well 
as the complications associated with each treat-
ment. Improved Quality of life should be the 
goal in these patients, however, patient expecta-
tions should be realistic. Practitioners should be 
cautious with patient expectations since lower 
urinary tract symptoms are unlikely to fully 
resolve following treatment. Detrusor overactiv-
ity without obstruction can be managed with 
anticholinergics or Botox. Urinary retention 
without obstruction can be managed with CIC 
with or without anticholinergics or Botox. 
Urethral obstruction in men can be managed 
with DVIU versus resection depending on the 
etiology, but the physician should counsel the 
patient on post procedure incontinence from 
intrinsic sphincter defi ciency. Most common 
treatment for male incontinence post prostatec-
tomy remains a male sling and an artifi cial uri-
nary sphincter. These treatments have the ability 
to restore the quality of life in a majority of 
patients. Previous radiation therapy leads to a 
variety of upper and lower urinary tract issues 
and it offers unique challenges in management. 
In patients with high grade outlet obstruction 
refractory to endoscopic management or poor 
bladder compliance with upper tract deteriora-
tion, urinary diversion should be considered as a 
management strategy.      
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24.1             Introduction 

 Imaging plays a crucial role in staging pelvic 
cancer. The assessment of disease presence, loca-
tion and extent profoundly affects the decision 
for surgery, its timing in relation to neoadjuvant 
therapies and in planning the optimal surgical 
procedure. Information required of imaging is to 
accurately identify the presence of tumor, and 
describe its volume, margins and spread beyond 
the organ of origin. In the pelvis, where several 
soft tissues lie in close proximity, contrast 
between them is of primary importance. Early 
imaging techniques relied on attenuation of 
X-ray irradiation thus generating contrast based 
on differences in tissue density. Over the last 
25 years, techniques such as magnetic resonance 
imaging and positron emission tomography have 
revolutionized the type of imaging information 

available for describing disease prior to surgery 
as well as in evaluating the post-surgical pelvis. 

 Demands on the quality and the nature of the 
imaging information required also change with 
advances in therapeutic options. Surgical proce-
dures that limit the extent of resection (for 
instance to offer fertility-sparing options) neces-
sitate very accurate delineation of small cervical 
lesions and their relation to the internal os. At 
the other end of the spectrum, exenterative pro-
cedures, which are being more widely per-
formed, require the complete extent of the tumor 
to be delineated, including depiction of adjacent 
fat planes and involvement of pelvic side-walls 
and neurovascular structures. In ovarian cancer, 
identifi cation of the extent of peritoneal disease 
affects resectability and the timing of surgery in 
relation to chemotherapy. Increasingly, there-
fore, new imaging techniques are employed that 
enable not only the morphological delineation of 
the tumor but also aid recognition of tumor 
deposits by identifying abnormal areas of tissue 
function such as vascularity, increased cellular 
density resulting from proliferative activity of 
tumors, glucose metabolism and membrane 
turnover. By combining morphological and 
functional imaging characteristics, there is now 
overwhelming evidence that tumor staging and 
follow-up in gynecological malignancies is 
improved.  
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24.2     Advances in Imaging 
Techniques 
for Gynecological Cancers 

    Ultrasound 

 Transabdominal and transvaginal ultrasound 
(TVS) are widely utilized in the assessment of 
endometrial thickness, characterization of adnexal 
masses and detection of recurrence. Ultrasound is a 
validated technique as part of the Risk of 
Malignancy Index (RMI) for ovarian cancer, which 
is a useful pre-operative tool [ 1 ]. Implementation 
of three-dimensional (3D) TVS has improved the 
morphological assessment of adnexal masses by 
allowing detection of small papillary excrescences 
and focal mural irregularities which are associated 
with malignancy [ 2 ]. Advances in transvaginal 
color Doppler sonography (TV-CDS) have allowed 
the assessment of tumor neovascularity, which is 
increased in malignancy. When combined with 
morphological features, this functional data has 
increased the accuracy of determining benign from 
malignant adnexal masses [ 3 ]. Further refi nements 
such as dynamic contrast-enhanced TVS using 
microbubbles allow detection of microvascular 
tumor networks. Microbubble ultrasound has been 
shown to have higher sensitivity and specifi city 
than conventional TVS for detecting stage 1 ovar-
ian carcinoma [ 3 ].  

    Computerized Tomography 

 Computerized Tomography (CT) has a crucially 
important role in the pre-operative staging of 
gynecological malignancy, particularly in detect-
ing metastases. Modern multi-detector computed 
tomography (MDCT) using 64 slice or 256 slice 
scanners, allows the rapid acquisition of volu-
metric data-sets of the chest, abdomen and pelvis 
in less than 10 s with vast improvements in spa-
tial and temporal resolution. Multi-planar recon-
struction in axial, coronal and sagittal dimensions 
facilitates more accurate assessment of disease 
status. Intravenous [ 4 ] and oral [ 5 ] contrast to 
opacify bowel loops provides high accuracy of 
detection of peritoneal deposits.  

    Magnetic Resonance Imaging 

 Conventional magnetic resonance imaging 
(MRI) is established in the detection, staging 
and evaluation of response to treatment of gyne-
cological cancers. Contrast enhanced images 
allow the differentiation of neoplastic from nor-
mal tissue. Dynamic contrast enhanced MRI 
(DCE-MRI) involves the acquisition of images 
before, during and after contrast administration; 
temporal resolution depends on the selected 
coverage but typically the uterus can be sampled 
every 20–30 s with a 3 mm spatial resolution 
whilst retaining signal to noise ratio for images 
to be of suffi cient diagnostic quality. The differ-
ence in degree and rate of enhancement between 
tumor and surrounding stroma can vary, so that 
multiple images acquired over several minutes 
provides optimal visualization of the tumor. In 
endometrial cancer the tumor enhances more 
slowly than normal myometrium with the great-
est difference at 50–120 s post contrast. In cer-
vical cancer, DCE- MRI helps distinguish 
recurrent disease from radiation fi brosis [ 6 ]. 
There is an emerging body of evidence to sup-
port the use of DCE-MRI for characterizing 
indeterminate adnexal lesions using semi-quan-
titative analysis and threshold criteria applied to 
the rate of contrast wash-in within the mass. An 
increase in specifi city compared with conven-
tional MRI in correctly characterizing benign 
and malignant masses has been shown using this 
method [ 7 ]. 

 Diffusion-weighted (DW) MRI is a functional 
imaging technique that quantifi es the thermally 
driven, random movement of water protons 
within tissue, which are hampered by membrane 
boundaries. It thus generates tissue contrast 
based on intrinsic features that refl ect tissue cel-
lularity and integrity of cell membrane boundar-
ies; diffusion restriction characterizes tumors 
where cell density is higher and membrane 
boundaries more numerous relative to normal 
tissue. DW-MRI is useful in identifying malig-
nant disease, detecting peritoneal and serosal 
implants, recurrent disease and when patients 
are unable to tolerate intravenous extrinsic con-
trast agents. Early studies suggest further utility 
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in predicting cancer grade and treatment out-
comes [ 8 ]. With further refi nements in the analy-
sis methodologies of these functional MRI 
techniques there is now expanding clinical appli-
cation for their use as predictive and prognostic 
biomarkers [ 9 ]. 

 The type of receiver coil used in MRI and the 
placement in relation to the suspected disease 
profoundly affects the signal to noise ratio of the 
images, and thus their diagnostic quality. In par-
ticular, techniques such as DW-MRI, which are 
inherently low in signal to noise ratio, benefi t 
from optimal receiver coil arrangements. In 
gynecological cancer, a notable development has 
been an endovaginal coil to image early stage 
cervical cancer; this has signifi cantly improved 
delineation of early stage 1 tumors, allowing 
selection of patients for fertility-sparing proce-
dures such as tracheletomy.  

    Positron Emission Tomography/
Computerized Tomography 

 Combined PET and CT scanners allow inte-
grated functional and anatomical image acqui-
sition.  18   F-FDG is a radioactive glucose analog 
that is taken up by cells which have a high glu-
cose turnover including cancerous tissue. The 
analog is phosphorylated and therefore trapped 
within the cell; positron emission detected from 
the  18 F radioisotope label refl ects increased cel-
lular metabolic activity. PET/CT is used in 
lymph node detection, recurrent disease, evalu-
ation of metastases and in complex cases which 
pose a diagnostic dilemma. New radiopharma-
ceuticals which target tumor angiogenesis 
(radiolabeled Vascular Endothelial Growth 
Factor), tissue hypoxia ( 64 Cu,  18 F misonida-
zole), cell membrane constituents ( 11 C-acetate, 
 11 C-methionine) and receptor studies  18 F- 
fl uoro-17β[beta]-estradiol (FES) are currently 
used in the research setting [ 10 – 12 ]. The pro-
duction of hardware that combines PET and 
MRI is challenging; such systems are limited in 
number at selected institutions and their clini-
cal utility is under evaluation.   

24.3     Imaging the Primary Site 
(T-Staging) 

    Cervical Cancer 

 The mainstay of management of organ-confi ned 
(stage 1) cervical cancer is surgical, whereas 
extension into the parametrial tissues or adjacent 
vagina usually indicates a preference for primary 
chemoradiotherapy. Accurate T-staging with 
imaging is of critical importance in determining 
optimal management. Moreover, the opportunity 
for fertility-sparing procedures such as trachelec-
tomy or even just a repeat extended therapeutic 
cone biopsy is of increasing demand in a popula-
tion where child-bearing is increasingly post-
poned. T2-W MRI provides the best image 
contrast for T-staging cervical cancer and is supe-
rior to CT both in detecting disease (sensitivity 
75 vs 51 %, p < 0.005) and staging accuracy (77 
vs 69 %, p < 0.025, [ 13 ]. Multiplanar acquisitions 
are possible and three planes orthogonal to the 
cervix are preferred to assess anterior/posterior 
and cranio-caudal extension (sagittal plane) and 
lateral extension into parametria (coronal and 
axial planes) [ 14 ]. It is also possible to acquire 
data in 3-D and reconstruct images in the desired 
planes, although acquisition times are longer and 
therefore prone to motion artifact. 

 Tumor volumetry is an important feature of 
imaging assessment; it has been shown that the 
size of the tumor is an important prognostic 
indicator [ 15 ]. Tumor volume is also related to 
the likelihood of lymph node involvement [ 16 ]. 
Volumes obtained from MRI images correlate 
well with those derived from histomorphomet-
ric methods, but less well with clinical stage 
[ 17 ]. Derivations of volume are often done using 
dimension measurements in three planes and 
assuming an ovoid shape, however, tumor mar-
gins are often irregular and more accurate esti-
mates may be obtained by outlining tumor on 
every slice and multiplying by slice thickness. 
In small tumors, where volumetry may well 
affect the type of surgical management, this 
approach is preferred. In larger lesions, accurate 
estimations of volume are a useful prognostic 
indicator [ 15 ]. 
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 Although the use of contrast enhancement for 
detecting tumor within the cervix or describing 
its extent has been explored, evidence indicates 
that it is not warranted as the contrast between 
the intermediate signal-intensity tumor and the 
low signal-intensity cervical stroma on T2-W 
imaging is diagnostically adequate with contrast- 
enhancement providing no additional benefi t. 
The use of dynamic-contrast enhanced studies is 
largely limited to defi ning the vascular fraction of 
tumor in order to deliver adaptive radiotherapy 
[ 18 ] or to identify a hypoxic fraction and relate it 
to treatment outcome [ 19 ]. 

 The use of an endovaginal receiver coil allows 
a fourfold increase in signal detection from the 
cervix [ 20 ] and thus an equivalent improvement 
in spatial resolution that improves detection of 
Stage 1 cervical lesions [ 21 ,  22 ]. T2-W images 
of sub-millimeter resolution enable delineation 
of 5 mm lesions with 100 % accuracy [ 23 ]. 
However, as patients are often referred following 
cone-biopsy, the addition of DW-MRI to the 
T2-W MRI is required to improve the sensitivity 
of the technique (56–89 % with little loss in spec-
ifi city in tumors with a median longitudinal 
diameter of 1.1 cm) [ 24 ] (Fig.  24.1 ). This type of 
image is of particular advantage when assessing 
patients for fertility-sparing surgical options 
where delineation of small lesions and their 
extension into the endocervical canal is required. 
Exophytic lesions with little endocervical exten-
sion are best demarcated on sagittal and coronal 
images and the length of uninvolved endocervi-
cal canal can be determined [ 24 ]. The technique 
also requires the reporting radiologist to perform 
a vaginal examination which has the added 
advantage of being able to combine clinical and 
radiological information.  

 Parametrial extension can be assessed on both 
CT and MRI, although image contrast is better on 
the latter. Both result in false-positives from inter-
preting infl ammatory soft tissue strands as inva-
sive tumor; comparison with hysterectomy 
specimens showed an accuracy of 87% for MRI, 
80% for CT and 82.5 % for examination under 
anesthesia [ 25 ]. Images transverse to the cervix 
are preferred [ 26 ]. There is no advantage in using 
fat-suppression [ 27 ], neither does contrast- 

enhancement provide additional benefi ts (accu-
racy of parametrial extension 83 % on T2-W 
images compared with 72 % for gradient–
enhanced, T1-W fat suppressed images, [ 28 ]. 
More recently, diffusion-weighted imaging, which 
is proving of major benefi t in diagnosis of soft-
tissue tumors, has been successfully employed to 
improve detection of small cervical tumors: com-
bining the information from the apparent diffusion 
coeffi cient maps derived from DW-MRI sequences 
with the standard T2-W data improves sensitivity 
and specifi city from 56 and 75 % respectively to 
89 and 67 % respectively [ 24 ].  

    Endometrial Cancer 

 As the primary management of endometrial can-
cer is surgical, T-staging of the tumor is done at 
histopathology. However, accurate T-staging on 
pre-operative imaging serves to guide the need 
for nodal dissection and the use of adjuvant 
therapies. 

 T2-W MRI is the preferred modality for 
T-staging the tumor; CT lacks contrast between 
tumor and myometrium. On T2-W imaging the 
abnormal uterus has a well-defi ned zonal anat-
omy in post-menarche, pre-menopausal women 
with a high signal intensity endometrial stripe, 
a low signal-intensity inner myometrium (junc-
tional zone) and an intermediate signal intensity 
outer myometrium. In these cases, defi nition 
of an intermediate signal intensity endometrial 
tumor against the low signal intensity junctional 
zone can be relatively clear, making the assess-
ment of myometrial invasion fairly straightfor-
ward. However, endometrial cancer primarily 
affects the post-menopausal age group where 
the zonal anatomy of the uterus disappears and 
the junctional zone increases in signal intensity. 
In these cases, outlining the extent of invasion 
of tumor into the myometrium lacks contrast 
on T2-W imaging and the use of gadolinium 
to highlight a poorly vascular tumor against a 
much more avidly enhancing myometrium is 
often used. However, contrast-enhanced images 
need to be acquired dynamically with a tempo-
ral resolution of <30 s in order to be suffi ciently 
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 accurate, as after 3 min, enhancement of the 
tumor itself and washout of contrast from the 
myometrium mean that these structures become 
isointense with each other and contrast between 
them is lost. The need for high temporal reso-
lution images acquired dynamically results in 
a compromise on spatial resolution, with pixel 
sizes of 3–5 mm and leads to a loss of sensitiv-
ity for T-staging. In postmenopausal women, 
the accuracy in estimating myometrial invasion 

with T2-W images, contrast-enhanced T1-W 
images, and DCE-MRI was 66.7, 77.8, and 
92.6 %, respectively [ 29 ]. In a more recent study 
of 45 women, Nasi et al. showed that gadolinium 
enhancement with better temporal resolution 
had a global sensitivity and specifi city of 90.6 
and 93.3 %, respectively, with a mean Negative 
Predictive Value of 96,3 % and a mean Positive 
Predictive Value of 88 % compared to the FSE 
T2-W sequence (global sensitivity and speci-

a

c

b

  Fig. 24.1    T2-weighted fast spin-echo transverse ( a ) and 
coronal ( b ) MR images and corresponding coronal ADC 
map ( c ) obtained using an endovaginal coil in a woman 
with stage Ib1 tumor. An area of diffuse abnormal inter-

mediate signal intensity ( arrows ) is seen on T2-weighted 
images ( a ,  b ), which corresponds with area of restricted 
diffusion in ( c ) ( arrow ), lending greater confi dence to 
diagnosis of invasive cervical carcinoma       
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fi city of 80.6 and 87.6 %, respectively, mean 
Negative Predictive Value 92.6 %, mean Positive 
Predictive Value 86 %) giving contrast-enhanced 
sequences a higher staging accuracy (95 % vs. 
78 %) [ 30 ]. DCE-MRI images in combination 
with T2-W sequences give more accurate assess-
ment of myometrial invasion [ 31 ] (Fig.  24.2 ). 
Deep myometrial invasion (>50 %) is associ-
ated with a 40 % risk of nodal metastases so 
that MRI has an important role in distinguish-
ing superfi cial from deep myometrial invasion. 
More recently, DW-MRI has been shown in 
preliminary studies to have superior diagnostic 
accuracy in the assessment of myometrial inva-
sion and signifi cantly higher staging accuracy 
compared with DCE-MRI [ 32 ]. In a retrospec-
tive study of 48 patients, Beddy et al. showed 
diagnostic accuracy, sensitivity, and specifi city, 
respectively, of 90, 84, and 100 % for DWI vs 
71, 61, and 88 % for DCE-MRI. DW-MRI has 
also been successfully employed in differentiat-
ing benign from malignant endometrial lesions: 
derived apparent diffusion coeffi cient values 

have been shown to be signifi cantly lower in 
malignant disease (0.84 ± 0.19 × 10 −3  mm 2 /s vs. 
1.58 ± 0.36 × 10 −3  mm 2 /s, [P < 0.01]) [ 33 – 35 ].  

 A minimum of two planes is required to delin-
eate the tumor against the inner myometrium. 
The sagittal plane which visualizes the longitudi-
nal axis of the endometrial cavity and a plane 
truly transaxial to the uterine body to image the 
uterus in cross-section are preferred. Spatial reso-
lution is optimized to achieve an in-plane pixel 
size of 0.5 mm with a 3–4 mm slice thickness; 
this can be accomplished while maintaining a 
suffi cient signal to noise ratio within the capabil-
ity of most 1.5 and 3 T scanners with an external 
pelvic array coil. Smaller pixels merely result in 
an increase in image noise and a reduction in 
diagnostic accuracy. 

 Lesions within the endometrial cavity are 
often hemorrhagic, particularly if there has been 
a recent biopsy or curettage. This is a common 
diagnostic pitfall and can lead to an overesti-
mation of disease burden or extent. It is there-
fore imperative to acquire T1-W images where 

a b

  Fig. 24.2    T2-weighted sagittal image ( a ) and DCE 
image ( b ) in a woman with stage 1a endometrial carci-
noma. An intermediate T2 signal intensity mass is dis-
tending the endometrial cavity ( a ,  blue   arrow ). The 

myometrium enhances avidly on the DCE image and the 
tumor enhances less avidly ( b ,  white arrow ), therefore 
invasion of the myometrium is more easily visualized, in 
this case there is minimal invasion       
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 sub- acute hemorrhage is easily recognized as 
high signal-intensity within the endometrial cav-
ity. The irregular margins, nodularity and nodular 
nature of the tumor mass have also been used to 
differentiate endometrial stromal sarcoma from 
endometrial cancer [ 36 ] although in an organ 
where tissue sampling is relatively simple, the 
need for this histological differentiation on imag-
ing is unlikely to have major clinical impact.  

    Ovarian Cancer 

 Ovarian cancer is usually recognized late because 
of lack of symptoms. By the time women present 
with abdominal distension and discomfort perito-
neal dissemination is widespread with ascites. 
Previous studies have investigated ultrasound for 
screening, but these have not proved cost- 
effective [ 37 ]. In >3,500 women at high risk of 
ovarian or fallopian tube cancer screened at 37 
UK centers, annual transvaginal ultrasound and 
serum CA125 screening had positive and nega-
tive predictive values of 25.5 % (95 % CI, 14.3–
40.0) and 99.9 % (95 % CI, 99.8–100) respectively 
at the incident screen [ 38 ]. The longer term fol-
low up from this study is ongoing and due to 
report in 2015. 

 Ovarian cancer is recognized by complex 
partly solid, partly cystic masses within one or 
both ovaries as disease is frequently bilateral. 
The solid components are in the form of nodules, 
septations or papilliform fronds and when recog-
nized in these patterns are characteristic of epi-
thelial ovarian cancer. Rarer histological subtypes 
(cystadenocarcinomas, endometroid adenocarci-
noma and clear cell variants) may also be recog-
nized by classical appearances of the solid 
components of the masses on T2-W imaging 
[ 39 ]. For example, granulose cell tumors are pre-
dominantly solid intermediate signal-intensity 
homogenous masses with small, often punctuate 
cystic/necrotic components. Conventional and 
contrast-enhanced MR imaging also are useful to 
evaluate morphologic features, including lesion 
complexity, signal intensity, and enhancement of 
solid areas. At dynamic contrast-enhanced MR 
imaging with semiquantitative analysis, early 

enhancement characteristics may help 
 differentiate some complex benign and malig-
nant lesions. Diffusion-weighted imaging has a 
limited but useful role in evaluating adnexal 
masses: Those with a hypointense solid area on 
both diffusion- weighted (b = 1,000 s/mm 2 ) and 
T2-weighted images are likely benign, whereas 
those that are hyperintense on diffusion-weighted 
images (b = 1,000 s/mm 2 ) with intermediate sig-
nal intensity on T2-weighted images are likely 
malignant [ 40 ]. 

 The extent of peritoneal disease is still best 
‘evaluated’ on CT because it enables coverage 
from the dome of the diaphragms to the pelvic 
fl oor within a few seconds. The associated ascites 
provides a low density background against which 
the nodules and plaques of peritoneal disease are 
outlined. The use of contrast agents both in CT 
and MRI has been explored, but their use does 
not provide advantages over unenhanced images 
[ 41 ]. Ovarian lesions generally are poorly 
enhancing and are not highlighted within a mes-
entery where normal vascular enhancement is 
prominent or against normally enhancing bowel 
wall. DCE-CT and MRI techniques lack the cov-
erage of the whole abdomen and pelvis with suf-
fi cient spatial and temporal resolution [ 6 ]. Their 
utility is therefore confi ned to characterizing sin-
gle lesions that require better delineation [ 42 ] 
(Fig.  24.3 ).  

 Newer techniques such as DW-MRI are revo-
lutionizing the imaging assessment of ovarian 
cancer, as not only is image contrast improved 
but they are also quantitative [ 43 ,  44 ]. On heavily 
DW images (high b-value) tumor appears bright 
against a dark background and is therefore easily 
recognized (Fig.  24.4 ). However, normal bowel 
wall also shows diffusion restriction and appears 
bright so that it is diffi cult to separate serosal 
deposits from normal bowel. Use of threshold 
values of the apparent diffusion coeffi cient is 
advocated to enable this differentiation. In future 
use of such thresholds and automated segmenta-
tion of lesions will enable estimations of the vol-
ume of burden of solid disease which can then be 
measured in longitudinal studies on chemother-
apy. It should also be possible to use such infor-
mation for assessing the optimal timing for 
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  Fig. 24.3    T1-weighted axial 
image of the pelvis ( a ) and 
corresponding b1200 
DW-MRI image ( b ) and 
sagittal T2-weighted image 
( c ) in a woman with ovarian 
carcinoma. Diverticular 
disease is present in the 
sigmoid colon and the signal 
intensity of peritoneal and 
serosal deposits is similar to 
bowel making assessment of 
deposits diffi cult on 
T1-weighted images ( a ). 
DW-MRI increases the 
conspicuity of disease, image 
( b ) demonstrates three areas 
of bright signal ( blue arrows ), 
the larger lesion is a serosal 
deposit and the two smaller 
lesions correlate with small 
peritoneal deposits seen on 
image ( c ) ( white arrow )         

a

b
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cFig. 24.3 (continued)

debulking disease within a course of chemother-
apy, thus individualizing and optimizing the sur-
gical management in these patients.    

24.4     Imaging Nodal Stations 
(N-Staging) 

    Cervical Carcinoma 

 Lymph node status is the single most important 
prognostic factor in cervical cancer [ 10 ]. The 5-year 
survival rate without nodal metastases is estimated 
at 85 %, this reduces to 71 % with the presence of 
pelvic lymph nodes [ 45 ]. Lymphatic spread occurs 
fi rst to the local paracervical and parametrial nodes, 
obturator nodes are frequent sites of disease and 
spread to iliac chains, para- aortic and retroperito-
neal nodes although largely contiguous may not be 

necessarily so. Pre- operative imaging assessment 
aims to identify nodal disease which would require 
combined chemotherapy and radiation therapy 
rather than surgery (Fig.  24.5 ). Morphological fea-
tures which suggest involved lymph nodes include 
round shape, irregular outline and size greater than 
10 mm—however using this size cut-off on CT and 
MRI yields a low sensitivity [ 46 ]. If a parametrial 
lymph node is greater than 5 mm this is regarded as 
suspicious. Yang et al. showed that central nodal 
necrosis has a 100 % positive predictive value for 
metastases in squamous cell carcinoma of the cer-
vix [ 47 ]. Signal intensity similar to the primary 
tumor also suggests nodal involvement. DWI-MRI 
has shown potential in detecting metastatic nodes; 
although some studies show signifi cantly lower 
ADC values in diseased nodes compared to benign 
nodes [ 8 ] there is signifi cant overlap in values which 
reduces specifi city.  
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  Fig. 24.4    T2-weighted axial image 
through the pelvis ( a ) with correspond-
ing contrast enhanced image ( b ), b1200 
DW-MRI ( c ) and corresponding ADC 
map ( d ) in a woman with a mucinous 
adenocarcinoma of the left ovary. The 
left adnexal mass has a high T2 signal 
intensity cystic component and an 
intermediate T2-signal intensity central 
solid component ( a ,  arrow ). The solid 
component enhances heterogeneously 
( b ,  arrow ). On the high b-value DW 
image the solid area returns bright 
signal ( c ,  arrow ) with corresponding 
dark signal on the ADC map ( d ,  arrow )         

a
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Fig. 24.4 (continued)
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  Fig. 24.5    T1-weighted axial 
image through the pelvis ( a ) 
and corresponding high 
b-1200 value DW-MRI image 
( b ) and ADC map ( c ) in a 
patient with stage IIb cervical 
carcinoma. The 9 mm left 
external iliac node is of 
similar intensity to the bowel 
and vessels ( a   arrow ), 
however the lymph node 
demonstrates restricted 
diffusion appearing very 
bright on the DW image ( b ) 
and dark on the ADC map ( c ) 
highlighting the value of 
functional MRI         

a

b
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  18 F-FDG PET/CT has been shown to be supe-
rior to MRI in detecting pelvic and para-aortic 
nodal disease in later stages of disease (FIGO II 
and greater), with sensitivities between 60 and 
100 % and specifi cities between 55 and 95 % 
compared with MRI sensitivities of 71 % with no 
loss in specifi city [ 47 ,  48 ]. Early work has shown 
that combining information from PET and MRI 
has higher accuracy compared to  18 F-FDG PET/
CT in nodal detection [ 49 ], but remains to be cor-
roborated in larger studies.  

    Endometrial Carcinoma 

 Lymphadenectomy is part of the surgico- 
pathological staging of endometrial cancer but is 
not performed in all centers. In low FIGO stage 
disease (<1B) lymphadenectomy may not be per-
formed so that pre-operative imaging is particu-
larly important in optimal surgical planning. The 
depth of myometrial and cervical stromal inva-

sion are key prognostic factors of nodal metasta-
ses; pelvic nodes >8 mm in short axis are 
generally considered enlarged and likely to be 
metastatic. The middle and lower uterus drain to 
regional lymph nodes in the parametrium, para-
cervical and obturator nodes (stage IIIC disease), 
whilst the upper uterus drains to common iliac 
and para-aortic chains. The presence of enlarged 
para-aortic lymph nodes is associated with the 
highest impact on prognosis and indicates stage 
IIIC2 disease [ 50 ]. 

 As with cervical carcinoma  18 F-FDG-PET/CT 
is useful in the detection of nodal metastases in 
endometrial cancer. A recent meta-analysis has 
shown that the overall pooled estimates for sensi-
tivity and specifi city of  18 F-FDG-PET or PET/CT 
scans in the detection of pelvic and/or para-aortic 
metastasis were 63.0 % (95 % CI, 48.7–75.7 %) 
and 94.7 % (95 % CI, 90.4–97.4 %), respectively 
with an overall diagnostic accuracy of 89.5 % [ 51 ]. 
MRI lymphography using iron-oxide nanoparticles 
showed promising results in preliminary studies 

cFig. 24.5 (continued)
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[ 46 ], but awaits larger scale multicenter trials 
when the contrast agent becomes available.  

    Ovarian Carcinoma 

 Primary lymph node drainage from the ovaries is 
to the para-aortic lymph nodes, secondary drain-
age occurs through the broad ligament to 
 obturator, internal and external iliac lymph nodes 
and through the round ligament to inguinal lymph 
nodes. The presence of regional lymph nodes 
stages the disease as FIGO IIIC and is associated 
with a 5-year survival of 34 % [ 10 ]. Supra-renal 
para-aortic lymph nodes may result in a patient 
being unsuitable for primary surgical resection 
underlining the importance of imaging in pre- 
operative assessment. In the evaluation of nodal 
disease,  18 F-FDG-PET/CT is the most accurate 
imaging technique available, as it is capable of 
identifying metastatic deposits in nodes deemed 
unenlarged by size criteria on morphological 
imaging. Yoshida et al. demonstrated malignant 
involvement in normal sized lymph nodes in 
ovarian cancer and showed that  18 F-FDG-PET/
CT improved staging accuracy from 53 to 87 % 
when compared with CT alone [ 52 ].   

24.5     Imaging Metastatic Spread 
(M-Staging) 

 Nearly 80 % of patients with endometrial cancer 
present with stage 1 disease; hematogenous 
spread to other organs and bones is rare at presen-
tation. The lungs are the commonest site involved 
[ 53 ] and sometimes peritoneal deposits are seen. 
Similarly, distant spread of cervical cancer to the 
lungs, liver and bones can occur but is rare at pre-
sentation. In contrast, the majority of patients 
with ovarian cancer often present with advanced 
disease due to the general non-specifi c nature of 
associated symptoms. Peritoneal metastases out-
side the pelvis including subcapsular liver depos-
its and/or regional lymph node metastases are 
common at presentation. Stage IV disease is rec-
ognized when metastatic deposits are identifi ed 
beyond the peritoneal cavity or within liver 
parenchyma. Surgical staging is the gold- standard 

but increasingly where treatment is with primary 
chemotherapy followed by interval debulking 
surgery, a “staging CT” is common place with a 
quoted accuracy of 70–90 % [ 54 ]. 

 CT allows detection of peritoneal disease, 
ascites, nodal, visceral and bone disease which 
aids surgical planning. Detection of peritoneal 
deposits depends on a number of factors, size 
(over 1 cm), presence of ascites, and administra-
tion of oral and intravenous contrast. Calcifi ed 
deposits are easier to detect on CT. In the absence 
of disseminated disease, primary debulking sur-
gery is recommended. If disease is widespread, 
the likelihood of suboptimal surgical debulking is 
high and primary chemotherapy is given. In these 
cases, image-guided biopsy may be necessary to 
provide a defi nitive histological diagnosis. CT 
features which suggest a high risk of suboptimal 
cytoreduction, such as extensive subhepatic dis-
ease, also may be used to select patients for lapa-
roscopic evaluation prior to laparotomy. 

 Additional roles for CT are in diagnosing pri-
mary peritoneal carcinoma which cannot be distin-
guished from ovarian cancer pathologically as well 
as in identifying ovarian metastases from a gastro-
intestinal, breast or pancreatic primary tumor. 

 Newer techniques such as DW-MRI are now 
being increasingly investigated in whole body pro-
tocols for identifying metastases, but data acquisi-
tion techniques are still variable across scanners 
and, unless rigorously conducted, the examinations 
can be prone to signifi cant image artifact. DWI-
MRI has proven useful in detection of small perito-
neal, serosal and subcapsular liver deposits which 
are seen as bright signal intensity areas on high 
b-values. DWI-MRI is also useful in detecting low 
volume peritoneal disease and identifying lesions 
in diffi cult anatomical locations for example the 
right sub-diaphragmatic space, although correla-
tion with conventional imaging is necessary [ 43 ].  

24.6     Imaging Response 
and Recurrence 

 Disease response on DW-MRI is recognized as 
an increase in ADC because of an increase in 
apoptosis and necrosis within the tumor mass 
increasing extracellular space and allowing more 
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free water diffusion within the tissue. A sound 
basis for applying thresholds of response and 
non-response depends on establishing a robust 
measurement and understanding the limitations, 
particularly in a multicenter setting where 
 equipment variations affect the reproducibility of 
the technique [ 55 ]. In ovarian cancer, although 
18 F- FDG PET/CT is still the norm for follow-up 

and for detecting recurrence (Fig.  24.6 ), DW-MRI 
of the pelvis and abdomen is being increasingly 
recognized [ 56 ]. It is currently under evaluation 
in a multicenter clinical trial, and may replace CT 
in assessing response and relapse in this disease 
not only because of its high sensitivity, but also 
because of its provision of quantifi able data. Its 
reproducibility is of importance in this disease 

a c
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  Fig. 24.6    Axial contrast enhanced CT image through the 
pelvis ( a ) corresponding fused PET/CT image ( b ) and 
whole- body coronal MIP 18F-FDG-PET image ( c ) in a 
woman with recurrent ovarian cancer. There is a pelvic 
peritoneal deposit posterior to a small bowel loop ( a , 
 arrow ) which has similar appearances to bowel and could 
easily be overlooked on CT, however there is intense 
tracer uptake on the fused PET/CT ( b ,  arrow ) consistent 

with a metastatic deposit. Image ( c ) demonstrates the 
extent of widespread metastatic disease ( dark blue 
arrows ) including a metastatic right hilar lymph node 
mass, sub-centimeter supra-diaphragmatic node, intra- 
parenchymal liver deposit, iliac chain lymph nodes and 
the pelvic deposit (from  top  to  bottom ). Pale  blue arrows  
demonstrate normal uptake in the brain and excretion 
within the kidneys and bladder       
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where intensive longitudinal follow-up is 
required to recognize a pattern of relapse and 
remission and implement appropriate chemother-
apeutic regimens as patients develop treatment 
related toxicities or become resistant to selected 
chemotherapeutic agents.  

 In imaging recurrence in cervical and endo-
metrial cancer, morphological methods such as 
helical CT and T2-W MRI are still the norm, 
but increasingly DCE techniques, DW-MRI 
(Fig.  24.7 ) and  18 F-FDG PET/CT are being rou-
tinely used. Most research efforts have, however, 
focussed on the early prediction of recurrence. In 
cervical cancer, a study by Mayr et al. showed 
that the tenth centile value of the signal-intensity 
on contrast enhanced images [ 1 ] and the 3D 
tumor volume 2–2.5 weeks into therapy could 
independently predict disease recurrence (haz-
ard ratio [HR], 2.6; 95 % confi dence interval 
[95 % CI], 1.0–6.5 [P = .04] and HR, 1.9; 95 % 

CI, 1.1–3.5 [P = .03], respectively) and death 
(HR, 1.9; 95 % CI, 1.0–3.5 [P = .03] and HR, 
1.9; 95 % CI, 1.2–2.9 [P = .01], respectively), and 
were superior to clinical prognostic factors [ 57 ]. 
Similarly, in a study of 80 patients, the mean 
ADC of primary cervical cancer was shown to 
be an independent predictive factor for disease 
recurrence [ 58 ], however, tumor volume was not 
 interrogated in this analysis. Failure of metabolic 
response after treatment is another predictive fac-
tor for recurrence: in a series of 238 patients with 
cervical cancer, 38 % subsequently recurred; all 
of these had failed to show a metabolic response 
(24 % local, 76 % distant) on post treatment 
18  F- FDG PET done within 8–16 weeks of com-
pletion of chemoradiotherapy [ 59 ]. Kang et al. 
[ 60 ] developed a web-based nomogram for pre-
dicting recurrence in cervical cancer based on 
data from 434 patients in four institutions. They 
showed that four parameters were signifi cantly 

a

c

b

  Fig. 24.7    T2-W fast spin-echo transverse image through 
the middle of the true pelvis ( a ) and corresponding 
diffusion- weighted MRI b = 900 mm 2 /s images ( b ) show a 
recurrent endometrial tumor ( a ,  arrow ) as a mass of 

restricted diffusion in ( b ) ( arrow ) involving the left pelvic 
side-wall. An 18F-FDG PET scan at the same level ( c ) 
shows a marked increase in glucose metabolism in the 
pelvic side-wall mass ( arrow )       
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associated with distant recurrence: pelvic and 
para-aortic nodal positivity on  18 F-FDG-PET, 
non-squamous cell histology, and pre-treatment 
serum squamous cell carcinoma antigen levels.  

 In endometrial cancer, records from eight insti-
tutions that provided data on 282 patients with 
recurrence showed that recurrent sites were, vagi-
nal vault 12.4 %, central pelvis 18.0 %, pelvic 
side-wall 4.9 % lymph-node 13.8 %, distant 
metastases 45.3 % and both distant relapse and 
local relapse 5.3 % [ 61 ]. This indicates that a 
whole body technique such as CT or  18 F-FDG 
PET/CT is indicated in the follow-up of patients 
with endometrial cancer. The sensitivity, specifi c-
ity, positive and negative predictive values, and 
accuracy of  18 F-FDG PET/CT for detecting recur-
rence have been shown to be 88.9, 93.6, 94.1, 88, 
and 91 %, respectively [ 62 ]. Eventually whole 
body DW-MRI may replace these, but requires 
the technique to be refi ned to reduce signifi cant 
artifact and be available cost-effectively to pro-
viders within a time-frame tolerable to patients 
(current methods require a 45 min scan time).  

24.7     Summary 

 Radiological assessment of gynecological malig-
nancies currently is not incorporated into the 
FIGO staging systems however non-invasive ana-
tomical and functional imaging modalities are 
routinely utilized and essential in the diagnosis, 
detection, staging of disease and in shaping the 
patients treatment pathway. Advances in technol-
ogy have led to more powerful equipment includ-
ing high fi eld strength MRI scanners, development 
of endocervical coils, hybrid PET/CT and multi- 
detector CT scanners. In parallel, new imaging 
techniques enabled by these hardware advances, 
in particular DCE-MRI, DW-MRI and PET/CT 
have furthered the capability to detect small sites 
of active disease. These techniques are being 
more widely used in the assessment of treatment 
response, distinguishing residual sites of disease 
from post-treatment changes and in identifying 
early recurrence. 

 Future directions include the clinical utiliza-
tion of PET/MRI scanners which capitalize on 

the exquisite soft tissue resolution of MRI and 
the functional potential of new PET probes. 
However, it remains to be seen whether PET/
MRI can improve diagnostic accuracy above the 
established described techniques and whether it 
will be incorporated into primary assessment of 
tumors. As imaging techniques continue to 
evolve they will enable us to interrogate tumor 
biology and the effects of sophisticated treatment 
modalities. New radiotracers that inform on bio-
logical mechanisms and metabolic pathways may 
prove useful biomarkers of tumor response to tar-
geted drugs in an era of personalized medicine.     
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25.1             Ovarian, Tubal 
and Peritoneal Neoplasms 

    Introduction 

 The ovary can give rise to an extraordinary range 
of tumor types, refl ecting the complex function 
and structure of this relatively small organ [ 1 ]. 
Ovarian neoplasms are classifi ed based on the 
cell of origin, with profound differences between 
different tumor types with respect to behavior 
and response to therapy. For example, malignant 
germ cell tumors are treated differently than 
high-grade serous carcinomas (a tumor in the 
surface epithelial-stromal category and the most 
common malignant ovarian tumor), and have a 
much better prognosis [ 2 ]. Accurate classifi ca-
tion of ovarian tumors based on histopathological 
assessment is therefore critically important in 
planning treatment. Tumors within the surface 
epithelial-stromal category can also arise from 
the fallopian tube or peritoneum [ 3 ], and in cases 
of advanced stage carcinomas, where there is 
involvement of ovaries, tubes and peritoneum, it 
may be diffi cult or impossible to determine the 
primary site with certainty.  

    Surface Epithelial-Stromal 
Carcinomas 

 Carcinomas of surface epithelial-stromal type 
account for more than 90 % of ovarian malignan-
cies. There have been recent advances in our 
understanding of ovarian carcinomas, and it is now 
appreciated that the fi ve main subtypes (account-
ing for more than 98 % of cases) are different dis-
eases, with differences in genetic risk factors, 
precursor lesions, molecular events during onco-
genesis, patterns of spread, and response to stan-
dard chemotherapy (summarized in Table  25.1 ) 
[ 4 ]. These subtypes are, in descending order of 
frequency: high-grade serous (70 %), clear cell 
(10 %), endometrioid (10 %), mucinous (3 %), and 
low-grade serous (2 %) (percentages are based on 
data from British Columbia, Canada, and 
Washington DC USA) [ 5 ]. For patients with 
advanced stage (stage III or IV) disease at presen-
tation, more than 90 % are high-grade serous car-
cinomas; in contrast, most stage I carcinomas are 
non-serous types. Gross Findings: Most ovarian 
carcinomas are advanced stage high-grade serous 
carcinomas. The ovarian involvement in these 
cases is typically bilateral and consists of 10–20 cm 
solid and cystic masses with areas of hemorrhage 
and necrosis, and obvious ovarian surface involve-
ment by soft friable exophytic tumor deposits. 
Most clear cell, endometrioid and mucinous carci-
nomas are smooth surfaced, and the mucinous car-
cinomas are noteworthy for attaining huge sizes in 
some patients. Microscopic Findings: High-grade 
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serous carcinomas show a variety of architectural 
patterns, including papillary, solid, glandular, and 
transitional-like architecture, but all consist of 
cells with high-grade nuclear features and very 
high mitotic rates. Foci of identical cells in the fal-
lopian tube mucosa are referred to as serous tubal 
intraepithelial carcinoma (STIC) and are regarded 
as the precursor lesion of most high-grade serous 
carcinomas that in the past were designated as 
being primary ovarian, tubal or peritoneal high-
grade serous carcinomas [ 3 ]. Clear cell carcino-
mas can also show solid, papillary and glandular 
architectural patterns, but the cells have clear 
or eosinophilic cytoplasm, high-grade nuclear 
features, and a lower mitotic rate than is seen in 
high-grade serous carcinomas. Endometrioid car-
cinomas are morphologically indistinguishable 
from the more common endometrioid carcinomas 
of the endometrium, are usually glandular and low 
grade, and frequently have areas of squamous dif-
ferentiation. Mucinous carcinomas are recognized 
by their glandular architecture and intracellular 
mucin. Low-grade serous carcinomas are distin-
guished from high-grade serous carcinomas by the 
presence of less than threefold variability in 
nuclear size [ 6 ]. Low-grade serous carcinomas 
contain numerous psammoma bodies (laminated 
calco-spherules produced by the tumor cells) in 
most cases. These fi ve subtypes can be reproduc-
ibly diagnosed based on routine histopathological 
assessment [ 7 ] and representative photomicro-

graphs of these fi ve ovarian carcinoma subtypes 
are shown in Fig.  25.1 .

        Borderline Tumors 

 These epithelial neoplasms are characterized by 
atypia but, unlike the carcinomas, they lack invasion. 
The same cell types seen in ovarian carcinomas can 
be encountered as borderline tumors, but serous and 
mucinous types account for the large majority of 
borderline tumors. Borderline serous tumors (also 
referred to as serous tumors of low- malignant poten-
tial, or atypical proliferative serous tumors) are char-
acterized by extra-ovarian implants in 20–40 % of 
cases [ 8 ]. If these implants show invasion, the behav-
ior is identical to that of low-grade serous carcinoma. 
If there is no evidence of invasion in either the ovar-
ian tumor(s) or extra-ovarian implants, a more indo-
lent course can be anticipated, so careful 
histopathological examination for evidence of inva-
sion is critical in accurate prognostication in these 
cases. Grossly, serous borderline tumors lack the 
hemorrhage and necrosis seen in high-grade serous 
carcinomas, and the papillary structures, whether 
projecting into cyst cavities or from the ovarian sur-
face, have delicate uniform appearance. Mucinous 
borderline tumors are invariably stage Ia at presenta-
tion, and recurrences are rare. Borderline endometri-
oid and clear cell tumors are rare, and all reported 
cases to date have behaved in a benign fashion.  

   Table 25.1    Characteristics of ovarian carcinoma subtypes   

 HGSC  CCC  EC  MC  LGSC 

 Genetic risk factors  BRCA1/2  Lynch syndrome  Lynch syndrome  None known  None known 
 Precursor lesions  Serous tubal 

intraepithelial 
carcinoma 

 Endometriosis  Endometriosis  Not known  Serous 
borderline 
tumor 

 Molecular 
abnormalities 

 P53, BRCA1, 
BRCA2, HR 
defects a  

 PI3K, ARID1A, 
MMR b  

 PTEN, beta-catenin, 
ARID1A, MMR b  

 KRAS, HER2  BRAF, KRAS, 
NRAS 

 Stage at presentation  III  I  I  I  I–III 
 Response to platinum 
chemotherapy 

 Chemosensitive  Chemoresistant  Chemosensitive  Chemoresistant  Chemoresistant 

   a  HR defects  homologous recombination defects 
  b  MMR  loss of expression of DNA mismatch repair enzyme(s)  
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    Sex Cord-Stromal Tumors 

 Adult-type granulosa cell tumors are the most 
common malignant tumor in this category. Other 
malignant sex cord-stromal tumors (Sertoli- 
Leydig cell tumor, fi brosarcoma, sex cord tumor 
with annular tubules) are very rare. Adult-type 
granulosa cell tumors, macroscopically, are typi-
cally smooth surfaced and confi ned to the ovary 
at presentation; on sectioning blood-fi lled cysts 
are common. Microscopically they consist of 
uniform cells with scant cytoplasm, resembling 
normal granulosa cells. A somatic activating 
point mutation in the FOXL2 gene is pathogno-
monic for adult-type granulosa cell tumors [ 9 ].  

    Germ Cell Tumors 

 More than 98 % of ovarian germ cell tumors are 
benign cystic teratomas. Malignant germ cell 
tumors fall into two general categories. The prim-
itive germ cell tumors occur in young women 
(peak incidence in second and third decades), and 
can show a variety of histological patterns that 
are indistinguishable from their more common 
counterparts in the testis. These are all rare, and 
include dysgerminoma, yolk sac tumor (endoder-
mal sinus tumor), choriocarcinoma, embryonal 
carcinoma, and mixed tumors [ 1 ]. The second 
category is malignancies arising in a benign cys-
tic teratoma. These are a result of malignant 
transformation of one of the components of the 
teratoma, the peak incidence is in the sixth 
decade, and squamous cell carcinomas account 
for more than 90 % of such cases, with occa-
sional cases of intestinal-type adenocarcinoma, 
thyroid carcinoma, melanoma or other malignan-
cies encountered.  

    Other Tumors 

 Metastasis account for most other ovarian tumors, 
and consideration of any clinical history of prior 
malignancy is important in cases of unusual ovar-

ian tumors [ 10 ]. Ovarian metastases may be the 
presenting fi nding, but more commonly are 
 identifi ed at the same time as the primary tumor, 
or thereafter. An extraordinarily wide range of 
tumor types, apart from those described previ-
ously, may be also be encountered as primary 
ovarian neoplasms, including tumor types more 
commonly encountered at other sites, such as 
lymphoma and melanoma, and rare ovarian 
tumors of uncertain histogenesis, such as small 
cell carcinoma of hypercalcemic type.   

25.2     Uterine Corpus 

    Introduction 

 Cancers of the uterine corpus are predominantly 
derived from endometrial glandular epithelial 
cells (endometrial adenocarcinoma), with small 
number of cases derived from either endometrial 
stromal cells (endometrial stromal sarcomas) or 
smooth muscle cells (leiomyosarcomas). In the 
past, carcinosarcomas, high-grade biphasic 
tumors of endometrium showing both epithelial 
and stromal differentiation, were classifi ed with 
the sarcomas, but based on molecular evidence 
they are best considered to be endometrial carci-
nomas with metaplastic (sarcomatous) growth 
[ 11 ].  

    Carcinomas 

 Endometrial carcinomas arise through two differ-
ent pathways, and these are referred to as Type 1 
and Type 2 carcinomas [ 12 ]. The Type 1 carcino-
mas account for approximately 90 % of cases and 
are associated with estrogen excess (obesity, 
infertility, estrogen producing tumors such as 
granulosa cell tumor, exogenous hormonal ther-
apy) and the precursor lesion is atypical hyper-
plasia of the endometrium. Most Type 1 tumors 
are low-grade (grade 1 or 2) endometrioid carci-
nomas. Type 2 carcinomas arise in an estrogen 
independent fashion and the patients tend to be 
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older and not obese, the precursor lesion is endo-
metrial intraepithelial carcinoma, and the proto-
typical Type 2 tumor is serous carcinoma of the 
endometrium. It is now clear that these Type 1 
and Type 2 designations, which were derived 
based on consideration of epidemiological data, 
refer to loose clinicopathological clusters and do 
not correspond to specifi c histopathological 
tumor types. As can be seen from Fig.  25.2 , some 
serous carcinomas arise from low-grade endome-
trioid carcinomas, in patients with increased 
estrogenic stimulation of the endometrium, as a 
result of acquired mutations during tumor pro-
gression, while some arise de novo, from endo-
metrial intraepithelial carcinoma, in a background 
of atrophic endometrium [ 13 ]. Gross Findings: 
Endometrial carcinomas present as exophytic 
masses projecting into the endometrial cavity. 
When large, they may prolapse through the cervi-
cal os. The tumor is typically friable and soft, and 
there may be extensive necrosis. Myometrial 
invasion, cervical involvement, serosal implants 
or extrauterine spread may be seen, and are more 
common in high-grade endometrial carcinomas. 
Microscopic Findings: Endometrial carcinomas, 
like other ovarian carcinomas, are subclassifi ed 
based on cell type. Endometrioid, serous, and 
clear cell subtypes, and carcinosarcomas together 
account for almost all cases of endometrial carci-
noma. Endometrioid carcinomas are composed 
of glandular epithelial cells resembling normal 
endometrial epithelium, but with signifi cant 
nuclear atypia and increased mitotic activity. 
Squamous differentiation and mucinous  metaplasia 
are common. Endometrioid carcinomas are 
graded based on the percent solid non-squamous 
growth as grade 1 (<5 % solid), grade 2 (6–50 % 
solid), or grade 3 (>50 % solid) [ 14 ]. Grade 1 and 
2 tumors are considered low grade, account for 
most endometrioid carcinomas, and a majority 
are stage Ia at presentation. All serous carcino-
mas, clear cell carcinomas, and  carcinosarcomas 
of the endometrium are considered high-grade 
[ 1 ]. Serous and clear cell carcinomas resemble 
their counterparts in the ovary, and most com-
monly show papillary or solid architecture, 
although glandular architecture is also commonly 
encountered. The tumor cell nuclei show high- 
grade features and there is a brisk mitotic rate. 

Carcinosarcomas have both a high-grade carci-
noma and high-grade sarcoma component; the 
sarcoma can be homologous (i.e. composed of 
cell types normally found in the uterus, such as 
smooth muscle or endometrial stromal cells) or 
heterologous (e.g. malignant cartilage, skeletal 
muscle, adipose tissue etc.).   

    Sarcomas 

 Within the category of uterine sarcoma, there are 
(1) leiomyosarcomas, of smooth muscle origin, 
(2) endometrial stromal sarcomas, of endometrial 
stromal cell origin, and (3) high-grade undifferen-
tiated sarcomas, which probably are a mixed 
group of cases, including poorly differentiated 
leiomyosarcomas and endometrial stromal sarco-
mas, in which morphological features of smooth 
muscle or endometrial stromal cell origin, respec-
tively, have been lost, and poorly differentiated 
carcinosarcomas in which the carcinomatous 
component has been overgrown. Leiomyo-
sarcomas show complex genetic abnormalities, 
and once cases of benign mimics of leiomyosar-
coma are excluded (e.g. mitotically active leio-
myoma, leiomyoma with bizarre nuclei, etc.) are 
aggressive neoplasms [ 15 ]. They consist of fasci-
cles or bundles of spindle cells with markedly 
atypical nuclei and eosinophilic cytoplasm, that 
stain positively for markers of smooth muscle dif-
ferentiation, such as desmin and h-caldesmon. 
There is no one feature that allows distinction 
between leiomyomas and leiomyosarcomas, apart 
from metastasis, and a combination of infi ltrative 
margin, mitotic activity, cytological atypia, and 
coagulative tumor cell necrosis are used in the 
diagnosis of leiomyosarcoma [ 16 ]. Rare tumors 
have morphological features intermediate between 
leiomyoma and leiomyosarcoma, and a designa-
tion of “smooth muscle tumor of uncertain malig-
nant potential” (STUMP) can be used for those 
cases. Endometrial stromal sarcomas, unlike leio-
myosarcomas, are characterized genetically by 
recurrent translocations. In low-grade endome-
trial stromal sarcomas the chromosomal translo-
cation t7:17, bringing together the JAZF1 and 
SUZ12 genes, is the most common genetic abnor-
mality in low-grade endometrial stromal sarcoma 
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  Fig. 25.1    The fi ve subtypes 
of ovarian surface epithelial- 
stromal carcinoma. ( a ) 
High-grade serous carcinoma, 
showing stratifi cation and 
tufting of markedly atypical 
cells. ( b ) Clear cell carci-
noma, with prominent 
papillary architecture and 
cells with clear cytoplasm, 
( c ) Endometrioid carcinoma, 
showing both glandular 
architecture and low-grade 
cytological features. 
( d ) Mucinous carcinoma, 
with occasional tumor cells 
showing intracytoplasmic 
mucin vacuoles (goblet cells). 
( e ) Low-grade serous 
carcinoma, with uniform cells, 
showing less than threefold 
variation in nuclear size, and a 
low mitotic rate           

a

b
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c

d

Fig. 25.1 (continued)
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e
Fig. 25.1 (continued)

  Fig. 25.2    While most endometrial carcinomas can be fi t 
into either the Type 1 or Type 2 category (shown on the 
 left  and  right , respectively), a signifi cant number of cases 
fall somewhere in the middle, and based on clinical, path-

ological and/or genetic features are intermediate between 
typical Type 1 and Type 2 endometrial carcinomas (From 
McConechy et al. [ 13 ])       
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[ 17 ], while high-grade stromal sarcomas are 
characterized by t10:17 translocations [ 18 ]. 
Endometrial stromal sarcomas are characterized 
by cells with scant cytoplasm, and prominent 
small blood vessels, resembling the spiral arteri-
oles of the normal endometrium. Mitotic fi gures 
are present, being more common in the high- 
grade endometrial stromal sarcomas. The high- 
grade undifferentiated sarcomas consist of 
pleomorphic cells which often show differentia-
tion along heterologous lineages, such as cartilage 
or skeletal muscle. Mitotic rates are high, and 
abnormal mitotic fi gures common.   

25.3     Uterine Cervix 

    Introduction 

 Almost all cervical malignancies are carcinomas, 
and are etiologically linked to human papilloma 
virus (HPV) infection [ 1 ]. These carcinomas 
preferentially occur in the region of the squamo- 
columnar junction, and can be squamous cell car-
cinomas, adenocarcinomas, or an admixture of 
squamous cell and adenocarcinoma.  

    Squamous Cell Carcinoma 
and Precursor Lesions 

 The precursor lesion of invasive squamous cell car-
cinoma is high-grade squamous intraepithelial 
lesion (HSIL), also referred to, in the cervix, as cer-
vical intraepithelial neoplasia, grade 2 or 3 (CIN2 or 
CIN3) [ 19 ]. In the vast majority of such lesions high-
risk HPV types can be demonstrated. The earliest 
sign of invasion is seen as irregular small nests of 
cells or individual cells beneath the basement mem-
brane, with a desmoplastic host response (Fig.  25.3 ).   

    Adenocarcinoma and Precursor 
Lesions 

 The precursor lesion of invasive adenocarcinoma 
of the cervix is adenocarcinoma in situ (AIS). 
AIS frequently co-exists with HSIL. Cervical 

cytology screening is less sensitive in detection 
of glandular lesions of the cervix, compared to 
HSIL. Early invasive lesions arising in AIS are 
diffi cult to recognize reproducibly, as the stromal 
reaction common in early invasive squamous cell 
carcinoma and the pattern of invasion as individ-
ual cells and small irregular nests of cells is less 
common in adenocarcinoma, compared to squa-
mous cell carcinoma. Unlike the situation in 
ovarian and endometrial carcinoma, where ade-
nocarcinomas can be meaningfully subclassifi ed 
based on tumor cell type, there is little agreement 
on subclassifi cation of cervical adenocarcinomas 
based on cell type. Rare cases of cervical adeno-
carcinoma are not related to HPV, including the 
so-called “adenoma malignum” or gastric-like 
variant, which can occur in association with 
Peutz-Jehger syndrome, or sporadically, unre-
lated to the syndrome [ 20 ].   

  Fig. 25.3    Squamous cell carcinoma of the cervix with 
stromal invasion, seen as irregularly shaped nests of cells 
in the stroma, beneath the overlying high-grade squamous 
epithelial lesion (HSIL)       
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a

b

c

  Fig. 25.4    ( a ) Invasive vulvar squamous 
cell carcinoma, with overlying vulvar 
intraepithelial neoplasia. ( b ) Paget’s 
disease of the vulva, with large vacuolated 
neoplastic cells interspersed between the 
benign squamous epithelial cells. There is 
no invasion of the underlying stroma. 
( c ) Invasive vulvar melanoma: the tumor 
cells are amelanotic, and there is a single 
nest of cells at the epidermal-dermal 
junction, representing the in situ compo-
nent of this tumor       
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25.4     Vagina 

 A large majority of vaginal cancers are HPV- 
associated squamous cell carcinomas. The precur-
sor lesion is high-grade squamous intraepithelial 
lesion (HSIL), which in the vagina can also be 
referred to as vaginal intraepithelial neoplasia, 
grade 2 or 3 (VaIN 2 or VaIN 3) [ 19 ]. The mor-
phlogical features are identical to those seen in 
the more common squamous cell carcinomas of 
cervix and vulva.  

25.5     Vulva 

    Introduction 

 Vulvar cancers are predominantly squamous cell 
carcinomas, with signifi cant but lesser numbers of 
cases of Paget’s disease (primary vulvar adenocar-
cinoma) and malignant melanoma (Fig.  25.4 ). The 
distinction between these entities, based on biopsy, 
may require the use of immunostains, because of 
sometimes overlapping morphological features.   

    Squamous Cell Carcinoma 

 Of the squamous cell carcinomas, there are 
roughly equal numbers of HPV associated and 
non-HPV associated cases (Table  25.2 ), although 
there is considerable geographic variability in 
this ratio [ 21 ]. The precursor of HPV associated 
squamous cell carcinoma is high-grade squa-
mous intraepithelial lesion (HSIL), referred to in 
the vulva as high-grade vulvar intraepithelial 
neoplasia (high-grade VIN), or vulvar intraepi-
thelial neoplasia grade 2 or 3 (VIN 2 or VIN 3) 
[ 19 ]. The morphological features are identical to 
HSIL appearing elsewhere in the female genital 
tract, except that surface keratinization is more 
common. Non-HPV associated squamous cell 
carcinoma is frequently seen in association with 
lichen sclerosis, an infl ammatory condition asso-
ciated with immune-mediated damage and 
increased turnover of the vulvar epithelium. The 
precursor lesion of non-HPV associated squa-
mous cell carcinoma of the vulva can be very 

deceptively bland, so called differentiated vulvar 
intraepithelial neoplasia, or dVIN [ 22 ]. Although 
the features of VIN associated with non-HPV 
squamous cell carcinoma can be very cytologi-
cally bland, there also may be signifi cant atypia 
present. Unlike the HPV-associated HSIL lesions, 
p53 mutations are common in dVIN. Invasive 
squamous cell carcinoma of HPV and non-HPV 
associated types are morphologically similar, 
although the non-HPV associated carcinomas are 
more likely to be lower grade and keratinizing. 
At the time of writing, although there are differ-
ences between HPV associated and non-HPV 
associated squamous cell carcinoma of vulva, 
summarized in Table  25.2 , treatment does not 
differ, and HPV testing is not routinely 
performed.

       Paget’s Disease 

 Paget’s disease is a primary vulvar adenocarci-
noma, and in most instances is in situ at the time 
of diagnosis and remains in situ thereafter. It is 
characterized by large cells with abundant cyto-
plasm present in the epidermis, including append-
ages. These neoplastic cells, referred to as Paget 

    Table 25.2    HPV versus non-HPV associated vulvar 
squamous cell carcinoma   

 HPV  Non-HPV 

 Age  Fourth to sixth 
decade 

 Sixth to ninth 
decade 

 Etiology  Oncogenic viral 
infection 

 Chronic 
infl ammation 
(lichen sclerosis) 

 Precursor  HSIL (VIN) a , usual 
type 

 dVIN b  

 Biomarker 
expression 

 p16 overexpression  Abnormal p53 
expression 

 Outcome c   Favorable  Less favorable 
(more likely to 
have nodal mets, 
recur locally) 

   a  HSIL (VIN)  high-grade squamous intraepithelial lesion 
(vulvar intraepithelial neoplasia) 
  b  dVIN  differentiated vulvar intraepithelial neoplasia 
  c Differences in outcomes for the HPV and non-HPV vul-
var squamous cell cancers are speculative at present, and 
defi nitive studies are needed  
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cells, are concentrated in the basal layer of the 
epidermis, but also appear within the more super-
fi cial layers of the epidermal squamous epithe-
lium (so-called Pagetoid spread). These cells can 
be diffi cult or impossible to distinguish from 
malignant squamous cells or melanoma cells on 
routine stains; immunostaining is routinely used 
for diagnosis and the cells of Paget’s disease 
strongly express cytokeratin 7, unlike squamous 
cells or melanoma cells [ 23 ]. There is often a 
prominent host infl ammatory reaction to Paget’s 
disease and this can make assessment of invasion 
diffi cult. When there is invasion, which appears 
as single cells and small, irregularly shaped nests 
of cells infi ltrating dermal stroma, unless it is 
only a few cells/nests, there is signifi cant risk of 
nodal metastasis. Paget’s disease, which is a pri-
mary vulvar adenocarcinoma, must be distin-
guished from the much less common secondary 
involvement of the vulva by adenocarcinoma, 
most commonly arising from the anorectal 
mucosa or endocervix, or transitional cell carci-
noma of bladder or urethra. This secondary vul-
var involvement has been referred to as Paget’s 
disease in the past, which has led to signifi cant 
confusion.  

    Melanoma 

 Malignant melanoma of the vulva is morphologi-
cally and molecularly similar to melanoma aris-
ing at other non-sun exposed sites. Occasional 
cases of in situ melanoma, with cytologically 
malignant melanocytes confi ned to the basal 
layer of the epidermis, are encountered, but most 
vulvar melanomas are deeply invasive at the time 
of presentation. Melanoma cells may be pig-
mented or non-pigmented (amelanotic), and the 
pigment may be seen macroscopically or only 
present focally, and therefore only visible micro-
scopically. It is the non-pigmented or amelanotic 
melanomas that are the most challenging to diag-
nose. Melanomas are notable for their wide range 
of growth patterns, from spindle cells, mimicking 
sarcoma, to epithelioid cells, mimicking squa-
mous cell carcinoma. The presence of a in situ 
component at the epidermal/dermal junction can 

be an aid to diagnosis, but it is usual, in amela-
notic cases, to resort to immunostaining for mela-
noma specifi c markers (S-100, Melan-A, 
HMB-45, microphthalmia transcription factor) to 
confi rm a diagnosis of melanoma. As is the case 
with other mucosal melanomas, BRAF mutations 
are rare in vulvar melanoma, so that BRAF inhib-
itors are rarely a therapeutic option [ 24 ].      
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26.1             Introduction 

 Screening is the identifi cation of unrecognized 
disease in an apparently asymptomatic popula-
tion using tests, examinations or other proce-
dures leading to earlier diagnosis compared to 
clinical presentation of the disease [ 1 ]. In cancer 
screening, the main goal is to reduce mortality 
from the disease, either by preventing the cancer 
(in those where a premalignant condition exists) 
or diagnosing it earlier (when treatment is more 
effective). 

 Cancer specifi c criteria exist that outline 
which cancers could benefi t most from screening 
and build on the WHO criteria for all diseases [ 2 , 
 3 ]. Screening needs to achieve high sensitivity 
(percentage of patients with cancer correctly 
identifi ed as a result of a positive test), specifi city 
(percentage of the population without cancer cor-
rectly identifi ed as a result of a negative test), 
positive predictive value (PPV, percentage of 
patients with a positive test that have the cancer, 
true positives) and negative predictive value 
(NPV, percentage of patients with a negative test 

that do not have the cancer, true negatives) if it is 
to be effective when applied to the population at 
large. The primary considerations in a national 
screening program are outlined in Table  26.1  [ 3 ].

      Gynecological Cancers 

 Worldwide cervical, ovarian and uterine/endo-
metrial cancers accounted for an estimated 17 % 
of all new cancer cases in women and 14.6 % of 
all female cancer deaths in 2008 [ 4 ]. These rates 
are expected to rise due to aging of the world’s 
population, the obesity epidemic and the 
unhealthy lifestyle choices [ 5 ]. It is estimated 
that if these current trends persist, an increase in 
incidence and mortality rates from gynecologic 
cancers of 66 % and 62 % respectively would be 
observed by 2030 [ 4 ]. Screening, as an approach 
to reduce incidence and mortality from gynaeco-
logical cancer is being discussed in this chapter.  

    Cervical Cancer 

 Cervical cancer is the third most common cancer 
in women and the fourth leading cause of death 
in women with 529,800 new cases and an esti-
mated 275,000 deaths reported worldwide in 
2008 [ 4 ,  5 ]. The majority of new cases (453,300) 
and deaths (242,000) occur in the developing 
nations. The highest incidence and mortality are 
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in Africa, South-Central Asia and South America 
whilst the lowest are in North America, New 
Zealand/Australia. These differences in part 
refl ect access to well-organized screening pro-
grams which when properly implemented have 
been associated with signifi cant reductions (50–
90 %) in mortality [ 6 ]. The challenge now is to 
implement programs in low/middle income 
countries [ 7 ]. 

 Cervical cancer is a sexually transmitted dis-
ease which is caused by Human Papilloma Virus 
(HPV). Typically the disease develops over two 
to three decades, with well-defi ned pre-malignant 
lesions termed cervical intraepithelial neoplasia 
(CIN). Depending on the degree of severity of 
neoplastic change observed histologically, these 

are graded CIN1 (low), CIN 2 (moderate) and 
CIN 3 (severe). The majority of lesions resolve 
and only a small proportion progress to cancer. 

 Current efforts are focused on identifying 
those lesions which are most likely to progress to 
cancer. Approximately 40 HPV genotypes have 
been identifi ed as having the ability to infect the 
genital tract in humans [ 8 ,  9 ]. Fifteen of these 40 
genotypes have been classed as high risk for cer-
vical cancer [ 10 ]. The most prevalent types of 
HPV are HPV16 and HPV18 and account for 
71 % of all cervical cancer cases [ 11 ], whilst 
HPV16, HPV18 and HPV45 are jointly respon-
sible for 94 % of adenocarcinomas. A key factor 
in cancer development is persistence of infection 
with oncogenic HPV types. Other risk factors 
include early age of sexual activity, co-infection 
with other STD related microorganisms, long 
term use of contraceptives, multiparity, multiple 
partners and smoking [ 12 ].   

26.2     Screening Tests 

    Cervical Cytology 

 Papanicoloau test (Pap-smear) based on exfolia-
tive cytology is the primary test in many coun-
tries [ 12 ,  13 ]. It has a wide range of specifi city 
(14–97 %) and sensitivity (11–99 %) [ 14 ]. Due to 
issues related to sampling and interpretation 
errors, liquid based cytology (LBC) was intro-
duced in the mid-1990s to 2000s [ 15 ]. LBC was 
recommended as the primary test in the NHS 
cervical screening program in England and Wales 
[ 16 ] with a changeover to this technology in 2008 
[ 12 ]. Whether LBC is a better test than Pap-smear 
remains to be determined, as recent meta- analysis 
demonstrated similar performance of both 
screening tests for histologically confi rmed CIN 
2 or worse [ 17 ].  

    Visual Inspection Tests 

 Cytology-based screening is expensive and 
resource intensive and needs a well-organized 
infrastructure for repeat testing and for these rea-

   Table 26.1    Key issues to consider in a national screen-
ing program   

 1  Effectiveness  There is suffi cient scientifi c 
evidence that the screening 
program is effective 

 2  Need  Program is set up as there is 
a recognized need for 
screening 

 3  Clear objectives  There are clear objectives 
of screening set up at the 
outset 

 4  Defi ned target 
population 

 General population—
usually age criteria used 
 High risk—currently based 
on family history or specifi c 
gene mutations 

 5  Screening  Screening tests 
 Screening strategy 
 Frequency of testing 

 6  Infrastructure  Staff 
 Equipment 
 Facilities 
 IT systems 

 7  Quality assurance  Setting of standards, 
monitoring, training of 
personnel 

 8  Program evaluation  Should be specifi ed from 
the start 

 9  Compliance with 
screening 

 Monitoring and recall 
systems 

 10  Informed choice  Detailed information 
leafl ets, websites, helpline 

 11  Equity and access to 
screening 

 For the whole target 
population 
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sons is not feasible in low resource setting. 
Alternative screening strategies have been 
developed [ 18 ,  19 ]. These mainly rely on visual 
inspection of the cervix, either after application 
of 3–5 % acetic acid (VIA), visual inspection 
with a magnifying glass (VIAM) or visual inspec-
tion after Lugol’s iodine (VILI). Although a 
subjective test, VIA still has similar sensitivity 
and specifi city of 14–95 % and 14–98 % respec-
tively as Pap-smear [ 19 ]. Single round of VIA, 
followed by immediate colposcopy and treatment 
in a cluster randomized controlled trial (RCT) in 
India resulted in signifi cant reduction (35 %) in 
mortality at 7 years [ 20 ].  

    HPV Testing 

 As virtually all cervical cancer cases (99.7 %) are 
due to HPV, the attention has focused on detection 
of viral DNA [ 21 ]. Several assays for HPV have 
been developed; either DNA hybridization or 
PCR based assays which determine the presence 
of high risk genotypes. HPV testing is incorpo-
rated in the screening strategies in a number of 
countries, including the UK [ 12 ,  13 ,  22 ]. These 
assays have mainly been used to triage women 
who have equivocal smears or for checking samples 
for proof of cure. 

 To further refi ne identifi cation of lesions most 
likely to progress, more recent assays focus on 
detecting the HPV viral oncoproteins E6 and E7, 
which are closely associated with the process of 
malignant transformation in cervical cancer. 
Compared to cytology, HPV tests are more repro-
ducible, stable over a range of ages, have a higher 
NPV and better sensitivity but specifi city is lower 
[ 23 – 26 ]. Combination with cytology yields 
higher sensitivities [ 27 ]. 

 The performance of various screening tests is 
outlined in Table  26.2  [ 14 ,  17 ,  19 ,  28 – 30 ].

       HPV as a Primary Test in Cervical 
Cancer Screening 

 As HPV testing has a high NPV, it may allow 
extension of the screening interval in cervical 

cancer. Recent data suggests that this can be as 
much as up to 6 years [ 31 ]. For these reasons, 
HPV has been suggested as a primary test in cer-
vical cancer screening. A pilot of HPV testing 
with refl ex cytology has recently been announced 
in the UK [ 32 ]. To avoid unnecessary repeat test-
ing and treatment in younger women where 
lesions are often due to transient infections, it has 
been suggested that HPV testing should begin at 
29 years of age (POBASCAM trial) [ 33 ] or even 
later (NTCC trial) [ 34 ]. 

 In low resource settings, a single screening 
episode using primary HPV screening [ 35 ] can 
achieve a signifi cant reduction in advanced can-
cers and 50 % mortality reduction at 7 years. 
Superior performance of HPV compared to VIA 
in detecting CIN2–3 lesions has also been 
reported [ 36 ]. 

 As existing HPV DNA assays are expensive 
and results are only available after several hours, 
alternative HPV tests are being developed for 
LMIC settings where a ‘screen and treat’ approach 
is considered as the best strategy. A low cost 
assay, careHPV (Quiagen) is in late development 
for use in rural or remote communities. This assay 
has demonstrated higher sensitivity (90 %) for 
identifying moderate or severe cervical disease 
(CIN 2+) compared to either VIA (41 %) or LBC 
(85 %). The test requires no electricity or running 
water and results are available in 2.5 hours [ 28 ]. 

   Table 26.2    Sensitivity and specifi city of screening tests 
for detection of high grade CIN or cervical cancer   

 Screening test  Sensitivity 
(%) 

 Specifi city 
(%) 

 Pap-smear [ 14 ]  11–99 a   14–97 a  
 Liquid based cytology 
[ 17 ] 

 57.1 a,b   97 a, b  

 HR HPV DNA testing 
using hybrid capture [ 29 ] 

 98  86.8 

 HR HPV DNA testing 
using careHPV [ 28 ] 

 90  84.2 

 VIA [ 19 ]  14–95 a   14–98 a  
 VILI [ 30 ]  68.1  90.8 

  Meta-analysis results used where available 
  HR HPV  high risk HPV,  VIA  visual inspection with acetic 
acid,  VILI  visual inspection after Lugol’s iodine 
  a Meta-analysis 
  b Pooled estimates  
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 HPV testing, in addition, lends itself to self- 
sampling allowing access to cervical cancer 
screening to a greater number of women. Self- 
collected samples perform well in assays and the 
performance of the test is comparable to those 
collected by healthcare professionals [ 37 ,  38 ].  

    Impact of Vaccination 
on Cervical Screening 

 Cervical cancer is currently the only cancer for 
which vaccination is advocated by the WHO 
[ 39 ]. Currently there are two HPV vaccines 
against HPV16 and HPV18, Gardasil (Merck, 
USA) and Cervarix (GSK, UK), which are highly 
effective in preventing high grade abnormalities 
[ 40 ] and in modeling studies have been suggested 
to confer protection up to 20 years [ 41 ]. HPV 
vaccination programs target adolescent girls, 
mainly aged 12–17 years, with reduction in 
CIN3+ incidence in young women <18 years 
already reported. Screening should still continue 
in those that have not been vaccinated.   

26.3     Ovarian and Fallopian 
Tube Cancer 

 Ovarian cancer accounts for 4 % of cancers 
diagnosed in women, with women having a 
1.3 % [ 42 ] life time risk of developing ovarian 
cancer [ 43 ]. Worldwide, over 225,000 new cases 
are diagnosed and 140,000 deaths occur each 
year [ 43 ]. Ovarian cancer is the most fatal of all 
gynaecological cancers. Incidence rates are 
highest in the USA and Northern Europe and 
lowest in Africa and Asia. Majority of cases 
(90 %) occur in women over the age of 50 with 
the remaining 10 % occurring in younger 
women who have familial predisposition to the 
disease. Around 80–85 % of cancers are epithe-
lial in origin. Serous epithelial ovarian cancer 
(EOC) is the most common histological subtype 
which usually presents at advanced stages and 
has the poorest outcomes [ 44 ]. Five year sur-
vival rates decrease sharply from 90 % in women 

diagnosed with early stage disease to 30–40 % 
in those with advanced disease [ 45 ], thus imply-
ing that earlier detection by screening may have 
an impact on mortality. 

 Although currently there are no national 
screening programs for ovarian cancer anywhere 
in the world, major efforts have been made into 
investigating whether screening can impact on 
mortality from the disease, both in the  general 
population  (age >50) and those at  high risk  (age 
>35 and a family history of ovarian and/or breast 
cancer). The latter women have a lifetime risk of 
developing ovarian cancer of approximately 
>10 % [ 46 ] with those with germline mutations 
in the BRCA1 gene (40–50 %) and BRCA2 
mutations (11–26 %) having much higher risk 
[ 47 ]. In women with Lynch syndrome, the life-
time risk of developing ovarian cancer is about 
8–12 % [ 48 ].  

26.4     Screening Strategies 

 The screening strategies investigated over the 
past three decades have used the serum tumour 
marker CA125 and ultrasound. 

    Primary Ultrasound Screening 
with Repeat Ultrasound as a Second 
Line Test 

 Transvaginal ultrasound scanning (TVS) to 
assess ovarian size and morphology is used to 
screen for ovarian cancer [ 49 ,  50 ] as it gives a 
superior view of the pelvic organs and is accept-
able to the women [ 51 ]. However in postmeno-
pausal women, ovaries can be diffi cult to visualize 
although this can be overcome through quality 
assurance and monitoring [ 52 ]. In parallel with 
the models developed to distinguish benign from 
malignant adnexal masses in patients presenting 
with symptoms [ 53 ], algorithms have been devel-
oped in asymptomatic women undergoing 
screening [ 54 ,  55 ]. Both are based on the fact that 
certain ovarian features (papillary projections, 
complex ovarian cysts with wall abnormalities or 
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solid areas) are strongly associated with the 
 presence of malignancy compared to others (sep-
tal thickness, unilocular ovarian cysts <10 cm in 
diameter and inclusions cysts) [ 56 – 58 ]. Women 
with complex ovarian cysts at primary screening 
have repeat scans in 6 weeks to decrease false 
positive rates as many lesions can resolve 
spontaneously. 

 So far, two large studies/trials have investi-
gated the performance of ultrasound-based strat-
egy in ovarian cancer screening. 

 The University of Kentucky Ovarian Cancer 
Screening Trial is a single-arm single center 
ultrasound screening study involving 25,327 
women who underwent annual screening 
between 1987 and 2005. The study has reported 
encouraging sensitivity/specifi city with 9.3 
operations carried out per case detected. A 
stage shift was observed with 82 % of the pri-
mary ovarian cancers being early stage (I/II) 
[ 54 ]. Recently, the study reported increased 
survival in those that were screened [ 59 ]. 
However, as this was not an RCT, it is very 
likely that a healthy volunteer affect and other 
biases contributed to the apparent impact of 
screening [ 60 ]. 

 The performance of a TVS-only strategy has 
been investigated in an RCT. In the ultrasound 
arm of the general population trial, the UK 
Collaborative Trial of Ovarian Cancer Screening 
(UKCTOCS), where 202,638 post-menopausal 
women aged 50–74 years were randomized to 
either control or annual screening with ultra-
sound or a multimodal strategy in a 2:1:1 fash-
ion [ 55 ,  61 ] (  www.ukctocs.org.uk    ). In addition 
to the effect of ovarian cancer on mortality, the 
trial is also investigating the acceptability, com-
pliance, costs, and performance characteristics 
of the two screening strategies, ultrasound and 
CA125- based, and the physical and psycholog-
ical morbidity of screening. The results of the 
prevalence screen suggests inferior perfor-
mance of ultrasound screening alone (19 sur-
geries per case of primary ovarian/FT cancer) 
compared to the multimodal strategy (3 surger-
ies per case detected) [ 55 ]. Mortality results are 
expected in 2015.  

    Primary CA125 Screening 
with Ultrasound as a 
Second Line Test 

 The discovery that CA125 was raised 5 years in 
advance of ovarian cancer [ 62 ] led to it being 
investigated as a screening test. 2.9 % of healthy 
postmenopausal women have elevated CA125 
levels, limiting its use as a stand-alone test [ 63 ]. 
This has been overcome by using TVS as a 
second- line test in a multimodal screening strat-
egy [ 64 ,  65 ] with TVS interpretation based on 
ovarian morphology [ 66 ,  67 ]. The interpretation 
of CA125 has been further improved by incorpo-
rating age, menopausal status and the rate of 
change of CA125 values over time into a statisti-
cal algorithm (Risk of Ovarian Cancer, ROC) 
[ 68 – 70 ]. In a RCT of 13,582 postmenopausal 
women, aged over 50, the ROC algorithm dem-
onstrated high specifi city (99.8 %) and PPV 
(19 %) for primary invasive EOC [ 70 ]. 

 The only ovarian cancer screening trial in the 
general population to use the ROC algorithm is 
UKCTOCS [ 55 ,  61 ]. In the multimodal arm, 
CA125 is interpreted using the ROC algorithm to 
triage the women into low, intermediate and ele-
vated risk. Those at intermediate risk have a 
repeat CA125 in 12 weeks, whereas those with 
elevated risk are referred for a transvaginal scan 
and repeat CA125 in 6 weeks. On the prevalence 
screen, this strategy had very encouraging sensi-
tivity (89 %) [ 55 ] which was maintained at the 
incidence screens [ 71 ]. 

 In the women at high risk (due to a family 
history of ovarian/breast cancer or mutations in 
genes such as BRCA1/2) annual screening is not 
regarded as effective [ 72 ,  73 ]. As most of the can-
cers detected in this group of women are high 
grade serous EOCs which progress rapidly, a 
shorter screening interval has been suggested. A 
screening strategy incorporating CA125 inter-
preted using the ROC algorithm and annual TVS 
has been investigated in the UK Familial Ovarian 
Cancer Screening Study (UKFOCSS), which is a 
prospective screening study involving 5,732 
women [ 74 ]. The only results available from this 
trial are those from Phase I where 3,563 women 
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at high risk underwent annual screening with 
CA125 using a cut-off and TVS. Although sensi-
tivity for detection of incident OC/FT was 
encouraging (81.3 % if occult cancers were clas-
sifi ed as false negatives and 87.5 % classifi ed as 
true positives), only 4 (30.8 %) of 13 incident 
screen-detected OC/FTCs were detected at stage 
I/II. Advanced stage OC (>IIIC) was more likely 
detected in those diagnosed over a year from the 
last screen compared to those diagnosed within a 
year of screening (85.7 % v 26.1 %; P = 0.009). 
UKFOCSS Phase I results further confi rm that 
annual screening does not lead to detection of 
early-stage disease [ 74 ]. Results of the perfor-
mance of four-monthly screening with ROC are 
expected in 2015 from UKFOCSS Phase II and 
the US trials, the GOG-199 study and the US 
Cancer Genetics Network trial [ 75 ]. Current rec-
ommendation remains that women at high risk 
should undergo genetic counseling with a view to 
risk reducing surgery once they have completed 
their family. 

 To further improve performance characteris-
tics, a number of marker panels alone or in 
 combination with CA125 have been evaluated 
with little success. The exception is Human 
Epididymis protein 4 (HE4) which is elevated in 
EOC but not in benign gynecologic conditions 
[ 76 ]. HE4 as an additional screening marker to 
CA125 is currently being investigated in the 
Novel Markers Trial [ 77 ].  

    Primary Screening with Both TVS 
and CA125 

 TVS and CA125 have been has been used 
together in primary screening in order to 
increase sensitivity. The downside is an increase 
in false positive screens. Two large trials under-
taken over the last three decades have evaluated 
this strategy. 

 The Japanese Shizuoka Cohort Study of 
Ovarian Cancer Screening [ 78 ] was an RCT of 
82,487 low-risk postmenopausal women who 
were screened using an annual ultrasound and 
CA125 using a cut-off. Encouraging sensitivity 
of 77.1 % and specifi city of 99.9 % were reported 

[ 78 ]. The women in the screened arm were more 
likely to be detected at early stage (63 %) com-
pared to the control arm (38 %). The mortality 
impact has however not been reported. 

 The US Prostate, Lung, Colorectal and Ovarian 
(PLCO) Cancer Screening Trial enrolled 78,237 
women aged 55–74 years, with 34,202 women 
randomized to ovarian cancer screening. Women 
were screened using a combination of serum 
CA125 (using a 35 kU/L cut-off), and transvagi-
nal ultrasound for 3 years followed by CA125 
alone for a further 2 years. During four annual 
screens in 34,261 postmenopausal women, 89 
invasive ovarian/ peritoneal cancers were detected, 
of which 60 were screen detected. Overall, 19.5 
surgeries were performed per screen-detected 
cancer [ 79 ]. No mortality benefi t was found at a 
median follow up of 12.4 years [ 80 ]. Furthermore, 
in those who had surgery and were not found to 
have cancer, the complication rate was 15 % [ 80 ]. 
The results need to be interpreted with caution, as 
40.6 % of the women were diagnosed after screen-
ing ended. Furthermore, CA125 was interpreted 
using an absolute cut-off (rather than a time series 
algorithm), and management of screen positives 
was at the discretion of the treating clinician 
(rather than via a well-defi ned protocol) [ 81 ]. 

 The details of the four large ovarian cancer 
screening trials in the general population are out-
lined in Table  26.3  [ 54 ,  55 ,  59 ,  78 – 80 ].

   Following the review of the PLCO mortality 
data, the US Preventive Services Task Force 
(USPSTF) has reaffi rmed their previous recom-
mendation that ovarian cancer screening is not 
advocated [ 82 ]. However, they state that the 
impact of a time series algorithm-based strategy 
on mortality from UKCTOCS is eagerly awaited.  

    Other Early Detection 
Strategies 

 Symptoms for ovarian cancer are non-specifi c 
until the disease is in advanced stages. Most 
commonly reported symptoms experienced by 
the women 3–6 months prior to diagnosis are 
abdominal (77 %), gastrointestinal (70 %), pain 
(58 %), constitutional (50 %), urinary (34 %), 
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and pelvic (26 %) with gynecologic symptoms 
being the least common [ 83 ]. The frequency 
and severity of symptoms are higher in women 
with ovarian cancer than in those with other 
conditions and appear not to be related to stage 
of the cancer [ 84 ,  85 ]. Goff et al. have devel-
oped a symptom index [ 86 ] that may help in 
identifying women with ovarian cancer but 
there is concern about whether it has adequate 

performance characteristics (sensitivity of 
64 %, specifi city of 88 %) as a stand- alone 
screen. On using the symptom index to select 
women to undergo CA125 and HE4 testing, the 
specifi city improved to 98.5 % at a decrease in 
sensitivity to 58 % [ 87 ]. More recently, the data 
form the DoVE pilot project, where women 
who presented with symptoms underwent 
screening with serum CA125 and TVS, suggested 

   Table 26.3    Outline of the key fi ndings of the four major ovarian cancer screening trials   

 Ovarian cancer screening trials in the general population 

 University of 
Kentucky study 
[ 54 ,  59 ] 

 Japanese Shizuoka 
cohort study of 
ovarian cancer 
screening [ 78 ] 

 Prostate Lung 
Colorectal Ovarian 
Cancer screening 
trial (PLCO) [ 79 , 
 80 ] 

 UK Collaborative Trial of Ovarian 
Cancer Screening (UKCTOCS) [ 55 ] 

 Study/RCT  Single arm 
prospective study 

 RCT  RCT  RCT  RCT 

 Cohort  25,327  41,688  34,261  50,078  48,230 
 1st line test  TVS  TVS + CA125 

(>35 kU/L) 
 TVS + CA125 
(>35 kU/L) 

 CA125 interpreted 
using the Risk of 
Ovarian Cancer 
(ROC) algorithm 

 TVS 

 2nd line test  TVS  TVS + CA125  TVS + CA125  TVS  TVS 
 Sensitivity  81 % for primary 

OC/FT cancer; 
76.3 % for primary 
invasive OC/FT 
cancer 

 77.1 % for 
primary OC/FT 
cancer 

 69.5 % for 
primary OC/FT/
PP cancer; 68.2 % 
for primary 
invasive OC/FT/
PP cancer when 
compared to the 
other trials 

 89.4 % for primary 
OC/FT cancer; 
89.5 % for 
invasive disease 

 84.9 % for 
primary OC/
FT cancer; 
75 % for 
invasive 
disease 

 Stage (I/II)  82 %  63 %  28 %  47 %  50 % 
 Proportion of 
participants 
who underwent 
screen positive 
surgery 

 1.4 %  0.7 %  3.4 %  0.2 %  1.7 % 

 Mortality/
survival 

 Longer 5-year 
survival: 74.8 % for 
women in the 
screened arm 
compared to 53.7 % 
in unscreened 
women (from the 
same institution 
treated by the same 
surgical and 
chemotherapeutic 
protocols) 
(P < 0.001) 

 Stage shift: 63 % 
of women in the 
screened group 
detected with 
Stage I compared 
to 38 % of the 
control women 

 No mortality 
benefi t: No 
difference in OC 
deaths between 
the two arms 
(118 in the 
screened arm, 
100 in the 
control arm) 

 Mortality data awaited in 2015 

 Current status  Completed  Completed  Completed  Follow up 
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that this approach can pick up more cancers 
than that reported from screening studies [ 88 ]. 
However, we feel that only large trials using 
this approach will be able to answer confi rm 
these preliminary fi ndings. 

 Increasingly, there are efforts to institute 
national ovarian cancer symptom awareness 
campaigns in women and primary care physi-
cians [ 89 – 92 ].  

    Future Developments 

 Recent progress which has immediate implica-
tion for ovarian cancer screening is the increas-
ing evidence that ovarian cancer is a 
heterogeneous disease with well-defi ned genetic 
and phenotypic subtypes. Some authors group 
the latter into Type I (low-grade serous, low-
grade endometrioid, clear cell, mucinous and 
transitional/Brenner) carcinomas which are slow 
growing and have good prognosis and more 
aggressive Type II (high grade serous, high grade 
endometrioid, undifferentiated tumours and car-
cinosarcomas) [ 93 ]. In the future, the focus of 
screening is likely to be invasive EOC with dif-
ferent strategies for detecting Type I (TVS 
based) versus Type II (marker time profi le based) 
cancers. Unlike cervical cancer, the view over 
the past few decades has been that a pre-malig-
nant lesion for ovarian cancer does not exist and 
therefore all efforts were focused on detecting 
early-stage disease [ 94 ,  95 ]. However, most 
researchers now accept that the origins of a 
majority of ovarian cancers may not be in the 
ovary but elsewhere in the Mullerian tract [ 96 ]. 
Crum et al. have identifi ed premalignant serous 
tubal intraepithelial cancer (STIC) lesions in the 
distal fallopian tube and suggested a model of 
‘fi mbrial-ovarian’ serous neoplasia, with a pro-
portion of serous ovarian cancers starting as 
STIC lesions and spreading to the ovary [ 97 ]. 
This development raises the possibility of pri-
mary prevention. Work is already underway to 
identify these lesions in vitro [ 98 ].   

26.5     Endometrial Cancer 

 Similar to ovarian cancer, cancer of the uterus is 
more common in the industrialized nations [ 99 ]. 
In the UK, 7,835 women were diagnosed with 
uterine cancers in 2009 and 1,937 died of the 
disease [ 99 ]. Since the early 1990s, the inci-
dence of endometrial cancer in the UK has 
increased by 40 % [ 100 ]. In view of the rising 
obesity, decrease in fertility and aging popula-
tion, it is likely that these rates of endometrial 
cancer will rise further, making it a signifi cant 
public health concern [ 101 ]. 

    Screening for Endometrial Cancer 

 As most (95 %) of the women who develop endo-
metrial cancer present with abnormal vaginal 
bleeding and are diagnosed with early stage dis-
ease, screening is not currently recommended. 
However, the presence of a precursor lesion, atypi-
cal endometrial hyperplasia (AEH), raises the pos-
sibility of primary prevention as in cervical cancer. 
Screening is currently only recommended in 
women with Lynch Syndrome (LS) or Hereditary 
Nonpolyposis Colorectal Cancer (HPNCC) [ 102 , 
 103 ] whose risk of endometrial cancer by age 70 
ranges from 54 % in MLH1 mutation carriers, 
21 % in MSH2 to 16 % in MSH6 [ 104 ]. Women 
with LS also have an 8–10 % lifetime risk of ovar-
ian cancer. Although the effi cacy of such endome-
trial screening remains unproven, women are 
offered screening with annual TVS and endome-
trial biopsy from the age of 35 [ 105 – 107 ]. There is 
lack of consensus on an appropriate cut-off value 
for endometrial thickness (ET) on TVS screening 
in asymptomatic premenopausal women, and 
interval cancers are known to occur [ 108 ,  109 ]. 
The superior performance of annual outpatient 
hysteroscopy and endometrial sampling over TVS 
was reported in a prospective observational cohort 
study of 41 LS women attending a tertiary high-
risk familial gynecological cancer clinic [ 110 ] 
with four cases of endometrial cancer/AEH 
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detected using this approach compared to two by 
TVS. It confi rms the guidance on the need for 
endometrial sampling in these women. 

 There has been limited enthusiasm to 
explore screening for endometrial cancer in the 
general population in view of its good progno-
sis. However, when diagnosed at late stage, the 
survival rates are very similar to those of ovar-
ian cancer where major efforts have been made 
in the last few decades to detect the disease 
early through screening [ 55 ,  80 ]. In 2001, 
Fleischer et al. reported detecting one case of 
endometrial cancer and four cases of AEH on 
TVS screening of 1,926 asymptomatic post-
menopausal women from the general popula-
tion [ 111 ]. More recent data from 37,038 
women in the ultrasound arm of UKCTOCS 
demonstrated that in the general population, 
ET cut-off of 5 and 10 mm had a sensitivity of 
80.5 and 54.1 %, at a specifi city 85.7 and 
97.2 %, respectively. A 5 mm cut-off would 
result in 56, whereas 10 mm in 17 diagnostic 
interventions per case detected [ 112 ]. A logis-
tic regression model incorporating epidemio-
logical data (oral contraceptive pill use, age at 
menarche, number of pregnancies, weight, age, 
and history of cancer), was able to stratify 
women according to risk of endometrial can-
cer. The quarter at most risk included 40 % of 
endometrial cancers or AEH cases [ 112 ]. Work 
is underway to improve this risk stratifi cation 
strategy by adding hormonal factors/novel bio-
markers so that screening can be offered only 
to those at highest risk. 

 In general population screening, endometrial 
sampling is limited to those with increased ET. It 
can be performed using either Pipelle endome-
trial biopsy or hysteroscopy. The former, though 
well-established and easily performed as an out-
patient procedure, has a 10 % procedure failure 
rate and inadequate tissue yield [ 113 ] especially 
in post-menopausal women. Furthermore, can-
cers have been reported to be missed on Pipelle 
alone. Outpatient hysteroscopy is increasingly 
the gold-standard and is tolerated as well as 

endometrial sampling [ 114 ]. Hysteroscopy has 
an advantage over TVS and Pipelle as it can 
detect pathology missed by both tests [ 115 ,  116 ]. 
Although accepted as the gold standard, it still 
has an 8–11 % failure rate [ 117 ,  118 ].   

26.6     Summary 

 Cervical cancer screening will continue to be the 
gold standard for cancer screening. Primary HPV 
testing with cytology triage is the most likely 
future strategy over the next 5 years with molecu-
lar tests focusing on HPV16, 18 and 45 geno-
types and markers of malignant transformation. 
In low resource settings, organized screening 
programs using cheap reliable tests and popula-
tion education are likely to be widely imple-
mented. Future efforts need to focus on maximal 
coverage, quality assurance of the screening pro-
grams and provision of appropriate treatment 
facilities. This together with the increasing global 
pool of vaccinated women is likely to impact on 
disease incidence and mortality. 

 Currently ovarian cancer screening is not rec-
ommended. The results of the large prospective 
ovarian cancer screening trials, UKFOCSS in 
high-risk women and UKCTOCS in low-risk 
women, will determine whether this will change 
in the near future. It is envisaged that novel 
insights into ovarian cancer biology and hetero-
geneity coupled with biomarker discovery using 
pre diagnostic samples from the large trials and 
individualized interpretation based on marker 
profi le with time will result in effective novel 
screening strategies. 

 The rise in endometrial cancer is alarming. 
There is already a call for action by the UN in 
tackling the negative impact of unhealthy life-
styles on the incidences of cancers. The current 
strategies for endometrial screening have high 
sensitivity but poor specifi city. The research 
focus will be on building risk prediction models 
that can identify women from the general popula-
tion at highest risk of developing the disease. 

26 Screening for Gynaecological Cancers
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27.1             Introduction 

 Up to 10 % of ovarian and endometrial cancers 
are associated with an inherited genetic predispo-
sition to cancer. A rare cervical cancer (adenoma 
malignum or minimal deviation adenocarcinoma) 
is associated with an inherited gene mutation. 
In  this chapter, we describe these heritable 
mutations, their gynecological cancer risks and 
current management recommendations. 

 Identifying familial predisposition to malignancy 
offers opportunities for cancer prevention in indi-
viduals and their relatives. Reproductive options 
including pre-implantation genetic diagnosis can 
enable gene-carriers to have unaffected children [ 1 ]. 
More recently, targeted cancer therapies have 
been developed, utilizing defective DNA repair 
mechanisms in some inherited cancers [ 2 ]. 
Consequently, failure to identify inherited malignan-
cies can limit treatment and reproductive options. 

 The germline mutations known to increase the 
risk of gynecological malignancy occur in tumor 

suppressor genes (TSG) (Table  27.1 ). Importantly, 
these are inherited in an autosomal dominant way 
and can be passed to offspring paternally as well 
as maternally. They show incomplete penetrance 
i.e. not all mutation-carriers develop cancer. 
Generally inactivation of both maternally and 
paternally derived alleles of a TSG is required for 
cancer development. This is Knudsen’s ‘two hit 
hypothesis.’ In the case of germline mutations, 
where all an individual’s cells carry a mutated 
allele, acquired mutation, deletion or hypermeth-
ylation of the remaining allele inactivates the 
gene, and renders the cell vulnerable to cancer 
development. This mechanism explains the 
earlier age of onset of inherited cancers.

27.2        Determining Risk 

 It is good practice to take a family history 
of cancer when a patient is seen for the fi rst time; 
criteria are shown in Table  27.2 . If this suggests 
an inherited predisposition, then referral to Clinical 
Genetics services should be offered. This ensures 
access to (1) accurate risk-assessment, (2) expla-
nation of genetic testing and its implications 
(3) enrolment in screening programs and clinical 
trials and (4) referral to a surgeon experienced 
in risk-reducing procedures. Identifying a pre-
disposition to cancer can affect the patient’s 
psychological and physical well-being and 
has implications for their blood-relatives. This 
requires sensitive handling.
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   Accurate documentation of the types of 
cancer in a family and their age of onset is crucial. 
Where possible cancer registration documents, 
death certifi cates or histopathology reports should 
be obtained. For example, ovarian cancer is 
reported correctly by family members in only 
two-thirds of cases [ 3 ] and some histological sub-
types may not be associated with a genetic cancer 
predisposition [ 4 ]. This information can modify 
the level of risk. Fabricated family histories have 
been reported, emphasizing the need to confi rm 
cancer diagnoses [ 5 ]. For Lynch syndrome, initial 
testing is performed on archival tumor samples 
and these need to be requested. Clinical Genetics 
services have the infrastructure for obtaining can-
cer documentation and tumor samples. Surgeons 
involved in managing women at high risk should 
liaise closely with them. This is a rapidly evolving 
fi eld and it is likely that current guidelines on who 
can be offered genetic testing will be broadened.  

27.3     Management Options 

 For women whose high-risk status is confi rmed, 
the principal management option is risk-reducing 
surgery (Table  27.1 ). The decision to undergo 
surgery will be infl uenced by a woman’s age, 
menopausal status and fertility wishes as well as 
her cancer risk [ 6 ]. Women wishing to delay sur-
gery or those who decline surgery altogether, may 
wish to undergo cancer screening. Currently, no form 
of gynecological cancer screening has been shown 
to reduce mortality in high-risk families [ 7 ,  8 ]. If 
screening is performed, the woman and her clini-
cians need to be aware of the signifi cant limitations 
and the possibility of psychological distress [ 9 ] 
and surgery for false-positive results [ 7 ]. Lifestyle 
modifi cations may affect risk, but should not be 
relied on to prevent cancer in high-risk women.  

27.4     Risk-Reducing Surgery 

 Risk-reducing surgery is surgery to prevent the 
occurrence of a specifi c type of cancer in at-risk 
women. The term ‘risk-reducing’ is preferred 
to ‘prophylactic’ as it correctly implies that not 

   Table 27.2    Family    history criteria suggestive of an 
inherited germline mutation causing gynecological cancer   

 Families with ovarian or ovarian and breast cancer 
   ≥2 individuals with ovarian cancer who are FDR a  
   One ovarian cancer b  and 1 breast cancer <50 years 

who are FDR a  
   One ovarian cancer b  and 2 breast cancers <60 years 

who are FDR a  
   Breast cancer in proband (≤45 years) and mother with 

both breast and ovarian cancer b  (in the same person) 
   Breast cancer in proband (≤40 years) and sister with 

both breast and ovarian cancer b  (in the same person) 
 Families with Lynch syndrome (HNPCC) 
   The family contains ≥3 individuals with a HNPCC 

related cancer c , who are FDR and ≥1 case is diagnosed 
before 50 years and the cancers affect ≥1 generation 

 Families with only breast cancer 
   ≥4 breast cancers 
   3 breast cancers related by FDR: one ≤30 years, or all 

≤40 years, or one MBC and one bilateral breast cancer 
   Breast cancer in proband (≤50 years) and breast 

cancer in mother (age of onset being ≤30 years in one 
and ≤50 years in the other), or bilateral breast cancer 
in mother (≤40 years onset), or one MBC and one 
bilateral breast cancer 

   Two MBC (one <40 years) in the family and proband 
is a FDR of one of them 

 Families with AJ ethnicity 
   AJ ethnicity and any one of the following: 
   Breast cancer (<40 years) or bilateral breast cancer 

(fi rst cancer <50 years) in proband, irrespective of 
family history of cancer 

   Breast cancer in proband (<50 years) and one FDR 
with breast cancer (<50 years) or ovarian cancer (any 
age) or MBC (any age) 

   Breast cancer in proband (<60 years) and one FDR 
with breast cancer (<40 years) or ovarian cancer (any 
age) or MBC (any age) 

   One FDR with ovarian cancer (<50 years) 
   FDR with breast and ovarian cancer in the same 

woman (any age) 
   Two FDR with breast cancer (<40 years) 
   Two MBC (<60 years) in the family and proband is a 

FDR of one of them 

   FDR  fi rst degree relative,  NHPCC  hereditary non- 
polyposis colorectal cancer,  MBC  male breast cancer,  AJ  
Ashkenazi Jewish 
  a Criteria can be modifi ed where paternal transmission is 
occurring i.e. families where affected relatives are related 
by second degree through an unaffected intervening male 
relative and there is an affected sister 
  b NB Tubal and primary peritoneal cancers may be consid-
ered equivalent to ovarian cancers 
  c HNPCC related cancers—colorectal, endometrial, ovarian, 
small bowel, ureteric, renal pelvic  
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all cancers can be prevented. In the case of 
risk- reducing salpingo-oophorectomy (RRSO) 
for women at risk of  BRCA1  and  BRCA2  
mutation- associated tubal and ovarian cancer, 
RRSO cannot prevent primary peritoneal cancer. 
RRSO may reduce (but not eliminate) the risk of 
breast cancer when performed before natural 
menopause. 

 Health-care professionals and women consid-
ering surgery should understand that risk- 
reducing surgery is being offered to prevent 
future ill-health, not to treat an established prob-
lem. As cancer penetrance is incomplete, cancer 
may never develop even if surgery is not per-
formed. There are no tests which can accurately 
predict whether a woman will go on to develop 
cancer or not, even if she is high-risk. Once she 
has understood her risk level she needs to balance 
this against the risk of surgical complications. 
Fortunately, the majority of women considering 
risk-reducing surgery are young and fi t. 

 The types of risk-reducing surgery offered 
depends on which cancer(s) a woman is at risk of 
developing (Table  27.1 ):
•    Risk-reducing salpingo-oophorectomy 

(RRSO) is offered to women at signifi cantly 
increased risk of ovarian cancer (OC) and 
fallopian tube cancer (FTC), including BRCA1 
and 2 mutation-carriers  

•   Risk-reducing hysterectomy and bilateral 
salpingo- oophorectomy (RR-HBSO) is 
offered to women at signifi cantly increased 
risk of endometrial (EC) and OC, including 
women with Lynch syndrome mutations.     

27.5     Occult Cancers Detected 
as a Result of Risk-Reducing 
Surgery 

 Women undergoing risk-reducing surgery must be 
informed of the possibility of fi nding an occult can-
cer. This risk can be minimized by obtaining a 
transvaginal ultrasound and serum CA125 prior to 
RRSO, and in addition an endometrial biopsy prior 
to RR-HBSO. However, normal results cannot 
completely exclude an occult OC, FTC, peritoneal 
or other cancer (e.g. metastatic BC). All women 

should be counseled pre-operatively that if an 
occult cancer is found, further surgery and/or 
chemotherapy may be necessary. Confi rmation of 
any abnormality found at surgery depends on accu-
rate histopathology and a second procedure will 
usually be needed to stage an occult cancer. 
Converting to a full ovarian cancer staging proce-
dure at the time of RRSO would be a major under-
taking for which women would be ill- prepared. For 
this reason, the authors prefer to mention the pos-
sibility of a second operation if an occult cancer is 
found, rather than proceed to staging surgery at the 
time of RRSO. The occult cancer risk depends on 
age and gene-status. The highest risk is for BRCA 
gene carriers (BRCA1 > BRCA2), and the lowest 
in younger women of unknown mutation status [ 6 ]; 
women should be counseled accordingly. 

 The SEE-FIM histopathology protocol [ 10 ] 
for analysis of tubes and ovaries is mandatory to 
avoid missing an occult cancer or tubal 
 intra- epithelial carcinoma (TIC), and avoid 
under- treatment. TIC or small invasive tubal 
lesions can be missed due to diathermy artifact. A 
surgical protocol to minimize this possibility has 
been described [ 11 ]. Peritoneal washings are 
mandatory, as they can affect staging of any 
occult FTC/OC, and could indicate occult PPC 
[ 12 ]. Furthermore, fi nding an occult cancer or 
TIC in a woman of unknown mutation status may 
facilitate gene-testing.  

27.6     Primary Peritoneal Cancer 

 Women undergoing RRSO must be warned about 
the future risk of Primary Peritoneal Cancer 
(PPC). Women who develop symptoms sugges-
tive of PPC should seek urgent referral for inves-
tigation. As the histopathological appearances of 
high-grade serous cancers are similar whether 
they originate in the ovary, tube or peritoneum, 
women who develop PPC may be concerned that 
their RRSO was inadequate. The risk of subse-
quent PPC is highest for BRCA mutation- 
carriers. This risk may be less than previously 
thought, as in some older studies fallopian tubes 
were not removed and occult cancers may not 
have been identifi ed on histopathology.  
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27.7     Timing of Surgery 

 Once risk-reducing surgery is offered, the deci-
sion about when it should be performed can be 
complex because of the infertility and premature 
menopause it induces in younger women. 
However, delaying surgery risks development of 
OC/FTC/EC. Whilst premenopausal RRSO can 
reduce subsequent BC risk in BRCA1/2 mutation- 
carriers, delaying RRSO until after natural meno-
pause does not [ 13 ]. 

 Surgery is only appropriate once a woman’s 
family is complete, but young women may seek 
advice about RRSO before this. In BRCA1 
mutation- carriers, delaying RRSO beyond 
40 years is associated with a rising risk of devel-
oping OC/FTC. The age of onset of OC/FTC in 
BRCA2 mutation-carriers is later, and the pene-
trance lower than in BRCA1-carriers, so surgery 
may be delayed until after 40 year. Efforts should 
be made to offer genetic testing in a family if a 
woman’s mutation status is unknown prior to 
RRSO. If this is not possible then a decision 
about timing needs to be made depending upon 
the strength of her family history. Lynch and 
Cowden syndrome carriers may delay surgery 
until after 40 years, again because of the age of 
onset of the endometrial cancers and the lower 
penetrance for OC in Lynch syndrome. 

 The absolute annual risk of developing OC in 
BRCA carriers (Table  27.3 ) [ 14 ] helps guide tim-
ing of surgery.

   The benefi t of RRSO on BC risk is well- 
established in women undergoing surgery under 
50 years [ 13 ]. This issue is not relevant if 

 risk- reducing mastectomies (RRM) are per-
formed, as this reduces BC risk by 90–95 %. 
Taking HRT until the age of natural menopause 
does not negate BC risk-reduction following 
RRSO [ 13 ]. Women should not be dissuaded 
from taking HRT unless they have had BC.  

27.8     Hormonal Considerations 

 HRT compliance may infl uence timing as sur-
gical menopause can cause signifi cant physical 
and psychological symptoms. HRT is most 
likely to alleviate symptoms, and to reduce the 
detrimental effects of premature menopause 
on bone strength, cardiovascular health and 
possibly cognitive function. Nevertheless, 
women undergoing RRSO must be aware that 
there is no guarantee that all symptoms will 
be alleviated by HRT, nor future medical 
problems prevented. Whilst RRSO results 
in reduced all-cause mortality in BRCA1 and 
also possibly BRCA2 mutation- carriers [ 15 ] 
median follow-up in this study was only 
3.65 years. This mortality benefi t might reduce 
over time, if RRSO increases osteoporosis or 
cardiovascular risks. 

 Women dissatisfi ed with HRT should be 
encouraged to try different doses or preparations. 
The following points should be considered:
•    Low dose preparations are not licensed for 

bone-protection and generally should not be 
used after premenopausal RRSO.  

•   Transdermal HRT is associated with a lower 
risk of thrombosis than oral HRT.  

•   In studies of postmenopausal HRT, progesto-
gens were associated with an increased BC 
risk compared with estrogen-only HRT [ 16 ]. 
Consequently, women at increased risk of BC 
may prefer the progestogenic component via 
the levonorgestrel intra-uterine system (IUS). 
This provides lower plasma levels than oral/
transdermal progestogens. The IUS does not 
increase general population BC-risk [ 17 ] but 
data from the high-risk population is lacking. 
This issue must be discussed prior to RRSO, 
which provides the ideal opportunity for safe 
IUS insertion.  

   Table 27.3    Annual % incidence of ovarian cancer in 
mutation-carriers according to age   

 Age group (year)  BRCA1-carrier  BRCA2-carrier 

 20–24  0.001  0.001 
 25–29  0.002  0.002 
 30–34  0.18  0.004 
 35–39  0.28  0.01 
 40–44  0.87  0.08 
 45–49  1.49  0.14 
 50–54  0.96  0.60 
 55–59  1.19  0.75 

  Adapted from Antoniou et al. [ 14 ]  
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•   There are a variety of non-hormonal treatments 
for menopausal symptoms and bone and car-
diovascular protection, but HRT remains the 
most effective treatment for symptoms.    
 Current guidelines [ 18 ] suggest giving HRT to 

BRCA1/2 mutation-carriers with prior BC is 
contraindicated even in triple-negative tumors. 
Referral to specialist menopause clinicians for 
symptomatic BC patients should be considered. 
Use of Low-dose HRT should be discussed 
with the breast oncologist if quality of life is 
signifi cantly affected by symptoms despite non- 
hormonal treatments.  

27.9     Surgical Considerations 

 The benefi ts of any surgical procedure must 
outweigh the risks. This is particularly important 
with risk-reducing surgery, which is being done 
to prevent future ill-health. 

 Answering the following questions should 
guide decision-making:
    1.    Is cancer risk high enough to justify surgery?   
   2.    Has this risk been confi rmed through medical 

records/genetic testing where possible?   
   3.    Are there comorbidities or previous opera-

tions which increase surgical risk?   
   4.    Given the above, is the woman statistically 

less likely to come to harm if she under-
goes surgery than if she does not undergo 
surgery?     
 Questions 1 and 2 are best answered by 

the Clinical Genetics team, especially when 
 risk- reducing surgery is contemplated for a 
woman of unknown mutation status. The surgeon 
should liaise with the genetics team if their risk 
assessments differ (e.g. because the family his-
tory has changed).  

27.10     Patient-Specifi c Factors 

 Laparoscopic RRSO in a young, fi t, thin patient 
with no prior abdominal surgery can usually be 
achieved successfully with minimal risk of 
complications, and is frequently a day-case pro-
cedure. However, patient-specifi c factors may 

increase surgical risk to a point where surgery 
should not be offered:
    1.    Signifi cant comorbidities: pre-operative 

assessment by an experienced anesthetist is 
necessary before deciding to proceed.   

   2.    Surgical challenge: Obesity can make clearing 
bowel loops from the pelvis diffi cult, as can 
abdomino-pelvic adhesions. These cannot be 
assumed because a patient has undergone prior 
surgery. An experienced laparoscopic surgeon 
can often safely deal with signifi cant adhesions 
without laparotomy. Patients who have under-
gone hysterectomy with ovarian conservation 
can pose a challenge, because the adnexae can 
be densely adherent to adjacent structures and 
adhesions may obscure anatomy.     
 All women undergoing risk-reducing surgery 

via a planned laparoscopic approach must be con-
sented for possibility laparotomy, both immediate 
(in the event of technical diffi culties/intra- 
operative complications) or delayed (in the event 
of late-presenting complications). Early discharge 
following laparoscopic surgery will depend on 
adequate home support, patient understanding of 
how they should be recovering and when to seek 
medical advice. Discharge should be backed-up 
with written information e.g. the Royal College 
of Obstetricians and Gynaecologists ‘Recovering 
well’ leafl et [ 19 ].  

27.11     Type of Surgical Intervention 

 As with all surgery, it is prudent to perform the 
least invasive procedure possible to achieve the 
desired aims (in this case, exclusion of occult 
malignancy and prevention of future malig-
nancy). For women at risk of OC/FTC only, 
RRSO is all that is required and hysterectomy 
should only be performed for benign gynecologi-
cal pathology which cannot be managed by non-
surgical treatments (e.g. large symptomatic 
fi broids). Hysterectomy is associated with a 
greater risk of complications compared with 
RRSO alone. The authors do not consider avoid-
ance of progestogens in women requiring HRT 
post RRSO, nor prevention of uterine malig-
nancy in women taking tamoxifen, as valid 
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indications for prophylactic hysterectomy. The 
latter risk in BRCA-carriers is estimated to be 
only 2 % [ 20 ], and may in reality be lower, as 
recently aromatase inhibitors have been used in 
preference to tamoxifen following RRSO. 

 Proven family history or germline mutations 
associated with Lynch Syndrome are indications 
for hysterectomy. Recent data on EC penetrance 
in Cowden syndrome [ 21 ] suggests that hyster-
ectomy may be justifi able for this much rarer 
syndrome. OC risk is not increased in Cowden 
syndrome, and the ovaries (but not the tubes) 
should be conserved if the woman is undergoing 
premenopausal hysterectomy. This decision 
should take age into account, as ovarian pres-
ervation in a woman >47 years [ 22 ] is unlikely to 
confer any hormonal benefi t. Asking about meno-
pausal age in blood-relatives can be helpful as 
this is heritable [ 23 ]. 

 Hysterectomy should wherever possible be 
performed via the laparoscopic route as this facil-
itates obtaining peritoneal washings (see section 
on occult cancers) and complete removal of tubes 
and ovaries, which can be diffi cult via the vaginal 
route. Uterine morcellation for large uteri is 
acceptable providing endometrial pathology is 
excluded pre-operatively. 

 The risk of endometrial cancer is not signifi -
cantly increased in  BRCA1  and  BRCA2  mutation- 
carriers unless they have taken tamoxifen [ 20 ]. 
Nevertheless, dilation and curettage (D + C) at the 
time of surgery is recommended to rule out occult 
endometrial pathology. This is particularly rele-
vant in women with endometrial hyperplasia/
cancer risk from tamoxifen and obesity. D + C is 
a low risk procedure, and is unlikely to be associ-
ated with uterine perforation. Hysteroscopy is not 
generally necessary at the time of RRSO; there is 
no evidence it improves detection of occult neo-
plasia compared with D + C alone.  

27.12     Thromboprophylaxis 
Considerations 

 All patients undergoing risk-reducing surgery 
should be considered for peri-operative throm-
boprophylaxis including low molecular weight 

heparin. A minority will have an occult cancer 
and some will have taken tamoxifen. Tamoxifen is 
associated with increased thrombosis risk and so 
should be stopped 6 weeks prior to surgery [ 24 ]. 
When laparotomy or hysterectomy is per-
formed, restarting tamoxifen should be delayed 
and low molecular weight heparin prophylaxis 
continued for up to 28 days. It may be appropriate 
for women to be switched from tamoxifen to an 
aromatase inhibitor following RRSO. This should 
be discussed with their oncologist.  

27.13     Lifestyle Modifi cations 

 Epidemiological protective-factors for OC 
include multiparity, breast-feeding, combined 
oral contraceptive pill (COCP) use and tubal liga-
tion. Neither sterilization nor having children 
should be advocated purely to reduce OC risk but 
it can be helpful for women to know that these 
may reduce OC risk. High-risk women consider-
ing tubal ligation should be aware that resulting 
adhesions could render subsequent RRSO more 
challenging and increase the risk of complications. 
If she does not wish to undergo oophorectomy as 
a risk-reduction measure at the time of steriliza-
tion, laparoscopic salpingectomy can be offered. 
This would be expected to prevent tubal cancer in 
BRCA1/2 mutation-carriers [ 25 ]. 

 The COCP confers an increased BC risk in the 
general population and in BRCA1/2 mutation- 
carriers. This risk returns to baseline 10 years 
after ceasing usage. The risk needs to be balanced 
against the following points: (1) the COCP is a 
reliable and convenient form of contraception. 
(2) BRCA1/2 mutation-carriers have a high life-
time BC risk and are offered breast screening 
from 30 year [ 24 ]. (3) Data on COCP since 1975 
have not proven an increased BC risk in BRCA1/2 
carriers [ 26 ], but this remains a concern. (4) The 
COCP offers signifi cant reduction in OC/EC risk. 
Nevertheless the COCP should not be offered 
solely for OC prevention if a BRCA1/2 carrier is 
likely to undergo RRSO. Women should be 
informed of the advantages and disadvantages of 
the COCP so they can decide if they want to use 
it for contraception. 
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 Other modifi able risk-factors include lack 
of physical activity, obesity, and smoking. 
Clearly, avoidance of these offers other health 
benefi ts. Data on the use of perineal talc as an 
OC risk- factor is confl icting, but it is easily 
avoided. 

 None of the above environmental or reproduc-
tive factors affect OC risk to the level of carrying 
a predisposing mutation. Consequently, lifestyle 
modifi cations cannot be considered an equivalent 
alternative to RRSO.  

    Conclusion 

 Inherited gene mutations defi ne a group of 
women at risk of specifi c gynecological can-
cers. Identifying such women can be chal-
lenging, but affords opportunities for effective 
cancer prevention in women and their blood-
relatives. Risk- reducing surgery requires com-
plex decision-making. It needs to be timed 
appropriately for the woman’s age-dependent 
risk level, taking into account her fertility 
wishes and willingness to take HRT. Surgical 
procedures should take into account the types 
of cancer from which the woman is at risk. 
Screening cannot currently be recommended 
as a safe alternative to risk- reducing surgery. 
Use of the oral contraceptive pill, breastfeed-
ing and a healthy lifestyle may reduce the risk 
of inherited gynecological cancers, but only 
surgery is guaranteed to prevent them.      
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28.1             Introduction 

 Endoscopic procedures have become an integral 
part of Gynecology. Some endoscopic devices 
were designed specifi cally for/by the gynecolo-
gist, and some procedures became quickly popu-
lar in the diagnosis and treatment of female 
benign conditions. The application of the same 
techniques to patients with malignant conditions 
was laborious and a signifi cant delay occurred. 
The fi rst laparoscopic hysterectomy dates back to 
the 1980s, but it is not until the beginning of the 
century that a clinical trial was published on the 
use of laparoscopy in endometrial cancer. 
Nowadays the use of endoscopy in Gynecologic 
Oncology is very common. The same surgical 

techniques performed by laparotomy have been 
safely and successfully reproduced at laparos-
copy fully respecting the principles of cancer 
surgery. The reduced trauma to the body, the 
decreased blood loss and the diminished pain 
induce a faster postoperative recovery and less 
morbidity. Such profi le provides a benefi t to 
oncologic patients often presenting with a com-
plex medical profi le and sometime in need of 
adjuvant treatment. The use of endoscopy in 
Gynecologic Oncology has been recently 
sanctioned and encouraged by national and 
international institutes. Nonetheless the access 
to endoscopic techniques varies based on the 
patients, the institutions and the type of disease.  

28.2     Cervical Cancer 

    Introduction 

 The management of patients with cervical cancer 
is either surgery or a combination of chemo and 
radiotherapy. Surgery maintains an important 
role especially in patients with early-stage and 
recurrent disease. In patients with locally 
advanced disease or with spread to the lymph 
nodes, it is largely accepted that chemoradiation 
is the fi rst treatment modality, with surgery 
confi ned to patients with persistent or recurrent 
disease. Endoscopy has a clear role in the pri-
mary surgical treatment, with the intrinsic bene-
fi ts provided over a laparotomy. In addition, it 
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may be used to facilitate and tailor the effi cacy of 
the chemoradiation by removing large lymph 
nodes or detecting microscopic metastasis.  

    Staging and Re-staging 

 FIGO staging of patients with cervical cancer is 
based on a clinical examination, but this has a low 
sensitivity and specifi city. Radiology can enhance 
staging information. Surgical staging can provide 
further information to detect spread to the lymph 
nodes status and adjacent organs. Querleu pub-
lished the fi rst series on surgical staging in 1991 on 
39 patients with early-stage cervical cancer who 
had laparoscopic pelvic lymphadenectomy for 
staging purposes [ 1 ]. Since this report numerous 
retrospective studies were published confi rming 
feasibility and safety of a laparoscopic approach. 
In 2006, Benedetti Panici et al. [ 2 ] compared the 
outcomes of 168 patients who had undergone an 
open transperitoneal, open extraperitoneal and 
laparoscopic pelvic lymphadenectomy in a pro-
spective randomized trial. They did not find 
statistical differences in intraoperative or post-
operative complications. Postoperative recovery 
was faster in the laparoscopic and extraperitoneal 
groups. Despite a lower lymph node harvest at 
laparoscopy, the number of nodes was consid-
ered adequate. In 2008 Lim et al. [ 3 ] published 
a prospective study of 83 patients with cervical 
cancer stage IB2-IVA who had a pre-treatment 
laparoscopic staging. All patients had pelvic and 
para-aortic lymphadenectomy. Despite a 15.2 % 
rate of surgery related complications, all patients 
completed the planned radiotherapy. In 2013 
Benedetti Panici et al. [ 4 ] reported a series of 167 
consecutive patients with local advanced cervi-
cal cancer who had laparoscopic staging. Minor 
laparoscopy complication rate was 1 %. The 
median overall survival was 65 months. They 
concluded that laparoscopic staging is a feasible 
and safe procedure. Marnitz et al. [ 5 ] published 
in 2012 the results of a prospective study. They 
demonstrated that in patients with early cervi-
cal cancer, laparoscopic staging with the use of 
frozen  section of the lymph nodes successfully 

tailored the treatment. In this study 90 % of the 
patients had no need for adjuvant treatment. They 
concluded that surgical staging should be used 
as routine procedure. In 2011 Ghezzi et al. [ 6 ] 
analyzed the radiation-induced bowel complica-
tions following an open or laparoscopic staging 
for gynecological cancers. Using multiple regres-
sion analysis they found an independent protec-
tive role of minimal- access surgery. Several cases 
series [ 7 ,  8 ] have confi rmed the utility of a lapa-
roscopic re- staging in patients with incidental 
fi nding of early stage cervical cancer following a 
simple hysterectomy or a sub-total hysterectomy. 
By means of laparoscopy, lymphadenectomy and 
radical parametrectomy could be performed for 
patients with microscopic or macroscopic tumor 
left behind and for those at risk of parametrial 
invasion. In 2012 Li et al. [ 9 ] reported 28 cases 
of laparoscopic nerve-sparing parametrectomy, 
recording two intra-operative complications. 
After a median follow-up of 38 months, no recur-
rences were recorded.  

    Fertility-Sparing Surgery 

 Fertility sparing surgery can be performed for 
patients with cervical cancer FIGO stage Ib1 
and a tumor size less than 2 cm. Laparoscopy 
is used to perform the lymphadenectomy prior 
to a radical vaginal trachelectomy, or to per-
form a fully laparoscopic radical trachelectomy. 
Radical trachelectomy removes the cervix, the 
inner aspect of the parametrium and the upper 
third of the vagina, but retains the body of the 
uterus. In 2010 Kim et al. [ 10 ] reported 27 cases 
of laparoscopic radical trachelectomy. Six 
patients required transfusions, but no further 
complications were reported. After a median 
follow-up of 31 months there was one recur-
rence with death from disease. In 2013, Ebisawa 
et al. [ 11 ] evaluated obstetrical outcomes of a 
series of 56 patients treated with laparoscopic 
radical trachelectomy. They reported a preg-
nancy rate of 52 %, with 13 live births. Preterm 
premature rupture of membranes was the most 
common complication.  

R. Tozzi et al.



297

    Radical Hysterectomy and Nerve-
Sparing Surgery 

 Radical hysterectomy remains the standard of 
treatment for patients with stage 1bi cervical can-
cer. Feasibility and safety of a laparoscopic 
approach to radical hysterectomy is now well 
accepted. 

 Park retrospectively compared the survival and 
surgical outcomes of 115 laparoscopic radical 
hysterectomy (LRH) vs 118 open radical hyster-
ectomy (ORH) in patients with stage IB2 to IIA2 
[ 12 ]. Conversion to laparotomy occurred in two 
patients. There were no differences in 5-years dis-
ease-free survival (78 % vs. 77 %) and 5-years 
overall survival (83 % in both groups). However the 
estimated blood loss, length of hospital stay, time to 
recover bowel movement and postoperative com-
plications favored the patients in the LRH group. 

 In 2004 Steed et al. [ 13 ] compared peri- 
operative morbidity and recurrence-free survival 
between 71 patients treated with laparoscopic- 
assisted radical vaginal hysterectomy and 205 
patients with radical abdominal hysterectomy. 
They demonstrated similar clinical outcomes 
but less intra-operative blood loss and shorter 
hospital stay in the laparoscopic group. They 
reported more intraoperative complications 
however (13 % vs. 4 %). 

 Hertel et al. [ 14 ] reported their experience of 
200 patients operated by a laparoscopic assisted 
radical vaginal hysterectomy. Major intra and 
post-operative complications rates were 6 and 
8 %, respectively. Overall 5-years survival was 
83 %, but in patients with stage Ib1 and no risk 
factors (L0V0N0), it was as high as 98 %. 

 In 2012 Nam et al. [ 15 ] compared in a retro-
spective study, 263 ORH with 263 LRH for 
patients with early-stage cervical cancer. No dif-
ferences in overall survival or disease free sur-
vival were found. LRH group had a shorter 
postoperative hospital stay and a lower estimated 
blood loss. Although intraoperative complication 
rates were similar, postoperative complication 
rates were less in LRH group. 

 Pellegrino et al. [ 16 ] published in 2009 the 
results of a prospective study on the surgical and 
clinical outcomes of 107 patients who underwent a 

total laparoscopic hysterectomy for stage Ib1. 
Conversion to laparotomy occurred in six patients. 
Two patients had minor intraoperative complica-
tions, while fi ve patients needed a  second surgical 
procedure for a postoperative complication. After a 
median period of follow up of 30 months, they 
reported 11 recurrences and a survival rate of 95 %. 

 In 2010 Naik et al. [ 17 ] published the fi rst ran-
domized phase II trial comparing laparoscopic vs 
abdominal radical hysterectomy. Although they 
reported outcomes of only 13 patients, the study 
confi rms benefi ts of laparoscopic approach in 
terms of blood loss, hospital stay and analgesic 
requirement. 

 Traditionally radical hysterectomy is associ-
ated with a 5–10 % neurogenic bladder dysfunc-
tion, namely reduced perception of fullness, 
impaired urge and weakened voiding capacity. 
These side effects are caused by injury of the pel-
vic splanchnic nerves and the inferior hypogas-
tric plexus during the dissection and resection of 
parametrium. Since 2000, when Possover et al. 
[ 18 ] described the fi rst series of nerve-sparing 
radical hysterectomy, papers have confi rmed the 
effi cacy of the laparoscopic technique (LNSRH) 
in identifying and sparing these sympathetic and 
parasympathetic pelvic nerves. In 2010 Liang 
et al. [ 19 ] compared 82 LNSRH with 81 
LRH. They reported less urinary complications 
in LNSRH group. After a median follow up of 
22.3 months no recurrences were recorded. In 
2011 Park et al. [ 20 ] in a retrospective study eval-
uated 125 consecutive LNSRH. They reported 13 
urological complications, but they concluded that 
LNSRH is a feasible technique.  

    Pelvic Exenteration 

 Anterior, posterior or total exenteration is per-
formed in selected patients with recurrent cer-
vical cancer following radical radiotherapy. 
Surgery is aborted due to the presence of unre-
sectable disease in up to 45 % of patients. An 
explorative laparoscopy has proved useful in the 
assessment of these patients, minimizing the 
number of patients whose exenterative surgery is 
abandoned [ 21 ]. 
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 Other authors have reported on a laparoscopic 
technique to perform pelvic exenteration for 
patients with cervical cancer [ 22 ,  23 ], demon-
strating feasibility and safety of the technique. 
However due to the small numbers of the patients 
included in the studies, the oncological outcome 
remains to be proven.  

    Robotic Surgery 

 In the last few years, the use of robotic surgery in 
gynecology oncology has become more com-
mon. Several studies were published comparing 
different techniques of radical hysterectomy, 
including robotic. In 2008 Magrina et al. [ 24 ] in 
a case control study, compared robotic radical 
hysterectomy (RRH) to laparoscopy and to lapa-
rotomy. They reported 27 cases of robotic sur-
gery. There were no signifi cant differences in 
intra- or postoperative complications among the 
three groups, but in patients with minimal inva-
sive surgery the blood loss and hospital stay were 
reduced compared to laparotomy. Similar results 
were obtained by Maggioni et al. [ 25 ] in a case 
control study. In 2008 Boggess et al. [ 26 ] com-
pared 51 robotically assisted radical hysterecto-
mies with 49 open radical hysterectomies. There 
were signifi cant differences in blood loss, opera-
tive time and number of nodes removed in favor 
of the robotic group. They also reported 7.8 % vs. 
16.3 % postoperative complications respectively. 
In an interesting review [ 27 ] Kruijdemberg et al. 
compared 342 robotic radical hysterectomies vs. 
943 laparoscopic radical hysterectomies. They 
reported fewer blood transfusions in the robotic 
group, but a higher rate of major postoperative 
complications (9.6 % vs. 5.5 %). In 2013 Chong 
et al. [ 28 ] compared 50 consecutive robotic NSRH 
with a cohort of 50 LNSRH. They found that blood 
loss and intraoperative complication rate were 
signifi cantly lower in robotic surgery. Similar 
results are reported from other case series [ 29 ,  30 ]. 

 Robotic surgery has been used in trachelec-
tomy also. Nick et al. [ 31 ] compared 25 open vs 
12 robotic radical trachelectomy, showing similar 
morbidities but less blood loss and hospitaliza-
tion in the robotic group. Personn et al. [ 32 ] 
demonstrated similar results comparing robotic 

trachelectomy vs. vaginal trachelectomy. Initial 
case reports or small series have also reported the 
use of robotic surgery in patients with advanced 
and recurrent cervical cancer. 

 In 2010 Lambaudie et al. [ 33 ] compared 
robotic vs. laparoscopy vs. laparotomy in staging 
of locally advanced cervical cancer. Complication 
rate was similar, as was the recurrence rate. 

 Lim et al. [ 34 ] in 2009 reported the fi rst case 
of robotic pelvic exenteration for a recurrent cer-
vical cancer with an ileal loop urinary diversion. 
Davis et al. [ 35 ] and Lambaudie et al. [ 36 ] pub-
lished in 2010 two other small series of robotic 
anterior pelvic exenteration. The numbers are 
very small but the expansion of robotic surgery 
will enable more surgeons to use endoscopic sur-
gery and abandon the traditional laparotomy.  

    Single Port Surgery 

 Single port surgery (SPS) has been reported very 
little in the treatment of patients with cervical 
cancer. In 2010 Hahn and Kim [ 37 ] reported two 
cases of single port laparoscopic pelvic lymph 
nodes dissection with a modifi ed vaginal hyster-
ectomy in patients with stage IA2.  

    Conclusions 

 The use of endoscopic surgery in the treatment of 
patients with cervical cancer has been supported 
by a large number of studies. Although no phase 
III clinical trial has been published so far, the 
safety and effi cacy of the technique is beyond 
doubt and the oncologic outcomes appear equiva-
lent to open surgery. Endoscopy delivers signifi -
cant benefi ts for patients with cervical cancer.   

28.3     Ovarian Cancer 

    Introduction 

 Ovarian cancer remains the most common cause 
of death from a gynecological malignancy [ 38 ]. 
The high lethality is due to the common presenta-
tion of advanced stage disease (75 % present with 
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FIGO stage 3–4). Patients with early stage dis-
play a median 90 % 5 year survival rate. 

 Ovarian cancer can be assessed and treated 
by laparotomy, laparoscopy and robotic sur-
gery. Again, laparoscopy and robotic surgery 
offer multiple advantages due to the smaller 
incisions—less need for postoperative analge-
sics, quicker recovery, shorter hospital stay and 
a lower risk of complications such as infec-
tions, blood loss, wound infection, ileus and 
incisional hernias. Laparoscopy has been found 
to reduce the risk of post-operative incisional 
hernia. The reported incidence of incisional 
hernia through the 10/12 mm laparoscopic tro-
car site is 3 % [ 39 ] compared to 16.9 % follow-
ing a midline laparotomy for a gynecological 
oncology procedure [ 40 ]. 

 Port site recurrence has been a concern. In a 
study by Zivanovic, the port site recurrence rate 
was 1.96 % following laparoscopy for ovarian, 
fallopian tube or primary peritoneal cancer [ 41 ].  

    Primary Ovarian Cancer: Early Stage  

 As much as 30 % of women with apparent early 
stage disease have microscopic metastasis 
[ 42 ,  43 ] .  Full staging of presumed early stage 
disease provides important prognostic informa-
tion. In case of patients whose disease is 
upstaged, there is a recommendation for adju-
vant chemotherapy. When stage I disease is con-
fi rmed, no chemotherapy is required, and in 
young women a fertility sparing treatment can 
be offered. Early stage disease can be upstaged 
due to microscopic tumor deposits in the omen-
tum, pelvic and/or para-aortic lymph nodes and 
contra-lateral ovarian involvement. 

 Upstaging can occur due to intra-operative 
mass rupture leading to contamination of the 
peritoneal cavity with tumor cells. Whilst only 
retrospective data are provided on the prognostic 
effect [ 44 ], mass rupture changes the stage from 
potential IA to IC, with the immediate implica-
tion that chemotherapy will be prescribed in 
patients otherwise requiring no adjuvant treat-
ment [ 45 ,  46 ]. The risk of intraoperative mass 
rupture is also present at laparotomy but seems to 
be increased by a laparoscopic approach. In view 

of this, laparoscopy may be more suitable for re- 
staging procedures following a primary removal 
of the ovary at a previous operation. There is no 
risk of intraoperative mass rupture since the 
tumor has already been removed. 

 A further concern with endoscopy in ovarian 
cancer is that spread and implantation of ovarian 
cancer cells may be facilitated during laparos-
copy by the CO 2  under pressure. This may be the 
reason for port site metastases [ 47 ,  48 ]. A large 
retrospective series has identifi ed port-site 
metastasis in 20 of 1,694 patients (1.18 %) with 
malignant intraperitoneal disease undergoing 
laparoscopy. Fifteen of the 20 patients with port- 
site metastases had a diagnosis of fallopian tube 
or ovarian cancer, but only 2 patients had early 
stage ovarian cancer [ 41 ]. In order to reduce the 
risks when employing laparoscopy for the 
management of patients with early stage ovar-
ian cancer there should be adequate surgical 
expertise, meticulous technique with limited 
tissue manipulation and the use of an endobag 
for tissue extraction. 

 Despite these concerns, the use of laparoscopy 
in early stage ovarian cancer is increasing, and 
data supports this development. Brookbank dem-
onstrated 94 % 5 years disease free survival and a 
100 % overall survival at a median 18 months 
(range 3–59) follow-up [ 49 ]. The rate of conver-
sion to laparotomy in the literature is averagely 
below 5 %, with a range 3.2–10 % [ 50 ]. 

 Robotic surgery has been used in early stage 
ovarian cancer. A recent study matched 25 robotic 
cases of epithelial ovarian cancer staging with 27 
laparoscopic and 119 open cases. All patients 
were operated on during the same period and the 
groups were matched by age, BMI, type, and 
number of procedures done. Compared with open 
surgery, the robotic and laparoscopic groups had 
a decreased hospital stay. No difference in out-
comes was reported between robotic and laparo-
scopic surgery. Survival was also unaffected by 
surgical approach [ 51 ].  

    Advanced Stage 

 Laparoscopy in patients with advanced disease 
has limited application. It can be used to confi rm 
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a suspected diagnosis, but this is increasing per-
formed by radiologically guided biopsy. A sec-
ond application is to predict whether cytoreductive 
surgery is possible. However, small volume 
abdominal disease may be missed at laparoscopy, 
particularly in areas like the small bowel and the 
mesentery. 

 The use of laparoscopy in cytoreduction in 
patients with presumed stage 3 primary ovarian 
cancer has been reported [ 52 ]. Patients had 
CT evidence of omental metastasis and ascites. 
Twenty-three cases (92 %) were successfully 
cytoreduced without conversion to laparotomy. 
Median operative time was 2.3 h and median 
blood loss was 340 ml. All tumors were deb-
ulked to less than 2 cm and 36 % had no resi-
dual disease.  

    Recurrent Ovarian Cancer 

 A retrospective analysis by Magrina on 52 
selected patients with recurrent ovarian cancer 
undergoing secondary cytoreduction by laparos-
copy, laparotomy or robotics was performed 
between January 2006 and December 2010 [ 51 ]. 
Robotics and laparoscopy provided similar peri-
operative outcomes, such as reduced blood loss 
and shorter hospital stay as compared to laparot-
omy. The comment of the author was that use of 
robotics is preferable when all recurrent disease 
can be excised without redocking and need of 
additional trocars. In addition it was most suit-
able for isolated recurrences particularly in the 
diaphragms, liver, peri-rectal area, and in the pel-
vis. Laparoscopy was preferable in the presence 
of limited disease and when redocking would be 
necessary. Laparotomy seemed preferable for 
patients with widespread peritoneal implants, 
multiple sites of recurrence, and/or extensive 
adhesions.  

    Conclusion 

 There is evidence to support the use of endo-
scopic surgery in early stage ovarian cancer man-
agement without compromising survival. Its use 
in advanced disease is less established with far 

fewer reported studies. Most studies have sup-
ported the equivalence of robotic surgery and 
laparoscopy in many perioperative outcomes. 
Some studies suggest that robotic surgery may 
have advantages over laparoscopy in the learning 
curve required to perform complex gynecolo-
gical oncology procedures. However, this is 
entirely dependent on the surgeon and the fi nal 
outcomes seem to be unchanged between 
laparoscopy and robotic.   

28.4     Endometrial Cancer 

    Introduction 

 Endometrial cancer is the third most common 
cancer in women accounting for 6–9 % of all 
cancers in female patients [ 53 – 55 ]. The standard 
treatment for patients with early-stage endome-
trial cancer is surgery with a total hysterectomy 
(TH) and bilateral salpingo-oophorectomy with 
or without pelvic and para-aortic lymph node 
resection based on risk factors [ 56 ,  57 ]. A mid-
line laparotomy has been the traditional route of 
choice for extended surgery with lymph node 
removal. However, patients with endometrial 
cancer frequently present with co-morbidities 
such as obesity, diabetes and cardio-vascular dis-
ease. The morbidity associated with a laparotomy 
can be substantial in this group of patients, espe-
cially with regards to infection, wound dehis-
cence, thrombosis and embolism [ 58 ]. The most 
validated alternative approach for patients with 
early endometrial cancer is laparoscopy. Several 
prospective controlled studies showed that total 
laparoscopic (TLH) was an effective, minimally 
invasive, safe alternative to total abdominal hys-
terectomy (TAH) for benign indications [ 59 ,  60 ]. 

 Through the PubMed, EMBASE, CBM and 
Cochrane Review databases, eight randomized 
trials were found assessing the effects of TLH 
versus TAH in women with early-stage endome-
trial cancer [ 61 – 68 ]. A total of 3,644 women 
were enrolled in these trials with 2,286 women 
randomized to laparoscopic surgery and 1,358 
randomized to laparotomy. First trial published 
was Fram in 2002 with 61 patients with stage 
I endometrial cancer. Twenty-nine patients 
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were treated with laparoscopic assisted vaginal 
hysterectomy (LAVH) and bilateral salpingo- 
oophrectomy (BSO) ± laparoscopic pelvic 
lymphadenectomy (LPLA), while 32 patients 
were treated with the traditional laparotomy and 
underwent total abdominal hysterectomy (TAH) 
and BSO ± pelvic lymphadenectomy (PLA). 
Despite the limited number of patients, laparo-
scopic surgery was associated with less blood 
loss and shorter hospitalization but with longer 
operative time. 

 The multicenter randomized trial conducted 
by Janda (LACE, 2010) enrolled 361 patients. 
Although the operative time was longer in the 
TLH group than in the TAH group (138 min vs. 
109 min; p = 0.001), similar intra-operative 
adverse events were documented (TAH 5.6 % vs. 
TLH 7.4 % p = 0.53); postoperatively, twice as 
many patients in the TAH group experienced 
adverse events of grade 3 or higher (23.2 % vs. 
11.6 % in the TLH group; p = 0.004). Postoperative 
serious adverse events occurred more in the TAH 
group (27 of 142 [19.0 %]) than in the TLH group 
(16 of 190 [7.9 %]; p = 0.002). 

 Primary endpoints of Malzoni et al. in 2009 
were the disease-free survival and recurrence 
rate. With similar surgical outcomes, laparo-
scopic surgery did not compromise the degree 
of oncological radicality required with reduced 
convalescence and discomfort. The disease free 
survival and recurrence rate were similar in both 
groups. 

 Mourits et al. in 2010 designed a multi-center 
trial with 21 hospitals recruiting in the 
Netherlands. They randomized 281 patients with 
stage I endometrioid adenocarcinoma or complex 
atypical hyperplasia. The study investigated the 
complication rate of TLH versus TAH showing 
no major differences between the two groups 
(major complications was 14.6 %, 27 of 185 in 
the TLH group versus 14.9 %, 14 of 94 in the 
TAH group). The patients in the TLH group were 
associated with signifi cantly less blood loss, 
reduced use of pain medication, a shorter hospital 
stay (p < 0.0001), and a faster recovery. 

 Tozzi et al. in 2005 published an analysis of 
their randomized trial commenced in 1995 with 
122 patients. They identifi ed Body Mass Index 
(BMI), age >65 years, weight >80 kg and one out 

of diabetes, hypertension, cardio-respiratory fail-
ure to be predictive of complications but a multi-
variate analysis identifi ed the surgical technique 
(laparoscopy vs. laparotomy) to be the only sig-
nifi cant risk factor for complications. 

 The largest trial so far, the GOG LAP 2 
reported by Walker et al., was conducted in the 
US including more than 2,500 patients. Feasibility 
and effi cacy of laparoscopic technique was com-
pared to laparotomy. They also published 6 years 
recurrence and survival rates demonstrating that 
laparoscopy was not inferior to laparotomy: 
recurrence rate was 11.4 % vs. 10.2 % and overall 
survival (89.8 %) was the same. Quality of life 
(QoL) was the primary endpoint for the trial 
designed by Zullo et al. published in 2005 with 
84 patients recruited in the study. A further long 
term data published in 2009 confi rmed that lapa-
roscopy provided signifi cant benefi ts compared 
to laparotomy in terms in QoL. Survival out-
comes were not different. 

 In the last few years robotic-assisted surgery 
has emerged as another minimally invasive 
approach for the treatment of patients with endo-
metrial cancer. The largest series from Yu et al. 
[ 69 ] with 2,247 patients (median age 64 years) 
analyzed the utilization and hospital charges 
associated with robotic (RS) versus laparoscopic 
(LS) and open surgery (OS) in endometrial can-
cer patients. Median hospital stay for the RS and 
LS group was 1.6 compared to 3.9 days for the 
OS group. The hospital charge for RS was 
$51,569 compared to $36,492 for OS (P <0.001), 
with theater’s charges ($22,600 vs. $11,272) 
accounting for the major difference. Coronado 
et al. [ 70 ] in his retrospective series enrolled 347 
patients. Operative time was longer in the lapa-
roscopy group as compared to robotics and lapa-
rotomy (218.2, 189.2, and 157.4 min respectively). 
Similar fi ndings were observed for the pre- and 
post-operative outcomes. On the other hand 
the length of hospital stay was longer in the 
laparotomy group compared to robotics and lapa-
roscopy (8.1, 3.5 and 4.6 days respectively). The 
conversion rate to laparotomy was lower for 
robotics (2.4 % for robotics and 8.1 % for lapa-
roscopy, p = 0.181). Overall complications were 
similar for robotics and laparoscopy (21.1 %, 
28.5 %, p = 0.079). Robotic complications were 
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signifi cantly lower as compared to laparotomy 
(21.2 vs 34.9 %, p = 0.036). No differences were 
found with respect to disease-free or overall sur-
vival among the three groups. The global costs 
were similar for the three approaches (p = 0.566). 
This study would possibly support the use of 
robotic surgery against laparoscopy. 

 Peiretti et al. [ 71 ] in 2009 published a series 
of 80 patients with early endometrial cancer 
during the introduction of robotic surgery. 
They observed a substantial change in their 
surgical activity. Open surgical procedures 
decreased from 78 to 35 % confirming that 
age, obesity and previous surgeries did not 
seemed to be a contraindication to robotic 
surgery. These last data would support the 
use of robotic surgery. However there are still 
areas of controversy surrounding this tech-
nology including the paucity of randomized 
controlled trials, long-term efficacy data, and 
cost- effectiveness research. 

 The most recent addition to the surgical 
portfolio of options for patients with endome-
trial cancer is the Single Port (SP) surgery. 
Fagotti [ 72 ] has reported, in a multicenter retro-
spective series, the fi rst 100 cases undergoing 
SP surgery. Patients were all diagnosed with 
early stage endometrial cancer. Total hysterec-
tomy and BSO were performed in all patients, 
whilst 75 patients underwent to pelvic and 
para-aortic lymphadenectomy. Blood loss and 
operative time were greater when lymphade-
nectomy was performed. Although this tech-
nique, has proved to be effective and safe only 
few reports are available and more data are 
required.  

    Conclusion 

 The role of endoscopic surgery is well estab-
lished in the treatment of patients with endo-
metrial cancer. Data from retrospective and 
prospective studies, including randomized tri-
als, have conclusively demonstrated the supe-
riority of endoscopy over laparotomy. Survival 
outcome is unaffected but morbidity is reduced. 
Whether robotic or single port approaches are 
superior to traditional laparoscopy is yet to be 
established.      
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29.1             Mapping Techniques 

    Radioactive Tracer  99m Tc 

 Radiolabeled colloid, typically the metastable 
nuclear isomer of technetium-99, symbolized as 
 99m Tc, is used for sentinel lymph node (SLN) 
detection [ 1 ]. After intracervical injection, col-
loid enters the lymphatic capillaries and is trans-
ported with lymph to SLNs. There are particles of 
different size, and size affects the quickness and 
intensity of spread in the lymphatic system. 
Smaller particles, less than 50 nm, show quick 
transport to secondary nodes. This radioactive 
tracer partly enters the systematic circulation and 
is caught by the reticuloendothelial system (liver 
and spleen). Different radiopharmaceuticals are 
registered for use in lymphoscintigraphy in the 
Unites States, Europe, and Asia.  

    Doses and Timing of Application 

 In “long” protocols, radiocolloid is injected 
20–24 h before surgery. Doses that are used in 
these “long” protocols are higher by 2.0–4 mci 
(74–148 MBq) because half-time of degradation 

is 6 h, and after 24 h we measure only residual 
activity. “Short” protocols are used more often. In 
“short” protocols, radiocolloid is injected 2–4 h 
before surgery and lymphoscintigraphy is per-
formed 20–30 min after injection. The usual doses 
are between 0.2 and 1.0 mci (7.4–37 MBq).  

    Technique of Application 

 Different administration techniques of the colloid 
have been reported via the cervical injection 
route: all these require a  submucosal  (superfi -
cially-subepithelial) injection of 0.1–1.0 ml 
volume. 

 Stroma of the cervix (10–15 mm deep—slow 
injection from the deepest point of needle to the 
subepithelial point, in 1–2 ml volume) is usually 
reserved to colored dye injections. The injection 
is given directly into the cervix using a needle 
with a small diameter: the 22 G Potocky needle 
(Cooper Surgical), or a spinal needle can be 
used. Injections at the 3 and 9 o’clock positions 
are the most common injection sites at our insti-
tution (Fig.  29.1 ).    

29.2     Lymphoscintigraphy 

 A preoperative planar lymphoscintigram is 
obtained after the injection (Fig.  29.2 ). Two 
series of pictures are obtained: immediate 
“dynamic images” and subsequent “static 
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images” to localize the nodes. Some departments 
prefer single-photon emission computed tomog-
raphy (SPECT/CT), which allows for enhanced 
three-dimensional localization of “hot” nodes.   

29.3     Colored Dye 

 Several commercially available colored dyes are 
available throughout the world (Fig.  29.3a–d ). 
The technique of cervical application is the same 
as the application of radioactive tracer. A spinal 
needle or Potocky needle is used to inject a total 
of 2–4 ml of blue dye directly into the cervical 
submucosa and stroma. A tenaculum can be used 
to assist in the stromal injection (Fig.  29.4 ). The 
injections can be given at the 3 and 9 o’clock 

positions, which correspond more to the parame-
tria and avoid blue dye staining of the bladder 
fl ap secondary to the 12 o’clock injection. It is 
paramount to apply the blue Dye very slowly, at a 
rate of 5–10 s for each quadrant. After the injec-
tion, the patient is prepped and draped in the 
usual sterile fashion.   

 Some of the adverse effects of isosulfan blue 
or Patente blue include allergic reactions (<1 % 
of patients). Examples of such include localized 
swelling and pruritus of the hands, feet, abdo-
men, and neck. Severe reactions, including 
edema of the face and glottis, respiratory distress, 
and shock, have been occasionally reported with 
other similar compounds. In some instances, iso-
sulfan blue can cause a transient drop in oxygen 
saturation as measured by the anesthesiologist’s 
pulse oximetry. Blue dyes will turn the urine 
blue-green for up to 24 h following injection. 
Contraindications include known hypersensitiv-
ity to these compounds. 

 The injection of isosulfan blue 
(Lymphazurin ® ) (Fig.  29.3a ), Methylene Blue 
(Fig.  29.3b ) or Patente–Blue (Blue Patente V 
sodique ® ) (Fig.  29.3c ), or ICG (Fig.  29.3d ) is 
given in the operating room at the time of the 
examination while the patient is under anesthe-
sia. Isosulfan blue is a sterile aqueous solution 
packaged in 5 ml vials. No preparation is needed, 
and it can be stored at room temperature. Patente–
Blue 2.5 % is a sterile solution that comes in 2 ml 
vials and is often diluted in 2 ml of Saline solu-
tion. Methylene blue is available in 10 ml vials 

a b c

  Fig. 29.1    Three different options for direct cervical 
injection: four-quadrant options ( b ,  c ) and a two-sided 

option ( a ) (Courtesy Abu-Rustum NR, Rob L. Atlas of 
Procedures in Gynecologic Oncology, 2013)       

99mTc
Injection
Site 

  Fig. 29.2    Lymphoscintigraphy. A preoperative planar 
lymphoscintigram in a 70-year-old woman with endome-
trial serous cancer is obtained after the cervical injection       
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  Fig. 29.3    ( a    – d ) Isosulfan blue 1 %, methylene blue 1 %, patente blue 2.5 % sodium, and indocyanine green (ICG)       
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at 10 mg/ml and can be injected without any 
preparation or dilution. ICG recently emerged as 
a very useful and safe dye for interstitial cervical 
injection and requires a near-infrared camera for 
visualization. ICG comes in a 25-mg dry powder 
vial and is mixed with 10–20 ml of sterile water 
in a 25-mg vial, and up to 5 mg is used directly 
into the cervix as well. 

 Figure  29.4  shows a blue right sentinel exter-
nal iliac lymph node using Methylene Blue; blue 
channels can be seen leading to the lymph node. 
Figure  29.5  shows a blue right external lymph 
node using Isosulfan blue. Figure  29.6  shows 
blue lymphatic channels from the left parametria 

and broad ligament leading to a blue SLN in the 
left external iliac region. Following a cervical 
injection, most pelvic SLNs are located medial to 
the external iliac vessels, ventral to the internal 
iliac system, and in the superior part of the obtu-
rator space.    

29.4     Discussion 

 The optimal technique of SLN mapping in uterine 
corpus cancer continues to be the subject of much 
debate. A cervical, hysteroscopic, and a fundal 
serosal injection can be utilized [ 2 ]. The cervical 
injection is described above, and although it may 
not appear rational to some surgeons to only inject 
the dye into the cervix when dealing with uterine 
cancer, it has been repeatedly demonstrated that a 
superfi cial and deep injection into the uterine cer-
vix provides excellent dye penetration to the 
region of the uterine vessels and main lymphatic 
trunks that condenses in the parametria in the 
majority of cases (Fig.  29.7 ). The cervical injec-
tion technique is easy to utilize and has gained 
more acceptance in recent years. The combination 
of a superfi cial (1–3 mm) and deep (1–2 cm) cer-
vical injection can lead to dye delivery to the main 

  Fig. 29.4    Shows a blue right sentinel external iliac lymph 
node using methylene blue; blue channels can be seen 
leading to the lymph node       

  Fig. 29.5    Shows blue lymphatic channels leading into a 
right external iliac sentinel lymph node       

  Fig. 29.6    Shows afferent and efferent blue lymphatic 
channels with a blue left external iliac sentinel lymph 
node medial to the iliac artery       
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three layers of lymphatic channel origins in 
the cervix and corpus, namely the superfi cial 
subserosal, intermediate stromal, and deep sub-
mucosal lymphatic sites of origin [ 3 ,  4 ]. The dye 
commonly condenses around the parametria and 
appears in the main lymph trunks in the broad 
ligament and parametria and leads to pelvic and 
occasionally paraaortic nodes. Figure  29.8  dem-
onstrates the most common location of SLNs after 
a cervical injection. Figure  29.9  demonstrates a 
less common location, usually seen when the 

lymph trunks do not cross over the obliterated 
umbilical and move cephalad following the meso-
ureter. Figure  29.10  demonstrates an example of 
an SLN identifi ed by ICG during endometrial 
cancer surgery.     

 Another technique is the submucosal injection 
under hysteroscopic control. This technique is 
diffi cult, adds cost, and may not be useful in the 
larger tumors. The next technique is image- guided 
subserosal peritumoral injections; in this tech-
nique the blue dye and Tc are injected peritumor-
ally based on ultrasound or MRI fi ndings. Lastly, 
multiple subserous injections from eight subserosal 
(front and back) sites that concern lymphatic 
drainage of whole uterine corpus may be utilized. 
The same radioactive tracers are used as in cer-
vical injection. Similarly, the same blue dyes may 
be utilized (Isosulfan Blue 1 %, Methylene Blue 
1 %, and Patent Blue 2.5 % sodium).  

29.5     Summary of Study Results 

 In 2009 Abu-Rustum reported on 42 patients with 
a preoperative diagnosis of grade 1 endometrial 
carcinoma treated from 3/06 to 8/08 [ 3 ,  5 ]. 

  Fig. 29.7    Sentinel lymph node mapping for uterine can-
cer. A superfi cial and deep injection into the uterine cervix 
provides excellent dye penetration to the region of the 
uterine vessels and main lymphatic trunks that condenses 
in the parametria in the majority of cases       

  Fig. 29.8    Most common mapping topography following 
cervical injection of dye (©2013, Memorial Sloan 
Kettering Cancer Center)       

  Fig. 29.9    Less common mapping topography. If the lym-
phatic trunks do not cross laterally over the umbilical liga-
ment, as seen in the previous diagram, but instead drain 
cephalad and located in the mesoureter, this usually indi-
cates that the sentinel lymph node will be located in the 
common iliac and presacral regions (©2013, Memorial 
Sloan Kettering Cancer Center)       
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Preoperative lymphoscintigraphy visualized SLNs 
in 30 patients (71 %); intraoperative localization 
of the SLN was possible in 36 patients (86 %). A 
median of 3 SLNs (range, 1–14) and 14.5 non-
SLNs (range, 4–55) were examined. In all, 4/36 
(11 %) had positive SLNs–3 seen on H&E and 1 as 
cytokeratin-positive cells on immunohisto-
chemistry (IHC). All node-positive cases were 
picked up by the SLN; there were no false- negative 
cases. The sensitivity of the SLN procedure in the 
36 patients who had an SLN identifi ed was 
100 %. The authors concluded that SLN  mapping 
using a cervical injection with combined Tc and 

blue dye is feasible and accurate in patients with 
grade 1 endometrial cancer and may be a reason-
able option for this select group of patients. 
Regional lymphadenectomy remains the gold 
standard in many practices, particularly for the 
approximately 15 % of cases with failed SLN 
mapping. 

 This was followed by another report in 2009 
on 115 patients with endometrial cancer [ 4 ]. The 
cervix was the only site of injection in 82 cases 
(71 %), while a combined cervical and fundal 
injection was performed in 33 cases (29 %). 
Overall, SLN detection was achieved in 98 (85 %) 

a

b

  Fig. 29.10    ( a    ,  b ) Two examples of sentinel lymph node detection in the right iliac region after indocyanine green (ICG) 
intracervical injection with near-infrared imaging (NIR) visualization during laparoscopy       
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cases. In the initial 27 months of the study, an 
SLN was identifi ed in 50 of 64 cases (78 %), 
with 2 falsenegative cases. In the subsequent 
15 months, successful mapping was achieved in 
48 of 51 cases (94 %) with no falsenegative cases. 
When examining an individual provider’s perfor-
mance, after the fi rst 30 cases, the rate of success-
ful mapping signifi cantly increased from 77 to 
94 % (P = 0.033). The authors stressed that SLN 
mapping in uterine cancer requires a dedicated 
effort to achieve high detection rates. Surgeons 
should determine their individual detection rates 
and falsenegative rates. These data demonstrate 
that high SLN detection rates can be achieved in 
women with uterine cancer, and increasing surgi-
cal volume (30 cases) is associated with signifi -
cantly increased detection rates. 

 As far as lowvolume metastasis to SLNs, our 
team investigated the effect of uterine manipula-
tion on isolated tumor cells (ITCs) and microme-
tastasis (MM) to SLNs and Frimer in 2010 [ 6 ] 
reported on 175 patients who had successful SLN 
mapping. Of these, 145 (83 %) had negative 
nodes, 11 (6 %) had positive nodes, and 19 
(11 %) met the criteria for MM and ITCs. The 
uterine procedure used to diagnose endometrial 
cancer, type of hysterectomy, tumor grade, histol-
ogy, positive pelvic washings, and type of uterine 
manipulator utilized did not appear to be associ-
ated with MM/ITCs. However, the presence of 
lymphovascular invasion (P < 0.001) and the 
depth of myometrial invasion (P = 0.01) were sig-
nifi cantly higher in the MM/ITC group. These 
data demonstrated that the presence of MM and 
ITCs in SLNs of endometrial cancer patients is 
not an artifact of uterine manipulation or instru-
mentation. Rather, it is a real pathologic fi nding 
likely associated with lymphovascular invasion 
and depth of myoinvasion. 

 A later report by Khoury-Collado et al. from 
2011 [ 7 ] described 266 patients with endometrial 
cancer who underwent lymphatic mapping. SLN 
identifi cation was successful in 223 (84 %) cases. 
Positive nodes were diagnosed in 32/266 (12 %) 
patients. Of those, 8/266 patients (3 %) had 
metastasis detected only by additional section or 
IHC as part of SLN ultrastaging. Excluding the 

eight cases with positive SLNs on ultrastaging 
only, 24/801 (3 %) SLNs and 30/2698 (1 %) non-
SLNs were positive for metastatic disease 
(p = 0.0003). These data demonstrated that using 
a cervical injection for mapping, metastatic cells 
from endometrial cancer are three times as likely 
to be detected in SLNs than in the non-SLNs. 
This fi nding strongly supports the concept of 
lymphatic mapping in endometrial cancer to fi ne 
tune the nodal dissection topography. By adding 
SLN mapping to our current surgical staging pro-
cedures we may increase the likelihood of detect-
ing metastatic cancer cells in regional lymph 
nodes. An additional benefi t of incorporating 
pathologic ultrastaging of SLNs is the detection 
of micrometastasis, which may be the only evi-
dence of extrauterine spread. 

 In 2012 Barlin [ 8 ] reported on 498 patients 
who received a blue dye cervical injection for 
SLN mapping. At least one lymph node was 
removed in 95 % of cases (474/498); at least one 
SLN was identifi ed in 81 % (401/498). SLNs cor-
rectly diagnosed 40/47 patients with nodal metas-
tases who had at least one SLN mapped, resulting 
in a 15 % false-negative rate. After applying the 
Memorial algorithm, the false-negative rate 
dropped to 2 %. Only one patient, whose lymph 
node spread would not have been caught by the 
algorithm, had an isolated positive right paraaor-
tic lymph node with a negative ipsilateral SLN 
and pelvic lymph node dissection. These results 
stressed that satisfactory SLN mapping in endo-
metrial cancer requires adherence to a surgical 
SLN algorithm and goes beyond just the removal 
of blue SLNs. Removal of any suspicious node 
along with side-specifi c lymphadenectomy for 
failed mapping are an integral part of the 
Memorial SLN algorithm. Further validation 
of the false-negative rate of this algorithm is 
necessary. The Memorial algorithm is shown in 
Fig.  29.11 .  

 Most recently, in 2013 Leitao [ 9 ] identifi ed a 
total of 507 cases of endometrial cancer treated 
with minimally invasive surgery and SLN map-
ping over a 3-year period. The distribution of 
cases was 143 in year 1 (Y1), 190 in year 2 (Y2), 
and 174 in year 3 (Y3). Tumor grade and high-risk 
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a side-specific LND is performed

Paraaortic LND−
at attending discretion

  Fig. 29.11    Sentinel lymph node mapping algorithm       

histologies did not differ during the three time 
periods. A standard staging procedure was per-
formed in the following cases: Y1 (93/143; 
65 %), Y2 (66/166; 35 %), and Y3 (40/164; 23 %) 
(P < 0.001). Median operative times were as fol-
lows: Y1 (218 min), Y2 (198 min), and Y3 
(176.5 min) (P < 0.001). The median numbers of 
total lymph nodes removed among cases with at 
least one node retrieved were: Y1 (20); Y2 (10); 
Y3 (7) (P < 0.001) (Fig.  29.12 ). Cases diagnosed 
as stage IIIC were as follows: Y1 (10/143; 7 %), 
Y2 (15/166; 7.9 %), and Y3 (13/164; 7.5 %) 
(P = 1.0) (Fig.  29.13 ). The authors concluded that 
the incorporation of a modifi ed staging approach 
utilizing the SLN mapping algorithm reduces the 
need for standard lymphadenectomy and does 
not appear to adversely affect the rate of stage 
IIIC detection. The emergence and utility of 
intracervical ICG injection as a powerful dye for 
SLN mapping was recently reported by Jewell 
et al. in 2014 and clearly demonstrated that ICG 
alone is suffi cient for SLN mapping, with high 
(95 %) SLN detection rates and high (79 %) 
bilateral localization of SLNs [ 10 ].        

 Key Points 

•     Following a cervical injection of dye, 
sentinel lymph nodes (SLNs) are three 
times more likely to harbor disease than 
non-SLNs.  

•   With immunohistochemical “ultrastag-
ing,” pathologists were able to detect an 
additional 3–8 % of micrometastasis 
to SLNs, which may have been other-
wise missed by routine hematoxylin and 
eosin staining.  

•   The optimal technique of SLN mapping 
in uterine corpus cancer continues to be 
the subject of much debate; a cervical, 
hysteroscopic, or fundal serosal injec-
tion can be used. A cervical injection is 
the most validated, easiest, and most 
reproducible technique.  

•   The cervical injection may not appear to 
some clinicians as a rational strategy for 
detection in uterine cancer, but a super-
fi cial and deep injection into the cervix 
has repeatedly shown excellent dye pen-
etration to the region of the uterine ves-
sels and main lymphatic trunks that 
condenses in the parametria in most 
cases.  

•   Regional lymphadenectomy remains the 
gold standard in many practices, partic-
ularly for the approximately 15 % of 
cases with failed SLN mapping (no 
SLNs seen).  
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•   Increasing surgical volume of SLN cases 
(30 cases) is associated with signifi cantly 
increased SLN detection rates.  

•   The presence of micrometastases and 
isolated tumor cells in SLNs of endo-
metrial cancer patients is not an artifact 
of uterine manipulation or instrumenta-
tion; it is a real pathologic fi nding 
likely associated with lymphovascular 
invasion and depth of myoinvasion.  

•   Satisfactory SLN mapping in endome-
trial cancer requires adherence to a sur-
gical SLN algorithm developed by 
Memorial Sloan Kettering Cancer 
Center and goes beyond just the removal 
of blue SLNs.  

•   Removal of any suspicious node along 
with side-specifi c lymphadenectomy for 
cases of failed mapping are an integral 
part of the Memorial SLN algorithm.  

•   Incorporation of a modern staging 
approach utilizing the Memorial SLN 
mapping algorithm reduces the need for 
standard lymphadenectomy and does 
not appear to adversely affect the rate of 
stage IIIC detection.    
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30.1             Introduction 

 Although endometrial cancer is the most common 
gynecologic malignancy diagnosed in developed 
nations, high-risk endometrial cancer is relatively 
rare. Because simple hysterectomy alone is curative 
in 70–80 % of patients with endometrial cancer, the 
margin for improvement with additional therapy is 
small, and the addition of potentially toxic adjuvant 
treatments must be considered very carefully. 

 Clinicopathologic studies demonstrate that 
most of the recurrence risk is concentrated in a 
minority of patients whose endometrial cancers 
exhibit two or more disease-related risk factors, 
including high grade, deep muscle invasion, 
lymph-vascular space invasion, and large tumor 
size. Recurrence also appears to be independently 
correlated with advanced patient age. Serous car-
cinomas are associated with a relatively high 
recurrence risk and are more likely than endome-
trioid cancers to recur with intra-abdominal car-
cinomatosis [ 1 ]. In general, patients without two 
or more of these risk factors have such a small 
margin for improvement with adjuvant treatment 
that the risks of such treatment, even if small, are 
likely to exceed the benefi t. However, patients 
who have cancers demonstrating two or more 
risk factors or who have evidence of regional 

metastasis do have a suffi ciently high likelihood 
of local or distant recurrence to justify the addi-
tion of effective adjuvant treatment. 

 The challenges for clinicians have been to 
identify effective adjuvant treatments, defi ne the 
subgroups of patients for whom the benefi t of 
adjuvant treatments exceeds the risks, and design 
and complete trials that document a survival ben-
efi t from adjuvant treatments. During the past 
30 years, numerous phase III trials have been 
conducted in an effort to defi ne the value of adding 
lymphadenectomy, chemotherapy, or radiation 
therapy to hysterectomy. Although these trials 
provide some hints, the body of evidence has yet 
to defi nitively demonstrate that any of these treat-
ments improves the overall survival rate of 
women with uterine cancer.  

30.2     Lymphadenectomy 

 Before the mid-1980s, lymphadenectomy was 
rarely included in the initial surgical manage-
ment of uterine cancer. However, in 1988, fol-
lowing prospective trials that confi rmed the 
prognostic importance of lymph node involve-
ment, the International Federation of Gynecology 
and Obstetrics (FIGO) staging system was 
changed to include histologic information about 
lymph node metastasis. In subsequent years, 
lymphadenectomy was increasingly performed 
with hysterectomy in patients undergoing  surgery 
for newly diagnosed uterine cancer. 
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 Although many clinicians considered lymph-
adenectomy to be primarily a diagnostic tool that 
could guide the use of other adjuvant treatments, 
some investigators argued that surgical removal 
of the regional lymph nodes might also play a 
direct curative role via surgical elimination of 
regional metastases [ 2 ]. Other clinicians argued 
that there was no actual proof of a survival 
benefi t to justify the added cost and operative 
morbidity associated with lymphadenectomy. It 
was not until 2008–2009 that two randomized 
trials examined the potential survival benefi t of 
lymphadenectomy directly [ 3 ,  4 ]. In both tri-
als, patients were randomized to have hysterec-
tomy with or without pelvic lymphadenectomy. 
Neither study demonstrated an improvement in 
overall survival for patients who had lymphad-
enectomy; in one study, patients who underwent 
 lymphadenectomy actually had a signifi cantly 
poorer relapse- free survival than those who 
underwent hysterectomy alone. 

 These trials have been criticized on several 
grounds, including the inclusion of patients with 
relatively low recurrence risk, failure to evaluate 
para-aortic nodes, and inconsistent use of subse-
quent adjuvant treatments. Of course, inconsis-
tent use of subsequent adjuvant treatments could 
infl uence the trial results only if the differences 
were substantial and if the adjuvant treatments 
were themselves effective. 

 Lymphadenectomy adds to the cost, opera-
tive time, and perioperative morbidity of endo-
metrial cancer surgery. Several studies have 
demonstrated that the rate of post-irradiation 
bowel complications is increased in patients 
who have had lymphadenectomy [ 5 ], although 
there are few data indicating the magnitude of 
risk for patients whose pre-irradiation surgery 
was performed laparoscopically. Mariani et al. 
[ 6 ] have suggested a method of intraoperative 
triage that would avoid lymphadenectomy in 
patients who have a very low likelihood of 
node metastases; however, the value of this 
approach has not been tested prospectively. 
Others have investigated the use of sentinel 
node evaluation as a means of improving diag-
nostic accuracy without the morbidity of full 
lymphadenectomy [ 7 ]. 

 Although the results of lymphadenectomy 
may guide use of other adjuvant treatments, 
lymphadenectomy also adds to the overall mor-
bidity of treatment. Ultimately, the risk-benefi t 
ratio for lymphadenectomy must be considered 
in the context of other multidisciplinary treat-
ment preferences.  

30.3     Adjuvant Radiation Therapy 

 Although hysterectomy and radiation therapy 
were fi rst combined to treat uterine cancers in the 
early 1900s, only one phase III trial testing the 
effi cacy of adjuvant radiation therapy was pub-
lished during the entire twentieth century [ 8 ]. 
However, beginning in the year 2000, a series of 
new randomized phase III trials in patients with 
variably defi ned “intermediate-risk” cancers 
assessed the value of adjuvant pelvic radiation 
therapy by comparing it either with no adjuvant 
treatment or with vaginal brachytherapy alone 
[ 9 – 13 ]. For the most part, these trials concluded 
that although pelvic radiation therapy improved 
local control, it provided little or no survival ben-
efi t. However, the low-risk profi les of many of the 
patients entered in the trials, the resulting rela-
tively small number of events, and the heterogene-
ity of the study populations made it impossible to 
rule out clinically signifi cant benefi t for the 
patients with multiple risk factors who had the 
most to gain from adjuvant treatment. 

 In the fi rst of these recent trials, PORTEC 1, 
which originated in the Netherlands, patients 
characterized as having intermediate-risk disease 
were randomized after hysterectomy to receive 
either pelvic radiation therapy or no further treat-
ment. Patients who were randomized to receive 
pelvic radiation therapy had a signifi cantly lower 
pelvic recurrence rate (5 % vs. 14 %,  P  < 0.001), 
but this did not translate into an improved overall 
survival rate. The study had several limitations. 
Most patients were operated on by community 
surgeons and did not have surgical staging of 
lymph nodes. Deeply invasive grade 3 cancers 
were excluded. Also, there were problems with 
pathologic classifi cation of tumors. Initial eligi-
bility and the fi nal statistical analysis were based 
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on pathology reports from the operating centers. 
However, a subsequent central review of about 
80 % of cases demonstrated that the percentage 
of patients with grade 1 disease, initially thought 
to be 21 %, was actually 69 %. In retrospect, 
24 % of patients had low-risk cancers that did not 
meet the trial eligibility criteria, and most of the 
remaining patients had low-intermediate-risk 
cancers. This translated to an endometrial cancer- 
related death rate of only 10 % at 10 years, leav-
ing a very small margin for improvement with 
adjuvant treatment [ 14 ]. 

 In 2009, Blake et al. and the ASTEC/EN.5 
Study Group published pooled results of two 
similar trials. Results were similar to those of 
PORTEC-1. The trials that were pooled had some 
of the same limitations as PORTEC-1, with a low 
event rate, and are somewhat diffi cult to interpret 
because of variations in staging and treatment 
assignments, including the uncontrolled use of 
vaginal brachytherapy in many patients random-
ized to the “observation” arm. 

 In 2003, the Gynecologic Oncology Group 
published the results of GOG-99. This trial had a 
randomization scheme similar to that of 
PORTEC-1, but GOG-99 required somewhat 
higher-risk intrauterine features, used pre- 
randomization pathology review to confi rm 
patient eligibility, and required “selective bilat-
eral pelvic and paraaortic lymphadenectomy,” 

excluding patients from analysis if they had 
“incomplete staging.” Despite this, most patients 
still had relatively low-risk disease (58 % had 
<50 % invasion and 28 % had grade 1 disease). 
Like PORTEC-1, GOG-99 demonstrated a sig-
nifi cant reduction in the rate of recurrence; how-
ever, with only 34 disease-related deaths, the 
trial was insuffi ciently powered to reliably detect 
a survival difference. As expected, most of the 
recurrences in the no-further-treatment arm of 
this trial occurred in a small subgroup of 70 
patients who had multiple risk factors (Fig.  30.1 ). 
Within this group of patients with high-
intermediate- risk cancers, patients treated with 
pelvic radiation therapy appeared to have a sub-
stantially lower death rate (hazard ratio=0.73, 
90 % confi dence interval, 0.43–1.26). However, 
because the trial had not originally been strati-
fi ed for these subgroups, the authors did not test 
for the statistical signifi cance of this compari-
son. The overall 5-year survival rate of patients 
with low-intermediate-risk tumors was >90 % in 
both arms.  

 The authors of these trials discouraged the 
use of adjuvant radiation therapy, particularly 
for patients with low-intermediate-risk disease, 
for whom the acute and late effects of radiation 
could not be justifi ed by the negligible benefi t. 
In addition, analysis of recurrence patterns dem-
onstrated that the greatest difference between 

  Fig. 30.1    Overall survival 
rates for patients treated 
with or without adjuvant 
pelvic radiation therapy for 
low-intermediate- risk or 
high-intermediate-risk 
endometrial cancer on 
Gynecologic Oncology 
Group trial GOG-99 
(Reprinted from Keys et al. 
[ 11 ], Copyright 2004, with 
permission from Elsevier)       
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the treatment arms of these trials was a higher 
rate of vaginal recurrences, some of which were 
cured with salvage radiation therapy. 

 Several studies have evaluated whether vagi-
nal cuff irradiation alone could prevent local 
recurrences without the added morbidity of pel-
vic irradiation. A Norwegian trial conducted 
during the 1970s [ 8 ] demonstrated no survival 
difference in a comparison of pelvic irradiation 
with vaginal cuff irradiation only. However, the 
overall favorable profi le of the patients and sub-
sequent changes in staging, histologic classifi -
cation, and treatment technique make it diffi cult 
to generalize the results of this trial. Two recent 
trials revisited this question [ 12 ,  13 ]. In both 
 studies, overall survival was similar for patients 
treated with pelvic radiation therapy and those 
treated with vaginal radiation therapy, but as for 
earlier trials, the power to detect differences was 
limited by the favorable risk profi le of the 
patients entered. PORTEC-2 [ 12 ] was intended 
to limit enrollment to patients with high-
intermediate- risk disease. However, post-analy-
sis pathologic review again demonstrated that 
patients had much more favorable disease than 
anticipated, and the event rate was similar to 
that for PORTEC-1. A second recent trial [ 13 ] 
had approximately twice as many endometrial 
cancer- related deaths in patients treated with 
vaginal brachytherapy only, but this was bal-
anced by a higher number of intercurrent deaths 
in the pelvic radiation therapy arm in a trial that 
had few events overall. 

 In summary, available data clearly demon-
strate that patients who have low-risk disease 
(minimally invasive grade 1 and 2 disease) rarely 
if ever require adjuvant treatment after hyster-
ectomy. Patients with intermediate-risk dis-
ease have a vaginal recurrence risk that ranges 
between 5 and 20 %, depending on the individual 
fi ndings. These patients may benefi t from adju-
vant vaginal cuff radiation treatment. Adjuvant 
irradiation undoubtedly reduces the risk of local 
recurrence in higher-risk patients; however, 
available trials do not provide suffi cient infor-
mation about the infl uence of pelvic irradiation 
on survival to permit generalizable conclusions. 
Data from PORTEC-1 [ 10 ] indicate a strong 

 correlation between grade and vaginal recurrence 
risk, which may be >20 % for grade 3 tumors, 
even minimally invasive ones. These data, com-
bined with the relatively poor salvage rate for 
high-grade vaginal recurrences [ 15 ], provide a 
strong rationale for giving at least vaginal radia-
tion therapy even for minimally invasive grade 
3 tumors. Results of GOG-99 [ 11 ] suggest that 
pelvic radiation therapy may improve survival for 
patients with high-intermediate-risk disease, but 
high- quality trials focused on this group are still 
needed to answer this question with confi dence. 
In the meantime, many practitioners continue to 
consider pelvic radiation therapy to be standard 
for patients with high-intermediate-risk disease. 

 In all cases, the decision to treat should be 
made after weighing the risks and benefi ts for 
an individual patient. For patients whose tumor 
grade and depth of invasion indicate borderline 
risk, other risk factors, such as lymph-vascular 
space invasion and large tumor size, may sug-
gest a greater risk of recurrence and margin for 
improvement with adjuvant treatment. On the 
other hand, previous lymphadenectomy (par-
ticularly through an open approach) increases 
the risk of postirradiation complications, and if 
no positive lymph nodes were found, this prob-
ably indicates a decreased likelihood of benefi t 
from pelvic irradiation. Patients who have very 
thin body habitus, history of pelvic infection, or 
heavy smoking may have a greater risk of post-
irradiation complications, shifting the risk-ben-
efi t ratio. However, modern radiation therapy 
techniques that reduce the dose to central pelvic 
structures (Fig.  30.2 ) may reduce short- and 
long-term side effects and increase the potential 
for gain with adjuvant radiation therapy.   

30.4     Adjuvant Radiation Therapy 
and Chemotherapy 
for Patients with High-Risk 
Disease 

 In discussions of the prognosis of patients with 
endometrial cancer, the term “high risk” is usually 
used to designate a group that includes patients with 
FIGO stage III disease (e.g.,  having  involvement 
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of lymph nodes, uterine serosa, adnexa, or 
vagina). Some trials have included patients with 
positive peritoneal cytology, although this is no 
longer considered to be an important independent 
predictor of prognosis. Sometimes patients with 
serous cancers or deeply invasive grade 3 cancers 
are included in the high- risk category. Some trials 
have admixed high-risk patients with those hav-
ing advanced disease (stage IV) or high-interme-
diate-risk disease. The heterogeneity and variable 
defi nitions of this category complicate interpreta-
tion of trials that evaluated the roles of radiation 
therapy and chemotherapy in the management of 
high-risk cancers. 

 Before 2006, pelvic radiation therapy was gen-
erally considered to be the standard treatment for 
patients with high-risk disease, and the  prevailing 

opinion was that chemotherapy had a very limited 
role in the adjuvant treatment of uterine cancer. 
However, in that year, the Gynecologic Oncology 
Group published the results of GOG- 122 [ 16 ], the 
fi rst major trial that compared adjuvant chemo-
therapy alone with adjuvant radiation therapy. 
That trial randomly compared adjuvant doxorubi-
cin and cisplatin with adjuvant whole- abdominal 
radiation therapy (Table  30.1 ) in patients with 
“high-risk” disease. The eligibility criteria were 
very broad—patients who had stage III or IV dis-
ease after total abdominal hysterectomy and bilat-
eral salpingo-oophorectomy were eligible if they 
had no evidence of hematogenous or extra-abdom-
inal disease, had no residual disease >2 cm in 
diameter, had reasonable performance status, and 
had received no prior chemotherapy or radiation 

  Fig. 30.2    Radiation 
isodose distributions in a 
patient treated with 
postoperative pelvic 
radiation therapy for 
high-intermediate- risk 
endometrial cancer. The  top 
image  shows the dose 
distribution achieved using 
a traditional four-fi eld 
technique. The  bottom 
image  shows the dose 
distribution achieved using 
an intensity-modulated 
radiation therapy (IMRT) 
technique. With IMRT, 
central pelvic structures 
receive a lower dose of 
radiation, as do peripheral 
soft tissues       
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therapy. Although patients were supposed to have 
surgical staging, many did not undergo node dis-
section. Tomographic imaging was not routinely 
 performed before or after surgery to verify the 
completeness of surgical resection. When the trial 
opened in 1992, neither of the treatments could 
have been considered “standard” for this diverse 
group of patients, although both treatment 
approaches had their advocates. By the time the 
trial was published 14 years later, it was generally 
understood that the dose of radiation used in GOG-
122 was inadequate to control gross residual dis-
ease, that the volume irradiated was inappropriate 
for many subsets, and that patients whose only risk 
factor was positive peritoneal cytology probably 
did not require adjuvant treatment at all.

   In their report of GOG-122, the authors con-
cluded, “chemotherapy signifi cantly improved 
progression-free and overall survival compared 
with whole-abdominal radiation” [ 16 ]. Although 
this conclusion profoundly infl uenced opinions 
about the value of chemotherapy as an adjuvant 
treatment and led to its much broader use in the 
community, the trial has a number of fl aws that 
raise doubts about the generalizability of the 
results. The difference in the primary endpoint, 
progression-free survival, was only signifi cant 
after the authors employed a statistical adjustment 
for an apparent imbalance in FIGO (1988) stage; 
the validity of such adjustment can be questioned 

in a study that did not require consistent surgical 
staging methods. The most notable fi nding from 
this trial was the relatively high overall survival 
rate of patients in the chemotherapy arm. However, 
patients in the chemotherapy arm had an overall 
survival rate that was also substantially better than 
the progression-free survival rate (Fig.  30.3 ), sug-
gesting that at least some of the difference 
between the two arms may have refl ected more 
effective salvage of treatment failures in the che-
motherapy arm. Although the radiation given to 
patients in this trial was frequently inadequate to 
control residual disease (60 % of recurrences 
were confi ned to sites within the radiation fi elds), 
it was enough to prevent future delivery of defi ni-
tive radiation therapy to sites of recurrence or pro-
gression. For patients in the chemotherapy arm, 
though, defi nitive radiation therapy would still 
have been a viable option for localized disease 
recurrences. It is notable that most of the benefi t 
seen with chemotherapy was in patients with 
endometrioid cancers, which tend to have con-
fi ned local  recurrences; patients with serous 
tumors, which tend to recur in a more dissemi-
nated fashion, did not benefi t from chemotherapy 
in subset analysis.  

 These issues would be less important if more 
recent trials had provided more evidence of ben-
efi t from chemotherapy. However, two subsequent 
trials comparing pelvic radiation therapy with 

  Fig. 30.3    Progression-free 
survival ( gray ) and overall 
survival ( black ) for patients 
treated with either whole- 
abdominal radiation therapy 
( WAI ) or chemotherapy 
(doxorubicin and cisplatin; 
AP) on Gynecologic 
Oncology Group trial 
GOG- 122. In this illustra-
tion, the curves have been 
superimposed to highlight 
the relationships between 
progression-free and overall 
survival rates for the two 
arms (Adapted from Randall 
et al. [ 16 ], with permission 
from Elsevier)       
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chemotherapy demonstrated no difference in out-
come (Table  30.1 ) [ 17 ,  18 ]. A small trial compar-
ing adjuvant radiation therapy and sequential 
chemotherapy in an unusual split- course schedule 
also demonstrated no improvement with chemo-
therapy [ 19 ]. One of the most encouraging reports, 
a pooled analysis of two randomized trials involv-
ing several European multi-institutional groups, 
was published by Hogberg et al. [ 20 ] in 2010. The 
treatment groups involved radiation therapy with 
or without various combinations of sequential 
chemotherapy. Overall, the trial demonstrated 
signifi cantly better progression-free survival for 
patients who received chemotherapy ( P  = 0.009), 
but the difference in overall survival was not sta-
tistically signifi cant. 

 Although randomized trials comparing radia-
tion therapy with no treatment have included very 
few patients with stage IIIC disease, retrospective 
studies suggest that regional radiation therapy to 
the pelvis or pelvis and para-aortic nodes can be 
curative in such patients, particularly for patients 
with endometrioid cancers. In one of the larger 
published series, Klopp et al. [ 21 ] reported a 
5-year disease-specifi c survival rate of 81 % for 
31 patients treated with regional radiation therapy 
for grade 1–2 stage IIIC disease. Seventeen 
patients with grade 3 cancers had a somewhat 
poorer outcome ( P  = 0.06): disease-specifi c sur-
vival rates were 67 and 40 % at 5 and 10 years, 
respectively. The overall rate of pelvic disease 
control was 98 % for patients treated with pelvic 
radiation therapy, compared with only 61 % in a 
group of 18 patients who had chemotherapy with 
or without vaginal brachytherapy ( P  = 0.001). Of 
interest, several of the patients treated with che-
motherapy had locoregional recurrences that were 
salvaged with localized radiation therapy. 

 Several investigators have advocated use of 
combined chemotherapy and radiation therapy to 
maximize local and distant disease control in 
patients with high-risk disease. Secord et al. [ 22 ] 
have advocated an alternating “sandwich” approach 
with three cycles of chemotherapy followed by 
radiation therapy and then three additional courses 
of chemotherapy. Although this schedule has 
become very popular, updated analyses [ 23 ] by the 
group failed to demonstrate any advantage of 

sequential chemotherapy and radiation therapy 
over radiation therapy alone for stage IIIC disease. 
However, patients treated with chemotherapy alone 
had a high local-regional recurrence rate and poorer 
survival than those treated with radiation. An alter-
native approach has been to give initial concurrent 
chemoradiation followed by four to six courses of 
chemotherapy [ 24 ,  25 ]. Phase II trials have demon-
strated that this approach, which avoids delays in 
administration of postoperative radiation therapy, 
is generally well tolerated. However, prospective 
trials will be needed to demonstrate the relative 
value of this approach in high-risk disease.  

30.5     Summary 

 Most patients with endometrial cancer are cured 
with hysterectomy alone. For patients who have 
low-grade and minimally invasive cancers, adju-
vant treatment is rarely if ever indicated. 
Depending on the specifi c fi ndings, tumors that 
demonstrate multiple risk factors, such as high 
grade, deep muscle invasion, large size, or lymph- 
vascular space invasion, may have a higher recur-
rence risk that suggests the need for adjuvant 
therapies. For patients with intermediate-risk dis-
ease, vaginal brachytherapy may be suffi cient to 
prevent recurrence in the upper vagina, the most 
common type of recurrence. For patients with 
higher-risk disease, particularly those with high- 
grade, deeply invasive cancers, high-risk subtypes 
(such as serous carcinoma), or stage III disease, 
adjuvant regional irradiation or chemotherapy 
may be indicated. Regional radiation therapy con-
sistently reduces the risk of local recurrence. 
Radiation therapy has not been proven to improve 
survival, but most trials have included too many 
low-risk patients to yield useful information about 
the impact of radiation therapy in patients with 
higher-risk disease. Trials have yielded confl ict-
ing results about the value of adjuvant chemother-
apy. However, clinicians are increasingly turning 
to cytotoxic agents in an effort to reduce the risk 
of distant metastases in patients with high-risk 
disease. In all patients, the potential benefi ts must 
be balanced against the possible toxic effects of 
adjuvant treatments.      
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31.1             Introduction 

 Endometrial cancer is the most common gynae-
cological malignancy in the industrialised world 
and the seventh most common cause of cancer 
death in women in western Europe [ 1 ]. More 
than 90 % of cases occur in women over 50 years 
of age and the incidence is rising [ 2 ,  4 ,  5 ,  16 ]. 
Mortality is also increasing, particularly in older 
patients [ 16 ,  22 ]. As endometrial cancer is a dis-
ease related to lifetime oestrogen exposure in 
many cases [ 23 ,  24 ], the rise in incidence has 
been predominantly attributed to increasing obe-
sity, life expectancy, and adjuvant Tamoxifen use 
for breast cancer [ 3 ]. 

 Although most patients with endometrial 
cancer present with early stage disease amena-
ble to potentially curative surgery, approxi-
mately 20 % subsequently relapse and die from 
their disease [ 25 ,  26 ]. A further estimated 15 % 
of patients present de novo with inoperable 
advanced or metastatic disease [ 6 ,  25 ,  26 ]. In 
one series, patients who presented with FIGO 
stage IIIc1 or IIIc2 endometrial cancer 
relapsed, despite surgery followed by chemo-
therapy and/or radiotherapy in approximately 
40 % of cases [ 27 ]. 

 There is no established standard of care for 
advanced, inoperable endometrial cancer. 
Chemotherapy and endocrine therapy are often 
used despite limited effi cacy or OS benefi t [ 8 – 10 , 
 28 ,  29 ]. Patient co-morbidity further limits 
 treatment options in many cases [ 30 – 32 ]. 

 Historically, endometrial cancers have been 
designated Type I (typically well-differentiated, 
low grade, endometrioid histology) or Type II 
(typically poorly differentiated, high grade, 
serous or clear cell histology) based on clinico-
pathologic features [ 25 ]. This classifi cation is of 
limited utility for predicting prognosis or 
response to treatment although there is a ten-
dency for Type II cancers to have a more aggres-
sive clinical course [ 25 ,  33 ,  34 ]. The majority of 
clinical trials in advanced endometrial cancer 
have not stratifi ed outcome or selected patients 
according to Type I or Type II designation. As a 
result, endometrial carcinomas regardless of type 
are managed with the same chemotherapy regi-
mens despite biological differences. Whilst cer-
tain molecular lesions predominate in each type 
of endometrial cancer (Table  31.1 ), there is sig-
nifi cant overlap. The integration of molecular 
profi ling with the clinicopathologic classifi cation 
is likely to have greater discriminatory value for 
predicting prognosis and response [ 34 – 36 ].

   In order to improve outcomes, patient selec-
tion according to histologic morphology, even 
with the known limitation of diagnostic reproduc-
ibility [ 37 – 39 ], may be a better approach whilst 
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developing an understanding of the predominant 
molecular drivers in endometrial malignancy that 
predict prognostic or therapeutic outcome. 

 There remains currently a signifi cant unmet 
need for tolerable, effective therapy to treat patients 
with advanced endometrial cancer. Due to the rela-
tively poor results with chemotherapy regimens, 
many classes of novel targeted therapy are being 
explored in this indication. These include anti-
angiogenics, EGFR inhibitors, HER2 inhibitors 
and most extensively, drugs targeting the PI3K/
AKT/mTOR pathway [ 14 ,  15 ,  19 ,  21 ,  33 ,  40 ,  41 ]. 

 The PTEN/PI3K/AKT/mTor axis is the most 
commonly disrupted signaling pathway in endo-
metrial cancer and as a result has received the 
greatest amount of clinical attention in terms of 
drug development [ 33 ,  42 ]. Several drugs target-
ing this signaling pathway are currently being 
evaluated in the setting of advanced disease and 
some trials have reported results [ 19 ,  41 ,  43 ,  44 ]. 
The current experience, status, limitations and 
future directions of novel therapeutics targeting 
the PTEN/PI3K/AKT/mTor pathway in endome-
trial cancer will be explored. The importance of 
continuously evaluating our understanding of 
endometrial tumour biology and integrating pre-
dictive biomarker identifi cation and development 

with the clinical development of these agents to 
improve outcomes by directing patient selection 
will be discussed.  

31.2     Strategies for the Medical 
Management of Advanced 
Endometrial Cancer 

    Chemotherapy 

 There is currently no standard fi rst line chemother-
apy in advanced or recurrent disease [ 1 ,  8 ,  10 – 15 , 
 28 ,  29 ,  33 ]. Although Phase II trials have demon-
strated activity with doxorubicin, paclitaxel and 
platinum compounds, only paclitaxel- containing 
regimens have consistently shown a response rate 
(RR) >20 % in advanced disease [ 1 ,  45 ,  46 ]. 
Consideration of alternative schedules of chemo-
therapy may help to improve response rates, with 
weekly carboplatin-paclitaxel being the most 
promising with RR up to 71 % in one study and an 
acceptable toxicity profi le [ 47 – 50 ]. Combination 
chemotherapeutic regimens are generally more 
active in endometrial cancer than monotherapies, 
but this is at the expense of greater toxicity. One 
systematic review of eight randomized controlled 
trials (RCT) showed that treatment consisting of 
‘more’ chemotherapy was associated with longer 
OS and progression free survival (PFS) [ 29 ] 
although no defi nitive recommendation could be 
made for a specifi c regimen [ 8 ,  29 ]. The GOG177 
trial showed that combination of cisplatin/pacli-
taxel/doxorubicin had signifi cantly greater RR 
(57 % vs 34 %) and OS (15.3 months vs 
12.3 months) compared to doxorubicin/cisplatin 
but the utility of this regimen is compromised by 
signifi cant toxicity [ 51 ]. Three meta-analyses con-
clude there is currently no statistically signifi cant 
evidence to suggest one particular doublet chemo-
therapy over any other doublet, or a particular sin-
gle-agent chemotherapy over another [ 8 ,  28 ,  29 ]. 
However, data for making comparisons is limited 
[ 8 ,  28 ,  29 ]. In view of the substantial side-effect 
profi le of three drug regimens, recurrent endome-
trial cancer is most commonly treated with a com-
bination of carboplatin/paclitaxel and less 
commonly, a doxorubicin-containing doublet [ 40 ].  

   Table 31.1    Estimated frequency of selected molecular 
lesions in Type I and Type II endometrial cancer [ 33 ]   

 Molecular lesion 
 Type 
I (%) 

 Type II 
(%)  References 

 PIK3CA 
   Mutation  30  20  [ 20 ,  81 – 83 , 

 122 ] 
   Amplifi cation  2–14  46  [ 42 ,  122 ] 
 KRAS mutation  11–

26 
 2  [ 119 ,  123 , 

 124 ] 
 AKT mutation  3  Undetected  [ 85 ] 
 PTEN functional 
loss 

 50–
83 

 5  [ 73 ,  74 ] 

 FGFR2 mutation  12–
16 

 1  [ 117 ,  119 , 
 125 ] 

 TP53 mutation  20  90  [ 82 ,  124 ,  126 ] 
 Microsatellite 
instability 

 20–
45 

 <5  [ 127 ,  128 ] 

 HER2 
   Overexpression  3–10  32  [ 129 ,  130 ] 
   Amplifi cation  1  17  [ 131 ] 
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    Endocrine Therapy 

 A systematic review of the use of endocrine therapy 
for the management of endometrial cancer con-
cluded that there is insuffi cient evidence that hor-
monal treatment improves the survival of patients 
with advanced or recurrent disease [ 9 ]. However, 
the authors concede the conclusions are limited by 
the small patient numbers on RCT which limit the 
ability to prove a signifi cant benefi t [ 9 ]. GOG153, a 
Phase II trial evaluating patients receiving MPA 
(medroxyprogesterone acetate) alternating with 
tamoxifen, reported meaningful activity where RR 
was observed to be 27 % and OS 14 months [ 52 ].  

    Biological Therapy 

 Preliminary data for several molecular targeted 
agents in endometrial cancer are emerging [ 14 , 
 15 ,  19 ,  21 ,  33 ,  40 ,  41 ]. Although a number of 
established drug targets are expressed in endome-
trial cancer, therapeutic targeting of several of 
these in an unselected endometrial cancer popu-
lation has not yielded much activity. The epider-
mal growth factor receptor (EGFR) is frequently 
expressed in normal endometrium as well as 

endometrial cancer [ 53 ] but use of the EGFR 
inhibitor erlotinib was associated with a RR of 
only 13 % [ 54 ]. Similarly, although HER-2 is 
overexpressed or amplifi ed in a proportion of 
endometrial cancers [ 55 ], there were no objective 
responses to trastuzumab in a phase II trial of a 
selected population of HER-2 positive endome-
trial cancer patients [ 56 ]. Evidence suggests that 
angiogenesis and vascular endothelial growth 
factor (VEGF) signaling have a key role in endo-
metrial cancer progression [ 57 ]. Two Phase II 
clinical trials have shown very encouraging activ-
ity of bevacizumab monotherapy in advanced or 
recurrent endometrial cancer [ 58 ,  59 ] making this 
one of the most promising novel targets for 
monotherapy in endometrial cancer. Several tri-
als with bevacizumab in endometrial cancer are 
continuing [ 40 ]. A Phase II trial of the antiangio-
genic agent sorafenib, an oral, multitargeted tyro-
sine kinase inhibitor showed disappointing 
activity in the endometrial population [ 60 ]. More 
recent trials are tending to select an appropriate 
patient population based on prospective muta-
tional status of a molecular target, e.g. FGFR2 
(dovitinib) or PI3K (PF-04691502) when target-
ing specifi c pathways (Table  31.2 ), a practice that 
is likely to increase.

       Table 31.2    Selected current trials of PI3K/AKT/mTOR pathway inhibitors as monotherapy and in combination for 
endometrial cancer   

 Drug 
 Target  Phase 

 clinicaltrials.gov 
identifi er 

 BKM120  PI3K  II  NCT01289041 
 XL147  PI3K  II  NCT01013324 
 PF-05212384  Dual mTor/PI3K  II  NCT01420081 
 GDC-0980  Dual mTor/PI3K  II  NCT01455493 
 DS7423  Dual mTor/PI3K  I  NCT01364844 
 MK2206  Akt inhibitor  II  NCT01307631 
 Temsirolimus  mTOR  II  NCT01460979 
 Ridaforolimus  mTOR  II  NCT00122343 
 Everolimus  mTOR  II  NCT00087685 
 Temsirolimus/bevacizumab  mTOR/VEGF  II  NCT01010126 
 Temsirolimus/carboplatin/paclitaxel  mTOR/DNA/microtubules  II  NCT00977574 
 Temsirolimus/R04929097  mTOR/gamma-secretase  I  NCT01198184 
 Temsirolimus/pegylated liposomal doxorubicin  mTOR/DNA  I  NCT00982631 
 Everolimus/letrozole  mTOR/aromatase inhibitor  II  NCT01068249 
 Dovitinib  FGFR2, VEGF  II  NCT01379534 
 Trastuzumab/carboplatin/paclitaxel  HER2/DNA/microtubules  II  NCT01367002 
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31.3         PTEN/PI3K/AKT/mTor 
Signalling 

 The PI3K pathway (Fig.  31.1 ) plays an important 
role in key cellular functions such as cell growth, 
proliferation, metabolism and survival [ 19 ,  41 , 
 61 – 63 ]. Oncogenic dysregulation of the pathway 
is common in solid tumours due to  several differ-

ent mechanisms of genetic disruption including 
PIK3CA mutation and PTEN loss [ 19 ,  41 ,  61 –
 63 ]. Aberrant signalling through the PI3K cas-
cade has also been implicated in chemoresistance 
in a number of tumour types [ 19 ,  41 ,  61 – 63 ]. 
Within the pathway there are several targets that 
have been identifi ed for development of novel 
targeted therapies including mTOR (mammalian 
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  Fig. 31.1    Schematic of the PI3K/mTor pathway. Receptor 
tyrosine kinases (RTKs) signal through PI3K to activate 
phosphoinositide-dependent protein kinase-1 (PDK1). 
PDK1 phosphorylates AKT and ribosomal S6 kinase 
(RSK1), all of which require a second activating phosphor-
ylation, e.g. by mTORC1, mTORC2, and MAPK3 [ 133 –
 136 ]. Thus, PI3K and mTOR pathways act together to 
promote cell growth, division, and survival [ 70 – 72 ]. 
TSC1/2 (Tuberous Sclerosis 1/2) functions as a molecular 
hub, integrating growth factor and energy- sensing path-
ways to regulate mTOR/Raptor activity [ 137 – 141 ]. The 

inhibition of mTORC1 does reduce feedback inhibition on 
upstream regulators and this may be relevant in molecular 
targeting [ 132 ]. High levels of AKT activation leads to sur-
vival signals by phosphorylation of several targets includ-
ing mTORC1 and mTORC2 [ 132 ,  142 ]. mTOR drives 
cancer growth by activating the lipid and protein biosynthe-
sis needed for robust tumour expansion. This occurs via the 
resulting hyperactivation of the critical mTORC1 effectors 
S6K1 (serine 6 kinase 1) and 4EBP1. Oncogenic mTORC1 
and mTORC2 activation also drives cell proliferation via 
increases in cyclin D1 and cyclin E [ 132 ,  143 ,  144 ]       
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target of rapamycin) and PI3K (Fig.  31.1 ). PTEN 
(phosphatase and tensin homolog) acts as a sup-
pressor of pathway activation.  

 There are three classes of phosphoinositide 
3-kinase (PI3K) each with distinct structure and 
function. Class IA PI3K heterodimers are the 
most studied, encoded by the PIK3CA and 
PIK3R1/PIK3R2 genes for the catalytic (p110) 
and regulatory (p85) subunits respectively [ 61 , 
 64 ,  65 ]. PTEN is a lipid phosphatase that cleaves 
phosphoinostides, negatively regulating PI3K- 
dependent signalling [ 61 ,  64 ,  65 ]. Phosphorylation 
of PI3K substrates activates signalling through 
AKT which initiates a cascade of downstream 
events [ 61 ,  62 ,  64 ,  65 ]. mTOR complex 1 
(mTORC1) is one of the main effectors of AKT 
signaling, mediating lipid and protein synthesis, 
whilst mTORC2 is part of a positive feedback 
loop that activates AKT [ 65 – 67 ] which can be 
problematic in therapeutic targeting of mTORC1 
[ 68 ,  69 ]. 

 In summary, oncogenic PI3K/AKT/mTOR 
signaling promotes cell growth, division, survival 
and maintenance of the oncogenic phenotype 
[ 64 – 72 ].  

31.4     The PI3K Pathway 
and Endometrial Cancer 

 Alterations in the PTEN/PI3K/AKT/mTor path-
way are frequent in Type I and Type II endome-
trial cancers, often co-exist and are involved in 
pathogenesis of the disease [ 20 ,  33 ,  42 ,  73 ]. 

 One of the most important mechanisms of 
endometrial carcinogenesis is functional inacti-
vation of PTEN which is often present in precan-
cers suggesting a central role in pathogenesis 
[ 73 ]. PTEN loss is associated with improved 
prognosis in endometrial malignancy [ 74 ,  75 ] 
and occurs as a result of various mechanisms 
including gene mutation, promoter methylation 
and protein degradation [ 33 ,  76 ,  77 ]. Although 
inactivation is rare in normal endometrium, it is 
present in 20 % of endometrial hyperplasia, 
35–50 % of endometrioid endometrial cancer 
(EEC), and 10 % of non-endometrioid endome-
trial cancer (NEEC) [ 20 ,  25 ,  26 ,  33 ,  63 ,  76 – 79 ]. 

 Activating PIK3CA mutations are estimated 
to be present in approximately 30 % of EEC and 
15 % of NEEC and are frequently coexistent with 
dysfunctional PTEN [ 20 ,  33 ,  80 ,  81 ]. Mutation of 
the PIK3CA gene is associated with poor sur-
vival and an aggressive disease course [ 42 ,  82 , 
 83 ]. The PIK3R1 and PIK3R2 genes encoding 
for p85α[alpha] and p85β[beta] respectively, reg-
ulatory subunits of PI3K, have been found to be 
amplifi ed and mutated in endometrial cancer, the 
latter sometimes in the absence of PTEN loss 
[ 75 ,  84 ]. Novel activating mutations continue to 
be identifi ed [ 76 ]. 

 Other less frequent mutations of this signal-
ling pathway in endometrial malignancy include 
somatic mutation of AKT1 estimated at 2 % of 
EEC [ 85 ]. Mutations in TSC1/TSC2 have been 
recently described in endometrial cancer 
 suggesting a novel upstream disruption of 
mTORC1 activity [ 86 ].  

31.5     Therapeutics Targeting 
the PI3K/AKT/mTor Pathway 
in Endometrial Cancer 

 There are four main categories of novel drug that 
target different proteins in the PTEN/PI3K/AKT/
mTor pathway (Fig.  31.2 ) with varying amounts 
of clinical experience for each: mTor inhibitors, 
PI3K inhibitors, dual PI3K/mTor inhibitors, AKT 
inhibitors. Combination therapies with these 
agents are also being clinically explored.  

    mTOR Inhibitors 

 Of all drugs targeting the PI3K pathway, the fi rst 
generation mTor inhibitors (rapamycin ana-
logues) have been the most extensively evaluated 
in endometrial cancer. Second generation com-
pounds targeting mTor catalytic function through 
the mTor kinase domain, inhibit mTorc1/mTorc2 
simultaneously and demonstrate greater potency 
[ 87 – 89 ]. Dual targeting of mTorc1 and mTorc2 
circumvents the unwanted positive feedback loop 
where uninhibited mTorc2 stimulates AKT acti-
vation as can occur with the rapalogs [ 68 ,  69 ]. 
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 Temsirolimus [ 90 ], ridaforolimus [ 44 ,  91 ,  92 ] 
and everolimus [ 43 ] have been evaluated as 
monotherapy in unselected patients with inoper-
able advanced or metastatic endometrial cancer. 
Objective response rates were 14 % (temsiroli-
mus [ 90 ]) and 4.4–7.7 % (ridaforolimus [ 91 ,  92 ]) 
with no objective response obtained with everoli-
mus [ 43 ]. Many patients within these Phase II 
studies, however, benefi ted from long term dis-
ease stabilisation and those with no prior therapy 
for advanced disease benefi ted more [ 43 ,  91 ,  92 ]. 
A randomized Phase II ridaforolimus trial dem-
onstrated a statistically signifi cant benefi t in pro-
gression free survival for ridaforolimus over 
more standard treatment [ 44 ]. Common adverse 
events were fatigue, rash, mucositis, hypergly-
caemia (defi ned as on-target toxicity) and pneu-
monitis with hypertriglyceridaemia being less 
common [ 43 ,  44 ,  90 – 92 ]. Neither PTEN nor 
PIK3CA status correlated with response to temsi-
rolimus [ 90 ] and analysis is ongoing for ridaforo-
limus [ 92 ]. Studies examining the relationship of 
PTEN and PIK3CA mutation as predictors of 
response to everolimus also found no correlation 
with outcome [ 93 ,  94 ]. 

 The mechanism of the greater effi cacy and 
potency of second generation mTOR catalytic site 

inhibitors may be due to their ability to inhibit the 
rapamycin-resistant mTorc1 functions rather than 
the additional inhibition of mTorc2 [ 95 ,  96 ]. It was 
established, however, that inhibition of mTorc2 
prevented phosphorylation of Akt [ 96 ]. However, 
these agents had minimal effects on the phosphory-
lation state of several Akt substrates despite effec-
tively inhibiting Akt S473 phosphorylation, 
suggesting they may not disable all components of 
Akt signalling [ 96 ,  97 ]. Other pathways of activa-
tion may remain unblocked allowing feedback acti-
vation still to occur which may result in 
hyperactivation of Akt-independent effectors of 
PI3K signalling [ 96 – 98 ]. mTor kinase inhibitors in 
early phase trial for solid tumours that include 
endometrial cancer are AZD2014, OSI-027 and 
INK128 (clinicaltrials.gov).  

    PI3K Inhibitors 

 PI3K inhibitors can be divided into isoform- 
specifi c inhibitors or pan-PI3K inhibitors which 
target all four Class I PI3Ks. Isoform-specifi c 
inhibitors are potentially more tumour-specifi c and 
have a better side effect profi le due to their specifi c-
ity. For example, p110α[alpha]-specifi c inhibitors 

Stimulatory effect
Mixed effect

AKT inhibitors
• MK2206112,113

PI3K inhibitors
• XL147104

• BKM120105

mTOR inhibitors
• Everolimus43

• Temsirolimus90

• Ridaforolimus44,92

Dual PI3K/mTOR
inhibitors
• PF-04691502107-8

• PF-05212384109

• DS-7423 (Table 2)
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  Fig. 31.2    PI3K/mTOR therapeutic agents in endometrial cancer       
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may effectively shut off PI3K–Akt signalling in 
cancers with PIK3CA mutations [ 98 ]. A 
p110β[beta]-specifi c inhibitor has shown promise 
in preventing PI3K signalling in PTEN- defi cient 
cancers [ 99 – 102 ]. However, even in cancers that 
seem to be specifi cally reliant on either 
p110α[alpha] or p110β[beta], there is the concern 
that other non-targeted p110 isoforms might even-
tually compensate for decreased activity of the tar-
geted isoform [ 98 ]. Given the prevalence of PTEN 
loss and PIK3CA mutation in endometrial cancers, 
the isoform-specifi c inhibitors, e.g. INK1117, 
NVP-BYL719 and GSK2636771 may be benefi -
cial in this patient population. However, this 
depends on these genetic mutations predicting for 
response which has not been the case for mTor 
inhibition [ 90 ,  93 ,  94 ]. 

 Phase 2 clinical trials are ongoing with the 
pan-PI3K inhibitors NVP-BKM120 and XL147 in 
endometrial cancer (clinicaltrials.gov). The side 
effect profi le of these agents has been tolerable in 
Phase I studies mainly with nausea, vomiting and 
g-i upset and manageable hyperglycaemia [ 103 , 
 104 ]. The results from the endometrial cancer tri-
als are awaited with interest. Consistent with its 
mechanism of action, NVP- BKM120 decreases 
the cellular levels of p-Akt and preferentially 
inhibits tumour cells bearing PIK3CA mutations, 
in contrast to either KRAS or PTEN mutant mod-
els [ 105 ]. NVP-BKM120 behaves synergistically 
when combined with either targeted agents such 
as MEK or HER2 inhibitors or with cytotoxic 
agents such as docetaxel or temozolomide [ 105 ]. 
These fi ndings may impact future development of 
this class of drugs.  

    Dual PI3K/mTOR Inhibitors 

 Most of the dual PI3K-mTOR inhibitors target 
the Class I PI3K isoforms (p110α[alpha], 
p110β[beta] and p110δ[delta] predominantly) as 
well as mTORC1 and mTORC2 in order to maxi-
mally inhibit PI3K pathway signaling. This 
approach may also minimize the feedback activa-
tion of PI3K signaling observed with mTorc1 
inhibitors and generate greater therapeutic bene-
fi t [ 68 ,  106 ]. This class of inhibitors might also 

be effective in cancers with Akt mutations or 
amplifi cations [ 98 ]. The potential advantages of 
these compounds over other agents targeting the 
PI3K cascade are being established as the drugs 
progress through clinical development. 

 PF-04691502 and PF-05212384 are dual PI3K/
mTor inhibitors being investigated in a second line 
Phase 2 trial in endometrial cancer. In PIK3CA-
mutant and PTEN-deleted cancer cell lines, 
PF-04691502 reduced phosphorylation of AKT 
inhibited cell proliferation via mTORC1 activity 
inhibition [ 107 ]. In the fi rst in human, Phase I 
studies both PF-04691502 and PF-05212384 had 
been well tolerated with the most common treat-
ment-related adverse events being fatigue, nausea, 
vomiting, decreased appetite, rash, and hypergly-
caemia, similar to pan- PI3K inhibitors [ 108 ,  109 ]. 
GDC-0980 is another dual PI3K/mTor inhibitor 
[ 110 ] found to be tolerable in Phase I [ 111 ], also 
being evaluated in endometrial cancer with results 
awaited (Table  31.2 ).  

    Akt Inhibitors 

 Although Akt mutation is uncommon in endome-
trial cancer, this target is being pursued in this 
indication with MK2206 (Table  31.2 ). Cancers 
with AKT1 mutations and AKT1 and AKT2 
amplifi cations might be expected to be more sen-
sitive to Akt inhibitors [ 98 ]. MK2206 is a potent 
inhibitor of Akt 1, 2 and 3, with broad preclinical 
antitumor activity and tolerability as well as clin-
ical activity in Phase I trial [ 112 ,  113 ]. Common 
drug-related toxicities include hyperglycemia, 
skin rash, nausea, fatigue, and diarrhoea [ 112 ].  

    Combination Trials 

 In an attempt to reduce resistance and enhance 
effi cacy of the various drugs targeting the PI3K 
pathway, trials investigating combinations with 
mechanistically diverse agents are underway 
(clinicaltrials.gov, Table  31.2 ). The main limita-
tion for this approach is increased toxicity. The 
role of overactive PI3K signaling in chemoresis-
tance supports the combination of PI3K pathway 
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targeting agents with chemotherapeutics (temsi-
rolimus, carboplatin, paclitaxel) as well as endo-
crine therapy (letrozole and everolimus) [ 19 ]. In 
addition, combinations of mechanistically com-
plementary agents both with activity in endome-
trial cancer for example bevacizumab and 
temsirolimus, are being evaluated.  

    Limitations of PI3K/mTOR Pathway 
Inhibitors in Endometrial Cancer 

 Despite a high incidence of molecular disruption 
in the PTEN/PI3K/AKT/mTor axis in endometrial 
cancers, only a small percentage of patients have 
responded to this class of drugs. One possible rea-
son for this is the lack of patient selection and a 
tendency towards including patients with muta-
tions in this pathway in clinical trials of PI3K/
AKT/mTOR inhibitors has gained some momen-
tum [ 115 ]. However, even though these are tar-
geted agents, it is not clear which patients are most 
likely to benefi t as the presence of PIK3CA muta-
tion and PTEN loss have not so far been predictive 
of clinical benefi t [ 90 ,  93 ,  94 ]. One recent report 
suggests a subtype of PIK3CA mutation, H1047R, 
may be predictive of response to drugs targeting 
this pathway but warrants further investigation 
[ 116 ]. This is likely to be a refl ection of the com-
plexity of the signalling networks and the multi-
plicity of feedback loops within and around the 
pathway [ 98 ]. Possibly, these drugs should be 
investigated in the fi rst line/adjuvant setting, 
before resistance is established. 

 Further understanding of the molecular events 
and drivers in endometrial cancer through initia-
tives such as The Cancer Genome Project 
(TCGA) will help to inform biomarker develop-
ment in order that patients can be appropriately 
selected for treatment [ 17 ,  18 ]. Validating assays 
for biomarker assessment and fi nding cost-effec-
tive measures to roll-out testing of samples in a 
directed way is becoming more important. 

 The specifi c toxicity of these drugs has limita-
tions within this patient population. Whilst on the 
whole they are fairly well-tolerated and orally 
administered, the potential for hyperglycaemia 
will be problematic for a proportion of endometrial 

cancer patients due to pre-existing insulin resis-
tance associated with obesity. Optimal absorption 
of oral preparations may be impeded by intra-
abdominal disease. Other considerations are gen-
eral ill-health of patients presenting with advanced 
disease due to other co-morbidities [ 32 ]. If used in 
combination regimens with other drugs toxicity 
may be enhanced.   

31.6     Future Directions 

 The future of novel agents targeting this molecu-
lar pathway in endometrial cancer will depend on 
the ability to defi ne a sensitive patient population 
for monotherapy and fi nding effective, tolerable 
combination strategies. 

 Studies have shown that inhibition of mTORC1 
also leads to activation of the ERK signalling 
pathway [ 114 ], raising concerns that crosstalk 
could mitigate the effectiveness of PI3K pathway 
inhibitors. An increasing amount of preclinical 
data suggest that activating KRAS mutations may 
predict resistance [ 94 ,  114 ]. In the latter case, 
combined inhibition of the RAS/RAF/MEK and 
PI3K/AKT/mTOR pathways has been suggested 
as a therapeutic strategy. In addition, the PI3K/
AKT/mTOR pathway has been implicated in 
conferring resistance to conventional therapies, 
and so PI3K/AKT/mTOR pathway inhibitors in 
combination with hormonal and/or cytotoxic 
agents are being evaluated. 

 Frequent mutations in fi broblast growth factor 
receptor 2 (FGFR2) in EEC (12 %) also point to the 
importance of receptor tyrosine kinase (RTK) sig-
nalling in the aetiology of this disease [ 117 ]. In 
vitro studies have shown that endometrial cancer 
cell lines with activating FGFR2 mutations are 
selectively sensitive to a pan-FGFR inhibitor, 
PD173074. Several agents with activity against 
FGFRs are currently in clinical trials [ 118 ,  119 ]. 
These are also potential therapeutics to consider in 
combination with PI3K pathway inhibitors although 
combination toxicity may be problematic. 

 Angiogenesis is a key component of tumour 
growth, and metastasis and angiogenic growth 
factors, such as vascular endothelial growth fac-
tor (VEGF), are highly expressed in endometrial 
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carcinomas [ 57 ,  120 ]. VEGF expression has been 
correlated with poor prognostic factors such as 
lymphovascular space invasion (LVSI), nodal 
metastasis and poor survival [ 120 ,  121 ]. Anti- 
angiogenic agents such as bevacizumab show 
clinical promise [ 58 ] and are being combined 
with mTor inhibitors in endometrial cancer 
(Table  31.2 ). 

 The fi rst line treatment of disease with biolog-
ics is a development direction that may be war-
ranted. In response to evidence supporting 
combination regimens with cytotoxic and targeted 
agents, many trials are underway to demonstrate 
superior effi cacy in the fi rst line. One example is 
the GOG phase II trial, GOG 86P that compares 
the current standards (carboplatin and a taxol plus 
bevacizumab or temsirolimus) with carboplatin, 
bevacizumab and ixebepilone in the fi rst-line 
treatment of advanced endometrial cancer [ 14 ].  

31.7     Summary 

 Drugs targeting the PI3K axis are showing prom-
ise in endometrial cancer but are not without tox-
icity. Understanding how to molecularly select 
patients for these treatments is likely to improve 
their clinical benefi t. Combination regimens may 
also broaden their activity for the treatment of 
endometrial cancer.      
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32.1             Introduction 

 Over half a million women are affected by cervical 
cancer worldwide every year. Screening programs 
have reduced the incidence of invasive cancer dra-
matically with a consequent increase in the num-
ber of small early stage tumours and pre-invasive 
lesions. Treatment by either chemo radiotherapy 
or radical hysterectomy in early stage disease has 
cure rates of over 90 % but with the inevitable 
morbidity of compromised fertility. As women 
especially in the developed world, have delayed 
child bearing there has been an increasing demand 
for fertility sparing techniques to be developed. 

 Vaginal cervicectomy (trachelectomy) was 
fi rst described in 1948 by Franz Novak [ 1 ]. Aburel 
[ 2 ] in 1956 described an abdominal approach for 
uterine conservation, neither technique gained 
much support as hysterectomy proved to be a sim-
pler safer procedure with successful outcomes. In 
1977, Burghardt [ 3 ] recognized that radical hys-
terectomy with parametrectomy unnecessarily 
removed the body of the uterus in many cases of 
early small cervical cancer. 

 Dargent [ 4 ] in 1994 performed a radical vagi-
nal excision of the cervix conserving the corpus 
uteri with a simultaneous laparoscopic pelvic 
node dissection. Shepherd [ 5 ] in London modi-
fi ed this technique and Roy [ 6 ] in Quebec 
reported successful pregnancies after such surgi-
cal treatment. The principal that these three 
authors advocated was that a wide local excision 
of the primary tumour could be performed with 
surrounding paracervical and vaginal tissue as 
described for the lower part of a Schauta Radical 
Vaginal Hysterectomy with laparoscopic assis-
tance to remove the pelvic lymph nodes. In 2005 
Ungar [ 7 ] reported an abdominal approach as an 
alternative option for radical cervical excision 
initially described by Smith [ 8 ]. 

 As a result of these approaches be they 
abdominal or vaginal, it was realized that even 
more conservative surgery by large cone biopsy 
with or without a pelvic node dissection might 
be suitable for certain small tumours confi ned to 
the lower and central cervix when surrounded by 
uninvolved stroma. The key to successful 
conservative treatment is careful selection after 
histopathology review and magnetic resonance 
imaging.  

32.2     Patient Selection 

 Patients present with an abnormal smear or irreg-
ular, perhaps post-coital bleeding. A suspicious 
lesion as seen on examination, necessitates the 
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need for colposcopy and biopsy. It is important to 
gain an accurate assessment of depth and diame-
ter in order to adequately stage the tumour. 

 The majority of lesions are squamous cell carci-
nomas (scc) but an increasing number are adenocar-
cinomas of glandular origin and rarely small cell 
(neuroendocrine) tumours. The reduction of scc is 
probably due to the screening out of these tumours 
by early detection as pre-invasive intra-epithelial 
neoplasia which is then successfully treated.  

32.3     Imaging 

 Having made a diagnosis, magnetic resonance 
imaging (MRI) is used to measure the lesion and 
assess its location and distance from the isthmus 
(Fig.  32.1 ), Sadhev et al. [ 9 ]. The use of an endo-
vaginal coil has improved the accuracy of imag-
ing [ 10 ] (Fig.  32.2 ).    

32.4     Staging 

 The traditional method of staging is by clinical 
examination under anesthesia (staging EUA). 
Applying FIGO staging [ 11 ] (Table  32.1 ) enables a 
decision to be made as to the best form of treat-
ment. Stages IAI and IAII may be adequately 
treated by cone biopsy ensuring that an adequate 
margin of clearance is obtained. Risk of lymph 
node involvement for a stage IAI tumour is 1 % 
increasing up to 7–8 % in stage IAII [ 12 ]. With 
lympho-vascular space invasion (LVSI), a pelvic 
node dissection is required and the incidence of this 
in stages IAI and IAII is between 3 and 4 %. The 
incidence of lymph node involvement, with metas-
tases increases to 16–18 % with stage IB tumours. 
These lesions require a thorough pelvic node dis-
section with a Wertheim’s radical hysterectomy.

   Pelvic node dissection may be carried out by 
laparoscopy with or without robotic assistance. 
This is part of the overall staging procedure but 
whether the removal of microscopically negative 
lymph nodes as an en bloc dissection is therapeu-
tic, is debatable. Improving imaging perhaps 
with PET scanning or sentinel node assessment 
may change this.  

32.5     Radical Trachelectomy: 
Selection of Method 

 There is debate as to which surgical approach 
should be undertaken; vaginal or abdominal. 
Abdominal surgery may be open, laparoscopic or 
with robotic assistance. Careful patient selection 
will result in low morbidity with low recurrence 
rates and acceptably high pregnancy rates. The 
risk of signifi cant prematurity may be decreased 
if it is possible to conserve a small portion of the 

  Fig. 32.1    Sagittal MRI indentifying tumour and length 
of endocervical canal, with distance from isthmus       

  Fig. 32.2    Endovaginal coil MRI scan identifying tumour       
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   Table 32.1    International Federation of Gynaecology and Obstetrics (FIGO) staging [ 11 ]   

 TNM  FIGO  Surgical-pathologic fi ndings 

  Categories    Stages  
 TX  Primary tumour cannot be assessed 
 T0  No evidence of primary tumour 
 Tis  Carcinoma in situ (pre-invasive carcinoma) 
 T1  I  Cervical carcinoma confi ned to the cervix (disregard extension to the 

corpus) 
 T1a  IA  Invasive carcinoma diagnosed only by microscopy; stromal invasion 

with a maximum depth of 5.0 mm measured from the base of the 
epithelium and a horizontal spread of 7.0 mm or less; vascular space 
involvement, venous or lymphatic, does not affect classifi cation 

 T1a1  IA1  Measured stromal invasion ≤3.0 mm in depth and ≤7.0 mm in 
horizontal spread 

 T1a2  IA2  Measured stromal invasion >3.0 mm and ≤5.0 mm with a horizontal 
spread ≤7.0 mm 

 T1b  IB  Clinically visible lesion confi ned to the cervix or microscopic lesion 
greater than T1a/IA2 

 T1b1  IB1  Clinically visible lesion ≤4.0 cm in greatest dimension 
 T1b2  IB2  Clinically visible lesion >4.0 cm in greatest dimension 
 T2  II  Cervical carcinoma invades beyond uterus but not to pelvic wall or to 

lower third of vagina 
 T2a  IIA  Tumour without parametrial invasion 
 T2a1  IIA1  Clinically visible lesion ≤4.0 cm in greatest dimension 
 T2a2  IIA2  Clinically visible lesion >4.0 cm in greatest dimension 
 T2b  IIB  Tumour with parametrial invasion 
 T3  III  Tumour extends to pelvic wall and/or involves lower third of vagina 

and/or causes hydronephrosis or nonfunctional kidney 
 T3a  IIIA  Tumour involves lower third of vagina, no extension to pelvic wall 
 T3b  IIIB  Tumour extends to pelvic wall and/or causes hydronephrosis or 

nonfunctional kidney 
 T4  IV  Tumour invades mucosa of bladder or rectum and/or extends beyond 

true pelvis (bullous oedema is not suffi cient to classify a tumour as 
T4) 

 T4a  IVA  Tumour invades mucosa of bladder or rectum (bullous oedema is not 
suffi cient to classify a tumour as T4) 

 T4b  IVB  Tumour extends beyond true pelvis 
 Regional lymph nodes (N) 
 NX  Regional lymph nodes 

cannot be assessed 
 N0  No regional lymph 

node metastasis 
 N1  Regional lymph node 

metastasis 
 Distant metastasis (M) 
 M0  No distant metastasis 
 M1  Distant metastasis 

(including peritoneal 
spread; involvement of 
supraclavicular, 
mediastinal, or para-aortic 
lymph nodes; and lung, 
liver, or bone) 
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upper (proximal) cervix at the isthmus depending 
on the exact position of the tumour and the ability 
to obtain an adequate, clear margin. 

 Most authorities agree that the upper limit in 
size for suitability is 2 cm in diameter. However 
the overall volume needs to be taken into account. 
Radical vaginal trachelectomy involves the fi rst 
or bottom part of a Schauta radical hysterectomy. 
This can be challenging to perform, hence some 
oncological surgeons have opted for the abdomi-
nal approach. Practice with the vaginal technique 
allows adequate vaginal and para-cervical resec-
tion which may be tailored to the needs of the 
tumour. The diffi culty that some may have is in 
mobilizing the ureter which they may feel more 
comfortable dealing with abdominally. Whilst 
potential complications maybe the same, there is 
a reduced hospital stay and less inconvenience 
to the patient, making the vagina the favoured 
approach to the authors.  

32.6     Pelvic Node Dissection 

 This is carried out laparoscopically either at the 
time of the staging EUA or in conjunction with 
the vaginal trachelectomy. The advantage of the 
former is that patients with positive lymph node 
metastases are identifi ed before defi nitive surgery 
to the cervix is undertaken. A four portal approach 
is employed using a Hasson direct entry tech-
nique. The abdominal and pelvic cavity is thor-
oughly inspected not only to look for possible 
metastatic disease especially involving the pelvic 
peritoneum and Pouch of Douglas but also to 
look for other pathology such as endometriosis or 
chronic pelvic infl ammation. 

 The pelvic side walls are exposed with a T 
shaped incision into the peritoneum overlying 
the external iliac vessels, just proximal to the 
round ligaments. The infundibulo-pelvic liga-
ment is identifi ed and separated from the ureter. 
The nodes are removed from the lower common 
iliac, internal and external iliac and obturator 
regions. The obturator nerve is exposed and 
conserved. The paravesical space is identifi ed 
and opened. Care is taken to avoid aberrant 
obturator vessels. 

 The procedure is repeated on the contralateral 
side resulting in a harvest of approximately 
30–40 lymph nodes.  

32.7     Radical Vaginal 
Trachelectomy (RVT) 

 An extended lithotomy position is used to 
expose the cervix which is infi ltrated with 
0.25 % Bupivacaine and 1 in 200,000 adrenaline. 
The technique is well described by Shepherd 
[ 13 ] utilizing a circumcervical incision includ-
ing a 2 cm cuff of vagina with cutting diathermy. 
Sharp dissection mobilizes the bladder anteri-
orly, identifying the bladder pillars by opening 
the paravesical space on either side. Posteriorly 
the uterosacral ligaments and rectovaginal sep-
tum are identifi ed. The harmonic scalpel (ultra-
cision Eithicon endoscopy LLC) is used for 
dissection and haemostasis. The bladder pillar is 
transected and the descending branch of the 
uterine artery supplying the cervix is isolated 
and divided after cauterization. The ureteric 
tunnel is identifi ed and the ureter refl ected cra-
nially and laterally. The dissection continues 
laterally dividing the lateral (cardinal) ligaments 
the utero-sacral ligaments posterolaterally. As 
much paracervical and paravaginal tissue as 
necessary depending on the size of the tumour, 
should be resected (Fig.  32.3 ). To give an ade-
quate 1–2 cm clearance of tumour-free tissue. 
The rectovaginal septum is incised and the tis-
sue posteriorly pushed by blunt dissection cra-
nially. It is not necessary to open the Pouch of 
Douglas and by keeping this closed possible 
sepsis spreading to the pelvis is avoided. If the 
peritoneal  cavity is opened, this may be easily 
closed with absorbable sutures. The dissection 
is performed on both sides thus mobilizing the 
central cervix including a 2 cm cuff of vagina. 
A no. 6 Hegar dilator is placed into the endocer-
vical canal which may then be transected using 
cutting diathermy (Fig.  32.4 ). The isthmus is 
easily identifi ed by visualizing where the perito-
neum is refl ected anteriorly, above the uterover-
sical ligament and posteriorally at the refl ection 
of the Pouch of Douglas. An individual decision 
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is taken as to whether a complete trachelectomy 
removing all the cervix is required or whether it 
is possible to conserve a small cuff of proximal 
upper cervix depending on the exact location of 
the tumour.    

32.8     Isthmic Cerclage 

 An isthmic cerclage using monofi lament, non- 
absorbable material, such as No 1 nylon or 
prolene, is inserted with four large bites around 
the isthmus, through the stroma of the cervix. 
Care is taken not to occlude the isthmic os by 
keeping the Hegar dilator in situ during this pro-
cedure. The knot is tied anteriorly around this 
dilator. This will allow normal menstruation to 
occur and passage of a cannula for any future 
necessary procedures.  

32.9     Vagino-Isthmic Anastomosis 

 Holding the cerclage suture for identifi cation 
and traction, the vaginal margins are grasped 
and anastomosed to the isthmus using four 
interrupted mattress sutures with no 1 Vicryl 
(Polyglactin, Ethicon). Care is taken to avoid 
closing the isthmic and endocervical canal by 
leaving the Hegar 6 dilator in situ whilst inserting 
the sutures. Two or three further mattress sutures 
are placed on either side to close the angles of the 
lateral fornices (Fig.  32.5 ).  

 The Hegar dilator is removed and replaced 
with a size 12 Foley catheter into the uterine cav-
ity. The balloon is distended using 3 mls of water 
and left in situ for 72 h to discourage synechiae 
developing and prevent isthmic stenosis. A blad-
der catheter is required to drain the bladder for 
5 days. A vaginal pack is inserted and removed 
after 24 h. Blood loss on average is between 50 
and 100 mls.  

32.10     Post Operative Care 

 Prophylactic broad spectrum antibiotics are 
administered intraoperatively and continued for 
24 h. The patient is able to mobilize the next day 
once the vaginal pack has been removed. The 
uterine catheter remains until the third day when 
she may be discharged home with her bladder 
catheter for a further 48 h. The patient returns on 
day 5 for removal of this and bladder scans are 
used to confi rm adequate voiding. Pelvic fl oor 

  Fig. 32.3    Tissue to be resected       

  Fig. 32.4    Transecting isthmus with cutting diathermy       
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exercises and bladder drill are commenced as 
retention of urine or hesitancy occurs in approxi-
mately 5 % of patients.  

32.11     Follow Up Management 

 The patient returns for a discussion regarding 
the pathology after 2 weeks and to confi rm 
adequate voiding. Contraception is advised for 
at least 6 months. Continuing follow up is at 
three monthly intervals for a year, four monthly 
for the second year and six monthly up to 
5 years. This decreases to yearly for 10 years 
before returning to the national screening 
program. 

 At each visit a careful clinical examination is 
carried out with vaginal vault and isthmic smears 
taken. Colposcopy and assessment by MRI is 
carried out at 6, 12 and 24 months. If the patient 
is disease free and anxious to conceive she may 
do so after 6 months and is encouraged to sooner 
rather than later.  

32.12     Abdominal Radical 
Trachelectomy (ART) 

 This may be undertaken either by open surgery 
[ 8 ] or by laparoscopy [ 14 ] with or without robotic 
assistance [ 15 ]. The procedure comprises the 
lower part of a radical abdominal hysterectomy. 

 The paravesical spaces are opened once the 
lymph node dissection has been completed and 
the uterine vessels identifi ed. It is not necessary to 
divide the uterine artery as it is the cervical 
branches that supply the cervix. The ureters are 
refl ected laterally and descending uterine artery 
branches (the cervical branches) are divided. The 
pararectal spaces are opened enabling adequate 
paracervical and paravaginal tissue to be dissected 
including the lateral and uterosacral ligaments 
with a 2 cm cuff of vagina. The bladder is refl ected 
anteriorly and the rectum posteriorly. Having 
removed the specimen, a vagino-isthmic anasto-
mosis is performed and isthmic cerclage inserted. 
This is more accurately and easily performed 
under robotic guidance than laparoscopically.  

32.13     Results 

 At the corresponding author’s institution, 224 
patients have undergone radical vaginal trache-
lectomy with laparoscopic pelvic node dissec-
tion. The mean age of the women was 30.6 years 
with the majority (96 %) having stage IBI 
tumours. A small number have IAII or stage IIA 
lesions. Careful individualization and planning 
is essential to identify suitable patients. Four rare 
tumours including clear cell carcinoma and a 
 neuroendocrine tumour have been operated on. 
The largest tumour measured 5–6 cm but was 
exophytic. 21 (10 %) patients had lesions larger 
than 2 cm. Three patients were pregnant (16, 10 
and 6 weeks) at the time of surgery. All carried 
successful pregnancies, the fi rst delivered prema-
turely (by caesarean section). 

 Twenty-four patients (12 %) have required 
completion treatment due to adverse prognostic 
factors such as either positive lymph node 
involvement or close margins. By carrying out a 
lymphadenectomy fi rst as part of the staging 

  Fig. 32.5    Vagino-isthmic anastamosis and cerclage       
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EUA, this number has been reduced, thus avoid-
ing unnecessary surgery as further treatment is by 
chemo radiotherapy. 

 Elective hysterectomy on completion of child-
bearing has been abandoned as careful follow up 
has shown that outcomes are good. In three 
women where this was performed, the surgery 
was complicated by excessive adhesions and 
scarring from the previous surgery.  

32.14     Complications 

 Ten percent of women have experienced some form 
of complication, the most signifi cant being ureteric 
damage with fi stulae. These occurred in the fi rst 50 
patients operated on, two of whom had extensive 
microscopic disease beyond the cervix making dis-
section diffi cult. One also had unexpected positive 
lymph nodes. Extension of tumour therefore may 
have compromised surgical excision. There were 
also three uterine perforations probably related to 
excessive handling of the uterine corpus during the 
trachelectomy. These were not signifi cant with only 
one requiring a laparoscopic suture. There is a 6 % 
isthmic stenosis rate: hence the introduction of a 
uterine catheter postoperatively. Two port site her-
nias have developed, both through 5 mm ports, 
which possibly were enlarged by rotation and 
manipulation of instruments.  

32.15     Recurrence 

 There have been 8 recurrences out of the 221 
patients, 5 of whom had tumours larger than 
2 cm, 4 had lymphovascular space invasion. 
None had other adverse prognostic factors on the 
fi nal histopathology that would have necessitated 
further treatment.  

32.16     Pregnancy and Reproductive 
Outcome 

 Fertility rates have been shown to be high [ 13 ]. 
In the author’s current series there have been 131 
pregnancies with 76 live births. There has been 

one stillbirth which was arguably preventable. 
The number of fi rst trimester miscarriages is not 
greater than would have been expected (27 in 21 
women) although the mid-trimester losses are 
increased (19 in 14 women) (Table  32.2 ).

   Prematurity is a signifi cant risk due to prema-
ture rupture of the membranes and ascending 
chorio-amnionitis, resulting from the lack of a 
cervical mucus plug. Failure of the cerclage does 
not appear to be a factor in premature labour, 
although fi ve have cut out. There have been 14 
signifi cantly premature births between 24 and 
32 weeks. Delivery should be by classical caesar-
ean section, either electively at 37–38 weeks or at 
the onset of labour. If any proximal cervix was 
retained at the time of the trachelectomy then it 
may be possible to assess if a measurable lower 
segment has formed and to consider a transverse 
uterine incision. However, one woman had an 
attempted lower segment caesarean section with 
an almost fatal laceration extending into the 
broad ligament, severing the uterine artery. If the 
whole cervix has been removed at trachelectomy 
then there will be no lower segment therefore this 
should not be attempted. 

 Obstetric supervision should be in experi-
enced feto-maternal units with adequate resources 
to deal with prematurity. Vaginal progesterone is 
advocated by some obstetricians to help prolong 
pregnancy and it is advisable to limit activity and 
to take measures to avoid infection. Consideration 
should be given to either vaginal antibiotic 

   Table 32.2    Pregnancies amongst 224 women who were 
selected for radical trachelectomy   

 Live births  76 in 54 woman 
 Stillbirths  1 in 1 woman 
 Neonatal deaths  0 
 Miscarriages <14/40  27 in 21 women 
 Miscarriages >=14/40  19 in 14 women 
 Terminations  2 in 2 women 
 Ectopic pregnancy  1 woman 
 Ongoing pregnancy  3 women 
 Surrogate live pregnancy  3 women 
 Total pregnancies  131 

  Pregnancy and reproductive outcome fi gures from St 
Bartholomew’s and The Royal Marsden Hospitals 
1994–2013  
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applications or prophylactic oral antibiotics at 
times of particular risk which appear to be 
16–18 weeks and 22–24 weeks.  

32.17     Worldwide Experience 

 This is summarized in Tables  32.3  and  32.4  
[ 16 ,  17 ]. There have been approximately 1,000 
reported radical vaginal trachelectomies and 

approximately 400 abdominal procedures. 
Recurrence rates by either technique are approxi-
mately 4 % (4.2 % after RVT [ 16 ], 3.8 % after 
AVT [ 17 ]) with 2 % deaths (2.9 % RVT, 0.4 % 
AVT). All reporting authors agree that in general 
tumours of less than 2 cm are suitable as recur-
rence is more common with larger lesions. These 
fi gures do represent a better cure rate than for other 
patients with similar stage disease. This is not 
because the treatment is superior but confi rms that 
the selection process is good. Fertility rates appear 
to be better using the vaginal approach where there 
is more data in the literature. Prematurity rates 
appear to be similar in the two approaches.

32.18         Summary 

 It may be concluded that fertility sparing surgery 
is a realistic option for young women with a 
small early stage cervical cancer. This is suitable 
for tumours of less than 2 cm in diameter although 
on an individual basis, larger tumours maybe 

   Table 32.4    Worldwide data for abdominal radical 
trachelectomy   

 Author  Number  Pregnancies 
 Live 
births  <32 weeks 

 Ungar  81  13  6 (3)  1 
 Nishio  57  4  2  2 
 Cibula  17  6  5  2 
 Abu 
Rustum 

 15  2  0 (1)  0 

 Pajera  14  3  3  1 
 Duska  10  4  2 (1)  1 
 Wang  13  3  3  0 
 Total  207  35  21 (5)  7 

   Table 32.3    Worldwide data radical vaginal trachelectomy   

 Center  Number  Pregnancies  Live births  <32 weeks  Recurrences  Deaths 

 London  224  131(3)  75  14  8  5 
 Shepherd [ 12 ] 
 Toronto  121  45  34   6  7  4 
 Covens 
 Quebec  125  106  49   3  6  2 
 Roy/Plante [ 6 ] 
 Jena /Berlin/Cologne  100  18  12   3  4  2 
 Schneider/Hertel 
 Lyon  118  61 (3)  34   5  7  5 
 Dargent/Methevet 
 Los Angeles  69  8  6   1  2  0 
 Roman/Burnett/Shlaerth 
 New York  41  3 (3)  3   0  0  0 
 Abu-Rustam 
 Toulouse  29  4  4   0  1  0 
 Querlou 
 Copenhagen  24  N/A  N/A  N/A  0  0 
 Svane 
 Beijing  16  N/A  N/A  N/A  1  0 
 Shen 
 Stockholm  8  6  4   0  0  0 
 Hellberg 
 Total  875  382  221  32 (15 %)  36 (4 %)  18 (2 %) 
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resected with uterine conservation. The route 
chosen depends on the surgical skills and facili-
ties available. Recurrence rates are acceptable. 
Fertility rates are encouraging although prematu-
rity is a risk. Careful patient selection is of para-
mount importance.      
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 Key Points 

•     Absolute desire for fertility preservation  
•   Early stage, <2 cm diameter cervical 

cancer  
•   Individualization of treatment after 

careful counseling  
•   Thorough histopathological review and 

careful MRI assessment of the size and 
location of the tumour  

•   Surgical approach depends on the expe-
rience of the surgeon remembering that 
there may be a limited place for large 
cone biopsy with or without laparo-
scopic pelvic node dissection in certain 
small tumours  

•   Laparoscopic pelvic node dissection is 
part of surgical staging  

•   If the abdominal route is chosen then 
robotic surgery may be the most 
appropriate  

•   Careful follow up is by clinical examina-
tion, colposcopy, cytology and MRI scans  

•   Experienced antenatal supervision in 
view of the risk of premature rupture of 
the membranes is essential  

•   Delivery should be by a classical caesar-
ean section, using a low vertical uterine 
incision, either at the onset of labour or 
electively at 37–38 weeks    
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33.1             Introduction 

 Radical hysterectomy, with its 100-year history, is 
a basic procedure in gynecological oncology. Yet 
none of the other surgical procedures has more 
varieties in its performance as well as in array of 
its classifi cation. Inconsistent terminology, clas-
sifi cation, anatomic landmarks as well as the pro-
cedure performance as such have a negative 
impact on the harmonization of current clinical 
practice, international cooperation, training of 
the young generation and surgical data compari-
son. For this reason the following chapter is 
going to deeply focus on the proper terminology 
as well as the classifi cation system. 

 It should be emphasized that the approach 
to the surgical treatment of cervical cancer has 
developed enormously in recent years thanks 
to infl uence from a large number of factors. 
Probably the most crucial factor is the refi nement 
of clinical staging, which used to be based on an 
inaccurate physical examination. The quality of 
current imaging methods enables us carry out 
local staging with high accuracy, including not 
only identifi cation of parametrial involvement, 
but also size of the tumor and its localization in 
the cervix. MRI has become the golden standard, 

however in recent years arguments supporting the 
use of ultrasound have grown as it is a comparable 
or even more precise method that is less econom-
ically demanding, faster and broadly available 
[ 16 ,  18 ,  49 ]. Abandonment of surgery due to 
intra-operatively detected inoperability should 
be considered as a major failure of preoperative 
staging. Detailed data about local tumor extent 
allow planning for much better treatment strategy 
including the type of performed hysterectomy. 

 Progress in pelvic anatomy knowledge is 
another signifi cant factor that has infl uenced sur-
gical treatment. Studies on cadavers as well as 
intra-operative studies have enabled us to describe 
pelvic anatomy in greater detail, mainly the course 
of autonomic nerves when damage to them may 
cause severe postoperative morbidity [ 17 ]. 

 Another considerable factor is the develop-
ment and evolution in surgical technologies. 
New possibilities in tissue dissection (bipolar 
coagulation, harmonic scalpel) offer safe hemo-
stasis with minimal lateral thermal spread. 
Endoscopic approach, both laparoscopic and 
robotic, enables a synoptic and enlarged view at 
the operation fi eld even in hardly accessible 
regions of the pelvis.  

33.2     History 

 The first attempts to surgically treat cervical 
cancer date back to the first half of the nine-
teenth century. The majority of these patients 
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died during or shortly after the surgery [ 56 ]. 
Early recurrences prevailing in the vaginal 
cuff in patients who did not die encouraged 
surgeons to increase radicality of the sur-
gery [ 20 ]. The first hysterectomy with the 
resection of lateral parametria was described 
in 1895 by Clark [ 13 ]. Lymphadenectomy 
was not part of this procedure. Only 3 years 
later E. Wertheim performed the first radi-
cal hysterectomy in combination with pelvic 
lymph node removal in Vienna [ 68 ].   Mortality 
oscillated around 30 % at the beginning and 
decreased quickly in time with his increasing 
skill to as low as 10 % (as early as 1911 he 
reported 500 operations). Just a couple of years 
later Schauta developed a technique of vaginal 
radical hysterectomy that was fi rst published in 
1908 [ 57 ]. The mortality in Schauta’ s group 
fl uctuated around 10 % as well. Both opera-
tive techniques, abdominal and vaginal, have 
become the foundation for the radical surgi-
cal treatment of cervical cancer. The principles 
were modifi ed during the twentieth century 
by many other personalities: vaginal approach 
primarily by Amreich (1960); abdominal 
Wertheim’s procedure by his successor Werner; 
W. Latzko [ 34 ] and mainly Okabayashi [ 41 ],  
who further increased the radicality of parame-
tria resection. An American, Joe V. Meigs [ 39 ], 
earned his place in history thanks to his abdomi-

nal approach promoting technique modifi cation 
and increased lymphadenectomy radicality.  

33.3     Indication 

 The opinions on the indications for radical hys-
terectomy are currently far from being uniform; 
the main controversial areas are the following: 
choice of radical versus simple hysterectomy in 
early stages, use of primary radiotherapy versus 
radical hysterectomy in locally advanced 
tumors, performing a radical hysterectomy or 
abandoning the surgery and referring the patient 
to radiotherapy in case of intra-operative detec-
tion of positive lymph nodes. Another contro-
versy is in the choice of the type and radicality 
of radical hysterectomy depending on the stage 
of the disease and presence of risk factors. Data 
from controlled studies from all the above men-
tioned fi elds are lacking. 

 Among commonly accepted indication is 
the early stage FIGO IB. Even this stage, how-
ever, comprises a broad spectrum of tumors of 
various sizes (from invasion above 5 mm up to 
size of 4 cm), depth of the invasion into stroma 
and different localization of the tumor in the 
cervix (e.g. exophytic growth, along the endo-
cervix or towards the pericervical fascia) 
(Fig.  33.1 ). It is very probable that the risk of 

  Fig. 33.1    Different types of tumor growth in the cervix (exophytic, endocervical, deep stromal)       
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lymph nodes involvement, as they are the most 
signifi cant prognostic parameter, will vary in 
equally large tumors depending on their posi-
tion in the cervix, even though the signifi cance 
of these factors has never been proven 
prospectively.  

    Early Stages 

 Patients with micro invasive carcinoma stage 
FIGO IA (stromal invasion ≤5 mm; horizontal 
extension ≤7 mm) have an excellent prognosis 
and, not surprisingly, minimal risk of parame-
trial invasion [ 1 ,  27 ,  65 ]. Simple extrafascial 
hysterectomy is an appropriate surgery in this 
case. In recent years a number of reports show 
that satisfactory outcomes can be achieved even 
in selected patients (largest tumor size ≤2 cm, 
stromal invasion ≤2/3; negative pelvic lymph 
nodes) with IB stage when parametrectomy is not 
performed [ 21 ,  50 ]. These reports are supported 
by arguments from retrospective series substan-
tiating low risk of parametria involvement in 
this very group of patients [ 21 ,  63 ]. However, 
these retrospective series are limited by stan-
dard parametrial pathological processing which 
does not enable small size metastasis detection, 
particularly tumor emboli in lymphatic chan-
nels. Therefore the standard surgical procedure 
in stage IB should, according to current knowl-
edge, be radical hysterectomy, which means 
including parametria removal. Any change in the 
guidelines should be preceded by the confi rma-
tion of oncological safety in ongoing prospec-
tive trials (SHAPE—Simple Hysterectomy and 
Pelvic Node Dissection in Early Stage Low Risk 
Cervical Cancer).  

    Locally Advanced Staged 

 A broad range of alternatives is currently applied 
in the management of locally advanced stages 
(IB2, IIA, IIB): (a) Primary chemoradiation, 
(b) neoadjuvant chemotherapy followed by radi-
cal hysterectomy, (c) neoadjuvant radiotherapy 
followed by simple or radical hysterectomy, or 

(d) upfront radical surgery with or without adju-
vant radiotherapy or chemotherapy. It is neces-
sary to emphasize that as a result of the massive 
improvement of imaging diagnostics (MRI, ultra-
sound, PET) clinical staging, including the 
assessment of parametrial, paracolpial or pelvic 
lymph nodes involvement, has become much 
more accurate. It can be assumed that the spec-
trum of patients classifi ed into stage IB2 or IIB is 
currently much more accurate compared to 5 or 
10 years ago. 

 Primary surgical treatment of large tumors or 
tumors with initial parametrial invasion is fea-
sible and it has, according to available data, a 
satisfactory oncological outcome comparable 
with radiotherapy [ 10 ,  26 ]. Surgical approach 
has two main limitations though. Extensive 
parametrectomy (type C2 or D) must be per-
formed due to anatomical conditions in patients 
with massive tumors, a high risk of parame-
trial metastatic involvement in stage IB2 or the 
presence of parametrial invasion in patients 
with stage IIB. Furthermore, the proportion of 
patients referred to adjuvant treatment for lymph 
node involvement is high in these stages, reach-
ing up to 40 % [ 12 ]. Postoperative morbidity 
increases in a large number of patients due to the 
accumulation of two different treatment modali-
ties—extensive surgical procedure and adjuvant 
radiotherapy. Prospective studies are necessary 
to refi ne the management of locally advanced 
stages, as they would compare oncological out-
come and their impacts on quality of life in each 
treatment modality.   

33.4     Terminology 

 The unifi cation of terminology describing the 
key anatomical structures is crucial for interna-
tional understanding and comprehension. One of 
the key structures for radical hysterectomy is the 
parametrium, which has three components on 
both sides of the cervix: the ventral parametrium 
(including vesico-uterine and vesico-vaginal 
ligaments), the lateral parametrium (paracervix 
or cardinal ligament), and the dorsal parame-
trium (including recto-uterine and recto-vaginal 
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 ligaments) (Fig.  33.2 ). The term “mesoureter” 
describes the lateral laminar part of the dorsal 
parametria, which is stretched dorsally and cau-
dally from the ureter and contains the inferior 
hypogastric plexus [ 62 ].  

 Two parts of the ventral parametria are recog-
nized in sagittal plane—cranial (above the ureter) 

and caudal (below the ureter), divided by the course 
of the ureter. Two different spaces are described 
dorsally—the sacro-uterine space (medial pararec-
tal space) between the rectum and the dorsal para-
metrium, and the pararectal space between the 
dorsal parametrium and iliac vessels (Fig.  33.2 ). 
The deep uterine vein (vaginal vein) is an important 
landmark in the lateral parametrium (Fig.  33.3 ). In 
most cases there is not only one but a few veins in 
the lateral parametrium, and it is the largest one 
which is called the vaginal vein, usually located 
about 1–2 cm below the uterine artery and vein.   

33.5     Classifi cation 

 Different classifi cations are currently used to 
describe individual types of radical hysterec-
tomy. Most historical classifi cation systems do 
not include an unambiguous and precise descrip-
tion and specifi cation of anatomical landmarks. 
As a consequence, the extent of the parametria 
resection varies substantially among institutions 
and surgeons, even if the same terminology is 
used. In many institutions, one type of “univer-
sal” or “classical” radical hysterectomy is used 
even though it is unclear with what kind of para-
metria resection it corresponds. 

    Principles of Classifi cation 

 Modern classifi cation of radical hysterectomy 
should be based on the following principles:
    (a)    The key and sole parameter for differentiation 

between types of radical hysterectomy is the 
extent of parametria resection. The resection 
or removal of other organs or structures (i.e. 
urinary bladder, ureter, rectum, pelvic fl oor 
muscle) is not included in the classifi cation 
system. Also, the size of the removed vaginal 
cuff is not a decisive parameter for type of 
procedure.   

   (b)    The extent of resection should be precisely 
defi ned for all three parts of the parametria 
(ventral, lateral, dorsal) in all three planes 
(sagittal, frontal and transverse). The 
resection margins in the vertical (deep 

  Fig. 33.2    Intra-operative picture of the ventral, lateral 
and dorsal parametrium.  A  Ventral parametrium,  B  para-
vesical space,  C  lateral parametrium,  D  ureter,  E  pararec-
tal space (lateral pararectal space),  F  dorsal parametrium, 
 G  sacro-uterine space (medial pararectal space),  H  rec-
tum,  I  cervix       

  Fig. 33.3    Intra-operative picture of resection lines on the 
lateral parametrium  A  paravesical space,  B  deep uterine 
vein (vaginal vein),  C  internal iliac vein,  D  uterine vein,  E  
uterine artery,  F  pararectal space.  C1, C2  resection lines 
on the lateral parametrium for types C1 and C2 radical 
hysterectomy       
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parametrial) dimension determine long 
term morbidity due to the location of auto-
nomic nerves.   

   (c)    Although the classifi cation system is usually 
proposed for radical hysterectomy, it is appli-
cable to the radical trachelectomy and the 
radical parametrectomy.   

   (d)    Surgical margins should be defi ned by stable 
anatomical landmarks. There are a few of 
such structures eligible in the pelvis, such as 
urinary bladder, rectum, ureter, large vessels, 
and nerves.   

   (e)    The classifi cation system must be suffi ciently 
comprehensible and simple to allow for easy 
reproducibility.      

    ABCD Classifi cation System 

 The classifi cation system described in this chapter 
was fi rst published by Querleu and Morrow in 
2008 [ 52 ], and later extended into a 3D model 
[ 11 ]. Five types of the procedure (A, B, C1, C2, 
D) correspond to other common historical types 
of radical hysterectomy (Table  33.1 ). The new 
classifi cation system has some exceptional aspects 
to it: (a) recognizes the size and type of parame-
tria resection as the crucial and sole parameter for 
classifi cation, (b) includes new type of nerve spar-
ing procedure, (c) uses stable anatomical land-
marks for description of surgical resection 
margins, (d) identifi es surgical landmarks in three 
planes—frontal, sagittal and transverse.

   Type A corresponds to the extrafascial hys-
terectomy, the main principle of which is peri-
cervical tissue removal up to the attachment of 
vaginal fornices. The ureter does not need to be 
identifi ed or dissected in the parametrium, para-
metria are not resected and autonomic nerves 
remain fully preserved. 

 Type B corresponds mostly to the modifi ed 
radical hysterectomy. Ureter is the major resec-
tion margin ventrally and laterally (Fig.  33.4 ). It 
must be identifi ed in the parametrium, its course 
is unroofed, dissected from the cervix and dis-
placed laterally, but not dissected from the lateral 
or ventral parametria. Such extent of distal ure-
teral dissection enables the resection of only a 
small initial part of the ventral and lateral para-
metria. Identifi cation of autonomic nerves is not 
required, and the hypogastric plexus remains hid-
den in a deeper part of the parametria, thus 
remaining fully preserved.  

 There are signifi cant differences, particu-
larly in the vertical (deep parametrial) dimen-
sion, between type C1, which corresponds to 
the nerve-sparing procedure, and type C2, 
which aims for a complete parametrial resec-
tion. In type C1 the ureter is unroofed, dissected 
from the cervix and lateral parametria, but only 
partially from the ventral parametria, while 
type C2 requires complete dissection of the 

   Table 33.1    ABCD classifi cation system and corre-
sponding historical types of radical hysterectomy   

 New classifi cation 
system  Corresponding types 

 A  Extrafascial hysterectomy 
 B  Modifi ed radical hysterectomy 

 Type II radical hysterectomy 
 C1  Nerve sparing radical 

hysterectomy 
 C2  Type III radical hysterectomy 

 Classical/standard radical 
hysterectomy 

 D  Laterally extended 
parametrectomy 

  Fig. 33.4    Intra-operative picture of horizontal resection 
lines on the ventral parametrium  A  paravesical space,  B  
umbilical ligament,  C  ureter.  B ,  C1 ,  C2  resection lines on 
the ventral parametrium for types B, C1 and C2 radical 
hysterectomy       
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ureter from the ventral parametria up to the uri-
nary bladder wall. Laterally, resection margins 
in a transverse plane are identical for both 
types, formed by the medial aspect of the inter-
nal iliac vein (Fig.  33.4 ). In type C1 the deep 
parametrial resection margin on the lateral 
parametria is formed by the deep uterine vein 
(vaginal vein), which is a large vein located 
about 1–2 cm below the uterine artery and vein 
(Fig.  33.3 ). As such the caudal part of the lat-
eral parametria containing the splanchnic 
nerves is preserved. In type C2 the resection 
line continues alongside the medial aspect of 
the internal iliac vessels up to the sacral bone 
(Fig.  33.3 ). Such deep resection allows for 
greater mobility of the lateral parametria, facil-
itating its complete removal. Ventrally, in type 
C1 a partial dissection of the ureter from the 
ventral parametria allows for limited resection 
in a sagittal plane of 1–2 cm of the ventral para-
metria (Fig.  33.5 ). Even more important is a 
vertical resection margin on the ventral para-
metria, which must be at the level of ureter to 
preserve bladder branches of the hypogastric 
plexus localized below the course of the ureter 
[ 29 ,  30 ]. In type C2, a complete dissection of 
the ureter from the ventral parametria is 
required, which allows for complete resection 
of the ventral parametria up to the urinary blad-

der wall (Fig.  33.5 ). Bladder branches of the 
hypogastric plexus are sacrifi ced. Dorsally, 
type C1 requires separation of two parts of the 
dorsal parametria: the medial part, which is 
composed by the recto-uterine and recto-vagi-
nal ligaments, and the lateral laminar structure, 
which contains the hypogastric plexus, also 
called the mesoureter (Fig.  33.6 ). Main 
branches of the hypogastric plexus are pre-
served on the lateral part (mesoureter), while 
recto-uterine and recto-vaginal ligaments can 
be resected at the level of its rectal attachment. 
Type C2 aims to a complete resection of the 
dorsal parametria deeply below the rectal 
attachment, so that separation of major branches 
of the hypogastric plexus is not needed and 
these nerves are sacrifi ced (Fig.  33.6 ).   

 Type D differs from type C2 only in a lateral 
extent of the lateral parametria resection. 
Ureteral dissection and resection of both dorsal 
and ventral parametria is identical to type C2. 
Laterally, however, it requires ligation and 
removal of internal iliac artery and vein, 
together with their branches, including gluteal, 
internal pudendal and obturator vessels. Lateral 
resection line is formed by the lumbosacral 
nerve plexus, piriformis muscle and obturator 
internal muscle.   

  Fig. 33.5    Intra-operative picture of resection lines on the 
ventral parametrium (ureter unroofed)  A  umbilical liga-
ment,  B  ureter,  C  cervix,  D  needle indicating level of vagi-
nal fornix,  E  distal ureteral entrance into the bladder.  C1 , 
 C2  resection lines on the ventral parametrium for types C1 
and C2 radical hysterectomy       

  Fig. 33.6    Intra-operative picture of resection lines on the 
dorsal parametrium  A  mesoureter;  B  ureter,  C  branches of 
the hypogastric plexus ( white strips ),  D  rectovaginal space, 
 E  left dorsal parametrium (mesoureter not yet dissected 
from recto-uterine ligament),  F  cervix,  G  recto- uterine 
ligament.  B ,  C1 ,  C2  resection lines on the dorsal parame-
trium for types B, C1 and C2 radical hysterectomy       
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33.6     Procedure Performance 

 Procedure performance depends mostly on the 
type of radical hysterectomy. The sequence of 
each procedure step can vary according to sur-
geon’s preference. Pelvic lymphadenectomy, 
which is typically part of the procedure, is prefer-
ably performed at the beginning as it enables bet-
ter pelvic structure identifi cation. The entire 
procedure can be divided into a few steps: 

    Lateral Dissection 

 Round ligament is identifi ed at the beginning of 
the procedure, cut through and the retroperito-
neum is broadly exposed above the external 
iliac vessels. Paravesical and lateral pararectal 
spaces are opened by blind dissection and the 
lateral parametrium remains revealed between 
these two spaces. Umbilical ligament is dis-
sected from the ventral parametria and pre-
served. The origin of the uterine artery is 
identifi ed on the medial aspect of internal iliac 
artery; at this point it is interrupted, usually 
together with the uterine vein, localized below 
the artery. Now the lateral parametrium can be 
dissected from the pelvic side wall—lateral 
resection margin is formed by the medial aspect 
of internal iliac vein—caudal margin depends 
on the type of radical hysterectomy, formed by 
the deep uterine vein in type C1, while dissec-
tion continues up to the sacral bone in type C2. 
Type D requires ligation and resection of both 
internal iliac vessels.  

    Distal Dissection of the Ureter 

 Ureter is identifi ed on the posterior leaf of 
broad ligament; it is sharply mobilized up to its 
entrance to lateral parametria. Mobilization of 
the distal ureter requires caudal dissection of 
the urinary bladder from the cervix and proxi-
mal vagina. Ureteral tunnel in the lateral para-
metrium is blindly opened; parametria resected 
above the ureter and the ureter is completely 
mobilized from the cervix and ventrally from 

the upper vagina. Such dissection of distal ureter 
is adequate for type B, while type C1 requires 
complete mobilization of the ureter from lat-
eral parametria, whereas for type C2 additional 
complete dissection from ventral parametria up 
to its entrance into the urinary bladder is 
necessary.  

    Ventral Dissection 

 The extent of urinary bladder caudal dissection 
is determined by the projected size of vaginal 
cuff removal. The extent of ventral parametrial 
resection depends on the type of radical hyster-
ectomy: ventral parametria are not resected in 
type B, while about 2 cm of proximal part 
located above the ureter is removed in type C1. 
In type C2 and D after the ureter has been fully 
dissected, ventral parametrium is resected com-
pletely at the bladder wall.  

    Dorsal Dissection 

 The rectovaginal peritoneal fl ap is cut and rectum 
is caudally dissected from the vagina and lateral 
parametria. Dorsal parametria are resected in the 
extent of 1–2 cm in type B. Type C1 requires 
separation of two parts of the dorsal parametria—
hypogastric plexus is preserved in laterally sepa-
rated part (mesoureter) while sacrouterine and 
sacrovaginal ligaments can be resected at the 
level of its attachment into the rectum. Separation 
of two parts of the dorsal parametrium is not 
required for type C2 or D as dorsal parametria are 
completely resected and hypogastric plexus is 
inevitably sacrifi ced.  

    Final Specimen Removal 

 Finally the paracolpium is interrupted in trans-
verse plane at the level of intended vaginal resec-
tion, the vagina is resected and vaginal cuff 
sutured, preferably by submucosal closure which 
allows for further complete visualization of the 
upper vagina during the follow-up.   
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33.7     Choice of Radical 
Hysterectomy Type 

 The type of radical hysterectomy is determined 
by a number of prognostic factors: tumor size, 
depth of stromal invasion, presence of LVSI 
(lymphovascular invasion), or lymph node status. 
Indication criteria for C2 resection are not uni-
form, these procedures are typically performed in 
bulky tumors with their size bigger than 4 cm, 
also when two-thirds of cervical stroma is 
involved, when tumors invade into uterine isth-
mus and also in tumors of stage IIB with initial 
invasion into parametria. Type B or C1 should be 
preferred in small size tumors with negative 
lymph nodes with the intention to decrease post-
operative morbidity thanks to autonomic nerve 
preservation. From the above description it is 
obvious that type B hysterectomy only enables a 
small part of parametria removal—it is a task for 
future studies to prove if this extent of 
 parametrectomy brings any benefi t for oncologi-
cal outcome or if an identical outcome can be 
achieved in the same size tumors when simple 
hysterectomy is performed. Type D radical hys-
terectomy is done rarely, mostly for central pel-
vic recurrences or locally advanced tumors [ 42 ].  

33.8     Pre-operative Procedure 
Description 

 An accurate surgical plan should be determined 
conclusively before every single procedure. 
Considering the above-mentioned principles of 
radical hysterectomy classifi cation it is obvious 
that the type of radical hysterectomy purely 
describes the radicality of the surgery performed 
on parametria. For an adequate description of the 
procedure performance, the following parame-
ters should be specifi ed pre-operatively: (a) pro-
cedure on the adnexa (i.e. salpingo-oophorectomy; 
ovarian transposition.); (b) type of lymph node 
dissection (i.e. sentinel node biopsy, pelvic 
lymphadenectomy and its type, paraaortic lymph-
adenectomy and its cranial extent); (c) size of the 
vagina removal; (d) type of the procedure (radical 
hysterectomy, radical parametrectomy, radical 

trachelectomy), and (e) extent of parametria 
removal (classifi cation system—type A–D).  

33.9     Surgical Approach 

 An alternative to classical radical hysterectomy 
performed by laparotomy is an endoscopic 
approach. These procedures can be performed 
fully by laparoscopy or robotically or in combi-
nation with vaginal approach (LARVH—laparo-
scopic assisted radical vaginal hysterectomy; 
VALRH—vaginal assisted laparoscopic radical 
hysterectomy). Feasibility of both minimally 
invasive approaches, laparoscopic or robotic sur-
gery, were well proven in early stages, locally 
advanced stages, old patients, obese patients, or 
for nerve sparing type (type C1) of radical hyster-
ectomy [ 14 ,  23 ,  25 ,  31 ,  38 ,  40 ,  43 ,  44 ,  61 ]. 

 Endoscopic approach is associated with less 
blood loss and shorter hospital stays, but, on the 
other hand, longer operation times when com-
pared with open approach. All these parameters 
relate to short term morbidity. More signifi cant 
data concerning the quality of life with a longer 
interval after the surgery are unfortunately still 
lacking. Even though many studies substantiated 
comparable oncological outcome, these are typi-
cally experiences from single institutions and ret-
rospective design, short follow up and small 
cohorts to evaluate their prognosis. Attention 
should be paid to recent reports on atypical port-
site metastasis after robotic or laparoscopic radi-
cal hysterectomy in cervical cancer patients, or 
higher number of local recurrences after robotic 
surgery in cervical cancer patients [ 32 ,  58 ,  59 ]. 

 Oncological outcome after endoscopic sur-
gery should be evaluated in multicenter random-
ized trials, especially in patients with higher risk 
of recurrence, in whom achievement of proper 
radicality can be crucial.  

33.10     Radical Parametrectomy 

 The resection of parametria, the tissue that sur-
rounds the cervix, is the main principle of radi-
cal hysterectomy. Parametrectomy can also be 
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carried out as a separate procedure, should a 
simple hysterectomy have been performed pre-
viously for a different diagnosis, and cervical 
cancer was identifi ed afterwards in the histo-
logical specimen. Most frequently a simple hys-
terectomy had been performed for precancerous 
lesions (CIN) in these patients who were not 
preoperatively adequately examined. Pelvic 
radiotherapy represents an alternative to radical 
parametrectomy. The aim of this surgery is to 
amend the procedure as if an adequate surgical 
procedure had been performed, typically in 
combination with pelvic lymphadenectomy and 
proximal vaginal resection [ 35 ]. 

 This procedure is substantiated mainly in 
cases when there is a high probability that the 
surgery is a defi nite treatment and adjuvant radio-
therapy will not be required: free surgical mar-
gins in the hysterectomy specimen, absence of 
clinically evident residual tumor, absence of 
lymph nodes suspicious from metastatic 
 involvement. It is important to emphasize that no 
prospective study that would compare morbidity 
and oncological outcomes of radiotherapy versus 
radical parametrectomy has been carried out. 

 Feasibility of laparoscopic and robotic 
approach has been proven in small studies from 
single institutions [ 5 ,  24 ,  54 ]. Technical perfor-
mance is surely more demanding due to the 
absence of uterus, postoperative adhesions, 
mainly the bladder to the vaginal cuff, and post-
operative fi brosis in retroperitoneum and para-
metria. As a consequence, a higher risk of 
intra-operative complications, especially urinary 
bladder and ureteral injuries, can be expected 
[ 35 ,  36 ]. The same principles of classifi cation are 
asserted for radical parametrectomy as well as 
for radical hysterectomy.  

33.11     Postoperative Morbidity 
and Mortality 

 Mortality after radical hysterectomy in the origi-
nal works of Wertheim and Shauta oscillated 
around 10 % [ 67 ]. Currently the mortality is mini-
mal, the most frequent cause of death after radical 
hysterectomy being anesthesiological complica-

tions, rarely vascular injury, early postoperative 
bleeding or pulmonary embolism. 

 Most studies that showed postoperative mor-
bidity focus unfortunately on the short interval 
a few months after the surgery. It is well docu-
mented that the morbidity corresponds with the 
radicality of hysterectomy, in particular with the 
extent of parametrial resection [ 19 ,  33 ,  53 ]. The 
most signifi cant symptom in the early postop-
erative period is the impairment of spontaneous 
voiding. Voiding recovery varies in the literature 
from 4 to 31 days [ 6 ,  22 ,  33 ,  48 ,  51 ]. Such a broad 
range is mostly a consequence of different radi-
cality of parametrectomy [ 17 ]. Pathophysiology 
remains insuffi ciently explained, yet it is hypoth-
esized that perivesical edema, autonomic dener-
vation and loss of urinary bladder support play 
their role. 

 Urinary bladder dysfunctions are also the 
most frequent and best documented type of late 
morbidity after radical hysterectomy. The most 
frequently reported symptoms include urinary 
incontinence, impairment of bladder sensation or 
voiding with abdominal straining [ 3 ,  7 ,  9 ,  46 ,  69 ]. 
These symptoms can persist even 12 months after 
the surgery. The preservation of autonomic 
nerves does not eliminate the symptoms but it 
signifi cantly decreases the severity and frequency 
of their manifestation [ 55 ]. Much less attention is 
paid to anorectal dysfunctions, which typically 
are not common but negatively infl uence quality 
of life [ 2 ,  8 ,  60 ,  64 ]. Among the most frequent 
symptoms are constipation and fl atulence incon-
tinence, mainly in cases with extensive resection 
of dorsal parametria or extensive vaginectomy. 
The third area of late morbidity entails sexual 
dysfunctions. Their etiology is multifactorial, 
psychological, functional and anatomical changes 
all play a role. Shortening of the vagina has a 
negative effect on the quality of postoperative 
vaginal intercourse, surgical menopause as a 
 consequence of BSO is associated with climac-
teric symptoms reducing libido, insuffi cient 
lubrication and dyspareunia, and cancer diagno-
sis as such is associated with anxiety and fear that 
sexual activity can cause disease recurrence. The 
main sexual dysfunctions after radical hysterec-
tomy are sexual desire disorder, objective arousal 
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disorder and dyspareunia [ 4 ,  15 ,  28 ,  37 ,  45 ,  47 , 
 66 ]. It has been shown that the majority of 
patients do not require intensive sexuological 
care, however suffi cient conversation about sexu-
ality is an important preventive measure, which 
should entail preoperative information about 
potential sexual problems after the surgery. Other 
frequent symptoms, such as the presence of 
lymphedema or lymphocele, is rather a conse-
quence of simultaneous lymphadenectomy.  

33.12     Summary 

 Despite the progress in radiotherapy, introduc-
tion of neoadjuvant chemotherapy and surgical 
radicality reduction in small size tumors, radi-
cal hysterectomy remains the basic procedure 
in gynecological oncology in treatment of the 
early stages of cervical cancer. Procedure per-
formance has evolved throughout its more-than-
100-year history and until today discrepancies 
in terminology, classifi cation, performance, and 
attitude to radicality have endured. It is impor-
tant to emphasize that radical hysterectomy is 
not one universal procedure but the extent of 
parametrial removal can differ signifi cantly in 
both horizontal and vertical planes. The extent of 
parametrectomy should be precisely scheduled 
pre-operatively according to well-known prog-
nostic parameters. Broad acceptance of uniform 
terminology and classifi cation is a basis for result 
sharing, collaboration, research and postgradu-
ate training in the future. The key parameter for 
radical hysterectomy classifi cation is the extent 
of parametria resection. The ABCD classifi cation 
system recognizes four types of the procedure (B, 
C1, C2, D), including nerve sparing modifi cation. 
It uses stable anatomical landmarks, defi nes sur-
gery extent in all three parts of the parametria in 
three dimensions all of which enable to achieve 
adequate reproducibility. Different radicality of 
parametrectomy is crucial for the frequency and 
severity of early and long term morbidity. The 
most frequent symptom in early postoperative 
period is impairment of spontaneous voiding. 
Most often late morbidities entail urinary bladder 
dysfunctions, particularly urinary incontinence, 
and impairment of bladder sensation. Quality of 

life can also be compromised due to less frequent 
symptoms such as anorectal dysfunctions and 
sexual dysfunctions.      

 Key Points 

•     Radical hysterectomy is indicated for 
treatment of IB stage of cervical cancer; 
in locally advanced tumors (stages IB2 
and selected IIB cases) it represents a 
method of choice together with primary 
chemoradiotherapy.  

•   Radical hysterectomy does not repre-
sent one universal procedure, but the 
extent of parametria removal can vary 
substantially.  

•   The main parameter for radical hyster-
ectomy classifi cation is the extent of 
parametria resection.  

•   Each type of radical hysterectomy 
should be clearly defi ned using stable 
anatomical landmarks.  

•   The description of every type of radical 
hysterectomy should include instruc-
tions for distal ureter dissection and the 
extent of the removal of all three para-
metrial parts (ventral, lateral, and dor-
sal) in three planes (frontal, sagittal, 
horizontal).  

•   The extent of parametrial resection, 
mainly in vertical dimension, signifi -
cantly infl uences the postoperative mor-
bidity, mostly the risk and severity of 
bladder dysfunctions but also anorectal 
dysfunctions.  

•   Type of lymph node surgical staging, 
type of radical hysterectomy (extent of 
parametrial resection) and extent of vag-
inal resection are variables that must be 
defi ned before the surgery.  

•   The ABCD classifi cation system differ-
entiates 4 types of radical hysterectomy 
(B, C1, C2, D), includes nerve sparing 
modifi cation and meets all criteria for 
modern classifi cation.  

•   Radical parametrectomy is a method 
of choice in patients after inadequate 
simple hysterectomy for previously 
unrevealed cervical cancer; its aim is 
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34.1             Introduction 

 Cancer of the cervix is the third most common 
life-threatening cancer in women worldwide, 
with over 530,000 incident cases and the fourth 
leading cause of cancer mortality in women. In 
Europe, we observe an East-West gradient, where 
there is a higher incidence occurring in post- 
communistic countries [ 1 ]. These variations are 
possible to explain in terms of assorted screening 
strategies and different levels of health care. The 
importance of cervical cancer becomes even 
more apparent in light of the evidence that >54 % 
of women diagnosed with this disease are 
<50 years of age [ 2 ,  3 ]. For treatment of early 
cervical cancer, surgery remains the preferred 
treatment option, especially in younger women. 
Nevertheless, well-performed radical hysterec-
tomy with systematic pelvic lymphadenectomy 
can be accompanied by early and late postopera-
tive morbidity [ 4 – 6 ]. Attention in the past two 
decades has largely centered on risk factors for 
cervical cancer that allow for individualized ther-
apy and selection of patients for optimal treat-
ment (nerve-sparing surgery, less radical 
fertility-sparing surgery or chemoradiotherapy). 
Management of the most common squamous cell 

cancer and adenocarcinoma is not performed 
differently and it is important to exclude only 
neuroendocrine carcinomas, which require a 
different management approach. Treatment in 
these cases would start with chemotherapy [ 7 ]. 
Development of imaging methods, particularly 
magnetic resonance imagining (MRI) and ultra-
sonography (US), allows not only exact tumor 
measurement but also helps to determine tumor 
volume, determination of the extent of infi ltration 
of the cervical stroma and the amount of healthy 
stroma [ 8 – 10 ]. In early cervical cancer, the status 
of regional lymph nodes is a critical factor in 
determining prognosis. Systematic pelvic lymph 
node dissection is routinely performed as part of 
standard surgical therapy, except stage IA1 [ 11 ]. 
Systematic pelvic lymphadenectomy is associ-
ated with short- and long- term morbidities, such 
as increased blood loss, neurovascular injury, 
lymphocyst formation and infection, and lower- 
limb lymphedema [ 3 ]. During the past 15 years, 
considerable efforts have been undertaken to 
develop preoperative and intraoperative methods 
to identify nodal involvement. Although lym-
phangiography, computed tomography (CT) and 
MRI are commonly used for lymph node assess-
ment, a systematic review and meta-analysis of 
the literature on diagnostic accuracy suggest low 
sensitivity and specifi city in detecting lymph 
node metastasis, particularly in early stage 
cervical cancer [ 12 ]. Large expectations were 
projected on 18F-fl uorodeoxyglucose positron 
emission CT (PET-CT). This imaging tool is the 
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most accurate preoperative evaluation but has 
low sensitivity as well as poor positive predic-
tive value for pretreatment lymph node staging 
[ 12 – 14 ]. The main diffi culty in patients with 
early cervical cancer is that lymph node metastases 
<7 mm are not detectable by current preopera-
tive, noninvasive imaging techniques, including 
PET-CT. 

 The technique of sentinel lymph node map-
ping (SLNM) was studied in cancers that spread 
by the lymphatic system. The sentinel lymph 
node (SLN) is the fi rst lymph node that receives 
drainage directly from the primary tumor and is 
therefore useful in detecting lymph nodes with 
the highest metastatic risk. The number of publi-
cations concerning SLN biopsy (SLNB) and cer-
vical cancer has increased dramatically in the 
past 15 years [ 15 – 23 ]. This interest in SLNB in 
relation to cervical cancer is logical because early 
stages of the most common histological types of 
squamous and adenocarcinoma metastasize pri-
marily to lymph nodes. Hematogenous spread is 
rare, often occurring late in the disease process, 
except for neuroendocrine tumors. Currently, the 
SLNM procedure has been incorporated into cer-
vical cancer fertility-sparing surgery and indi-
vidually tailored surgery in many centers 
worldwide. A number of studies have confi rmed 
that SLNM is feasible and highly accurate in pre-
dicting the status of regional lymph nodes in 
early cervical cancer [ 16 – 20 ]. This chapter is a 
critical review of the literature and a summary of 
our experience over the past 15 years with SLNM 
in cervical cancer patients.  

34.2     Mapping Techniques 

    Colorimetric Technique 

 The fi rst procedure to localize SLNs in patients 
with cervical cancer involved the use of blue 
dye. The injection of isosulfan blue dye 
(Lymphazurin®), Methylene Blue (B) or Patente 
Blue (Bleu Patente V sodique®) is administered 
to the patient in the operating room just before 
surgery in the general anesthesia. Two blue dye 

techniques have been reported in the detection of 
SLN in cervical cancer. Most authors use a four- 
quadrant technique, which involves injecting 
0.5–1 ml of blue dye into each quadrant of the 
cervix peritumorally. Some surgical teams prefer 
to dilute 2 ml blue with 2 ml saline solution [ 17 , 
 20 ,  21 ,  24 ]. In patients who have undergone prior 
cone biopsy the injection is given around of the 
cone [ 17 – 20 ]. A less frequent technique is to 
inject the blue dye at the 3 and 9 o’clock posi-
tions [ 22 ]. Two techniques of injection are used: 
very superfi cial, submucosal peritumoral injec-
tion and injection into the cervical stroma (10–
15 mm deep, very slow injection from the deepest 
point of the needle to the subepithelial point). 
Our team prefers the four-quadrant technique 
with injection into the cervical stroma. One 
adverse effect of blue dye involves severe allergic 
reactions (0.3–1.8 %), but no deaths have been 
reported. Three severe allergic reactions (0.6 %) 
were mentioned by our group of 525 women who 
were given blue dye injection. A more frequent 
adverse effect is less serious localized swelling or 
pruritus (2–4 %), but >95 % of the patients have 
been observed with a bluish coloring of the skin, 
mucosa and urine [ 17 ,  23 – 25 ]. Preventive antia-
lergic measures have generally not been recom-
mended. Another adverse effect of blue dye 
injection is the transient decrease in pulse oxim-
etry reading, which typically occurs between 2 
and 10 min after blue dye application. Reduction 
in pulse oximetry readings is not accompanied by 
a decrease in arterial oxygen saturation and thus 
represents only colorimetric interference [ 26 ]. 
SLNM with blue dye is clearly inferior to SLNM 
with a radio-isotopic method alone or in combi-
nation with a blue dye plus a radio-isotopic 
method for sensitivity, detection rate (DR) and 
site-specifi c DR (SSDR) [ 17 ,  23 ]. Blue dye in 
combination with a radioisotope versus a radio-
isotope alone slightly increases SLN detection 
(DR 1–4 % and SSDR 2–7 %). The major advan-
tage of blue dye in combination with a radioiso-
tope is the possibility to identify individual blue 
lymphatic channels as well as identifying SLNs 
in the medial part of the paracervix (between the 
cervical fascia and the obliterated umbilical 
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artery). In this area in vivo identifi cation only by 
blue dye is possible because radioactivity is very 
high near the cervix [ 17 ,  23 ,  27 ]. The  combination 
of blue dye and a radioisotope decreases the risk 
of parametrial SLNs going undetected and 
increases the safety of fertility-sparing surgery 
and less radical procedures. Identifi cation of blue 
channels also allows easy identifi cation of SLNs 
in unusual locations (e.g., the parametrial or pre-
sacral area). Blue lymphatic channels that termi-
nate near the enlarged lymph node decrease the 
risk of omission of fully infi ltrated lymph nodes. 
Injections of both blue dye and a radioisotope are 
popular in Europe, the USA and Canada. In Asia, 
it is more common to use a radioisotope alone.  

    Radioisotope Technique 

 Different sizes of radiolabeled colloids (typically 
technetium Tc99) are used to detect SLNs in cer-
vical cancer. The ideal tracer should combine 
rapid and predictable transport from the cervix 
towards the sentinel node (SN) with persistent 
retention in the fi rst nodes. After intracervical 
application, colloid enters the lymphatic capillar-
ies and is transported by lymph vessels to the fi rst 
lymph nodes. Particles of different sizes spread in 
the lymphatic system at different speeds. The 
smallest particles (<50 nm) are quickly trans-
ported to secondary nodes. The particles are pos-
sible to divide according to size into Nanocolloids 
Tc99 (95 % of the particles have a size from 8 to 
80 nm). The size of the particles depends on the 
fi nal fi ltration. The second group of particles is 
radioisotopes with the majority of particles in the 
range of 100–600 nm. Our team found this parti-
cle size to be optimal. The largest particles that 
can be used are the Tc 99m phytate (150–
1,500 nm), which is mostly applied in Asia. 
Different doses and timing are currently 
employed in detecting SLNs. In many centers 
“long” (2-days) protocols are used when radio-
colloid is injected 1 day (i.e., 20–24 h) before 
surgery. Lymphoscintigraphy is performed 1–3 h 
after injection. The doses used in these “long” 
2-day protocols are very high (2.0–4 mci, 

74–148 MBq) because the half time of degrada-
tion is 6 h and after 24 h only residual activity is 
measured (average 10–15 %) [ 19 ,  27 – 29 ]. 
However, short “1-day” protocols are increasingly 
employed. Doses between 0.2 and 1.0 mci 
(7.4–37 MBq) are commonly used [ 23 ,  30 ,  31 ]. 
Radiocolloid in these protocols is injected 2–4 h 
before surgery and lymphoscintigraphy is per-
formed 20–30 min after injection. Some 
departments do not perform preoperative 
lymphoscintigraphy and use only intraoperative 
gamma probe detection. The third timing inter-
val involves “ultra-short” protocols: radiocolloid 
in doses of 0.4–0.55 mci (14.8–20 MBq) is 
injected in the operating theater in the beginning 
of general anesthesia before injection of the blue 
dye. Injection is easier and more accurate in gen-
eral anesthesia. Detection of SLNs is performed 
after 15–20 min of the injection by a hand-held 
gamma probe without lymphoscintigraphy [ 17 , 
 21 ,  27 ]. Exclusion of preoperative lymphoscin-
tigraphy and use of only intraoperative detection 
of SLNs by a hand-held or laparoscopic gamma 
probe are not thought to decrease the DR of 
SLNs. Management without lymphoscintigra-
phy is simple and less expensive [ 17 ,  21 ,  27 , 
 31 – 33 ]. We prefer ultra-short protocols without 
lymphoscintigraphy. 

 Techniques used in the application of radio-
colloid are identical to those of blue dye: 
submucosally (superfi cially-subepithelially) in 
0.1–1.0 ml volume or peritumorally into the 
stroma of the cervix 10–15 mm deep, followed 
by slow injection from the deepest point of the 
needle to the subepithelial layer in 0.5–1 ml vol-
ume in each quadrant. No adverse effects of 
radiolabeled colloids were described in litera-
ture. Using an ultra-short protocol, all tampons 
and needles must be returned to the Department 
of Nuclear Medicine. Recent data show that 
intraoperative detection using a hand-held 
gamma or laparoscopic probe is a more sensi-
tive instrument (i.e., results in higher detection) 
than lymphoscintigraphy [ 17 ,  21 ,  32 ]. 
Lymphoscintigraphy the day before surgery is 
poorly correlated to surgical intraoperative 
mapping [ 33 ]. An increasing number of surgical 
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teams have abandoned preoperative lymphos-
cintigraphy and instead opted for intraoperative 
detection only, which is both cost- effective and 
offers uncomplicated management.   

34.3     Detection of Intraoperative 
SLNs 

 The cervix is a midline structure whose lym-
phatic drainage is bilateral and thus the DR per 
patient is less accurate. Thus, DR must be inter-
preted using the SSDR method [ 17 ,  23 ,  34 ,  35 ]. 
The most important factor in SLNM is the tim-
ing between the radioactive isotope and blue 
dye injection into the cervix. Direct visualiza-
tion of the pelvis allows the surgeon to identify 
the blue- colored lymphatic channels and blue 
nodes. Optimal time for identifi cation of the 
blue channels and nodes is 5–20 min [ 23 ,  27 , 
 34 ]. After identifi cation of the blue-colored 
lymphatic channels and nodes, the next step is 
to identify the radioactive nodes (hot nodes) 
with a hand- held or laparoscopic gamma probe. 
SLN nodes need minimal radioactivity of three 
to ten times more than the baseline activity. 
Most authors recommend control over the radio-
activity of the removed SLNs outside the sur-
gery fi eld. It is necessary to verify the presence 
of residual radioactivity in the pelvic and para-
aortic regions after removal of the hot nodes. 
Identifi cation of SLNs in the medial part of the 
lateral parametrium (between the cervical fascia 
and obliterated umbilical artery) is possible 
in vivo, but only by blue dye because radioactiv-
ity is very high near the cervix. An important 
component in identifying SLNs is the detection 
of suspect, bulky lymph nodes. Fully infi ltrated 
lymph nodes can have lower radioactivity and 
may not appear blue in that the blue dye and 
tracer may bypass these nodes. These lymph 
nodes should not be called SLNs. Bulky nodes 
have to be extirpated and sent for frozen section 
(FS). In the event that positive enlarged nodes 
are detected it is necessary to terminate identifi -
cation of SLNs and perform debulking with 
complete pelvic lymphadenectomy and paraaor-
tic lymphadenectomy with or without radical 

hysterectomy, or to abandon surgery as a treat-
ment option and have the patient undergo 
chemoradiotherapy.  

34.4     Distribution of SLNs 

 Due to small numbers of patients and the lack of 
standardization of surgical anatomical land-
marks, huge differences have been observed 
between studies. For example, presacral SLNs 
are less often diagnosed during laparoscopic sur-
gery. This observation may be explained in terms 
of technical diffi culties and that some authors 
classify the presacral lymph nodes as belonging 
to the paraaortal [ 35 ] or internal iliac area [ 18 ]. 
Paraaortal lymph nodes were often detected dur-
ing the 2-day protocols, which used ultra-small 
particles (<100 nm). The smallest particles show 
quick transport to the secondary nodes. The lack 
of a clear surgically based classifi cation and land-
mark underlines the diffi culties in comparing pel-
vic SN localization data. For pelvic 
lymphadenectomy, it is important to use uniform 
terminology with clear and simple landmarks. 
Figure  34.1  displays the terminology we use, 
which describes clear landmarks for pelvic 
lymphadenectomy. Figure  34.2  depicts the distri-
bution of 1,120 SLNs in 372 women with early 
cervical cancer in our series in which a combina-
tion of radiocolloid and blue dye was used. 
Figure  34.3  portrays the distribution of 77 posi-
tive SLNs in 59 women.     

34.5     Histopathological Procedure 
in SLN 

 We divided tumor deposits of SLNs in patients 
with cervical cancer into three categories: macro-
metastasis (diameter >2 mm), micrometastasis 
(diameter >0.2 mm but not >2 mm) and isolated 
tumor cells (ITCs, diameter ≤0.2 mm). The pres-
ence of macrometastatic or micrometastastatic 
disease in SLNs is described as positive nodes in 
the N category of the tumor, node, metastasis 
(TNM) staging system for cervical cancer. 
Although the extent of involvement of lymph 
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  Fig. 34.1     A  External iliac artery region: lymph nodes that 
are attached to the external iliac artery and vein from the 
bifurcation till groin;  B  Obturator region: lymph nodes 
around internal iliac artery and vein, medial border by 
obliterated umbilical chord, lateral border pelvic side wall, 
caudally femoral canal;  C  Common iliac artery and vein 
region: lymph nodes that are attached to the vessels, 

between aortal bifurcation and iliac bifurcation; 
 D  Presacral region lymph nodes between common iliac 
arteries and veins, not in the attachment with the vessels; 
 E  Paracervical region: lymph nodes between cervix, 
umbilical chord, and internal iliac vessels;  F  Low paraaor-
tal region: lymph nodes along aorta and vena cava inferior, 
between aortal bifurcation and a. mesenterica inferior       
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  Fig. 34.2    Distribution of 1,120 SLN in 372 patients (From Rob et al. [ 17 ]. Used with permission from Elsevier)       
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nodes is an important prognostic factor, it still 
has not been validated in the literature. In cervi-
cal cancer surgery we have less extensive data 
though a recent multicenter study confi rmed the 
prognostic signifi cance of micrometastatic lymph 
node involvement [ 36 ]. However, the clinical sig-
nifi cance of ITCs is still unknown. The identifi ca-
tion of most micrometastases requires serial 
sectioning. We have no consensus about optimal 
leveling; however, in routine clinical practice 
150–250 μm leveling seems acceptable. 

 A major controversy concerns FS biopsy of 
SLNs, including its benefi ts and limitations. The 
intraoperative assessment of SLNs potentially 
modifi es the surgical procedure and subsequent 
treatment management. Despite the obvious ben-
efi ts of FS examination for the patient, this tech-
nique has serious limitations in the microscopic 
evaluation of selected portions of tissue. 
Intraoperative serial cutting of the entire SLN is 
not applicable because of the prolongation of the 
operating time, technical limitations of the pro-
cessing of frozen material and loss of tissue for 
postoperative evaluation. Presently, no standard-
ization for the number of levels taken from each 
tissue block is available. Our algorithm of tissue 
sectioning in FS enables the disclosure of macro-
metastatic tumor deposits. However, it leads to 

reduced sensitivity in detecting micrometastases 
and may result in false negatives [ 17 ]. Using a 
good diagnostic tool such as FS allows reliable 
detection of clinically important metastases in 
lymph nodes (metastases >2 mm), but will miss a 
signifi cant proportion of patients with micromet-
astatic disease (<2 mm) and ITCs [ 11 ,  23 ,  24 ,  27 , 
 37 – 39 ]. Importantly, if there were negative SLNs 
in the hemipelvis in early cervical cancer, it is 
extremely rare to have metastasis in non-SLNs 
[ 16 – 19 ,  22 ,  23 ,  27 – 31 ,  40 ]. Further, if there were 
micrometastases in fi nal ultrastaging of SLNs 
that were missed by FS, it is extremely rare to 
have metastasis in non-SLNs [ 39 ,  41 – 43 ]. 
Selection of patients with macrometastatic posi-
tive SLNs allows preoperative modifi cations of 
the treatment. In contrast, negative FS of SLN 
biopsy for early cervical cancer is an important 
adjunct of individually tailored less radical treat-
ment options [ 43 – 47 ].  

34.6     Identifi cation of SLNs: 
Detection Rate 

 The cervix is a midline structure where the 
DR per patient is less accurate than the DR 
per hemipelvis (SSDR). General agreement has 
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  Fig. 34.3    Distribution of 77 positive SLN in 59 patients (From Rob et al. [ 17 ]. Used with permission from Elsevier)       
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been emerging that optimal mapping implies 
identifi cation of at least one SLN on each side. 
It is evident that Tc 99m or Tc 99m with blue dye 
is superior to blue dye alone. During the past 
decade, studies on SLNM have used different 
patient selection criteria, application methods, 
radiocolloid particles and timing of SLNM. In 
the literature the DR in tumors with small tumor 
volume (<2 cm) was 93.8–100 % and 58–87.8 % 
in tumors with large tumor volume (>2 cm). The 
SSDR, a more important measure, was 69.4–
95.6 % in tumors with small tumor volume and 
41.9–69.5 % in tumors with large tumor volume. 
Concerning clinical practice, the sensitivity and 
negative predictive value (NPV) for endpoints 
are also of importance. Sensitivity in the group of 
patients with small tumor volume was 99–100 % 
versus 84–100 % in the group with large tumor 
volume. Table  34.1  summarizes the results of our 
FN Motol ultra-short protocol.

34.7        Summary 

 In the past two decades considerable attention has 
been directed toward optimal surgical management 
of early cervical cancer. Although enormous 
efforts have been made in developing exact pre-
operative methods to identify nodal involvement, 
diagnostic accuracy is still limited in terms of low 
sensitivity and specifi city in detecting lymph 
node metastasis, especially in early cervical can-
cer. Several studies have confi rmed that SLNM is 
a feasible and accurate technique in predicting 
the status of pelvic nodes in early cervical cancer 
patients. Using SLNM, we found that 15 % of 
the SLNs from “unusual’ locations could be 
identifi ed. SLN biopsy and serial sectioning 
allowed precise histopathological evaluation of 
the “high-risk” nodes because serial sectioning 

and ultrastaging of whole lymph nodes were not 
possible. There are suffi cient data to suggest that 
SLNM with 99mTc plus blue dye in the hands of 
an experienced surgeon should prove important 
in fertility-sparing and individually tailored sur-
gery for cervical cancer.      
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35.1             Introduction 

 Cervical carcinoma is the third most common 
cancer in women worldwide and remains a sig-
nifi cant health burden [ 1 ]. In 2008, 530,000 
women across the world were diagnosed with 
cervical cancer, with more than 80 % of these 
cases being diagnosed in the developing world. 
The worldwide incidence varies from 15.3 per 
100,000 population to 10.1 per 100,000 in the 
United Kingdom (UK) [ 2 ]. The fall in incidence 
in the UK and other western countries is largely 
due to the introduction of national screening pro-
grams. The screening program introduced in the 
UK in 1988, by detecting and treating pre- 
invasive disease, has led to a fall in the number of 
invasive cancers diagnosed from 4,082 in 1988 to 
2,851 in 2010 [ 2 ]. 

 The majority of these cases are locally 
advanced FIGO stage IB2-IVA [ 3 ]. 

 For more than a decade the standard of care 
for women with locally advanced disease has 
been chemo-radiotherapy (CRT). This followed 
the publication in 1999 of a number of large ran-
domized trials demonstrating a signifi cant sur-
vival advantage with the addition of concurrent 
platinum based chemotherapy to radiotherapy 
[ 4 ,  5 ]. These trials led to the National Cancer 

Institute (NCI) issuing an alert recommending 
the use of concurrent cisplatin-based chemother-
apy with radiotherapy in women undergoing 
treatment with curative intent [ 6 ]. This practice 
was widely adopted in the UK [ 7 ]. 

 More recently, an individual patient data 
meta-analysis based on 18 trials from 11 coun-
tries confi rmed the benefi t of chemo- radiotherapy 
with a 6 % improvement in 5-year overall sur-
vival (OS) from 60 to 66 %, HR 0.81, and an 8 % 
improvement in disease-free survival (DFS) from 
50 to 58 % [ 8 ]. Whilst the benefi ts were seen 
across all stages regardless of age, histology and 
grade they appeared to be lower in patients with 
more advanced disease. We will return to this 
later in the chapter.  

35.2     Neoadjuvant Chemotherapy 

 Over the years, various investigators have focused 
on the additional role of chemotherapy given 
before (neoadjuvant, NACT) radical radiotherapy 
or surgery. Most of these trials were conducted in 
the pre CRT era. This chapter will address this 
approach to treatment. 

 The administration of chemotherapy before 
defi nitive therapy (either surgery or radiotherapy) 
may help to reduce the tumor burden which may 
in turn render inoperable tumors operable or 
improve the tumor oxygenation [ 9 ]. Furthermore, 
the use of systemic treatment may also eliminate 
micrometastatic disease and therefore potentially 
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improve survival. More recently, this approach 
has been used in an attempt to preserve fertility 
[ 10 ]. There is evidence suggesting response to 
NACT can predict longer term outcomes and 
may therefore be a useful biological marker [ 11 ]. 
Despite these possible benefi ts of NACT there 
are concerns that NACT causes unnecessary 
delays in the defi nitive radical treatment, there-
fore potentially jeopardizing effi cacy of radical 
treatment. It has also been postulated that pre- 
treatment with chemotherapy may lead to accel-
erated tumor repopulation thereby compromising 
the effectiveness of a course of radiotherapy [ 12 ].  

35.3     Neoadjuvant Chemotherapy 
Before Surgery 

 This approach has been the subject of several tri-
als spanning more than two decades. A meta- 
analysis of randomized trials conducted between 
1975 and 1998 was undertaken and the fi ndings 
published in 2003 [ 13 ]. This identifi ed seven tri-
als that compared NACT plus surgery (+/− radio-
therapy) versus radiotherapy alone. On further 
review fi ve trials fulfi lled the pre-specifi ed crite-
ria for inclusion. The number of patients random-
ized varied from 50 to 441 and included patients 
with bulky FIGO IB to IIIB disease. Platinum 
based combination chemotherapy was used in 
various doses and schedules and for a minimum 
of three and a maximum of seven cycles. 
However, the cycle durations were in general less 
than 10 days (i.e. dose- dense). The radiation 
doses in the control arms were similar across the 
trials. In some trials up to 90 % of patients 
received adjuvant radiotherapy in the surgery 
arms. Nevertheless, despite the relatively small 
number of patients and the heterogeneity between 
the trials, the fi ndings suggested a highly signifi -
cant effect of NACT. The HR of 0.65 indicates a 
14 % absolute overall improvement in 5-year sur-
vival (see Fig.  35.1 ).  

 In 2007 the Gynecologic Oncology Group 
(GOG) published the results of GOG-141. This 
trial randomized 288 patients (over 5 years) with 
stage IB2 cervical cancer to NACT using three 
cycles of cisplatin and vincristine given every 

10 days followed by surgery or surgery alone. 
This trial was closed early due to poor accrual 
and frequent off protocol use of post operative 
radiotherapy (45 % of NACT patients and 52 % 
of surgery alone). Response rates as defi ned by 
‘clinical objective response’ to NACT were 52 % 
but no signifi cant differences were seen in patho-
logical fi ndings, progression free survival (PFS) 
or overall survival [ 14 ]. 

 Mossa et al. demonstrated similar results hav-
ing randomized 288 patients with FIGO stage IB 
to III cervical cancer to NACT with three cycles 
of cisplatin, vincristine and bleomycin versus 
conventional treatment (surgery or radiotherapy 
alone). For the vast majority of these patients 
(258) the conventional treatment was surgery and 
the remaining 30 were stage III patients who 
received radiotherapy (6 in NACT group, 24 in 
conventional group). At 7 year follow up no sta-
tistically signifi cant benefi t in disease free or 
overall survival was seen but the trend was favor-
ing NACT, OS 70.4 % NACT versus 65.9 %, 
DFS 65.4 % versus 53.5 % [ 15 ]. 

 More recently two randomized trials, SNAP- 
01 and SNAP-02, showed that paclitaxel contain-
ing regimens are associated with improved 
response rates. Paclitaxel/ifosfamide/cisplatin 
(TIP) or paclitaxel/epirubicin/cisplatin (TEP) 
yielded optimal response rates (no residual or 
<3 mm stromal invasion) of 42–48 % but at the 
expense of signifi cant hematological toxicity [ 9 ]. 

 A number of phase two studies have investi-
gated the platinum/paclitaxel doublet given in a 
dose dense schedule (cycles <10 days) to 
patients with FIGO stage IB-IIB disease prior to 
surgery [ 16 ,  17 ]. Although these are small trials 
response rates of up to 90 % were observed with 
a short course of dose dense chemotherapy 
without the signifi cant toxicity observed in the 
Italian studies above. 

 Three cycles of neoadjuvant carboplatin and 
paclitaxel given every 21 days was used by 
Duenas-Gonzalez et al. with even more impressive 
response rates of 95 % in 43 patients with FIGO 
IB2-IIIB cervical cancer, but this was assessed by 
clinical response rather than MRI [ 18 ]. 

 In 2010 a Cochrane review comparing NACT 
and surgery versus surgery alone in FIGO stage 
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IB to III was published. Six randomized con-
trolled trials involving over 1,000 women were 
identifi ed and whilst data for PFS was available 
for all trials, overall survival, resection rates and 
pathological response data was not available for 
one trial. Recurrence data was only available for 
three trials. Therefore the fi nal analysis was lim-
ited to fi ve trials with 604 women. This review 
concluded that NACT before surgery was associ-
ated with an improvement in PFS (HR 0.76 
p = 0.01) whilst there was a trend towards an 
improvement in overall survival this did not reach 
statistical signifi cance (HR 0.85, p = 0.17). Once 
again, these trials were very heterogeneous and 
results were confounded by the frequent use of 
radiotherapy in addition to the chemotherapy and 
surgery [ 19 ]. 

 A further meta-analysis of fi ve randomized 
controlled trials and four observational studies 
involving 1,784 patients with FIGO IB1 to IIA 
was published in 2013 [ 20 ]. The authors con-
cluded that NACT, whilst decreasing tumor bulk 
and lymph node metastases, did not improve sur-
vival. They did note that postoperative radiother-
apy was less frequently indicated. However, these 
fi ndings need to be interpreted with caution due 
to the limitations of the review and the inclusion 
of observational studies. 

 The ongoing European Organization for 
Research and Treatment of Cancer (EORTC 
55994) randomized phase three trial may help to 
defi ne the role, if any, of NACT in early stage dis-
ease. This compares the use of NACT followed by 
surgery with concurrent chemo- radiotherapy for 

FIGO stage IB2-IIB cervical squamous cell carci-
noma, adenosquamous or adenocarcinoma. The 
NACT regimen typically consists of three cycles 
of 21 day cisplatin based combination chemother-
apy. Overall survival is the primary endpoint with 
PFS, toxicity, and Quality of Life as secondary 
endpoints. However the trial has been open to 
recruitment since 2002 and accrual has been slow 
(Table  35.1 ).

35.4        Neoadjuvant Chemotherapy 
Before Radiotherapy/
Chemo-Radiotherapy 

 A meta-analysis of individual patient data from 
21 randomized trials comparing NACT before 
radiotherapy versus radiotherapy alone was pub-
lished in 2003 [ 13 ]. The fi nal analysis included 
data from 18 trials with a total of 2,074 patients. 
Overall the analysis concluded that NACT had no 
signifi cant impact on overall survival. However, 
heterogeneity in chemotherapy cycle length and 
platinum dose intensity were identifi ed as impor-
tant factors in determining outcome. Trials using 
a short cycle length (<14 days) gave a pooled HR 
of 0.83, equivalent to a 7 % improvement 
(45–52 %) in 5 year survival (see Fig.  35.2 ). In 
contrast, those trials that used longer cycle 
lengths (>14 days) gave a pooled HR of 1.25 
equivalent to an absolute detriment in survival of 
8 % (45–37 %) at 5 years. Platinum dose intensi-
ties >25 mg/m 2  were also associated with better 
 outcomes. Furthermore, there was signifi cant 

Neoad CT No Neoad CT O-E Variance

Trial (no. events/no. entered)

Sardi, 1996
Sardi, 1998
Kigawa, 1996
Benedetti, 2002

25/53
22/80
10/25

41/54
33/74
15/25

101/214

–13.81 15.65
–9.33 13.34
–3.00 6.21

–15.65 46.60
Chang, 2000

88/227
21/68 12/52 2.61 8.12

Total 166/453 202/419 –39.17 89.92

0 0.5 1 1.5 2

Neoad CT better No Neoad CT better

HR=0.65 P=0.00004

Hazard ratio

  Fig. 35.1    Overall survival comparison for NACT in sur-
gical setting from NACCMA Collaboration meta-analysis 

(From Tierney et al. [ 13 ]; used with permission from 
Elsevier)       
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variation in radiation dose (both external beam 
and brachytherapy with the total doses delivered 
in the range 55–80 Gy) and the interval between 
completing chemotherapy and commencing 
radiotherapy. It is possible that the detrimental 
effect of longer chemotherapy cycle length is due 

to accelerated tumor regrowth in a tumor that is 
known to have a high growth fraction and prolif-
eration rate. It is also important to note that this 
meta-analysis excluded trials using concurrent 
chemo-radiotherapy which is now the standard of 
care (Table  35.2 ). 

   Table 35.1    Summary of trials investigating NACT in the surgical setting   

 Author  Year  No of pts  NACT regimen  Outcome 

 Sardi et al.  1997  210  3× cisplatin 50 mg/m 2 , vincristine 
1 mg/m 2 , bleomycin 25 mg/m 2  
(day 1–3) q10 

 At 67 months 
 DFS 80 % vs 61 % 

 Eddy et al.  2007  288  3× cisplatin 50 mg/m 2 , vincristine 
1 mg/m 2 , q10 

 Clinical objective RR 52 % 
 No sig diff in path, PFS, OS 

 Mossa et al.  2010  288  3× cisplatin 50 mg/m 2 , vincristine 
1 mg/m 2  bleomycin 25 mg/m 2  

 At 7 years 
 OS 70.4 % vs 65.9 % (not sig) 
 DFS 65.4 % vs 53.5 %(not sig) 

 Park et al.  2004  43  3× cisplatin 60 mg/m 2 , paclitaxel 
60 mg/m 2  q10 

 Clin response 90.7 % (MRI&exam) 
 Path downstaging 72.1 % 

 Mori et al.  2008  30  6× carboplatin AUC2, paclitaxel 
60 mg/m 2  q7 

 Objective RR 87 % (MRI&exam) 

 Duenas 
Gonzalez et al. 

 2003  43  3× carboplatin AUC6, paclitaxel 
175 mg/m 2  q21 

 Clinical RR 95 % (MRI) 

Neoad CT No Neoad CT        O-E
(no. events/no. entered)Trial

Variance

>14 day cycles
Chauvergne, 1993
Souhami, 1991
Tattersall, 1992
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9/18

8/16
16/32
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28/131
34/85

2/12

7.64
2.17
2.60
0.37
2.16

4.68
–3.41
8.08
7.43
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13.64
9.41

32.39
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4.91
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Sardi, 1997
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Sardi, 1998
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PMB
Symonds, 2000
Leborgne, 1997
MRC CeCa

Sub-total

Total

19/104
30/73
34/54

9/16

68/105
32/48
19/24

211/424

553/1026

32/106
33/74
41/54
15/19

76/110
28/49

9/24

234/436

531/1048

–7.97
–4.61

–10.61
–2.68

–5.86
2.98
7.86

–20.89

13.96

12.69

15.56
17.89

5.94
35.84
14.94

6.64

109.48

266.85

Hazard Ratio

HR=1.25 P=0.005

HR=0.83 P=0.046

HR=1.05 P=0.393

0 0.5 1 1.5 2

Neoad CT better No Neoad CT better

  Fig. 35.2    Forrest plot demonstrating overall survival by 
planned chemotherapy cycle length from NACCMA 

Collaboration meta-analysis (From Tierney et al. [ 13 ]; 
used with permission from Elsevier)       
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   In 2009, the initial fi ndings from a phase two 
trial, CXII, using dose dense weekly carboplatin 
(AUC2) and paclitaxel (80 mg/m 2 ) for 6 weeks 
followed immediately by conventional chemo- 
radiotherapy were presented [ 21 ]. The fi nal 
results have recently been published [ 22 ]. This 
study recruited 46 patients with locally advanced 
cervical cancer and included patients with posi-
tive lymph nodes. The majority (72 %) of the 
patients had squamous cell cancers. Response to 
this NACT regimen was assessed by MRI using 
the RECIST criteria at the end of the sixth and 
fi nal week of chemotherapy. Overall response 
was assessed, again with MRI, 12 weeks after 
completion of all chemo-radiation treatment. 
Seventy percent of patients achieved a complete 
or partial response at the end of NACT and 85 % 
at the end of chemo-radiotherapy. Nine patients 
(20 %) experienced grade 3 or 4 toxicity with 
this NACT regimen, the majority of which was 
 hematological and easily managed. Overall sur-
vival rates at 3 and 5 years were 67 % with no 
deaths or progression between 3 and 5 years 
(see Fig.  35.3 ). Three out of the fi ve patients 
with positive para-aortic lymph nodes were 
alive with no evidence of disease. This high-
lighted, despite the small numbers, a possible 
patient group who may derive signifi cant benefi t 
from this treatment approach. This trial con-
fi rmed that this dose dense approach was feasi-
ble without compromising the CRT with 96 % 
of the patients completing the course within 
50 days. These fi ndings have been used to 

design an international randomized multicenter 
phase III trial (clinicaltrials.gov NCT01566240 
INTERLACE) to determine whether this treat-
ment strategy leads to a signifi cant improvement 
in survival.   

    Conclusion 

 The role of NACT in the treatment of cervical 
cancer remains to be defi ned. It is hoped that 
the current trials will determine the benefi ts or 
otherwise of this treatment approach.      

   Table 35.2    Summary of trials investigating NACT in the radiotherapy setting   

 Author  Year  No of pts  NACT regimen  RT details  Outcome 

 Souhami et al.  1991  103  BOMP  50 Gy/25#  5 years OS 
 3× Bleomycin 120U, vincristine 
1 mg/m 2 , mitomycin 10 mg/m 2 , 
cisplatin 50 mg/m 2  q21 

 40 Gy intracavity  23 % (NACT) vs 
39 % (RT) p = 0.02 

 Sardi et al.  1996  155  Modifi ed VBP:  50–60 Gy/28–30#  OS at 4 years 
 3× vincristine 1 mg/m 2 , 
cisplatin 50 mg/m 2 , bleomycin 
25 mg/m 2  q10 

 25–35 Gy intracavity  RT 37 % 
 NACT&RT 53 % 
 NACT&surg 63 % 

 McCormack et al.  2013  46  6× carboplatin AUC2, paclitaxel 
80 mg/m 2  q7 

 50.4 Gy/28# 
+cisplatin 40 mg/m 2  

 Observed RR 70 % 

 15 Gy/2# HDR 
intracavity 

 3 years PFS 68 % 
 3 years OS 67 % 

 Key Points 

•     Locally advanced cervical carcinoma is 
the third most common cancer in women 
in the world.  

•   The incidence of cervical cancer has 
decreased in the United Kingdom, with 
the screening program estimated to save 
up to 5,000 lives per year.  

•   Concurrent chemo-radiotherapy is stan-
dard of care for management of locally 
advanced cervical carcinoma.  

•   Platinum is a key component of chemo-
therapy regimes in the treatment of cer-
vical carcinoma.  

•   Chemotherapy before radical surgery 
(neoadjuvant) may downstage tumors to 
increase operability.  

(continued)
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  Fig. 35.3    Kaplan-Meier plots for Progression Free Survival ( PFS  upper) and overall survival ( OS  lower) for the 46 
patients in the CXII trial (Reprinted by permission from Macmillan Publishers Ltd: McCormack et al. [ 22 ])       

•   Chemotherapy before radical (chemo-) 
radiotherapy (induction) may have 
radiobiological advantages of decreased 
tumor bulk leading to decreased 
hypoxic fraction and therefore increased 
radiosenstitivity.  

•   NACT before radiotherapy shows sur-
vival advantages if short cycle platinum 
dose intense regimens are used.  

(continued)

•   INTERLACE is an international ran-
domized multicenter phase III trial com-
paring 6 weeks of induction carboplatin 
and paclitaxel chemotherapy followed 
by standard chemo- radiotherapy with 
chemo-radiotherapy alone in women 
with FIGO stage IB2 to IVA.  

•   EORTC 55994 is a randomized phase 
III trial comparing NACT (typically 
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36.1             Introduction 

 Although radiation therapy is the primary effec-
tive modality for treatment of locally advanced 
cervical cancer, the cure rate is still low with 
potential room for improvement. A positive cor-
relation between tumor size and dose of radiation 
therapy essential for tumor control was demon-
strated by Fletcher et al. in 1970s [ 1 ]. As a result, 
approximately two-thirds of patients with locally 
advanced cervical cancer treated with radiation 
therapy alone fail locally in the pelvis within the 
fi eld of radiation therapy. In large cervical tumors, 
the required radiation dose cannot be delivered 
because it exceeds the maximum tolerated dose 
by adjacent normal tissues. Further, pelvic control 
rates decline with increasing tumor size and FIGO 
stage. Therefore, many efforts have been directed 
to investigate the role of other treatment modali-
ties to augment the effect of radiation therapy like 
hyperthermia, heavy particle radiation and che-
motherapy. As tumor cells progress through dif-
ferent phases of cell cycles, their sensitivity to 
radiation therapy vary signifi cantly. Cells are 
most radiosensitive in late G2 or M phases and 
least radiosensitive in G1 and S phases [ 2 ]. 
Chemotherapy given with radiation therapy may 

complement the effect of radiation therapy by 
inducing cell synchrony, inhibiting repair of radi-
ation induced damage and direct cytotoxicity. In 
cervical cancer, the addition of chemotherapy to 
radiation therapy has been introduced in two 
schedules. The fi rst is where chemotherapy is 
given before radiation therapy (neoadjuvant che-
motherapy) and the second is where chemother-
apy and radiation therapy are given concurrently.  

36.2     Neoadjuvant Chemotherapy 
Followed by Radiation 
Therapy 

 The concept of utilizing chemotherapy to reduce 
tumor size before radiation therapy is attractive. 
However, the results of randomized clinical trials 
comparing neo-adjuvant chemotherapy followed 
by radiation therapy and radiation therapy alone 
in locally advanced cervical cancer has been 
disappointing with no survival difference [ 3 – 12 ]. 
In fact, two randomized clinical trials showed a 
worse survival when chemotherapy is given prior 
to radiation therapy [ 6 ,  8 ]. Further, a meta- 
analysis of 18 clinical trials involving 2,074 
patients did not show an improvement in out-
come with neoadjuvant chemotherapy followed 
by radiation therapy compared to radiation 
alone. However, this metaanalysis is limited by 
the heterogeneity between the trials in term of 
chemotherapy regimens, schedules and number of 
chemotherapy cycles [ 13 ]. The exact explanation 
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for the lack of survival benefi t with neoadjuvant 
chemotherapy preceding radiation therapy is not 
clear. However, many theories have been postulated 
including: altering tumor biology by induction of 
accelerated repopulation of tumor cells that are 
resistant to radiation therapy, prolonging radiation 
therapy schedule, and cross-resistance between 
chemotherapy and radiation therapy [ 14 ,  15 ].  

36.3     Cisplatin-Based Concurrent 
Chemo-Radiation Therapy 

 The promising result of the fi ve randomized clini-
cal trials [ 16 – 20 ] investigating the role of concur-
rent chemoradiation therapy stands in stark contrast 
to the disappointing results of neoadjuvant chemo-
therapy trials. Due to the compelling evidence of 
these fi ve clinical trials, the National Cancer 
Institute issued clinical bulletin recommending 
concurrent cisplatin-based chemotherapy for 
patients requiring radiation therapy. These fi ve ran-
domized trials of cisplatin based chemoradiation 
therapy used slightly different regimens and are 
conducted in patients with different clinical sce-
nario: from early stage disease with high risk fac-
tors (positive pelvic lymph nodes, positive margins 
or parametrial extension) following radical hyster-
ectomy and pelvic lymphadenectomy (GOG109), 
bulky stage IB2 (GOG 123) before performing 
adjuvant simple hysterectomy to locally advanced 
disease where chemoradiation therapy was the 

 primary treatment (GOG85, RTOG9001 and 
GOG120). In each of these trials, platinum-based 
chemoradiation therapy has led to an increase in 
relative progression free survival and relative sur-
vival of 30–50 % (Fig.  36.1 ). Currently, the most 
widely acceptable regimen is using six cycles of 
weekly cisplatin (40 mg/m 2 ) given during external 
pelvic radiation therapy and brachytherapy.  

    Early Stage Non-bulky Disease 

 Patients with an early stage non-bulky cervical 
cancer (IA2, IB1 and IIA) are often treated with 
radical hysterectomy and pelvic lymphadenec-
tomy. However, some patients remain at high 
risk of recurrence and have worse survival out-
comes. Patients with positive pelvic nodes, posi-
tive margins or parametrial involvement have the 
highest risk. The Southwestern Oncology group 
enrolled 243 patients with early stage disease 
(IA2, IB1 or IIA) who underwent radical hyster-
ectomy with pelvic lymphadenectomy and were 
found to have one of the following high risk fac-
tors: positive pelvic lymph nodes (~85 %), para-
metrial extension (~34 %) and positive margins 
(~5 %). Patients were randomized to either 
external pelvic radiation therapy (49.3 Gy) 
alone or combined with concurrent chemother-
apy with four cycles of cisplatin 70 mg/m 2  and 
5-fl uouracil 1 g/m 2 /day as 96-h infusion on week 
1, 4, 7 and 11 (Table  36.1 ). Patients with  positive 
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           Table 36.1    Clinical trials investigating the role of chemoradiation therapy in cervical cancer including ongoing clini-
cal trials   

 Clinical trial name  Chemotherapeutic agents  Regimen 

 Median duration 
of radiation 
therapy  Radiation dose 

 SWOG-8797/
GOG-109 

 Cisplatin 70 mg/m 2   Week 1, 4, 7, 11  41–43 days  Pelvic RT: 49.3 Gy 
 5-FU 1 g/m 2 /day as 96-h 
infusion 

 45 GY to para-aortic fi eld 
when positive high 
common iliac nodes 
 No brachytherapy 

 GOG-123  Cisplatin 40 mg/m 2   Weekly × 6  50 days  EBRT: 45 Gy 
 Brachytherapy: 30 Gy 

 GOG-85  Arm1: cisplatin 50 mg/
m 2 +5-FU 1 g/m 2 /day as a 
96-h infusion 

 Day 1 and 29  9.1 weeks  EBRT: 40.8 Gy for stage 
IIB and 51 Gy for stage 
III–IV 

 Arm2: hydroxyurea 
80 mg/kg 

 Twice weekly  Brachytherapy: 40 Gy for 
stage IIB and 30 Gy for 
stage III–IV 

 RTOG 90-01  Cisplatin 70 mg/m 2  and 
5-FU 1 g/m 2 /day as a 96-h 
infusion 

 3 cycles (day 1, 29 and 
during brachytherapy) 

 58 days  EBRT: 45 Gy with 
extended fi eld in the 
radiation only arm 
 Low dose brachytherapy 
allowed 
 Total dose point A: 85 Gy 

 GOG-120  Arm 1: weekly cisplatin 
40 mg/m 2  

 8.9–9.3 weeks  EBRT: 40.8 Gy for stage 
IIB and 51 Gy for stage 
III–IV 

 Arm 2: cisplatin (50 mg/
m 2 ) with 5-FU (1 g/m 2 /day 
as a 96-h infusion) on day 
1 and 29 with twice 
weekly oral hydroxyurea 
2 g/m 2  

 Brachytherapy: 40 Gy for 
stage IIB and 30 Gy for 
stage III–IV 

 Arm 3: oral hydroxyurea 
3 g/m 2  twice weekly 

 Total dose point A: 
80.8 Gy for stage IIB and 
81.0 Gy for stage III–IV 

 NCIC-Pearcey 
et al. 

 Cisplatin 40 mg/m 2   Weekly for 5 weeks  EBRT 45 Gy 
 Brachytherapy: LDR 
35 gy or MDR 27 Gy or 
HDR 24 Gy 

 RTOG/GOG 
0724 

 Arm1: cisplatin 40 mg/m 2   Weekly × 5–6 cycles  EBRT: 45–50.4 Gy 
 Arm2: cisplatin 40 mg/m 2   Weekly × 5–6 cycles  IMRT is optional 
 Carboplatin AUC 5 and 
paclitaxel 135 mg/m 2  after 
completing chemoradiation 
therapy 

 4 cycles q21 days 

 KGOG/GOG263  Cisplatin 40 mg/m 2   Weekly ×6 cycles  EBRT: 50.4 Gy 
 IMRT is optional 

 ANZGOG 0902/
GOG-0274/
RTOG 1174, 
OUTBACK trial 

 Arm1: cisplatin 40 mg/m 2   Weekly ×5 cycles  EBRT: 45–50.4 Gy 
 Arm2: cisplatin 40 mg/m 2   Weekly ×5-cycles 
 Carboplatin AUC 5 and 
placlitaxel 155 mg/m 2  after 
completing chemoradiation 
therapy 

 4 cycles q21 days 
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high common iliac lymph nodes received radia-
tion to para- aortic fi eld (45 Gy) [ 16 ]. No brachy-
therapy was allowed in this study. After median 
follow up of 42 months, the projected progres-
sion free survival and overall survival was sig-
nifi cantly higher for patients received concurrent 
chemoradiation therapy compared to patients 
received radiation alone (4-year PFS 80 % vs. 
63 %, 4-year survivals 81 % vs. 71 % respec-
tively). The rate of pelvic and extra-pelvic recur-
rence was less frequent in patients received 
concurrent chemotherapy. However there was no 
signifi cant difference in the pattern of recurrence 
between the two treatment arms (Table  36.2 ). 
This study established chemoradiation therapy 
as the standard adjuvant therapy in patients with 
high risk factors early stage disease after radical 
surgery. An updated follow-up was released 
showing that after a median follow-up of 
5.2 years, the estimated 5-year survival was 
80 % vs. 66 % favoring the chemoradiation 
group [ 21 ]. Because chemotherapy was given 
both during radiation and for two additional 
cycles, this study raised an important question as 
whether the chemotherapy was effective as a 
radiosensitizer only or as adjuvant chemother-
apy or both. Currently, there is an ongoing inter-
group study (RTOG/GOG 0724) evaluating the 
impact of adding four cycles of adjuvant chemo-
therapy with carboplatin and paclitaxel after 
completing chemoradiation therapy with con-
current cisplatin (Table  36.1 ). Interestingly 
this trial also showed that patients with adeno-
carcinoma or adenosquamous carcinoma who 
received radiation alone had worse prognosis 

compared to squamous cell carcinoma case. In 
contrast, this difference disappeared in patients who 
received chemoradiation therapy with improved 
survival in both groups. These data raise the 
question whether patients with adenocarcinoma 
or adenosquamous carcinoma will benefi t more 
from concurrent chemoradiation therapy and 
even adjuvant chemotherapy compared to 
patients with squamous cell carcinoma. Further 
studies are needed to answer this question.

    A second question is raised is whether there is 
a role for chemoradiation therapy as an adjuvant 
therapy for patients with early stage disease who 
were found to have intermediate risk factors after 
radical hysterectomy (large clinical tumor size, 
deep >1/3 stromal invasion and lymphovascular 
space invasion). The Gynecologic Oncology 
study by Sedlis et al. evaluated the impact of 
adjuvant radiation therapy versus postoperative 
observation in 277 patients with stage IB with at 
least two of the three intermediate risk factors. 
Patients received adjuvant radiation therapy had 
signifi cant reduction in recurrence rate and dis-
ease progression but not a signifi cant difference 
in overall survival [ 22 ,  23 ]. This study estab-
lished radiation therapy as the standard treatment 
after radical hysterectomy in patients with early 
stage disease who were found to have intermedi-
ate risk factors. Currently, there is an ongoing 
intergroup trial (GOG263/KGOG) evaluating the 
role of chemoradiation therapy with concurrent 
cisplatin in patients with stage I–IIA disease 
with two or more intermediate risk factors after 
radical hysterectomy and pelvic lymphadenec-
tomy (Table  36.1 ).  

            Table 36.2    Rate of pelvic and distant failures, acute and late toxicities in chemoradiation trials in cervical cancer   

 Local (pelvic)  Distant  Acute toxicities   Late toxicities  

 SWOG8797/GOG109  5.5 % vs. 17.2 %  7 % vs.11.2 %  G4: 22.1 % vs. 3.5 %  One late death 
RT-CT arm 

 GOG-123  9 % vs. 21 %  11 % vs. 15 %  G3/4: 35 % vs. 13 %  3.8 % vs. 3.2 % 
 GOG-85  25 % vs. 30 %  Lung: 6 % vs. 9 %  G3/4: 4 % vs. 24 %  16.2 % vs. 16.5 % 

 Distant except lung: 
11 % vs. 12 % 

 RTOG90-01  14 % vs. 33 %  19 % vs. 35 %  G3/4: 44 % vs. 4 %  12 % vs. 11 % 
 GOG-120  19 %, 20 %, 30 %  Lung: 3 %, 4 %, 10 %  G3/4: 19 %, 20 %, 

30 % 
 4.7 %, 0.9 %, 2.6 % 

 NCIC-Pearcey  27 % vs. 33 %  –  G ≥ 3: 31 % vs. 3 %  6 % vs. 0 % 
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    Bulky Stage IB Disease 

 Large tumor >4 cm in size is well established as 
a poor prognostic factor in patients with stage IB 
disease with higher recurrence rate compared 
with smaller tumor. This led to the FIGO defi ni-
tion of IB1 (≤4 cm) and 1B2 (>4 cm). A variety 
of treatment schemas including surgery, radia-
tion, and chemotherapy have been used to 
treat stage IB2 cervical cancer. A Gynecologic 
Oncology Group study performed prior to the 
chemoradiation era (GOG 71) demonstrated that 
adjuvant extrafascial hysterectomy did reduce the 
rate of pelvic recurrences [ 24 ]. Therefore to 
evaluate the impact of chemoradiation, the 
Gynecologic Oncology Group enrolled 369 
patients with stage IB2 cervical cancer into a trial 
comparing radiation therapy to radiation therapy 
combined with concurrent weekly cisplatin 
 followed in all patients by adjuvant hysterectomy 
(GOG#123) (Table  36.1 ). Patients who received 
concurrent weekly cisplatin had more frequent 
pathologic clearance in the hysterectomy speci-
men (52 % vs. 41 %), and decreased recurrence 
rate (21 % vs. 37 %) compared to patients 
received radiation therapy alone (Table  36.2 ). 
Signifi cant improvement in both progression free 
survival (relative risk 0.51) and overall survival 
(relative risk 0.54) was noted favoring chemora-
diation therapy group. With a median follow up 
of 36 months, the estimated 3-year survival was 
83 % for chemoradiation therapy group com-
pared with 74 % in the radiation only group. On 
the other hand, more grade 3 or 4 toxicities 
mainly hematologic and gastrointestinal toxici-
ties were noted in the chemoradiation therapy 
group but these were transient with no serious 
consequences [ 17 ,  25 ] (Table  36.2 ). At 72 months 
of follow-up, the difference in progression-free 
survival and overall survival remained signifi cant 
favoring the chemoradiation group compared to 
the radiation only group (PFS 71 % vs. 60 % and 
78 % vs. 63 % respectively) [ 25 ]. With mature 
follow up on GOG 71 it was found that adjuvant 
hysterectomy did not improve survival. The 
authors of the study concluded that chemoradia-
tion alone would be adequate therapy. A retro-
spective study of 49 patients treated for stage I 

B2 cervical cancer with chemoradiation alone 
found similar survivals to chemoradiation and 
adjuvant hysterectomy [ 26 ].  

    Locally Advanced Disease 

 Three randomized clinical trials were conducted 
in patients with locally advanced cervical cancer 
(stage IIB-IVA) comparing chemoradiation ther-
apy with radiation alone. In GOG#85, 368 
patients with locally advanced cervical cancer 
(stage IIB-IV) were randomly assigned to receive 
either chemoradiation therapy with concurrent 
cisplatin (50 mg/m 2 ) and 5-fl uorouracil (1 g/m 2 /
day for 4 days) on day 1 and 29 versus hydroxy-
urea orally 80 mg/kg twice weekly (Table  36.1 ). 
Patients in the cisplatin and 5-fl uorouracil con-
taining arm had signifi cant improvement in pro-
gression free survival and overall survival 
compared to hydroxyurea arm. After a median 
follow-up of 8.7 years, 43 % vs. 57 % had disease 
progression and 45 % vs. 57 % had died in 
5- fl uouracil/cisplatin and hydroxyurea contain-
ing arms respectively. Grade 3 and 4 toxicities 
mainly hematologic and gastrointestinal were 
more prominent in patient received hydoxyurea 
compared to those who received cisplatin and 
5-fl uorouracil (26 % vs. 4 %, Table  36.2 ) [ 18 ]. 

 In a subsequent randomized clinical trial, the 
Radiation Oncology Group (RTOG) enrolled 388 
patients with stage IB/IIA (≥5 cm clinical tumor 
size or positive pelvic lymph nodes, 34 % in each 
arm)-IVA cervical cancer comparing chemoradi-
ation therapy with concurrent cisplatin (75 mg/
m 2 ) and 5- fl uorouracil (1 g/m 2 /day as a 96-h 
infusion) for three cycles versus extended fi eld 
radiation therapy (Table  36.1 ). Para-aortic lymph 
nodes were assessed by either lymphangiography 
or surgical staging. Chemoradiation therapy with 
cisplatin and 5-FU showed superior outcome in 
term of recurrence rate, progression free survival 
and overall survival. The estimated 5-year pro-
gression free survival and overall survival were 
67 % vs. 40 % and 73 % vs. 58 % respectively for 
chemoradiation arm and extended fi eld radiation 
arm [ 19 ]. The rate of locoregional and distant 
metastasis were signifi cantly lower in the 
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cisplatin/5-FU containing arm compared to 
extended fi eld radiation arm (14 % vs. 33 % and 
19 % vs. 35 % respectively) (Table  36.2 ). Patients 
received combined chemoradiation therapy had 
more frequent grade 3 and 4 toxicities compared 
to extended fi eld radiation (44 % vs. 4 %). 
However, these effects were self-limited and 
there was no signifi cant difference in late serious 
effects between the two groups (12 % vs. 11 %) 
(Table  36.2 ). Updated report after median follow-
 up of 6.6 years confi rmed persistent advantage of 
chemoradiation therapy over extended fi eld radi-
ation with median survival of 67 % versus 41 % 
at 8 years respectively and 51 % reduction in risk 
of recurrence [ 27 ]. Interestingly, subgroup analy-
sis showed that patients with stage III–IV who 
received chemoradiation therapy had signifi cant 
improvement in progression free survival and 
trend toward improved survival with no signifi -
cant difference. However, the trial was not pow-
ered to detect difference in outcome in this 
subgroup of patients. 

 A third randomized trial conducted by the 
GOG involving 526 patients with stage IIB–IVA 
cervical cancer and negative para-oartic nodes by 
extra-peritoneal staging (GOG-120). Patients in 
this study were randomized to receive radiation 
therapy combined with one of three chemother-
apy regimens: weekly cisplatin (40 mg/m 2 ) vs. 
combined cisplatin (50 mg/m 2 ) followed by 5-FU 
(1 g/m 2 /day as 96-h infusion) on day 1 and 29 
with twice weekly oral hydroxyurea 2 g/m 2  for 
6 weeks vs. oral hydroxyurea (3 g/m 2  twice 
weekly) (Table  36.1 ). This study demonstrated 
superior progression free survival and overall 
survival favoring the two platinum containing 
regimens compared to hydroxyurea only regi-
men. Furthermore, the rate of pelvic recurrence 
was signifi cantly lower among platinum contain-
ing groups compared to only hydroxyurea group 
(19–20 % vs. 30 % respectively) (Table  36.2 ). 
Patients received cisplatin containing therapy had 
lower rate of lung metastasis than those who had 
only hydroxyurea therapy (3–4 % vs. 10 %) 
respectively. The rate of grade 3 or 4 toxicities 
was the highest among patients who received 
the three drug regimen compared to the other 
two regimens. The cisplatin only regimen was 

associated with the least severe toxicity [ 20 ] 
(Table  36.2 ). However, late grade 3 and 4 gastro-
intestinal and urologic toxicities were not differ-
ent between treatment groups (4.7 % vs. 0.9 % 
vs. 2.6 %) (Table  36.2 ). After median follow-up 
of 106 months, improvement in PFS and OS con-
tinued to be evident in the two cisplatin contain-
ing regimen compared with hydroxyurea only 
regimen. PFS rates at 10 years for the three arms 
(cisplatin, cisplatin/5-FU/hydroxyurea and 
hydroxyurea alone) were 46, 43 and 26 % respec-
tively. Similarly, overall survival at 10 years was 
53, 53 and 34 % respectively [ 28 ]. Further, 
subgroup analysis was performed to evaluate the 
impact of cisplatin based chemoradiation therapy 
on stage IIB and III individually. In each of 
these stages, progression free survival and over-
all survival signifi cantly improved with cispla-
tin based chemoradiation therapy compared to 
hydroxyurea alone. 

 After this clinical announcement by the NCI, 
a sixth clinical trial was released by the National 
Cancer Institute of Canada (NCIC). This trial 
enrolled 253 patients with stage IB2/IIA 
(>5 cm or positive pelvic nodes)-IVA disease and 
 randomly assigned them to receive radiation ther-
apy alone or radiation with concurrent weekly 
cisplatin (40 mg/m 2 ) for 5 weeks (Table  36.1 ). 
After median follow up of 82 months, the study 
showed no signifi cant difference in progression 
free survival and overall survival between the two 
treatment groups. At 3 and 5 years, survival was 
not signifi cantly different (69 % vs. 66 %, and 
62 % vs. 58 %) for chemoradiation and radiation 
only groups respectively. However, the rate of 
pelvic recurrence was lower in patients received 
chemoradiation therapy compared to those 
receive radiation alone (27 % vs. 33 %). The rate 
of acute grade 3 or 4 toxicities was higher in the 
chemoradiation arm but it was not serious enough 
to cause treatment delay. Further, there was no 
signifi cant difference in rate of late toxicities 
(Table  36.2 ) [ 29 ]. 

 This trial has several strengths including: a 
multicenter prospective randomized trial, 
included cisplatin with appropriate dosing, and 
optimal dose and schedule of radiation therapy 
(~80 Gy to point A over around 48–51 days). 
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However, it was limited by several factors 
including: small number of patients enrolled 
(n = 253) with large confi dence intervals with 
potential statistical underpower to detect 
improvement in survival. In contrast to prior tri-
als in advanced stage cervical cancer, in which 
surgical staging was performed to exclude para-
aortic lymph nodes metastasis, patients in this 
trial were staged by computed tomography with 
potential inclusion of patients with extrapelvic 
metastasis in either treatment arms. This further 
decreases the power of the study to estimate the 
relative effect of chemoradiation therapy. Lastly, 
the proportion of patients received chemoradia-
tion therapy had signifi cantly greater anemia 
compared to those who received radiation alone. 

 Recently, a meta-analysis was released involv-
ing 13 clinical trials comparing chemoradiation 
therapy with radiation therapy alone. The meta- 
analysis showed a 6 % improvement in absolute 
survival and 8 % improvement in progression 
free survival favoring chemoradiation therapy. 
Further, chemoradiation reduced the rate of local 
and distant recurrence compared to radiation 
therapy alone [ 30 ]. However this metaanalysis 
did not include data from GOG-120 and GOG-85 
because hydroxyurea was included in the radia-
tion arm and RTOG-9001 because radiation ther-
apy was extended to the para-aortic fi led in the 
radiation alone arm.   

36.4     Non-platinum Based 
Concurrent Chemoradiation 
Therapy 

 Other radiation sensitizing agents that have been 
studied in the past include mitomycin C and 
5-fl uorouracil. However, these agents have not 
been shown to have superior effect compared to 
cisplatin-based chemoradiation therapy. In a ret-
rospective study comparing the rate of grade 3 
late bowel toxicity in locally advanced cervical 
cancer cases treated with chemoradiation proto-
col containing 5-fl uorouracil with and without 
mitomycin C, the addition of mitomycin C was 
associated with signifi cant increase in the rate 
of grade 3 late bowel toxicity (25 % vs. 10 %) 

compared to those who did not receive it with no 
signifi cant improvement in overall survival [ 31 ]. 

 The Gynecologic Oncology Group conducted 
a clinical trial comparing weekly cisplatin 
(40 mg/m 2 ) with 5-fl uorouracil in a continuous 
infusion (225 mg/m 2 /day for 5 days) for six 
cycles (GOG-165). The planned interim analysis 
showed that the risk of disease progression was 
35 % higher in the 5-fl uorouracil arm compared 
to the cisplatin arm. The study was closed pre-
maturely because signifi cant improvement in 
progression free survival in 5-fl uorouracil arm 
compared to cisplatin arm were not able to be 
achieved even if the study was completed [ 32 ]. 

 Carboplatin, another platinum agent, repre-
sents an interesting alternative to cisplatin in 
platinum based chemoradiation therapy. 
Theoretically, carboplatin has similar effi cacy to 
cisplatin with less toxicity especially gastrointes-
tinal, renal and neurologic toxicities but greater 
myelosuppression. In a phase I trial using weekly 
carboplatin (AUC of 2) concurrent with radiation 
therapy in 32 patients with stage IB–IV cervical 
cancer, no cases of grade 3 or 4 gastrointestinal, 
renal or neurologic toxicities were reported with 
2 % grade 3 hematologic toxicities. The Objective 
complete response rate was 90 % with median 
follow-up of 12 months [ 33 ]. In another small 
pilot study, using carboplatin as radiation sensi-
tizer twice weekly was not associated with late 
gastrointestinal, renal or grade 4 toxicities [ 34 ]. 
However, there is no prospective randomized 
trial comparing carboplatin vs. cisplatin as a radi-
ation sensitizer in treatment of cervical cancer.  

36.5     Adjuvant Chemotherapy 
After Chemoradiation 
Therapy 

 There is no strong evidence whether adjuvant 
chemotherapy given after chemoradiation therapy 
has a survival advantage in term of overall survival 
or progression free survival. The Southwestern 
Oncology group trial (SWOG 8797) evaluated 
the impact of concurrent and adjuvant chemo-
therapy in patients with stage IA2–IB1 with high 
risk factors after radical hysterectomy [ 16 ]. In the 
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experimental arm, patients received four cycle of 
cisplatin and 5- fl uorouracil. The fi rst two cycles 
were given concurrently with radiation therapy 
followed by two additional cycles. Among 
patients received chemoradiation therapy, having 
more cycles of chemotherapy were favorably 
associated with progression free survival and 
overall survival. Currently, there is an ongoing 
trial conducted by the Radiation Oncology Group 
(RTOG/GOG 0724) to evaluate the impact of 
adjuvant chemotherapy with carboplatin and 
taxol for four cycles after chemoradiation therapy 
in patients with stage IA2–IB1 cervical cancer 
with high risk factors after radical hysterectomy. 

 Another trial conducted by Duenas-Gonzalez 
et al. studied the effect of adding gemcitabine as 
a concurrent and adjuvant chemotherapy with 
cisplatin on survival of patients with locally 
advanced cervical cancer. Five hundred and 15 
patients with stage IIB–IV disease were enrolled 
and randomized into two arms: the experimental 
Arm A of weekly cisplatin 40 mg/m 2  with gem-
citabine 125 mg/m 2  weekly for 6 weeks concur-
rent with radiation therapy then followed by 
adjuvant chemotherapy of cisplatin 50 mg/m 2  on 
day 1 and gemcitabine 1,000 mg/m 2  on day 1 and 
8 every 3 weeks for two cycles, or the control 
Arm B of standard weekly cisplatin 40 mg/m 2  
concurrent with radiation therapy for 6 weeks. 
Compared to the control arm, signifi cant improve-
ment in overall PFS and OS was noted for the 
experimental arm. Progression free survival at 
3 year was 74.4 % for the experimental arm vs. 
65.0 % for the control arm. However, grade 3 and 
4 toxicities were more frequent in experimental 
arm 86.5 % vs. 46.4 % [ 35 ]. 

 In locally advanced cervical cancer, Lorvidhaya 
conducted a randomized clinical trial comparing 
radiation alone with concurrent chemotherapy 
and adjuvant chemotherapy using mitomycin C 
and 5-fl uorouracil. In this trial, patients with 
stage IIB–IV disease were randomized into four 
arms: radiation therapy alone (arm 1), radiation 
therapy with adjuvant chemotherapy (arm 2), 
radiation therapy with concurrent chemotherapy 
(arm 3) and radiation therapy with both concur-
rent and adjuvant chemotherapy (arm 4). There 
was signifi cant improvement in overall survival 

with concurrent chemotherapy but not with 
adjuvant chemotherapy compared to radiation 
therapy alone. Additionally, there was no differ-
ence in overall survival between those who 
received concurrent chemotherapy and those who 
received both concurrent and adjuvant chemo-
therapy [ 36 ]. 

 Currently, an international trial is being 
conducted to investigate the impact of adjuvant 
chemotherapy with carboplatin and paclitaxel for 
four cycles following chemoradiation therapy 
with concurrent weekly cisplatin in patients with 
locally advanced cervical cancer (stage IB 1 with 
positive nodes or stage IB2–IV) (ANZGOG 
0902/GOG-0274/RTOG 1174, OUTBACK trial) 
(Table  36.1 ).  

36.6     Biologic Agents Concurrent 
with Cisplatin Based 
Chemoradiation Therapy 

 Biologic agents have different mechanism of 
action and adverse effects which make their use 
as a radiation sensitizer either alone or with cis-
platin promising. 

 Tirapazamine is a compound with selective 
cytotoxicity toward hypoxic cells. At low oxygen 
level, tirapazamine forms highly reactive radicals 
that are capable of causing DNA damage result-
ing in cell death. In a phase I study, tirapazamine 
was added to weekly cisplatin and radiation 
therapy in 11 patients with locally advanced 
cervical cancer (stage IB2–IV). Tirapazamine 
(290 mg/m 2 ) was associated with signifi cant 
toxicity requiring reduction in the dose of 
both cisplatin (30 mg/m 2 ) and tirapazamine 
(260 mg/m 2 ) [ 37 ]. The Gynecologic oncology 
group conducted a phase III randomized trial 
comparing cisplatin (60 mg/m 2 ) and tirapazamine 
administered on day 1, 15 and 29 concurrent 
with radiation therapy versus weekly cisplatin 
concurrent with radiation therapy in patients 
with locally advanced cervical cancer (stage IB 
2, IIA2, IIB, IIIB and IVA) (GOG-0219). This 
study was closed prematurely in September 2009 
due to lack of Tirapazamine supply. After 
median follow-up of 27.5 months, progression 

H. Mahdi and P.G. Rose



393

free survival and overall survival were similar in 
both arms. 3-year progression free survival 66 
and 63.5 % respectively (p = 0.64) and 3-year 
overall survival on both arms were 72 and 71.5 % 
respectively (p = 0.82) [ 38 ]. 

 Cetuximab is a monoclonal antibody that spe-
cifi cally binds to epidermal growth factor recep-
tor (EGFR) leading to inhibition of cell signaling 
and ultimately cell cycle arrest and cell death. 
EGFR has been found to be over-expressed in 
cervical cancer [ 39 ]. In patients with locally 
advanced squamous cell carcinoma of head and 
neck, patients were randomly assigned to receive 
either radiation therapy alone or radiation ther-
apy with concurrent weekly cetuximab followed 
by seven doses of weekly cetuximab. Patients 
who received cetuximab and radiation therapy 
had signifi cant improvement in locoregional con-
trol and overall survival compared to radiation 
therapy alone [ 40 ,  41 ]. A phase I trial was con-
ducted by the GOG to investigate the role of 
cetuximab in combination with cisplatin and 
radiation therapy in treating locally advanced 
cervical cancer (GOG-9918). In this study, cetux-
imab with a loading dose of 400 mg/m 2  followed 
by weekly dose of 250 mg/m 2  combined with 
weekly cisplatin 30 mg/m 2  was feasible if com-
bined with whole pelvic radiation therapy, how-
ever it was not feasible if combined with extended 
fi eld radiation therapy due to increased toxicities 
mainly gastrointestinal and metabolic [ 42 ]. 

 Bevacizumab is a humanized monoclonal 
antibody which specifi cally binds to vascular 
endothelial growth factor (VEGF) preventing 
binding of VEGF to its receptor thereby inhibit-
ing angiogenesis. Bevacizumab has been studied 
in recurrent and metastatic cervical cancer. 
However, there is limited data about its effi cacy 
as a radiation sensitizer. Recently, the RTOG 
released the result of a phase II trial where beva-
cizumab (10 mg/kg) every other week was added 
to weekly cisplatin and radiation therapy in 
patients with bulky stage IB–IIIB tumors (RTOG 
0417) [ 43 ]. In this study, no serious adverse 
events were reported. Thirty-one percent (15/49) 
developed treatment related adverse events, most 
of which were hematologic. This study showed 
that addition of bevacizumab to chemoradiation 

therapy of cervical cancer is safe and feasible as 
76 % of patients were able to receive cisplatin 
and bevacizumab as outlined per the protocol 
[ 43 ]. The effi cacy of Bevacizumab as a radiation 
sensitizer needs to be explored in future random-
ized trials.     
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37.1             Introduction 

 For selected patients with persistence or pelvic 
recurrence of cervicovaginal cancer, particularly 
after radiotherapy, and those with locally 
advanced primary cancer not suitable for radiation, 
pelvic exenteration is a treatment option with 
curative potential. The surgical principles of 
pelvic exenteration introduced more than 
60 years ago have remained essentially unchanged 
[ 1 ]. This “ultraradical” operation aims at excising 
the tumor by resection of the female genital tract 
en bloc with adjacent pelvic organs such as the 
distal urinary tract (urethra, bladder, ureters) and/
or the anorectum. Several types of pelvic exen-
teration have been defi ned to tailor the multivis-
ceral surgery for the individual tumor situation 
[ 2 ]. Signifi cant improvements have been achieved 
in the reconstruction of the pelvic organ functions 
[ 3 ]. However, despite the progress in pelvic imaging 
exenteration is still aborted or leads to intrale-
sional resection in up to 50 % of the cases [ 4 ,  5 ]. 
These failures spoil patients’ hopes and waste 
considerable resources. 

 We have proposed the compartment theory of 
locoregional spread for malignant tumors and 
provided several lines of evidence that a new prin-
ciple of surgical radicality, namely the resection 

of developmental compartments, is superior to 
the conventional treatment concepts extirpating 
tissues according to their function [ 6 – 8 ]. These 
insights have also been translated into procedures 
for the surgical therapy of locally advanced and 
recurrent cancer of the lower female genital 
tract termed (Laterally) Extended Endopelvic 
Resection (L)EER [ 9 – 12 ]. (L)EER achieves R0 
resection and locoregional tumor control not only 
in patients which are regarded suitable candidates 
for conventional pelvic exenteration but also in 
patients with pelvic side wall disease currently 
excluded from surgical treatment either pre- or 
intraoperatively.  

37.2     Ontogenetic Anatomy 
of the Female Pelvis 

 Prerequisite for the performance of (L)EER is the 
knowledge of the developmental anatomy of the 
pelvis in the human female which will be briefl y 
outlined here, supplemented by Table  37.1  and 
Fig.  37.1 . For further reading I refer to textbooks 
and monographs [ 13 – 17 ].

    The pelvic ground plan is laid down in the 
fourth developmental week through migration, 
proliferation and specifi c interaction of cell lineages 
from the three germ layers—endoderm, mesoderm, 
ectoderm—establishing four  primitive pelvic 
metacompartments  for which I suggest the terms 
endopelvis, mesopelvis, ectopelvis and pelvic 
orifi ce. Interaction of cell populations from 
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different primitive metacompartments during the 
following embryonic development (weeks 5–8) 
results in the formation of distinct epithelial- 
mesenchyme complexes that fi nally occupy 
domains with invariable topographical relations 
to each other. These epithelial-mesenchyme com-
plexes are spatially defi ned by robust boundaries 
which prevent the mixing with cells of adjacent 
domains during further differentiation and matu-
ration. They represent developmental (ontoge-
netic) compartments with fi xed determination 
acting as modules of development independent 
from each other. Generally, within each compart-
ment various subcompartments are formed 
during later development. 

 Synchronous with the formation of the pelvic 
developmental compartments three networks 
for their support are established from central 
primordia: the pelvic vascular system from the 
dorsal aorta, the pelvic lymphatic system from 
the posterior cardinal veins and the pelvic nervous 
system from the spinal neural tube, the spinal neural 
crest and the neural cord derived from the caudal 
eminence. Each support system can be regarded 
as a metacompartment in itself, and support 
compartments can be defi ned as mature differen-
tiation products of the corresponding regional 
primordia. As an example, the lymphatic system 
of the pelvis can be divided into distal mesenteric, 
iliac and inguinal lymph compartments [ 18 ]. 

   Table 37.1    Ontogenetic anatomy of the female pelvis: compartments   

 Mature 
metacompartment  Building blocks 

 Primitive 
metacompartment 

 Developmental domains 
with fi xed topological 
relations to each other 

 Mature ontogenetic 
compartments 

 Endopelvis  Endoderm  Cloaca and allantois  Primitive bladder  Bladder 
 Splanchnopleuric 
mesoderm 

 Internal UGS  Internal UGS 
compartment a   Hindgut 
 Rectum and 
mesorectum 

 Ectopelvis  Ectoderm  Primitive pelvic 
walls and tail with 
sacral and coccygeal 
somites 

 Pelvic integumental 
primordium 

 Pelvic integument 
 Somatopleuric 
mesoderm 
 Paraxial mesoderm  Pelvic fascia, 

muscles and bones  Caudal eminence 
mesoderm 

 Pelvic fascio-musculo- 
skeletal blastema  Pelvic parietal 

peritoneum  Intermediate 
mesoderm 

 Pelvic coelom 
 Mesopelvis  Urogenital ridges 

with mesonephroi 
 Primordial gonads  Ovaries and 

mesovars  Paramesonephric- 
mesonephric complex  Müllerian 

compartment b  
 Splanchnopleuric 
mesoderm 

 Pelvic ureters 
 Metanephric complex  Defi nitive UGM c  

 Somatopleuric 
mesoderm 

 Primordial UGM 

 Pelvic orifi ce  Ectoderm  Cloacal membrane 
and folds 

 External UGS  External UGS 
compartment d   Endoderm 

 Extraembryonic 
mesoderm 

   UGS  urogenital sinus,  UGM  urogenital mesentery 
  a Internal UGS compartment contains the urethra, distal vagina and distal rectovaginal septum 
  b Müllerian compartment contains the Fallopian tubes, uterus, proximal vagina, proximal mesometrium and 
mesocolpium 
  c Defi nitive UGM contains the infundibulopelvic ligament, mesureter, distal bladder mesentery, distal mesometrium, 
mesocolpium and mesopelvic fascia and suspensorium 

  d External UGS compartment contains the vulva (except labia majora), meatus urethrae, perineum and ventral anus  
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The distal parts of the support system, e.g. the 
lymph capillaries, interact with their recipient 
compartments and adopt features specifi c for that 
particular tissue. The proximal parts are conduc-
tion structures which transit other compartments 
within defi ned corridors. 

 Differentiation of the pelvic compartments 
during the fetal period is gender specifi c. 

 The female  endopelvic compartments , hindgut, 
bladder primordium and internal urogenital sinus 
(UGS), develop into the rectum with its mesorectum, 
the bladder, and the internal UGS compartment. 
The latter forms the urethra, distal vagina and 
distal rectovaginal septum as described in detail 
elsewhere [ 19 ]. Dorsally, the internal UGS 
compartment is attached to the anterior rectum 
and merges caudally with the external UGS 
compartment (see below). 

 The  mesopelvic compartments  bridge the 
ectopelvis and the endopelvis. The gonadal 
primordia, paramesonephric-mesonephric com-
plex and the metanephric complex are bilaterally 
connected to the ectopelvis by the primitive uro-
genital mesentery. These primordia differentiate 

in the female pelvis into the ovaries with mesovars, 
Müllerian compartment, pelvic ureters and the 
defi nitive pelvic urogenital mesentery. The 
structurally complex Müllerian compartment is 
described in detail elsewhere [ 7 ,  8 ]. The ureters 
sprout from the distal mesonephric ducts at the 
site of the junction with the primitive bladder. 
The resulting short common nephric duct is then 
incorporated into the bladder primordium under-
going apoptosis and fusing the ureter orifi ce to 
the bladder epithelium. Further differentiation 
and growth of this bladder region produce the 
trigone and shift the ureterovesical junction 
ventralward [ 20 ]. The ureter tip interacts with the 
metanephric blastema forming the early kidney 
which ascends outside of the pelvis. Thus, in the 
mature pelvis only the pelvic ureter is left from 
the metanephric system. The mature  pelvic 
urogenital mesentery  derived from its primitive 
precursor consists of fi brofatty tissue providing 
the corridors for the ureter, the visceral branches 
of the internal iliac vessel system, the lymph 
collectors and eventually intercalated lymph 
nodes from the Müllerian, bladder and UGS 

a b

  Fig. 37.1    Ontogenetic anatomic mapping of the adult 
female pelvis indicating developmental compartments. 
( a ) Transverse section at the level indicated by the inset. 
( b ) Midsagittal section with hollow organs transected 

transversely, visceral branches of the internal iliac vessels 
and lymph fatty tissue removed. Uncolored, ectopelvis; 
 yellow , endopelvis;  red , mesopelvis;  brown , pelvic orifi ce 
(Modifi ed from Höckel et al. [ 12 ])       
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compartments [ 18 ]. The urogenital mesentery 
also fi xes these compartments to the ectopelvis 
with a “mesopelvic fascia” anteriorly and a struc-
turally complex “mesopelvic suspensorium” 
posteriorly. Using the ureter as landmark the 
pelvic urogenital mesentery can be formally 
divided into a supraureteral peritoneal part and an 
infraureteral retroperitoneal part. Below the level 
of the obliterated umbilical artery the retroperito-
neal part proceeds into the subperitoneal part. 
Inferolaterally, the subperitoneal urogenital mes-
entery is attached to the pubo- and iliococcygeus 
muscles anteriorly at the site of the arcus tendineus 
fasciae pelvis and to the coccygeus muscles/
sacrospinous ligament close to the sciatic spine 
posteriorly. Superolaterally, the subperitoneal 
urogenital mesentery abuts the internal iliac ves-
sel system, the proximal sciatic nerve and sacral 
plexus. Medially, it is separated by the plexus 
hypogastricus inferior from the ligamentous 
mesometria and mesocolpia which are parts of 
the Müllerian and internal UGS compartments. 
The peritoneal part of the pelvic urogenital mes-
entery corresponds to the distal broad ligament. 

 The  ectopelvic compartments  are represented 
by the pelvic epidermis, dermis, hypodermis, fas-
ciae and musculoskeletal structures as well as the 
parietal peritoneum. Of particular relevance is 
the ectopelvic origin of the dorsolateral perineal 
complex which differentiates into the “Dartos fat 
pads” and overlying dermis providing the bulk of 
the labia majora and into the striated muscles of 
the superfi cial and deep perineum. The dorsolat-
eral perineal complex has to be distinguished 
from the external UGS compartment derived 
from the pelvic orifi ce metacompartment which 
provides all other morphological structures of the 
vulva as well as the gynecologic perineum and 
the ventral anal segment [ 21 ]. 

    (Laterally) Extended Endopelvic 
Resection 

  Extended Endopelvic Resection  based on ontoge-
netic anatomy aims to resect multiple pelvic 
developmental (ontogenetic) compartments instead 
of tissues related to functions, i.e.  multiple pelvic 

viscera. The Müllerian compartment is resected 
en bloc with the bladder compartment and even-
tually with the hindgut compartment. Integrated 
into these multicompartment resections is the 
 proximal  part of the pelvic urogenital mesentery. 
The resection can be caudally expanded by 
including the internal and external UGS compart-
ments. In the latter case the procedure has to be 
performed both from the abdominal and perineal 
routes, whereas otherwise solely the abdominal 
approach is adequate (Fig.  37.2 ).  

  Laterally Extended Endopelvic Resection  
( LEER ) includes the  distal  parts of the urogenital 
mesentery. In order to assure the completeness of 
its caudal resection the pubo-, ilio- and coccyg-
eus muscles together with the mesopelvic fascia 
and suspensorium are included in the specimen. 
Rostral resection of the distal subperitoneal 
urogenital mesentery necessitates the inclusion 
of the internal iliac vessel system. Whereas the 
merging area of the caudal subperitoneal urogen-
ital mesentery with the ectopelvis is defi ned by 
the smooth surface of the striated pelvic muscles, 
the spatial transition of the rostral subperitoneal 
urogenital mesentery to the internal iliac vessel 
system and the sacral plexus is complex (Fig.  37.3 ). 
Consequently, cervicovaginal tumors fi xed to the 
pelvic wall below the sciatic notch level can 
be reliably resected by the inclusion of these 
pelvic fl oor and wall muscles into the en bloc 
specimen. However, if clinical symptoms or imag-
ing indicate tumor involvement of the ectopelvis 
at the sciatic foramen, tumor control can no 
longer be accomplished with LEER.  

 A uniform nomenclature system describes the 
specifi c procedure within the spectrum of (L)
EER: Total endopelvic resection designates the 
inclusion of the bladder compartment and the 
hindgut compartment, anterior endopelvic resec-
tion and posterior endopelvic resection indicate 
the inclusion of solely the bladder compartments 
or the hindgut compartment. 

 The abdominal procedure contains the com-
plete Müllerian compartment or its remains fol-
lowing prior surgery. The abdominoperineal 
procedure includes both the Müllerian and the 
internal UGS compartments and may also inte-
grate the external UGS compartment. The lateral 
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extension is specifi ed by adding supplementary 
information, r = right, 1 = left, c = caudal, r = 
rostral part of the distal subperitoneal urogenital 
mesentery. For example: Abdominoperineal 
laterally [rcr] extended anterior endopelvic resec-
tion designates the en bloc extirpation of the 
Müllerian, internal UGS, and bladder compart-
ments with the complete pelvic urogenital 
mesentery, ilio- and pubococcygeus muscles 
and internal iliac vessel system on the right side. 

Step-by-step surgical techniques have been 
described elsewhere [ 22 ].  

    Therapeutic Lymph Node Dissection 

 For regional tumor control (L)EER is supplemented 
by therapeutic lymph node dissection (tLND) based 
on ontogenetic anatomy as described for early cer-
vical carcinoma [ 18 ]. tLND is performed in all 

a b

c d

  Fig. 37.2    Schematic    representation of the major types of 
extended endopelvic resection. ( a ) Anterior endopelvic 
resection (transverse plane, circumferential resection line 
highlighted). ( b ) Abdominal endopelvic resection (sagit-
tal plane, caudal resection line highlighted). ( c ) Total 

endopelvic resection (transverse plane, circumferential 
resection line highlighted). ( d ) Abdominoperineal endo-
pelvic resection (sagittal plane, caudal resection line high-
lighted) (Modifi ed from Höckel et al. [ 12 ])       
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patients who had not undergone surgical and/or 
radiotherapeutic therapy of the lymph node regions 
before and in those whose previous treatment for 
lymph node metastases has been incomplete. 

 The surgical procedure involves the complete 
stripping of the adventitia of all iliac vessels 
along with the lymph vessels and nodes mobiliz-
ing the vessels against each other, towards the 

a b

c

  Fig. 37.3    The three types of lateral extension of endopel-
vic resection demonstrated at the right pelvic side wall. ( a ) 
Dissection of the caudal part of the distal urogenital mesen-
tery including the pubo-, ilio- and coccygeus muscles into 
the LEER specimen. ( b ) Dissection of the rostral part of the 

urogenital mesentery including the internal iliac vessels 
into the LEER specimen. ( c ) Dissection of the complete 
urogenital mesentery including the pubo-, ilio- and coccyg-
eus muscles and the internal iliac vessels into the LEER 
specimen (Modifi ed from Höckel et al. [ 12 ])       
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peripheral nerves and towards the parietal mus-
cles and fasciae. The paravisceral fat pad is 
resected completely, the presacral one to S2. The 
genitofemoral and obturator nerves, the lumbosa-
cral trunk and the proximal sciatic nerve are 
exposed. The superior hypogastric plexus and the 
hypogastric nerves are mobilized and preserved. 
Parietal branches of the internal iliac vessels are 
sealed and cut to remove the gluteal lymph nodes. 
The external iliac and paravisceral fractions are 
intraoperatively assessed by frozen section. If 
metastases are diagnosed, lymph node dissection 
is extended downstream to the paraaortic region. 

 For paraaortic tLND the adventitia of the vena 
cava and of the aorta is stripped off caudocranially 
followed by the removal of the paracaval, interaor-
tocaval and paraaortal fatty tissue. The large vessels 
are then lifted with elastic loops to remove all dorsal 
lymph fatty tissue thus exposing the spine. Lumbar 
vessels may have to be sealed and cut for the thor-
oughness of the lymph node dissection, however, 
the sympathetic trunk and its ganglia are preserved. 
Unless encased by nodal conglomerates the lumbar 
splanchnic nerves are isolated and spared. Paraaortic 
lymph node dissection is performed fi rst to the level 
of the inferior mesenteric artery, and the surgical 
specimen is again histopathologically examined 
using frozen sections. If no metastases are detected, 
the procedure is terminated, otherwise dissection 
proceeds further cranially in the same manner up to 
the level of the left renal vein.  

    Pelvic Reconstruction 

 Vital organ functions lost by the resective proce-
dure are reconstructed or substituted adhering to 
the following principles:
•    Choosing the optimal procedure from several 

reconstructive options considering the patient’s 
preference,  

•   Setting surgical safety over patient comfort in 
case of doubt,  

•   Strictly avoiding irradiated tissue for 
reconstruction.    

 This topic is dealt with in depth in Chap.   38    .  

    Patient Evaluation and Selection 

 Patients with a persistence and recurrence of 
cervicovaginal cancer after radiotherapy and 
patients with advanced primary disease suffering 
from fi stulae between the genital and urinary 
tracts and/or anorectum are candidates for (L)
EER if the following conditions are met 
preoperatively:
•    Exclusion of distant metastases,  
•   No ectopelvic tumor involvement at the site of 

the sciatic foramen,  
•   Patient’s physical and mental fi tness is ade-

quate for the extensive nature of the 
surgery.    
 Patients with locally advanced disease with-

out fi stulae and patients with post-surgical pel-
vic recurrence in an unirradiated pelvis are 
primarily considered for chemoradiation. They 
may be evaluated for (L)EER, however, if the 
radiotherapist votes for or the patient requests 
surgical treatment. In patients with locally 
advanced and recurrent cervicovaginal cancer 
selected according to these criteria (L)EER 
achieved a 100 % R0 resection rate without 
abortion of any procedure during the resection 
phase [ 12 ]. R0 resection has been proven to be 
the most important factor for pelvic tumor con-
trol and cure [ 4 ,  5 ,  23 ]. Locoregional tumor 
 control of 90 % and overall survival of 60 % 
have been obtained in the treatment of locally 
advanced and recurrent cancer, the majority of 
which were tumors fi xed to the pelvic side wall 
which are usually not considered for exentera-
tive treatment at all. R0 resection and locore-
gional tumor control rates of (L)EER treatment 
prove the principle of cancer surgery based on 
ontogenetic anatomy for advanced compart-
ment- transgressing tumor states and at the same 
time question the traditional concept and prac-
tice of pelvic exenteration.   

37 (Laterally) Extended Endopelvic Resection
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37.3     Summary 

 Pelvic exenteration designating the en bloc 
resection of multiple pelvic organs is a time-
honored salvage operation for a subset of patients 
with persistent and recurrent cervicovaginal cancer. 
The procedure which is based on conventional 
surgical anatomy can also cure locally advanced 
primary disease not suitable for radiotherapy. 
However, high operative abortion and intrale-
sional tumor resection rates signifi cantly limit its 
clinical benefi t. To overcome these weaknesses 
procedures termed (Laterally) Extended Endo-
pelvic Resection ((L)EER) have been developed. 
Extended Endopelvic Resection extirpates 
multiple ontogenetic developmental instead of 
functional anatomical units such as the Müllerian, 
bladder, urogenital sinus compartments as well as 
the proximal urogenital mesentery. If indicated, 
the hindgut compartment can be included into the 
abdominal resection. To integrate the external 
urogenital sinus compartment, the procedure has 
to be performed abdominoperineally. Resection 
of the distal urogenital mesentery—necessary 
for the surgical treatment of disease fi xed to the 
pelvic walls—mandates the inclusion of the internal 
iliac vessel system and/or pelvic wall and fl oor 
muscles. These procedures are termed Laterally 
Extended Endopelvic Resection (LEER). 

 (L)EER reliably achieves R0 resection in patients 
with locally advanced and recurrent cervicovaginal 
cancer if tumor fi xation at the region of the sciatic 
foramen and peritoneal spread can be excluded.      
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38.1             Introduction 

 Exenterative surgery in gynecologic oncology 
includes a number of surgical procedures neces-
sary to eliminate a primary or recurrent gyneco-
logic tumor that infi ltrates the bladder, the rectum 
or both organs. The classical concept of pelvic 
exenteration is typically applied to the surgical 
operation that extirpates recurrent radiated neo-
plasias, most frequently recurrent cervical cancer 
[ 1 ]. In other circumstances such as advanced 
ovarian carcinoma invading the rectum or 
untreated cases of advanced cervical or endome-
trial tumors, an exenterative procedure might be 
indicated as the main initial treatment. 

 Since the original operation was fi rst described 
by Alexander Brunschwig in 1948 [ 2 ], hundreds 
of cases has been reported in the literature show-
ing the benefi t of this surgical approach in 
selected cases of primary or recurrent gyneco-
logic tumors. 

 Academically, pelvic exenteration is denomi-
nated to every pelvic operation that removes the 
bladder or the rectum along with the gynecologic 
neoplasia. 

 Magriña suggested a useful classifi cation to 
understand the extension of the different types of 
pelvic exenteration [ 3 ]. He categorizes the proce-
dure depending on the removed organs in: ante-
rior, posterior or total exenteration. Regarding the 
depth of resection he proposes to divide this 
operation in supra or infralevator exenteration 
with or without vulvectomy. 

 During last 60 years of experience with this 
procedure many surgical modifi cations have been 
suggested in order to improve not only the sur-
vival but also the quality of life of these patients. 

 Therefore this chapter will focus on the surgi-
cal techniques required to reconstruct the urinary 
tract, the bowel, as well as sexual function when 
possible.  

38.2     Urinary Reconstruction 

 The anatomy of the low urinary tract and its 
close connection with gynecological organs 
makes it vulnerable to be affected by gyneco-
logical tumors or adjuvant local treatment such 
as pelvic radiation. For this reason, in gyneco-
logic oncology there are different circumstances 
where the disease involves urinary organs. 
Typically in such situations, especially if the pel-
vis has received a complete dose of radiation, a 
cystectomy must be accomplished along with 
the tumor (Fig.  38.1a, b ).  

 These oncologic situations include primary 
advanced gynecological tumors, but more 
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 frequently recurrent pelvic disease, in patients 
who have already received radiation therapy. In 
those cases, the preservation of healthy bladder 
tissue to obtain safe oncological and functional 
results is very complicated. All these patients 
will need a urinary diversion. Furthermore, 
sequelae from radiotherapy such as vesicovaginal 
fi stula, patients with disabling urinary inconti-
nence due to contracted bladder and ureteral 
stricture are also indications for a urinary 
reconstruction. 

 In most of these cases a total infralevator pel-
vic exenteration is required to eliminate the 
tumor and the entire urethra needs to be removed. 
Nevertheless, in a select number of patients 
undergoing pelvic exenteration the urethra may 
be preserved. These highly selected cases include 
patients who undergo a supralevator exenteration 
where the urethra could be free of any tumor 
involvement. In these patients, we may consider 
the option of an orthotopic bladder reconstruc-
tion, which spares the patient from the need of a 
urostomy or external appliance, with the conse-
quent improvement in quality of life. 

 The goals of urinary diversion after cystec-
tomy have evolved from simple diversion and 
protection of the renal units to a functioning and 
anatomic reconstitution as close as possible to 
the physiologic preoperative state. 

 Initially, fi rst procedures of reconstruction 
were done diverting the ureters through the rec-
tum or exteriorizing them directly to the skin. 

 More recently, the evolution of urinary diver-
sion has developed throughout three different 
routes: incontinent diversion (conduit); continent 
cutaneous diversion (pouch); and, most recently, 
continent urinary diversion to the intact native 
urethra (neobladder, orthotopic reconstruction). 

    Urinary Diversion via the Rectum 

 Ureterosigmoidostomy was the initial procedure 
used to divert the urine. The ureters were 
implanted in an anti-refl ux fashion into the recto-
sigmoid colon [ 4 ]. The result is an output mixture 
of urine with feces either throughout the rectum 
or through a wet stoma. Contraindications for 
urinary diversion via the rectum are renal failure, 
pathologic conditions of the rectosigmoid colon 
such as diverticulosis, completed or planned 
radiotherapy of the pelvis and an incompetent 
anal sphincter. 

 The benefi ts are the avoidance of a stoma, 
acceptable continence, and the short duration of 
the procedure. 

 Complications include stricture of the ureteral 
anastomosis, periodic ascending urinary tract 
infections and severe metabolic acidosis. 
Incontinence is rare but requires conversion to a 
different type of urinary diversion. This urinary 
diversion increases the risk of developing an 
 adenocarcinoma at the site of the ureterointestinal 
anastomosis [ 5 ]. For this reason, the follow-up 

a b

  Fig. 38.1    ( a ,  b ) Specimen of anterior exenteration, including the uterus and the bladder       
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after should include annual colonoscopy. In the 
daily basis this approach is rarely used in the 
gynecologic setting since many of the circum-
stances for urinary diversion are indicated within 
a radiated fi eld.  

    Incontinent Diversion 

    Ureterocutaneostomy 
 The exteriorization of the ureters through the skin 
is the simplest form of urinary diversion, which 
can be done without performing bowel surgery. 
This maneuver has a high complications rate, 
especially ureteral stenosis, obliging patients to 
catheterize the stoma. Indications for ureterocu-
taneostomy include palliative treatment, serious 
comorbidities, reduced life expectancy, previous 
or intended radiotherapy of the intestine, or other 
conditions of the bowel (ulcerative colitis, 
Crohn’s disease) that require the use of bowel to 
be avoided [ 6 ].  

    Ileal or Colon Conduit 
 Since Bricker fi rst described his procedure in 
1950, the ileal conduit or Briker’s procedure has 
been for many years the gold standard for uri-
nary diversions after cystectomy for bladder can-
cer or after exenteration for gynecologic 
malignancies [ 7 ]. The Bricker’s ileal conduit is 
still performed by many cancer surgeons around 
the world. There is a global perception that the 
ileal conduit is a safer procedure because of its 
technical simplicity. 

 The ileal conduit is still the most commonly 
used type of urinary diversion (33–63 %). An 
ileal segment of about 15 cm is detached and 
laterally brought out as a stoma from the lower 
abdomen. The ureters are anastomosed into the 
ileum segment; the urine can fl ow back into the 
kidney from the conduit Fig.  38.2a, b . Creating 
an ileal conduit is technically easier and the pro-
cedure takes less time than any other diversion. 
Furthermore, less of the bowel is resected when 
an ileal conduit is created. Complications 
reported in the long term include deterioration in 
renal function, problems with the stoma,  recurring 

urinary tract infections, ureteral stenosis with 
development of renal atrophy and calculi. An 
ileal conduit can be created even in patients with 
severe renal failure (serum creatinine >2 mg/dL) 
as well as in those patients who are physically or 
mentally frail [ 8 ].  

 In specifi c circumstances when the terminal 
ileum shows severe post radiation changes, a seg-
ment of colon, typically transverse colon can be 
used as conduit.   

    Continent Diversion (Pouch) 

 This form of urinary diversion is a continent 
alternative to the incontinent conduit. However, it 
is essential for patients to be intellectually and 
physically able to catheterize the reservoir. 
Contraindications include renal failure, liver 
function disorders, and intestinal disorders. 

 Usually, a reservoir is created from an ileal or 
ileocecal segment, which is evacuated by self- 
catheterization through a permanent stoma. The 
continence mechanism usually relies on a sub-
mucosally surrounded appendix [ 9 ], an ileum 
invagination nipple [ 10 ], or a Yang-Monti pro-
cedure [ 11 ]. 

 Complications that are specifi c to urinary 
diversion that should be cited include formation 
of calculi in the reservoir, voiding injuries of the 
reservoirs subsequent to stoma stenosis and 
 stenosis of the ureteral anastomosis. Incontinence 
requiring revision surgery is rare, at <5 % [ 12 ]. 
Since the terminal ileum is used to form the res-
ervoirs, patients may develop metabolic acidosis, 
as well as vitamin B12 defi ciency and chloro-
genic diarrhea.  

    Orthotopic Reconstruction 
(Neobladder) 

 The rationale for recommending orthotopic 
neobladder reconstruction includes the fact that 
sparing the urethra in selected cases might not 
compromise the oncologic outcome as evidenced 
by the literature in patients with bladder cancer. 
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 According to a consensus conference on blad-
der cancer that reviewed the literature on urinary 
diversion, the orthotopic bladder replacement and 
continent urinary diversion constituted up to 70 % 
of all procedures [ 13 ]. But this review did not 
show any superiority of orthotopic neobladder 
over the other options of transposed intestinal seg-
ment surgery in regard of quality of life, and the 
committee’s decision relied heavily on expert 
opinion and single-institution retrospective series. 

 The orthotopic bladder reconstruction is asso-
ciated with an approximately 80 % rate of urinary 
continence [ 14 ,  15 ]. 

 However there is virtually no experience in 
developing the urinary neobladder in gyneco-
logic oncology. There are a number of reasons 
that explain this fact. First, there are only few 
situations where is possible to preserve the ure-
thra at the time of a pelvic exenteration without 
compromising the oncological outcome. Second, 
most of the indications for pelvic exenteration 
include patients that have been previously radi-
ated and therefore we must expect worse func-
tional and surgical results than in non-irradiated 
patients. 

 With orthotopic urinary reconstruction it is 
possible to achieve a functional lower urinary 
tract. But this advantage can be counteracting by 
an increased rate of complications because of the 
major technical complexity of these operations. 
For some authors, complication of neobladders 
are actually similar or lower than the true rates 
after conduit formation, in contrast to the popular 
view that conduits are simple and safe [ 16 ]. 

 In gynecologic oncology, there is limited 
experience with orthotopic reconstruction of the 
bladder. Ungar and Palfalvi published the fi rst 
large series of gynecological cancer patients with 
anterior or total pelvic exenteration reconstructed 
without external urinary diversion [ 17 ]. These 
authors described their experience with a colonic 
orthotopic neobladder in 13 women who 
 underwent an exenteration after irradiation for 
cervical cancer, 30 % of patients suffered a fi stula 
formation, and 70 % achieved adequate daytime 
continence. 

 Since 2005, our group has acquired some 
experience in neobladder after pelvic exentera-
tion. We have developed a modifi ed technique of 
Fontana’s reservoir, that is create by performing a 

a b

  Fig. 38.2    ( a ,  b ) Ileal conduit and urinary stoma       
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“Y” shaped ileal neobladder connected to the 
urethra Fig.  38.3a, b . Up to the present time, 14 
cases have been accomplished. The rate urinary 
continence was 60 %, and the rate of fi stula for-
mation was 25 % [ 18 ].  

 In summary, nowadays, reconstruction of the 
urinary tract after pelvic exenteration have 
allowed many patients to improved their quality 
of life even after undergoing an incontinent 
diversion.   

a

b

  Fig. 38.3    ( a ,  b ) Ileal “Y” shaped orthotopic neobladder and postoperative cystogram       
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38.3     Colorectal Reconstruction 

 Colorectal resection has become an indispens-
able tool within the armamentarium of gyneco-
logic oncology surgery. In pelvic exenteration, 
commonly performed in local recurrence of 
cervical or endometrial cancer, this procedure 
is habitually part of the pelvic viscera resection 
[ 19 ,  20 ]. In ovarian cancer, since the recogni-
tion that complete tumor cytoreduction is the 
best independent prognostic factor for survival, 
this procedure is performed more often as 
part of the “en bloc” removal of the pelvic dis-
ease [ 21 ]. 

 In fact as can be observed in the literature, one 
out three patients with advanced ovarian cancer 
needs a colorectal resection to obtain complete 
exeresis of the tumor [ 22 ]. 

 The development of specifi c devices for 
mechanical anastomosis have allowed an easier, 
safer and faster procedure even more important 
for a low or very low anastomosis that would help 
for the restoration of the intestinal continuity as 
well as its natural function, both important in 
these woman’s quality of life. Although colorec-
tal surgeons developed these techniques, it is 
important to emphasize the specifi c behavior of 
gynecologic malignancies and their previous 
treatments. 

    Performing the Anastomosis 

 Care must be taken to ensure that the anterior 
longitudinal muscle layer of the rectum is 
included in the anastomosis because it tends to 
be cut during the dissection and retract distally. 
It is of particular importance that low rectal 
anastomosis is performed without tension. This 
will usually require mobilization of the splenic 
fl exure. Although the anastomosis can be hand 
sewn or stapled, automatic stapling devices 
make the procedure easier to perform and are 
probably superior to the hand-sewn techniques 
in terms of outcome. 

 Out of the several techniques described, the 
most frequently used is the end-to-end anastomo-
sis with the circular stapling device inserted 

through the anus. The largest circular stapler that 
will fi t the bowel segments should be used 
because of the proclivity of these anastomoses to 
develop stenosis (Fig.  38.4a–c ).  

 After completing the anastomosis, it is 
checked for viability and integrity. First, the tis-
sue donuts around the cartridge shaft are checked 
for defects. Second, the proximal bowel segment 
to the anastomosis is occluded, and the anasto-
mosis distended by methylene blue. Water can 
be placed in the pelvis and air placed via the rec-
tum to check for air leaks. If any leakage is pre-
sented, the defect in the staple line is reinforced 
with some sutures. If the leak is inaccessible for 
repair, the anastomosis must be redone or a prox-
imal diverting stoma is performed. The anasto-
mosis can be wrapped in an omental pedicle if 
available but no defi nitive advantage has been 
demonstrated. 

 Other options for rectal anastomoses include 
the end-to-side EEA, functional end-to-end GIA, 
and side-to-side GIA with the bowel ends over-
lapping. It is believed that the end-to side and 
side-to-side anastomoses have a somewhat better 
blood supply. Furthermore, the end-to-side and 
anastomoses and functional end-to-end anasto-
moses sometimes conform better to the natural 
curve in the sigmoid colon. Patients with low 
colorectal anastomosis (less than 7 cm from the 
anal verge) commonly suffer from frequent 
stools, urgency, and soiling. The colonic  reservoir 
or J-pouch provides a reservoir when all or most 
of the rectum has been removed but not all the 
sigmoid colon [ 23 ]. 

 Predisposing patient factors that have been 
reported to increase the risk for complications 
from bowel surgery are advanced age, gender, 
chronic steroid use, diabetes mellitus, arterioscle-
rosis, chronic infl ammatory bowel disease, prior 
radiation therapy or chemotherapy, extensive 
adhesions, poor nutrition (low serum albumin), 
anemia, renal failure, malignancy, bowel obstruc-
tion before surgery, sepsis (abscess, peritonitis), 
surgery duration, number of blood units trans-
fused, and hypotension. 

 The most important common complications of 
the bowel surgery are anastomotic leak, stenosis, 
and hemorrhage [ 24 ]. 
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 Technical factors that might be related to the 
risk for complications include: failure to observe 
the general principles of bowel surgery (i.e., 
avoiding tension and ischemia, ensuring good 
hemostasis, making an adequate-size anasto-
motic ring, and checking the integrity of the anas-
tomosis; the specifi c technique of the anastomosis 
(i.e., stapled or hand sewn, single or double layer) 
and the bowel involved in the anastomosis (i.e., 
small bowel, colon or rectum, intraperitoneal or 
retroperitoneal) [ 25 ]. 

 The anastomotic leak frequency reported in 
the literature varies from 0 to 30 % for clinical 
leaks and up to 50 % when routine postoperative 
water-soluble contrast studies have been per-
formed at 10–14 days postoperatively. Leaks 
may occur from 3 to 45 days postoperatively and 
the diagnosis is made >30 days after surgery in 
12 % of patients [ 26 ]. 

 Below 6–7 cm from the anal verge, the 
 incidence of anastomotic leak becomes signifi -
cantly higher and the more distal the anastomo-
sis is the higher the risk of fi stula. The main 
reasons for this may be related to technical dif-
fi culties in accessing the deepest part of the pel-
vis and the poorer blood supply. Reported rates 
of anastomotic leak in the gynecologic oncol-
ogy vary from 2.1 to 53.8 % depending on the 
type of tumor, with the lowest average rate 
(2.1 %) for ovarian cancer and the highest 
(14–53.8 %) when series include cervix, vaginal 
or uterine cancers, particularly after radiation 
therapy [ 20 ]. 

 Management of anastomotic leak has to be 
individualized according to morbidity serious-
ness, comorbidity and features of every patient, 
and size of dehiscence. According to several 
authors, conservative treatment could be  considered 

a c
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  Fig. 38.4    ( a – c ) Colorectal anastomosis: introducing the trocar, fi ring the device and checking the anastomosis with 
methylene blue       
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for every patient with general good condition and 
a small anastomotic defect [ 27 ]. Guided drainage 
of a collection seen on CT scanning can help 
resolve fever. If fever persists despite guided 
drainage of a collection, or if vaginal fecal drain-
age persists for more than 2 weeks, a defunction-
ing colostomy should be considered. 

 The role of proximal diversion for preventing 
anastomotic breakdown has been widely dis-
cussed in the literature about colorectal cancer 
surgery and current data show a benefi t (67 % 
reduction) in terms of clinical anastomotic leak 
and reoperation reduction. No prospective stud-
ies have addressed this issue in gynecologic 
oncology [ 28 ]. 

 In cases with a history of radiotherapy, the evi-
dence is not conclusive but most gastrointestinal 
surgeons recommend diversion with a low rectal 
anastomosis [ 24 ]. In gynecologic oncology sur-
gery, data on the issue of previous radiotherapy 
as a risk factor for anastomotic leak are scarce 
and retrospective, and do not support the system-
atic use of a proximal diversion [ 29 ]. There is no 
consensus on the best defunctioning procedure, 
thus a loop ileostomy or a loop colostomy may be 
used [ 28 ]. 

 Pelvic abscess can result from an anastomotic 
leak, an inadequate preparation with intraopera-
tive spill of feces, or from a post-operative 
 hematoma. Its frequency is not well reported in 
the literature but may be around 5 %. It is mainly 
infl uenced by the presence of anastomotic leak 
and previous radiotherapy [ 20 ]. 

 Anastomotic hemorrhage is not often 
reported and in colorectal surgery for rectal 
cancer varies from 0.5 to 1 % after stapled 
anastomosis. It might be expected in this 
group because the staples are not hemostatic, 
but it is not reported to be a problem. This risk 
is also increased in patients with any impair-
ment of coagulation including antithrombotic 
prophylaxis [ 30 ]. 

 The incidence of stenosis after colorectal 
anastomosis occurs between 0 and 30 %, but with 
clinical relevance is not more frequent than 
2–3 %. This complication is exceptional in anas-
tomosis proximal to the rectum [ 31 ].   

38.4     Vaginal Reconstruction 

 Vaginal and pelvic fl oor reconstruction is being 
performed with increasing frequency after pelvic 
exenteration for cervical cancer. After this ultra 
radical surgery, the resulting perineal defect is so 
large, especially in patients who have undergone 
a total pelvic infralevator exenteration, that many 
gynecologic oncologists have judged it necessary 
to fi ll the defect with well-vascularized tissue. 
Moreover, after an infralevator total pelvic exen-
teration, the pelvic fl oor is frequently exposed 
and denuded, predisposing it to gastrointestinal 
fi stulas. Several studies have reported that pelvic 
reconstruction with a vascularized fl ap decreases 
complications in patients after pelvic exentera-
tion, compared with patients who do not have this 
type of reconstruction [ 32 ]. Furthermore, radical 
resection of recurrent gynecologic cancers may 
involve partial or total resection of the vagina and 
levator muscles. 

 The loss of sexual function in this patient pop-
ulation can be demoralizing, especially since 
many patients with recurrent cervical carcinoma 
are young. Therefore, reconstructive operations, 
particularly the creation of a neovagina, are 
advisable in patients who undergo such extensive 
extirpative procedures. The effect of vaginal 
reconstruction on a patient’s quality of life and 
body image has been stressed in numerous publi-
cations. A number of surgical techniques have 
been developed to fi ll the pelvic hollow and to 
create a neovagina after radical pelvic surgery. 
The initial attempts involved omentum or perito-
neum stretched over a pelvic mold to allow epi-
thelialization or the use of skin grafting to the 
omentum and/or peritoneum. McCraw et al. were 
the fi rst to report vaginal reconstruction using the 
classic gracilis myocutaneous fl ap concurrently 
with radical surgery [ 33 ]. Since then, a variety of 
fasciocutaneous and myocutaneous fl aps have 
been reported for vaginal reconstruction. 

 The superior rectus abdominis myocutaneous 
(RAM) fl ap is probably the most widely used 
among gynecologic oncologists [ 34 ]. The RAM 
fl ap, deriving its blood supply from the inferior 
mammary artery, was fi rst used for breast 
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 reconstruction. For vaginal reconstruction, the 
inferior or distal RAM fl ap, supplied by the deep 
inferior epigastric vessels, is optimal. We typi-
cally use a modifi ed RAM fl ap with a longitudi-
nal rotation (instead of the typical transverse 
rotation); this fl ap allows us to give the neovagina 
a very natural shape and fi ts easily into the peri-
neal defect (Fig.  38.5 ).  

 However, the thickness of this fl ap makes its 
application diffi cult when the pelvic defect is 
not large or when a supralevator exenteration 
with colorectal anastomosis has been carried 

out. Techniques such as the Singapore fl ap are 
better suited to such cases. This neurovascular 
pudendal thigh fl ap was described for vaginal 
reconstruction by Wee in 1989 and modifi ed by 
Woods in 1991 [ 35 ]. This procedure provides 
well- vascularized tissue to the area, being thin 
and fl exible and can be inserted easily into the 
rectovaginal space to seal the repair. This fl ap’s 
vascular supply is reliable and robust. The 
Singapore fl ap has certain advantages over con-
ventional muscle fl aps in this situation. It avoids 
bulkiness while still providing good vascular 

a
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  Fig. 38.5    Creation of neovagina with a RAM fl ap: ( a ) 
Perineal defect after total infralevator exenteration. ( b ) 

RAM Flap has been dissected. ( c ) The neovagina is devel-
oped. ( d ) Neovagina in situ after fi nal suturing       
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coverage. In addition, the donor-site morbidity 
is low, with minimal postoperative scarring. 
Furthermore, this fl ap retains the original inner-
vation, so partial sensation is potentially pres-
ent. It is a good, consistent option for small and 
medium defects. 

    Omental Flap 

 The omental fl ap or omental carpet provide a non 
irradiated vascular pedicle fl ap able to fi ll a surgi-
cal defect, to wrap any anastomosis throughout 
the abdomen or to provide vascularized tissue 
surrounding a fi stula repair. 

 Habitually, many indications for pelvic exen-
teration are for patients in whom the greater 
omentum has not been removed. 

 This fl ap is very versatile and very manage-
able, and aside from thin patients, it provides a 
large amount of vascularized tissue that can cover 
or fi ll any dead space in the pelvis. This maneu-
ver is important since small bowel loops trend to 
adhere to the deepest and denudated pelvic areas, 
resulting in intestinal fi stulas.   

38.5     Summary 

 Pelvic recurrence especially after radiation ther-
apy is probably one of the most complicated 
challenges that a gynecologic oncologist has to 
face. Since Brunschwig published his prelimi-
nary experience with pelvic exenteration, the 
 literature has demonstrated improving under-
standing of the surgical indications with lower 
morbidity and mortality rates. In addition, 
important achievements have been in the recon-
structive part of pelvic exenteration. During the 
last few years, a number of publications have 
appeared demonstrating different ways to 
rebuild the urinary tract, to anastomose the 
colon more safely, and to create a neovagina 
using very different surgical techniques. In 
many cases, these efforts have increased 
patients’ quality of life. However, these maneu-
vers prolong the operating time and may 
increase postoperative complications.      

 Key Points 

•     Pelvic exenteration is currently the only 
therapeutic approach with reasonable 
survival, morbidity, and perioperative 
mortality rates that can be offered to 
patients with recurrent gynecologic can-
cer who have undergone irradiation.  

•   In carefully selected patients, more than 
40 % will survive longer than 5 years.  

•   During the past 60 years, a number of 
outstanding improvements have been 
achieved—not only in surgical out-
comes, but also in quality of life owing 
to new reconstructive approaches.  

•   The incontinent ileal conduit (or 
Bricker’s procedure) remains the gold 
standard for urinary diversion after ante-
rior exenteration.  

•   Continent conduits are currently consid-
ered feasible and safe and theoretically 
may improve the quality of life of these 
patients. Further studies are needed to 
demonstrate similar long term outcomes 
to ileal conduits.  

•   In carefully selected patients where the 
urethra can be preserved an orthotopic 
neobladder may be indicated. The 
patient should be informed of the risks 
of complications after radiation includ-
ing high rates of fi stulae.  

•   Colorectal resection is feasible in 
patients who underwent a pelvic exen-
teration with sphincter preservation. 
Since most of them are radiated the 
expected leakage and fi stula rate is high.  

•   The closer is the anastomosis to the anal 
verge the higher is the risk of disruption.  

•   Typically, in radiated patients placing a 
protecting temporary loop ileostomy 
must be considered.  

•   In some patients, creation of a neova-
gina can be planned. This is especially 
indicated in those with a total infraleva-
tor exenteration where fi lling the pelvis 
with a neo- vascularized fl ap may dimin-
ish the rate of complications.    
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39.1             Introduction 

 Ovarian cancer is the second most common 
gynecologic malignancy and the most common 
cause of death among women with gynecologic 
cancer [ 1 ]. Lifetime risk is about 1.6 %, but 
women with affected fi rst-degree relatives have a 
5 % risk. Women with a mutated BRCA1 or 
BRCA2 gene carry a risk between 25 and 60 % 
depending on the specifi c mutation [ 2 ]. 

 Epithelial ovarian cancer kills more women 
than all other gynecologic malignancies com-
bined because of our inability to detect early- 
stage disease. Unfortunately, attempts to develop 
screening programs for epithelial ovarian cancer 
using pelvic imaging or tumor markers have not 
yet been successful [ 3 ]. 

 Early stages of the disease are potentially cur-
able. In early epithelial ovarian cancer (eEOC) 
the 5-years survival ranges from 50 to 95 %. 
These wide ranges are due to the heterogeneity of 
the literature data, which are based on small 
series, with different procedures of staging and 
different postsurgical treatments [ 4 – 7 ]. 

 In spite of the generally favorable outcome of 
eEOC there is considerable 20–50 % risk of recur-
rence. The largest retrospective study in stage I 

epithelial ovarian cancer, which included a total 
of 1,545 women, concluded that the most impor-
tant independent prognostic factors were degree 
of differentiation followed by rupture before sur-
gery, rupture during surgery, FIGO substage IB 
versus IA, and age [ 8 ]. According to these prog-
nostic factors patients are divided into risk groups 
[ 9 ]. The excellent prognosis of patients with low-
risk stage IA grade 1 tumor treated with complete 
surgery alone is widely recognized [ 10 ]: they 
have a very good prognosis with approximately 
95 % 5-year OS [ 11 ] and do not need any adjuvant 
treatment. Many centers include stage IB grade 1 
tumors in this low risk group [ 12 ].  

39.2     Surgical Treatment of Early 
Stage Ovarian Cancer 

 FIGO surgical stage is the most relevant prog-
nostic factor for disease free and overall survival 
of apparent eEOC patients. A thorough surgical 
staging is crucial to address appropriate treatment 
and guarantee optimal survival. Comprehensive 
surgical staging consisting in extrafascial hyster-
ectomy, bilateral adhenaxectomy, omentectomy, 
random multiple biopsy, multiple site peritoneal 
washing and para-aortic and pelvic lymph node 
dissection. Less extensive surgical procedures 
may fail to detect the exact spread of the disease. 
Several papers reported on the risk of unrec-
ognized occult disease, with a 30 % likelihood 
of upstaging on repeated surgery [ 13 ,  14 ]. The 
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results of the literature showed that re-staging, 
detects either the patients who need chemother-
apy and/or who can be proposed for surgery only. 
The mini-invasive techniques seems to be an 
acceptable and safe procedure to perform restag-
ing of eEOC [ 15 ]. 

 Lymph node evaluation is recommend in the 
surgical treatment of eEOC according to FIGO 
criteria; however, the radicality of the lymphade-
nectomy remains unclear [ 16 ,  17 ]. Literature data 
reported nodal involvement in 4–25 % of patients 
with tumor apparently confi ned to the ovaries. 
Evaluating only data from systematic lymph 
node dissection, the mean rate of retroperitoneal 
metastases was 16 % ranging from 13 to 25 % 
[ 18 – 25 ]. The data of a prospective study [ 26 ] are 
similar to those reported by other single institu-
tion series and comparable to those reported in a 
recent literature review by Kleppe [ 27 ,  28 ]. 
Fourteen studies were included in this analysis 
reporting a mean incidence of lymph node metas-
tases in clinical stages I–II EOC of 14.2 % (range 
6.1–29.6 %), of which 46.9 % only in the para- 
aortic basin, 23.2 % only in the pelvic basin, and 
29.9 % both in the para-aortic and pelvic region. 
An higher node positivity rate (22 %) was 
reported in the systematic lymphadenectomy arm 
of an Italian randomized study [ 29 ]. Literature 
data reported that serous carcinoma is character-
ized by the highest incidence of node metastases 
[ 30 ], endometrioid, clear cell, and undifferenti-
ated tumors behave similarly [ 30 ] while no lymph 
node metastases were found in mucinous histo-
type in literature data independently of grading 
[ 31 ]. Concerning the grading of cancer, several 
studies have reported node metastases in more 
than 30 % of Grade 3 patients with eEOC [ 29 ]. 

 Lymph node evaluation should always be inte-
grated in comprehensive staging of eEOC 
because in patients with lymph node metastases, 
the systematic lymphadenectomy has a prognos-
tic and potentially therapeutic role. In addition, 
an upstaging warrants adjuvant treatments, while 
a thorough surgical staging could avoid any fur-
ther medical treatment, according to the ICON- 
ACTION trial [ 6 ,  31 ,  32 ]. 

 Considering the very good prognosis follow-
ing an adequate surgical staging in eEOC, the 

Fertility-sparing surgery (FSS) for women of 
childbearing age has become an argument of 
debate in the last decades. Twenty-fi ve percent of 
EOCs are diagnosed in early stages. About 14 % 
of those early stage patients are under the age of 
40 at the time of diagnosis, about half of which 
are FIGO stage I. These women are potentially 
interested in preserving their fertility [ 33 – 35 ]. 

 Literature data, even if based on retrospective 
series, confi rm the likelihood to consider conser-
vative surgery for eEOC in young patients [ 36 –
 38 ]. However, there is still a lack of consensus 
about the selection criteria to deem patients suit-
able for FSS. Some authors [ 39 ] use restrictive 
criteria, for example IAG1–2 FIGO stage, to 
admit patients to FSS, while others [ 11 ,  40 ] con-
sider all stage I EOC patients eligible for conser-
vative treatment. More controversial is whether 
or not to address patients with high risk EOC 
(≥IA G3) for FSS. 

 Data on obstetrical outcome showed encour-
aging results (Table  39.1 ). Because patients 
undergone to FSS, not always attempt to con-
ceive, the selection criteria have to be very 
restrictive and the patients should be thoroughly 
counseled and highly motivated. A large study 
has been reported by Japanese GOG [ 37 ] on a 
total of 211 patients (stage IA, n 126; stage IC, n 
85) from 30 institutions underwent FSS. Authors 
concluded that FSS is a safe treatment for stage 
IA patients with favorable histology. They sug-
gest, also, that stage IA patients with clear cell 
histology and stage IC patients with favorable 
histology can be candidates for fertility-sparing 
surgery followed by adjuvant chemotherapy. 
Another study based on SEER data [ 6 ] evaluated 
1,186 women aged 50 years with stage IA or IC 
EOC, of which 754 (64 %) underwent radical 
treatment with bilateral salpingo-oophorectomy, 
and 432 (36 %) underwent FSS. The comparison 
of data revealed that the FSS was safe in young 
women who had stage IA and IC EOC. Recently, 
a large Italian retrospective study [ 38 ] evaluated 
240 patients with malignant eEOC treated with 
FSS. At a median follow-up of 9 years, 27 
patients had relapsed (11 %) and 11 (5 %) had 
died of progressive disease. Multivariate analysis 
found only grade 3 negatively affected the 
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 prognosis of patients. Of the 105 patients (45 %) 
who tried to become pregnant, 84 (80 %) were 
successful. The authors concluded that conserva-
tive treatment can be proposed to all young 
patients when tumor is limited to the ovaries, as 
ovarian recurrences can always be managed suc-
cessfully. Patients with G3 tumors are more likely 
to have distant recurrences and should be closely 
monitored.

   In literature, there are many retrospective 
data and three large studies designed to investi-
gate the role of FSS have confi rmed the safety 
of FSS in a select group of young patients with 
eEOC. According to literature data, a conserva-
tive surgery should be considered in the treat-
ment of young women with stage IA, grade 1 and 
2. FSS in clear cell cancer and high risk patient 
with FIGO stage ≥IA G3 is still under debate. 
Anyway, an accurate surgical staging, including 
pelvic and para-aortic lymphadenectomy, is man-
datory in this subset of patients.  

39.3     Adjuvant Chemotherapy 

 The optimal adjuvant therapy for intermediate 
risk group (FIGO stage IA G2, IB and IC G1) and 
high-risk group (FIGO stage IAG3, IB G2-G3, IC 
G2-G3 and clear cell) had not yet been established 
until 2003 when solid scientifi c proof of the clini-
cal effectiveness of adjuvant chemotherapy was 
provided. In 2003, in fact, two large  prospective 

randomized trial (ICON 1 and ACTION) and two 
meta-analyses including fi ve trials [ 41 ] on 1,234 
patients addressing the positive role of adjuvant 
chemotherapy (AC) in reducing the risk of pro-
gression and death in eEOC were published. Until 
that no studies in eEOC had shown the effect, if 
any, of adjuvant treatment (using either radiother-
apy or chemotherapy) but all the trials have insuf-
fi cient power to detect any difference between 
treatments because too few patients were ran-
domly assigned and insuffi cient surgical staging 
was performed [ 42 – 44 ]. 

 ICON1 [ 45 ] was a pragmatic trial in which 
477 women with FIGO stage I–II ovarian can-
cer for which clinicians had some uncertainty of 
the need of adjuvant chemotherapy (AC) were 
randomized to receive adjuvant platinum-based 
chemotherapy or observation. Recommended 
surgical staging was less stringent than in the 
ACTION trial [ 5 ], with the minimum require-
ment being the removal of all visible disease. The 
majority of women in the treatment group (87 %) 
received carboplatin AUC 5 for six cycles. The 
authors reported a signifi cant benefi t for chemo-
therapy in terms of both OS (Hazard Ratio, HR 
0.66) and PFS (HR 0.65). Update results after 
9.2 years follow up confi rmed survival advantage 
for chemotherapy treated patients (72 % vs 64 %; 
HR 0.74) [ 46 ]. The trial also reported the results 
of a sub group analysis on the effect of AC by 
level of risk: among the high- risk women (IA 
G3, IB or IC G2 or G3, clear cell), those who 

   Table 39.1    Obstetrical outcome, literature review   

 Author  Nr. patients 
 Nr.of pts having 
pregnancies 

 Nr. of pts with 
term deliveries 

 Nr. of pts with 
abortion 

 Colombo [ 66 ]  24  7  6  – 
 Zanetta [ 65 ]  56  20  17 babies  4 (2 ectopic preg) 
 Raspagliesi [ 40 ]  10  3  3  – 
 Morice [ 39 ]  34  9 (10 preg)  7  1 
 Colombo [ 66 ]  24  7  6  – 
 Park [ 34 ]  62  –  22  2 
 Anchezar [ 67 ]  18  6 (7 preg)  6  – 
 Kajiyama [ 68 ]  60  13  10  3 
 Satoh [ 37 ]  211  55 (76 preg)  53 (66 babies) 
 Fruscio [ 38 ]  240  84  68 (93 babies)  16 
 Ditto [ 26 ]  18  7  5 (5 babies)  2 

  More recent case series may include previously published data from the same group  
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received AC had signifi cantly better OS and RFS 
than those who did not receive chemotherapy 
(HR 0.48 and HR 0.52 respectively), whereas 
among low/medium- risk women (IA G1 and G2, 
IB or IC G1) there was no signifi cant difference 
in survival outcomes between treatment arms 
(HR 0.96 and HR 0.96 respectively). Given that 
the analysis were not pre-planned and the num-
ber of patients in each sub group not provided, 
these results must be evaluated with caution and 
need to be confi rmed. 

 ACTION [ 5 ] was a RCT run by the European 
Organization for Research and Treatment of 
Cancer (EORTC) which recruited 448 FIGO 
stage IA and IB G2-G3, all stage IC and stage IIA 
women. Surgical staging procedures were speci-
fi ed and recommended, nevertheless only 34 % 
of patients received optimal surgical staging. 
Patients were randomized to receive platinum 
based chemotherapy (47 % had cisplatin in com-
bination with cyclophosphamide and 33 % had 
single-agent carboplatin) for at least four cycles 
versus no further treatment. The authors reported 
a signifi cant benefi t of chemotherapy in terms 
of RFS (HR 0.63) and a non signifi cant benefi t 
in terms of OS (HR 0.69). In a preplanned sub 
group analysis the effect of AC with respect to 
surgical staging adequacy was evaluated: among 
the 295 sub-optimally staged women, those who 
received adjuvant chemotherapy had signifi -
cantly better OS and RFS than those who did not, 
whereas among the 151 optimally staged women, 
there was no signifi cant difference in survival 
outcomes. A similar phenomenon was seen 
for RFS. Moreover in the suboptimally staged 
patients, the salvage rates at the time of recur-
rence in the observation arm and the AC arm were 
super imposable, whereas in the optimally staged 
patients, salvage chemotherapy treatment at the 
time of recurrence did well in the observation 
arm than in the AC arm. Although the number of 
patients involved in this sub group analysis was 
small, it is of interest that the same difference in 
the effectiveness of salvage chemotherapy treat-
ment in optimally staged patients not receiving 
AC was found in the Bolis trial [ 43 ]. However 
we should consider that ACTION trial was not 
designed to compare different surgical staging 

procedures, nor were women  prospectively strati-
fi ed by these categories; in addition, the number 
of participants in the ‘optimally staged’ subgroup 
was small and the number of events even lesser 
(18 events) so that some benefi t of AC in opti-
mally staged disease cannot be excluded. For this 
reason, almost all the authors support the prac-
tice of offering adjuvant chemotherapy to opti-
mally staged women, who have other risk factors 
coming from histology [ 47 ]. Moreover, given 
that even inside a randomized controlled clinical 
trial with recommended staging procedures only 
one third of patients received optimal staging, it 
appears reasonable to consider that suboptimally 
staged patients represent the “real word” and the 
results of these two trial may be applied to all 
eEOC patients. 

 Since the two largest ICON 1 and ACTION 
trial were conducted in parallel and spanned the 
same 10 years period, their results were matched. 
The analysis of the combined trials [ 48 ], on 925 
patients, showed better OS for patients in the AC 
arm than for patients in the observation arm 
(82 % versus 74 %, respectively). RFS was also 
better for patients in the AC arm (76 % versus 
65 %, respectively). A systematic review of 5 
RCTs, enrolling 1,277 women, was published 
and subsequently updated [ 41 ,  47 ]: meta-analysis 
of three trials, assessing 1,008 women, indicated 
that women who received adjuvant platinum- 
based chemotherapy had better OS than those 
who did not (HR 0.71); meta-analysis of four tri-
als, on 1,170 women, indicated that women who 
received AC had better PFS than those who did 
not (HR 0.67). This review would seem the defi n-
itive proof of the benefi t of platinum based AC 
for all patient with intermediate and high risk 
eEOC, but unfortunately many questions need to 
be answered. 

    Type of Chemotherapy 

 Although only 6 % of women in the combined 
analysis of ICON-ACTION trials received tax-
anes, given the reported activity of paclitaxel in 
advanced ovarian cancer, the benefi t of taxane 
treatments have been translated in early stage 
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 disease. At least three retrospective trials compar-
ing platinum monotherapy vs platinum paclitaxel 
combination in eEOC [ 49 – 51 ] did not report any 
signifi cant advantage in terms of recurrence and 
death rate for the combination treatment at the 
prize of higher toxicity. All the trials have how-
ever several limitations: they are retrospective in 
nature, account very limited numbers of patients, 
and surgical staging was incomplete for most part 
of patients. In the light of these considerations, 
according to the recently published conclusions 
of the 4th Ovarian Cancer Consensus Conference 
[ 52 ], Carboplatin-Paclitaxel remains the standard 
of care also for early stage disease. Carboplatin 
monotherapy is an attractive alternative for 
patients with poor performance status and, prob-
ably, for intermediate risk disease.  

    Duration of Treatment 

 The optimal duration of AC in eEOC is unclear: 
the ACTION and ICON trials used four and six 
courses of platinum based chemotherapy respec-
tively, leading to the same conclusions on the 
benefi t of treatment. In order to better clarify the 
appropriate number of chemotherapy courses 
GOG carried out GOG 157 trial [ 53 ] on 427 
EOC patients (69 % stage I) comparing three 
versus six cycles of platinum-paclitaxel che-
motherapy. The toxicities from treatment were 
statistically signifi cantly higher in the six-cycle 
arm and also less patients complete treatment in 
the six cycles arm (83 % vs 96 % respectively). 
The recurrence rate after six cycles was 24 % 
non statistically signifi cant lower (HR 0.761) 
than that after three cycles, and also the overall 
death rate was similar for both arms (HR 1.02). 
The authors concluded that three cycles of car-
boplatin-paclitaxel chemotherapy could be con-
sidered an appropriate treatment for eEOC. An 
explorative non pre-planned sub-group analysis 
of GOG 157 [ 54 ] reported that serous tumors 
showed a signifi cantly decreased risk of recur-
rence after six cycles of chemotherapy compared 
to three cycles (HR 0.33), while the benefi t of 3 
additional chemotherapy courses disappeared in 
non serous tumors. 

 Mannel et al. [ 55 ] recently published the 
results of a GOG RCT comparing three cycles of 
Carboplatin-Paclitaxel followed by either main-
tenance paclitaxel at 40 mg/m 2 /week × 24 weeks 
or observation in a population of 542 eEOC 
patients. The authors reported no difference in 
terms of RFS (HR 0.807) or OS between the two 
treatment arms.  

    Perspectives 

 According to Winter-Roach et al. [ 47 ] between 9 
and 100 women have to be treated with AC to 
prevent one death and between 7 and 33 women 
have to be treated with AC to prevent one disease 
recurrence. The real goal for the future should be 
to identify patients who can be spared unneces-
sary AC. A high priority for upcoming studies 
will be to use molecular markers, gene expres-
sion and microarray profi les [ 56 ], DNA ploidy 
[ 57 ] or serum protein patterns [ 58 ] to further 
separate poor from good prognosis early stage 
patients who do not require additional therapy. In 
this context, retrospective and prospective studies 
on DNA ploidy in stage I disease [ 57 ,  59 – 61 ] 
have shown that ploidy is the second most impor-
tant independent prognostic factor after degree of 
differentiation so that some authors propone to 
include diploid FIGO stage IA G2 tumors inside 
the low risk subgroup of EOC [ 62 ]. 

 Given the apparent lack of effi cacy of contem-
porary adjuvant chemotherapy in clear cell carci-
noma [ 63 ] and the discouraging bad prognosis of 
subsets of high grade serous tumor which recur 
and die despite optimal AC, other therapeutic 
options are urgently needed. ICON7 trial [ 64 ] is a 
RTC in 1,528 patients with high-risk, early-stage 
(FIGO stage I or IIA clear cell or grade 3 carci-
noma) or advanced-stage epithelial ovarian carci-
noma, evaluating the addition of anti VEGF 
monoclonal antibody bevacizumab to standard 
chemotherapy in combination and in mainte-
nance for 12 months. The trial reported a signifi -
cant increase of PFS for the experimental arm 
(HR 0.87); no different impact of the addition of 
Bevacizumab treatment with respect to FIGO 
stage appeared at exploratory analysis.   
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39.4     Summary 

 Comprehensive surgical staging with para-aortic 
and pelvic lymph node dissection is mandatory in 
eEOC. A group of patients with eEOC and no other 
risk factors will not benefi t from further treatment 
if fully staged, while those with undetected metas-
tases risk to be undertreated if not surgically evalu-
ated. However, a tailored approach should always 
be kept in mind; based on literature data, omitting a 
systematic lymphadenectomy can be considered in 
mucinous tumors regardless of grade. 

 The Literature data demonstrate the feasibility 
of FSS in eEOC. FSS in eEOC underwent com-
prehensive surgical staging is safe with oncologi-
cal results comparable to radical surgery group. 
The opportunity to extent the indication to con-
servative surgery to women with more advanced 
disease is highly controversial and needs further 
investigations. Clearer data are warranted by pro-
spective controlled studies. 

 In spite of the generally favorable outcome of 
early stage disease there is considerable 20–50 % 
risk of recurrence. 

 Platinum-based adjuvant chemotherapy has 
reported to increase progression-free and overall 
survival in intermediate risk and high-risk ovar-
ian cancer patients. 

 A high priority for upcoming studies will be to 
use molecular markers, gene expression and 
microarray profi les, to further separate poor from 
good prognosis early stage patients who do not 
require additional therapy.         References 
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40.1             Introduction 

 Worldwide, ovarian cancer is diagnosed in 
approximately 225,000 women each year and is 
responsible for 140,000 deaths [ 1 ]. Stage remains 
the strongest predictor of survival, and the major-
ity of women will have advanced stage disease at 
diagnosis. Despite best initial therapy, most of 
these women will recur, and only 20–25 % will 
be long-term survivors [ 2 ]. 

 Advances in chemotherapy have continued to 
improve response and extend survival, but the 
effectiveness of primary therapy has remained 
linked to the ability to surgically remove visible 
metastatic disease. As cytoreductive surgery has 
evolved, the tenets provided by Hoskins and col-
leagues in two essential ancillary data studies of 
Gynecologic Oncology Group (GOG) protocols 
52 and 97 have continued to hold true: [ 1 ] there is 
an inverse correlation between maximal diameter 
of residual disease and overall survival [ 2 ], there 
is a threshold diameter of residual disease above 

which surgical debulking provides no survival 
benefi t, and [ 3 ] survival is ultimately linked to 
multiple factors including age, stage, chemother-
apy, effectiveness of surgery, and tumor biology 
[ 3 ,  4 ]. Multiple single institution and cooperative 
group trial series have demonstrated an associa-
tion between cytoreduction to no visible residual 
disease and improved survival, shifting the goal 
of ovarian cancer surgery to removal of all visible 
metastases [ 5 – 11 ]. In our current treatment era, 
the apparent benefi t of effective surgical therapy 
is further magnifi ed beyond the demonstrated 
association between less residual disease and 
improved survival. Women who have undergone 
maximal cytoreduction are candidates to receive 
intraperitoneal chemotherapy, a modality that has 
repeatedly been shown to extend survival over 
standard intravenous therapy [ 8 ,  12 ,  13 ]. As 
regional therapy has advanced to extend survival 
times overall, the degree to which complete cyto-
reduction provides an advantage over minimal 
but visible disease is more pronounced [ 14 ]. 

 “Extended surgery” for advanced ovarian can-
cer refers to a series of procedures that can be 
performed to remove metastatic ovarian cancer 
beyond the “standard” surgical hysterectomy, sal-
pingo-oophorectomy, omentectomy, and lymph 
node dissection. In essence, these procedures are 
a natural extension of the rationale for perform-
ing any cytoreduction, as it is debatable whether 
“tumor biology” has any bearing on whether a 
metastatic ovarian cancer cell implants on the 
diaphragm instead of the omentum. Because 
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procedures requiring resection of the diaphragm, 
pancreas, porta hepatis, and other upper abdomi-
nal structures are outside the scope of standard 
gynecologic pelvic and mid- abdominal sur-
gery, they may not be part of standard gyneco-
logic cancer surgery training, and may require 
additional post-fellowship experience. As these 
procedures require a different anatomic and tech-
nical understanding in order to not delay primary 
chemotherapy, it is appropriate that they are rec-
ognized as an “extended” skill set. Experts differ 
as to whether segmental bowel or colon resec-
tions should be considered “extended surgery” 
since they may be performed in as many as 30 % 
of women with advanced ovarian cancer [ 15 ,  16 ]. 
A recent Cochrane analysis of “ultra-radical sur-
gery” for ovarian cancer excluded all studies in 
which bowel resection was not considered “ultra-
radical,” and so such bowel surgery has been 
included as an “extended” surgical procedure 
here [ 17 ].  

40.2     Cytoreduction 

 Ovarian cancer spreads throughout the entire 
peritoneal cavity, and the procedures frequently 
required to achieve complete cytoreduction have 
been organized by abdominal region. We cannot 
emphasize enough the need to examine the entire 
abdomen and pelvis before proceeding with radi-
cal cytoreduction, in order to ensure resectability 
of other sites of disease. Moreover, patient selec-
tion is critical, and we recommend that gyneco-
logic surgeons track their patient outcomes in 
order to better understand when major complica-
tions occur. While experienced surgeons gener-
ally report good outcomes and acceptable 
complication rates from these procedures, these 
cannot be unilaterally applied for all cases. 

    Radical Pelvic Resection 

 Ovarian cancer frequently involves the lateral pel-
vic peritoneum and rectosigmoid colon, and the 
posterior cul de sac is often obliterated. En bloc 
posterior pelvic resection has been increasingly 

applied to clear tumor from this region, and is 
referred to by several different designations: radi-
cal oophorectomy, modifi ed posterior pelvic 
exenteration, and en bloc rectosigmoid colec-
tomy. When performed en bloc, the retroperito-
neal spaces are opened laterally and posteriorly, 
the ureters are mobilized laterally, the bladder is 
dissected down to the mid-vagina, and the upper 
vagina is divided to open the rectovaginal septum 
and identify the rectum below the posterior cul de 
sac (Fig.  40.1 ). Even with extensive peritoneal 
involvement, the superior rectal artery can be 
identifi ed and divided in the rectal mesentery, and 
the presacral space developed. The rectum is 
divided with a TA or contour stapler and the 
uterus, adnexa, parametria, pelvic peritoneum, 
posterior cul de sac, and rectosigmoid colon are 
removed en bloc (Fig.  40.2 ). Anatomic consider-
ations include the length of remaining proximal 
colon, as well as the distance from the anal verge 
to the peritoneal refl ection in the posterior cul de 
sac, since the rectum will be stapled below this 
point (Fig.  40.3 ). As there is generally >5 cm of 
distal rectum remaining, a primary anastomosis 
with or without a diverting loop ileostomy may be 
performed, and end colostomy is rarely required.    

 Series of patients undergoing en bloc posterior 
pelvic resection have been reported from multi-
ple centers with acceptable complication rates, 
and are listed in Table  40.1  [ 16 ,  18 – 26 ]. In 
patients undergoing several separate cytoreduc-
tive procedures, the “per procedure” complica-
tion rate can be diffi cult to determine. In these 
series, the procedure-related complication rate 
was generally 2–6 %, the most common of which 
was anastomotic leak or fi stula. Houvenaeghel 
and colleagues reported the combined experience 
of nine French centers, in which 168 patients 
underwent modifi ed posterior exenteration in the 
primary setting with a low rate of protective 
stoma [ 25 ]. The total perioperative complication 
rate was 27 %, with a low rate of fi stula/abscess.

       Extrapelvic Bowel Resection 

 Outside of the pelvis, the two most common sites 
of bowel involvement are the ileocecum and the 
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transverse colon. Anatomic considerations when 
considering resection in these areas are primarily 
due to vascular supply. Variability in watershed 
areas, and the degree of communication between 
the ileocolic, right colic, and middle colic arteries 
need to be considered so that resultant anastomo-
ses have adequate supply. 

 Perhaps because of this, or because patients 
with extrapelvic bowel involvement have more 
extensive disease, the reported procedure-related 
complication rate of approximately 8 % is slightly 
higher than after en bloc pelvic resection (see 
Table  40.2 ) [ 27 – 34 ]. In Hoffman’s series of 144 
patients with advanced ovarian cancer, 36 % had 
extensive bowel involvement outside the pelvis, 
with a 6 % risk of procedure-related complica-
tion [ 28 ]. Silver and colleagues reported their 
series of 19 patients undergoing extended left 
colon resection, with a low overall complication 
rate and detailed analysis of relevant vascular 

considerations when rotating the remaining right 
colon around the ileocolic artery pedicle [ 33 ].

       Right Upper Quadrant Resection 

 The right upper quadrant is frequently involved 
due to the pooling of ascites containing meta-
static cells in the right subphrenic space; this 
pooling is caused by gravity and the falciform 
ligament. Up to 40 % of women with advanced 
ovarian cancer present with bulky metastatic dis-
ease to the diaphragm, and diaphragm implants 
have been described as one of the most common 
factors precluding optimal cytoreduction [ 35 ]. 
The ability to safely remove these diaphragm 
lesions is an essential component of the compre-
hensive approach to surgical cytoreduction, 
which has been associated with improved sur-
vival in these patients [ 15 ]. The extent of resection 
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rectal spaces (2), rectovaginal space, and presacral space (Reprinted with permission from: Bristow et al. [ 55 ])       
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  Fig. 40.2    Radical 
oophorectomy: type II 
modifi cation. The rectum is 
divided between a TA 
stapler and proximal bowel 
clamp to complete the 
resection. (Reprinted with 
permission from: Bristow 
et al. [ 55 ])       

  Fig. 40.3    Circular 
end-to-end stapled 
anastomosis using the 
automated CEEA stapler. 
The CEEA anvil is 
introduced into the proximal 
colon and the purse-string 
suture tied with the notch on 
the anvil shaft; the main 
CEEA instrument is passed 
transanally and the trochar 
advanced through the rectal 
stump. The trochar is 
removed and the anvil shaft 
inserted into the cartridge 
shaft of the main CEEA 
instrument ( inset ). 
 Abbreviation :  CEEA , circular 
end-to-end anastomosis. 
(Reprinted with permission 
from: Bristow et al. [ 55 ])       
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required is determined by the surface area 
involved and the presence of muscular invasion. 
Primary anatomic considerations include the rel-
evant hepatic attachments and the underlying 
central vasculature, as the right liver must be 
mobilized medially in order to gain access to the 
entire right diaphragm [ 36 ]. The coronary liga-
ments refl ect off the liver capsule and delineate 
the posterior extent of the diaphragm peritoneum. 
The right hepatic vein drains into the inferior 
vena cava at the medial portion of the right coro-
nary ligament, and additional caution is essential 
during this part of the dissection to avoid injury 
to this vessel. In addition, the right phrenic nerve 
penetrates the central tendon of the diaphragm 
but is usually not encountered until the right cor-
onary ligament is divided and the base area of the 
liver is exposed. 

 Diaphragm peritonectomy and/or resection 
(Figs.  40.4  and  40.5 ) are generally well tolerated, 
and the reported complication rates vary somewhat 
between series, as shown in Table  40.3  [ 37 – 44 ]. 
This variability appears to depend on how pleural 
effusions were scored as complications, and 
whether a chest tube was placed as a prophylactic 
measure at the time of surgery. One series evaluat-
ing 59 patients in whom intraoperative chest tubes 
were not placed after diaphragm surgery and who 
had daily postoperative chest imaging showed a 
58 % incidence of ipsilateral effusions; 15 % 
required postoperative drainage [ 42 ]. Chereau and 
colleagues recently reported their series in which 
144 patients underwent diaphragm surgery for pri-
mary, interval, or recurrent disease; 35 % of the 
patients had chest tubes placed intraoperatively and 
43 % developed pulmonary complications [ 44 ].  

   Table 40.1    Literature on feasibility of radical pelvic resection (radical oophorectomy, modifi ed posterior exenteration, 
or en bloc rectosigmoid colectomy)   

 Study  Year  Patients 

 Complications (%) 

 Overall  Procedure-related  Mortality 

 Soper et al. [ 18 ]  1991  21  NA  NA  NA 
 Scarabelli et al. [ 19 ]  2000  66  13 (20)  1 (1)  0 
 Obermair et al. [ 20 ]  2001  65  19 (29)  3 (5)  1 (1) 
 Clayton et al. [ 21 ]  2002  129  38 (30)  3 (2)  4 (3) 
 Bristow et al. [ 22 ]  2003  31  4 (13)  1 (3)  0 
 Mourton et al. [ 23 ]  2005  70  22 (31)  4 (6)  1 (1) 
 Aletti et al. [ 16 ]  2006  57  NA  1 (2)  0 
 Park et al. [ 24 ]  2006  46  15 (33)  2 (4)  0 
 Houvenaeghel [ 25 ]  2009  168  45 (27)  NA  NA 
 Tixier et al. [ 26 ]  2010  41  14 (34)  4 (10)  3 (7) 

   NA , not available  

   Table 40.2    Literature on feasibility of bowel resection   

 Study  Year  Patients 

 Complications (%) 

 Overall  Procedure-related  Mortality 

 Gillette-Cloven 
et al. [ 27 ] 

 2001  105  18 (17)  10 (10)  6 (6) 

 Hoffman et al. [ 28 ]  2005  144  23 (16)  9 (6)  0 
 Estes et al. [ 29 ]  2006  48  5 (10)  4 (8)  2 (4) 
 Bidzinski et al. [ 30 ]  2007  39  8 (20)  5 (13)  0 
 Salani et al. [ 31 ]  2007  125  30 (24)  11 (9)  2 (2) 
 Bristow et al. [ 32 ]  2008  33  NA  NA  1 (3) 
    Silver [ 33 ]  2009  19  3 (16)  NA  1 (5) 
 Song et al. [ 34 ]  2009  22  7 (32)  0  0 

   NA ,  not available  
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   Resection of metastatic disease from the celiac 
lymph nodes or porta hepatis can be diffi cult due 
to anatomic variations in the vascular anatomy 
and proximity to the hepatic and gastric vessels. 
Lymphadenectomy in this region is performed by 
surgical oncologists and hepatobiliary surgeons 
for staging or resection of some gastric, biliary, 
or hepatic cancers. Anatomic considerations in 
this region are multiple, including the celiac axis, 
portal triad, pancreas, and duodenum. Two recent 
series report successful ovarian cancer cytore-
duction in this region with a low complication 
rate when performed with a multidisciplinary 
team including surgical oncologists, as shown in 
Table  40.3  [ 45 ,  46 ].  

    Left Upper Quadrant 

 Left upper quadrant structures are most fre-
quently involved near the splenic hilum where 
tumor from the lateral edge of the omentum may 
involve the spleen, splenic hilum, and distal pan-
creas. Anatomic considerations include the 
splenic vascular anatomy and left adrenal gland, 
as well as the proximity of the distal pancreas 
from the splenic hilum, and will be encountered 
differently whether an anterior or posterior 
approach is used. Bulky anterior or hilar disease 
is best approached via a posterior approach, 
where the splenic fl exure is mobilized, the lieno-
renal ligament divided, and the spleen elevated 

a

c d

b

  Fig. 40.4    Diaphragm peritonectomy. ( a ) The self- retaining 
retractor has been positioned to provide maximal elevation 
of the costal margin. ( b ) The diaphragm peritoneum is 
incised along the costal margin, developing a broad front of 
dissection in the subperitoneal plane. ( c ) The diaphragm 

peritoneum is placed on downward traction, exposing the 
plane of dissection at the interface with the muscular sur-
face. ( d ) The dissection is carried posteriorly to the perito-
neal refl ection of the coronary and right triangular ligaments. 
(Reprinted with permission from: Bristow et al. [ 55 ])       
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a

c d

b

  Fig. 40.5    Full-thickness resection of the diaphragm. ( a ) 
The diaphragm muscle is incised with electrocautery and 
the pleural space entered. ( b ) The pleural space is explored 
to defi ne the extent of resection. ( c ) The resection is 

 carried posterior and laterally along the upper margin of 
the bare area of the liver. ( d ) The specimen is everted and 
the diaphragmatic pleura and muscle resected en bloc. 
(Reprinted with permission from: Bristow et al. [ 55 ])       

    Table 40.3    Literature on feasibility of right upper quadrant resection   

 Study  Year  Patients 

 Complications (%) 

 Overall  Procedure-related  Mortality 

 Diaphragm peritonectomy, resection or ablation 
 Montz et al. [ 37 ]  1989  14  NA  1 (7)  0 
 Silver et al. [ 38 ]  2004  7  0  0  0 
 Cliby et al. [ 39 ]  2004  41  8 (20)  6 (15)  0 
 Eisenhauer et al. [ 42 ]  2006  59  NA  9 (15)  0 
 Chereau et al. [ 40 ]  2009  18  5 (28)  4 (22)  0 
 Einekel et al. [ 41 ]  2009  30  14 (47)  11 (37)  1 (3) 
 Gouy et al. [ 43 ]  2010  63  11 (17)  6 (10)  0 
 Chereau et al. [ 44 ]  2011  144  99 (69)  62 (43)  2 (3) 
 Celiac axis or porta hepatis resection 
 Song et al. [ 45 ]  2011  2  0  0  0 
 Martinez et al. [ 46 ]  2011  28  10 (36)  1 (3)  0 

   NA , not available  
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medially (Fig.  40.6 ). From this position, the 
splenic vessels can be divided and the distal pan-
creas divided or dissected free. In the presence of 
bulky posterior or left diaphragm disease, 

 surgeons take an anterior approach through the 
omentum into the lesser sac to divide the gastro-
splenic ligament and short gastric arteries and 
expose the splenic vessels. After dividing the 
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  Fig. 40.6    Splenectomy-posterior approach. ( a ) Tumor 
obscures the gastrosplenic ligament and anterior access to 
the splenic hilum; the spleen is drawn medially to expose 
the lienorenal ligament. ( b ) The lienorenal ligament is 
incised and the splenic artery and vein are identifi ed 
within the areolar tissue. ( c ) The splenic artery and vein 

are clamped, divided, and ligated. ( d ) After division of the 
vasculature, the lesser sac can be properly developed, any 
remaining tumor attachments to the gastrosplenic liga-
ment are taken down, and the specimen is removed. 
(Reprinted with permission from: Bristow et al. [ 55 ])       
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vessels and the lienorenal ligament, distal pan-
creas can be dissected free or divided. The distal 
pancreas is generally divided with a vascular sta-
pler and reinforced with permanent suture. 
Elective ligation of the pancreatic duct may 
reduce the incidence of pancreatic leak, and a 
drain may be left in the dissection bed.  

 Several groups have reported their experience 
with left upper quadrant resection, with variable 
complication rates depending on whether sple-
nectomy was performed alone, or as a combined 
procedure with either distal pancreatectomy or en 
bloc left upper quadrant resection, as shown in 
Table  40.4  [ 47 – 52 ]. Pancreatic resection is asso-
ciated with a noted increase in complication rate, 
and consultation with a pancreatic surgeon or 
surgical oncologist may be justifi ed.

       Feasibility of Changing Institutional 
Surgical Approach 

 Many centers have incorporated an increasingly 
extensive approach to ovarian cancer cytoreduc-
tion, and several have detailed both the process 
and results of this change [ 7 ,  53 ,  54 ]. Generally, 
these have incorporated both a desire to improve 
complete cytoreduction rates, as well as the ability 
to work with other surgical services to learn addi-
tional skills and limit complication rates. In 2009, 
Chi and associates reported their experience and 
outcomes following a paradigm shift towards more 
extensive surgical cytoreduction at Memorial Sloan 
Kettering Cancer Center from 1996 to 2004 [ 53 ]. 
By incorporating extensive upper abdominal proce-
dures during an era when standard primary chemo-
therapy was the same, the complete  cytoreduction 

rate increased from 11 to 27 %, the optimal cyto-
reduction rate increased from 46 to 80 %, and the 
medial survival improved from 43 to 54 months. In 
Europe, Harter and colleagues reported the results 
of introducing a surgical quality management 
program to improve ovarian cancer cytoreduction 
[ 54 ]. During the period of the study, the rate of 
extended surgical procedures increased from 0 to 
43 %, and complete cytoreduction increased from 
33 to 62 %, with an improvement in median overall 
survival from 26 to 45 months. These studies dem-
onstrate that cytoreduction rates at an institution 
can be improved, and that a concerted multidisci-
plinary effort toward complete  cytoreduction is an 
achievable goal.   

40.3     Summary 

 For women with advanced ovarian cancer, there is 
substantial evidence that cytoreduction of all visi-
ble metastatic disease is associated with the best 
survival outcomes. Moreover, only patients with 
optimal residual disease are candidates for intra-
peritoneal chemotherapy, which has been shown 
to give the longest survival benefi t. “Extended sur-
gery” for ovarian cancer is the surgical approach 
that allows more patients to realize this benefi t, but 
it requires care in terms of adequate surgical prep-
aration and patient  selection. The ability to per-
form radical removal of pelvic and upper 
abdominal metastases for the majority of women 
with advanced ovarian cancer is both reasonable 
and feasible. As more centers adopt an approach 
toward complete cytoreduction, it is clear that an 
institutional commitment and a dedicated approach 
can improve patient outcomes.      

   Table 40.4    Literature on feasibility of left upper quadrant resection (splenectomy, distal pancreatectomy, en bloc left 
upper quadrant resection)   

 Study  Year  Patients 

 Complications (%) 

 Overall  Procedure-related  Mortality 

 Sonnendecker et al. [ 47 ]  1989  6  5 (83)  NA  1 (17) 
 Ayhan et al. [ 48 ]  2004  34  10 (29)  NA  3 (9) 
 Yildirim et al. [ 49 ]  2005  6  4 (67)  1 (17)  0 
 Eisenkop et al. [ 50 ]  2006  49  20 (41)  3 (6)  1 (2) 
 Hoffman et al. [ 51 ]  2007  6  3 (50)  2 (33)  0 
 Kehoe et al. [ 52 ]  2009  17  NA  4 (24)  0 

   NA  not available  
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41.1             Introduction 

 The worldwide incidence of ovarian cancer is 
estimated to be 225, 000 cases per year [ 1 ]. In 
Europe, there are approximately 65, 697 new 
cases and 41, 448 ovarian cancer-related deaths 
per year [ 1 ]. While women with disease confi ned 
to the ovaries (stage I) usually have a good out-
look (5-year survival of >90 %), due to the lack 
of well-defi ned symptoms, the vast majority (75–
80 %) unfortunately present with more advanced 
disease (FIGO III-IV) and little prospect of cure, 
with a 5 year survival rate of approximately 40 % 
[ 2 ]. Around 90 % of ovarian carcinomas are epi-
thelial in origin whereas the remainder arise from 
germ cells or stromal cells. The principles of the 
initial management of epithelial ovarian cancer 
has remained largely unchanged over the years 
and consists of attempted maximal cytoreductive 
surgery and platinum-based chemotherapy. 
Improvements in surgical techniques and chemo-
therapy strategies have led to improved clinical 
outcomes. However, disease recurrence and drug 
resistance continue to pose persistent manage-
ment challenges. Advances in our knowledge of 

the molecular biology underlying ovarian cancer 
coupled with development of novel agents offers 
promise. A number of clinical trials address the 
optimal schedule, mode of administration of 
established chemotherapy drugs and the integra-
tion of targeted agents. This chapter provides an 
overview of the initial management of advanced 
ovarian cancer and the integration of targeted 
therapies in this setting.  

41.2     Systemic Therapy 
for the Initial Management 
of Advanced Ovarian Cancer 

 The current international standard of care for 
advanced ovarian cancer is either initial or  interval 
optimal cytoreductive surgery (no residual dis-
ease) and a total of six cycles of three-weekly 
intravenous (IV) chemotherapy with  carboplatin 
(area under the curve [AUC] 5–7.5) given in 
combination with paclitaxel (175 mg/m 2 ) [ 3 ]. 
Chemotherapy given following surgery is termed 
‘adjuvant’ and upfront chemotherapy followed by 
interval debulking surgery is referred to as ‘neo-
adjuvant.’ The recommendation of a platinum/
paclitaxel combination is based on a series of 
phase III studies over the last two decades which 
address type of platinum, combination therapy, 
dosage and scheduling [ 4 – 7 ] (see Table  41.1 ). 
The results of the Gynecologic Oncology Group 
(GOG) 111 trial demonstrated the importance of 
incorporating taxanes into fi rst line  chemotherapy 
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   Table 41.1    Key fi rst line adjuvant trials for the treatment of advanced epithelial ovarian cancer   

 Study  N 
 Study 
population  Treatment arms 

 PFS 
(months)  OS (months) 

 GOG 111  410  Stage III with 
residual disease 
>1 cm after 
initial surgery 
or stage IV 
disease 

 Cisplatin (75 mg/m 2 )/Cyclophosphamide 
(750 mg/m 2 ) 

 13  24 

 Cisplatin (75 mg/m 2 )/Paclitaxel (135 mg/
m 2  over 24 h) 

 18 
(p < 0.001) 

 38 
(p < 0.001) 

 EORTC-NCIC 
OV-10 

 680  FIGO stage 
IIB-IV with 
either ≤1 cm 
residual disease 
or >1 cm 
residual disease 
after initial 
surgery 

 Cisplatin (75 mg/m 2 )/Cyclophosphamide 
(750 mg/m 2 ) 

 11.5  25.8 

 Cisplatin (75 mg/m 2 )/Paclitaxel (175 mg/
m 2  over 3 h) 

 15.5 
(p < 0.0005) 

 35.6 
(p = 0.0016) 

 GOG 132  648  Stage III with 
residual disease 
>1 cm after 
initial surgery 
or stage IV 
disease 

 Cisplatin (100 mg/m 2 )  16.4  30.2 
 Paclitaxel (200 mg/m 2  over 24 h)  10.8  25.9 
 Cisplatin (75 mg/m 2 )/Paclitaxel (135 mg/
m 2  over 24 h) 

 14.1 
(p = 0.002) 

 26.3 
(p = 0.310) 

 ICON 3  2,074  All FIGO stages 
irrespective of 
optimal or 
sub-optimal 
debulking 

 CAP *  or Carboplatin (AUC5 or 6)  16.1  35.4 

 surgery  Carboplatin (AUC5 or 6)/Paclitaxel 
(175 mg/m 2  over 3 h) 

 17.3 
(p = 0.16) 

 36.1 
(p = 0.74) 

 AGO-OVAR-3  798  FIGO stage 
IIB-IV 

 6 cycles of Carboplatin (AUC6)/Paclitaxel 
(185 mg/m 2  over 3 h) 

 17.2  43.3 

 6 cycles of Cisplatin (75 mg/m 2 )/Paclitaxel 
(185 mg/m 2  over 3 h) 

 19.1 NS  44.1 NS 

 GOG-158  792  FIGO stage III 
with ≤1 cm 
residual disease 
after initial 
surgery 

 6 cycles of Carboplatin (AUC7.5)/
Paclitaxel (175 mg/m 2  over 3 h) 

 20.7***  57.4*** 

 6 cycles of Cisplatin (75 mg/m 2 )/Paclitaxel 
(135 mg/m 2  over 24 h) 

 19.4  48.7 

 Dutch-Danish 
Intergroup 
study 

 208  FIGO stage 
IIB-IV 

 ≥6 cycles of Carboplatin (AUC5)/
Paclitaxel (175 mg/m 2  over 3 h) 

 N/A  32 

 ≥6 cycles of Cisplatin ((75 mg/m 2 )/
Paclitaxel (175 mg/m 2  over 3 h) 

 30 (HR1.07; 
95 CI, 
0.78-0.48) 

 GOG 218  1,873  FIGO stage III 
or stage IV 

 6 cycles Carboplatin (AUC6)/Paclitaxel 
(175 mg/m 2 ), placebo with cycles 2–22 

 10.3  N/A 

 Carboplatin (AUC6)/Paclitaxel (175 mg/
m 2 ), bevacizumab (15 mg/Kg) with cycles 
2–6 followed by placebo cycles 7–22 

 11.2 
(p = 0.16) 

 Carboplatin (AUC6)/Paclitaxel (175 mg/
m 2 ), bevacizumab (15 mg/Kg) with cycles 
2–22 

 14.1 
(p < 0.001) 
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with platinum [ 4 ]. Four  hundred and ten women 
with advanced ovarian cancer and residual masses 
larger than 1 cm after initial surgery were random-
ized to receive cisplatin (75 mg/m 2 ) with either 
cyclophosphamide (750 mg/m 2 ) or paclitaxel 
(135 mg/m 2  over 24 h). Progression free survival 
(PFS), (median, 18 vs. 13 months, p < 0.001) and 
overall survival (OS), (median 38 vs. 24 months, 
p < 0.001) were signifi cantly longer in the cis-
platin/paclitaxel arm compared to cisplatin/
cyclophosphamide in women with sub-optimally 
debulked ovarian cancer.

   The results of the European and Canadian 
Intergroup trial (EORTC-NCIC OV-10) provided 
confi rmatory evidence for cisplatin and pacli-

taxel as the standard regimen in advanced ovarian 
cancer [ 5 ]. Compared to GOG-111, this study 
had a broader selection of patients by also includ-
ing patients with optimally debulked stage III or 
IV disease, as well as those having FIGO stage 
IIB or IIC disease and allowed recruitment of 
patients who had undergone interval debulking 
surgery. Additionally, the dose of paclitaxel was 
higher (175 mg/m 2  vs. 135 mg/m 2 ) with a shorter 
infusion time of 3 h, instead of 24 h, as this strat-
egy had previously been found to be more conve-
nient, produce less neutropenia, as well as confer 
a PFS advantage. After a median follow-up of 
38.5 months, a longer PFS (15.5 vs. 11.5 months, 
p = 0.0005) and OS (35.6 vs. 25.8 months, 

Table 41.1 (continued)

 Study  N 
 Study 
population  Treatment arms 

 PFS 
(months)  OS (months) 

 ICON 7  1,528  High risk early 
stage disease 
(FIGO stage I 
OR IIA and 
clear cell or 
grade 3 tumors) 
or advanced 
ovarian cancer 
(FIGO IIB-IV) 

 6 cycles of Carboplatin (AUC 5 or 6)/
Paclitaxel (175 mg/m 2 ) 

 17.3  28.8** 

 6 cycles Carboplatin (AUC 5 or 6)/
Paclitaxel (175 mg/m 2 )/bevacizumab 
(7.5 mg/Kg) +12 cycles bevacizumab 
maintenance or until disease progression 

 19 
(p = 0.004) 

 36.6** 
(p = 0.002) 

 Intraperitoneal (IP) chemotherapy studies 
 GOG 104  546  Stage III with 

debulking 
surgery to a size 
of ≤2 cm 
residual 

 6 cycles of 3-weekly IV 
cyclophosphamide (600 mg/m 2 )/IV 
Cisplatin (100 mg/m 2 ) 

 41 

 6 cycles of 3-weekly IV 
cyclophosphamide (600 mg/m 2 )/IP 
Cisplatin (100 mg/m 2 ) 

 49 (p = 0.02) 

 GOG 114  462  Stage III with 
≤1 cm residual 
disease after 
debulking 
surgery 

 6 cycles of 3-weekly IV paclitaxel 
(135 mg/m 2 )/ IV Cisplatin (75 mg/m 2 ) 

 22  52 

 2 cycles of 4-weekly IV Carboplatin (AUC 
9) followed by 6 cycles of 3-weekly IV 
paclitaxel (135 mg/m 2 )/IP Cisplatin 
(100 mg/m 2 ) 

 28 
(p = 0.01) 

 63 (p = 0.05) 

 GOG 172  415  Stage III with 
≤1 cm residual 
disease after 
debulking 
surgery 

 6 cycles of 3-weekly IV paclitaxel 
(135 mg/m 2 )/ IV Cisplatin (75 mg/m 2 ) 

 18.3  49.7 

 6 cycles of 3-weekly IV paclitaxel 
(135 mg/m 2 )/IP Cisplatin (100 mg/m 2 ) on 
day 2 and IP paclitaxel (60 mg/m 2 ) on day 
8 

 23.8 
(p = 0.05) 

 65.6 
(p = 0.03) 

  * CAP  cyclophosphamide (500 mg/m 2 ), doxorubicin (50 mg/m 2 ) and cisplatin (50 mg/m 2 ), **OS from pre-planned 
analysis in patients at highest risk of progression (stage III with >1 cm residual disease or stage IV), fi nal OS data NS, 
***Relative risk (RR) of progression 0.88(95 % CI 0.75–1.03, RR of death 0.84(95 % CI 0.70–1.02),  NS  not statisti-
cally signifi cant,  HR  hazard ratio  
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p = 0.0016) was observed in the cisplatin and 
paclitaxel arm compared to the cisplatin and 
cyclophosphamide arm. 

 However, the GOG-132 trial which compared 
cisplatin (100 mg/m 2 ) or paclitaxel (200 mg/m 2  
24 h infusion) monotherapy with the cisplatin 
(75 mg/m 2 ) and paclitaxel (135 mg/m 2 ) combina-
tion therapy in suboptimally debulked stage III 
or IV ovarian cancer did not fi nd any difference 
in PFS or OS in the combination arm compared 
to either of the monotherapy arms [ 6 ]. Similarly, 
the International collaborative ovarian neoplasm 
(ICON)-3 group study which compared carbo-
platin (AUC5, if glomerular fi ltration rate (GFR) 
used and AUC6, if Cockcroft Gault equation 
used) and paclitaxel (175 mg/m 2  over 3 h) against 
either single agent carboplatin (AUC5 or 6) or a 
combination of cyclophosphamide (500 mg/m 2 ), 
doxorubicin (50 mg/m 2 ) and cisplatin (50 mg/m 2 ) 
(CAP) also failed to show an OS advantage for 
the carboplatin/paclitaxel arm [ 7 ]. A likely expla-
nation for the lack of survival advantage seen in 
GOG-132 and ICON3 is that a signifi cant pro-
portion of patients crossed over prior to progres-
sion (>20 %) thereby diminishing any potential 
survival benefi t in the platinum/paclitaxel arms. 
A possible interpretation of the results is that 
sequential treatment with platinum/paclitaxel is 
equivalent to the combination. 

 Once the role of paclitaxel in combination 
with a platinum agent was established, the AGO-
OVAR- 3, GOG-158 and Dutch-Danish Intergroup 
studies concluded that fi rst line chemotherapy 
with carboplatin and paclitaxel was at least as 
effective and associated with a better toxicity 
profi le than the cisplatin combination [ 8 – 10 ].  

41.3     Optimizing First-Line 
Combination Chemotherapy 

 Following the adoption of carboplatin in combi-
nation with paclitaxel every 3 weeks for six 
cycles as the international standard of care, issues 
including choice of taxane, triple therapy, che-
motherapy scheduling and mode of delivery to 
further improve outcome have been evaluated. 
However, many questions regarding the 

 optimization of chemotherapy in this setting 
remain unclear and the results of ongoing studies 
are awaited. 

    Choice of Chemotherapy 

 The Scottish Randomised Trial in Ovarian Cancer 
(SCOTROC)-1 established that the substitution 
of paclitaxel (175 mg/m 2 ) with docetaxel (75 mg/
m 2 ) was not inferior in terms of survival or clini-
cal response and was associated with less neuro-
toxicity, at the expense of increased grade 3/4 
neutropenia [ 11 ]. Carboplatin in combination 
with docetaxel may be an acceptable alternative 
to carboplatin/paclitaxel for some patients where 
neurotoxicity is a particular concern. 

 Several phase III trials have addressed the 
addition of a third cytotoxic agent to  carboplatin/
paclitaxel [ 12 – 14 ]. The GOG0182-ICON5 was a 
randomized, phase III trial containing fi ve arms 
which incorporated gemcitabine, liposomal 
doxorubicin, or topotecan compared with carbo-
platin and paclitaxel [ 14 ]. The addition of a third 
cytotoxic agent has not been shown to improve 
long-term clinical outcomes and is associated 
with increased hematological toxicity.  

    Scheduling of Carboplatin/Paclitaxel 

 The standard of care is a three-weekly schedule 
of carboplatin and paclitaxel. However, it has 
suggested that a dose-fractionated schedule may 
enhance antitumor activity leading to improved 
survival. A Japanese study JGOG3016 set out to 
address this. The study compared six cycles of 
dose dense weekly paclitaxel (80 mg/m 2 , given 
IV over 1 h) in addition to 3-weekly carboplatin 
(AUC6) against 3-weekly carboplatin (AUC 6) 
and paclitaxel (180 mg/m 2  IV over 3 h) in patients 
with advanced ovarian cancer [ 15 ]. Despite 
higher rates of myelosuppression, delays and 
dose modifi cations in the dose dense group, at the 
median follow up period of 76.8 months, the 
median PFS (28.2 months vs. 17.5 months, 
P = 0.004) and median OS (100.5 months vs. 
62.2 months, P = 0.039) was longer in the dose 
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dense group compared to the conventional group 
[ 16 ]. The outcome of this study could lead to 
change in standard of care and confi rmation of 
the fi ndings of the JGOG study in different study 
populations is required. Results of the MITO-7 
study comparing 3-weekly carboplatin (AUC6) 
and paclitaxel (175 mg/m 2 ) against weekly car-
boplatin (AUC2) and weekly paclitaxel (80 mg/
m 2 ) did not demonstrate a signifi cant benefi t in 
PFS with weekly administration compared to 
standard carboplatin/paclitaxel every 3 weeks, 
but was associated with better QoL and toxicity 
[ 17 ]. The ongoing ICON-8 trial is a randomized, 
phase III, three arm, study evaluating dose frac-
tionation schedules (3 weekly carboplatin/pacli-
taxel vs 3 weekly carboplatin/weekly paclitaxel 
vs weekly carboplatin/paclitaxel) following 
immediate surgery or as part of delayed primary 
surgery.  

    Maintenance Chemotherapy 

 Despite surgery and fi rst-line chemotherapy, at 
least 65 % of women who achieve a complete 
response will eventually relapse, at which stage 
the condition is deemed incurable. Maintenance 
chemotherapy after initial therapy has been 
explored as a possible strategy to prevent or 
delay relapse. In the phase III SWOG 9701/
GOG 178 study, patients with advanced ovarian 
cancer who had achieved complete clinical 
response were randomly assigned to receive 3 or 
12 additional cycles of 4-weekly paclitaxel. 
Based on an interim analysis which reported a 
signifi cant improvement in PFS of 7 months (21 
vs 28 months) in the 12 cycle arm, the study was 
stopped prematurely [ 18 ]. However, no OS 
advantage was demonstrated [ 19 ]. Potential rea-
sons for a lack of OS benefi t include the effect of 
subsequent therapies, crossover of patients from 
3 cycles to 12 cycles and reduced sample size 
due to the closure of the study. The Italian 
Cooperative Group After-6 phase III trial evalu-
ated six cycles of 3-weekly paclitaxel as mainte-
nance therapy compared with observation. No 
signifi cant difference in PFS (34 vs 30 months) 
or OS (2 year survival rate: 87 % vs 90 %) 

between the paclitaxel and observation arms was 
seen following an interim futility analysis and 
the study closed early [ 20 ]. The ongoing GOG-
0212 study is evaluating paclitaxel or polygluta-
mate paclitaxel or observation in women with 
stage III/IV ovarian cancer who achieve a com-
plete clinical response to primary platinum/
paclitaxel chemotherapy.   

41.4     The Role of Neoadjuvant 
Chemotherapy 

 Primary surgery aims to achieve complete tumor 
resection with no residual disease because it has 
been shown that the volume of residual disease 
following surgery is an independent prognostic 
indicator. 

 In some cases of advanced ovarian cancer 
including stage IV disease, complete cytoreduc-
tive surgery with no residual disease may not 
realistically be achievable. In addition, a propor-
tion of patients may be too unwell at presentation 
to undergo such major, radical surgery. This has 
led to debate regarding whether primary surgery 
or neoadjuvant chemotherapy followed by inter-
val debulking surgery after three to four cycles 
of chemotherapy is the preferred option [ 21 – 23 ]. 
Cytoreductive surgery is an integral component 
in the management of ovarian cancer, there are 
some concerns that delaying surgery for patients 
to have chemotherapy may impact on overall out-
come. In addition, some subtypes of epithelial 
ovarian cancer, such as low-grade serous carci-
nomas do not respond well to chemotherapy and 
in such cases there is an argument for primary 
surgery. The European Organisation for Research 
and Treatment of Cancer (EORTC) 55971 trial 
recruited potentially operable patients with stage 
IIIc or IV disease and randomized them to receive 
either primary debulking surgery and chemother-
apy or neoadjuvant chemotherapy followed by 
interval debulking surgery [ 24 ]. The PFS and OS 
were similar in the two arms but in the neoadju-
vant chemotherapy arm 80.6 % had ≤1 cm resid-
ual tumor remaining compared to only 41.6 % 
of patients in the primary surgery arm, where 
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 post- operative morbidity was more common. The 
recent results of the phase III CHORUS study [ 25 ] 
support the fi ndings of the EORTC 55971 trial. 

 As more patients are likely to be receiving 
neoadjuvant chemotherapy followed by interval 
debulking surgery, it is important that this strat-
egy is recognized and incorporated into future 
trial designs of advanced ovarian cancer. At pres-
ent, the decision regarding whether neoadjuvant 
chemotherapy followed by interval debulking 
surgery or primary surgery should be made on a 
case by case basis in a multidisciplinary setting. 
Upfront surgery is the preferred option in fi t 
patients where it is believed that cytoreduction 
with no residual disease can be achieved. 
However, neoadjuvant therapy can achieve equiv-
alent therapeutic outcomes and may be associ-
ated with less morbidity for patients with bulky 
disease [ 24 ]. 

    Time to Initiate Chemotherapy 
Following Primary Surgery 

 In patients undergoing primary surgery, the opti-
mal time to initiate chemotherapy is an important 
issue. While it can be argued that chemotherapy 
should be initiated as soon as possible to prevent 
metastatic re-growth, patients who have been 
optimally debulked may have required invasive 
surgery including liver and/or bowel resection, as 
well as diaphragmatic stripping. In an analysis of 
prospective phase III trials, the median time to 
chemotherapy was 19 days (range 1–56) and a 
delayed start to chemotherapy was associated 
with decreased OS (p = 0.038) in optimally deb-
ulked patients whereas in patients with residual 
disease, a longer time to initiate chemotherapy 
had no effect on OS (p = 0.452) [ 26 ]. This analysis 
provides evidence to support an earlier start to ini-
tiate chemotherapy in optimally debulked patients.  

    Intraperitoneal Chemotherapy 

 Intra-peritoneal (IP) chemotherapy is another 
strategy that has been investigated in an attempt 

to improve outcomes in ovarian cancer. The 
rationale behind its use stems from the concept 
that advanced ovarian cancer predominantly 
affects peritoneal surfaces. Delivering cytotoxic 
agents directly to the peritoneum therefore 
increases dose intensity while preventing sys-
temic toxicity. 

 Three randomized trials provided evidence 
for a survival advantage with IP chemotherapy 
compared to IV administration in women with 
optimally debulked (to <0.5 cm) stage III epithe-
lial ovarian cancer [ 27 – 29 ]. The GOG 104 study 
compared six cycles of three- weekly IV cyclo-
phosphamide (600 mg/m 2 ) combined with either 
IV or IP cisplatin (100 mg/m 2 ) [ 27 ]. The IP arm 
had a signifi cantly longer median survival, (49 
vs. 41 months, P = 0.02) but at the expense of 
more frequent moderate to severe abdominal 
pain. The GOG 114 trial incorporated a taxane 
into the treatment arms and provided further 
support for IP chemotherapy [ 29 ]. Six cycles of 
IV paclitaxel (135 mg/m 2 ) and cisplatin (75 mg/
m 2 ) every 3 weeks was compared with IV carbo-
platin (AUC 9) every 28 days for two cycles fol-
lowed by six cycles of IV paclitaxel (135 mg/m 2 ) 
and IP cisplatin (100 mg/m 2 ) every 3 weeks in 
patients with stage III optimally debulked ovar-
ian cancer. Median PFS was longer in the IP arm 
(28 months vs. 22 months, P = 0.01) and median 
OS was increased in this arm (63 months vs. 
52 months, P = 0.05) but again patients in the IP 
arm experienced increased toxicity and 18 % of 
patients received less than two courses of IP che-
motherapy as a consequence. In GOG 172, 415 
patients with optimally debulked stage III ovar-
ian cancer were randomized to receive 63 weekly 
cycles of IV paclitaxel (135 mg/m  2  over 24 h) 
followed by either IV cisplatin (75 mg/m 2 ) on 
day 2 or IP cisplatin (100 mg/m 2 ) on day 2 plus 
IP cisplatin (60 mg/m 2 ) on day 8 [ 28 ]. The 
median survival data was impressive and again 
in favor of the IP arm (65.6 months vs. 
49.7 months, P = 0.03). Despite the results of all 
three trials appearing to support the role of IP 
chemotherapy, it has not become routine clinical 
practice internationally. This is in part largely 
due to the increased toxicity (abdominal discom-
fort, infection, bowel injury, catheter-related 
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problems, fatigue, hematological, gastrointesti-
nal and neurological events) in the IP arms. It 
has been argued that the favorable outcome in 
GOG 114 [ 29 ] may be infl uenced by the 
increased amount of chemotherapy delivered in 
the IP arm (eight cycles). Furthermore, in GOG 
172, the control arm did not receive the current 
standard of care i.e., IV carboplatin and pacli-
taxel and the dose and schedule of cisplatin and 
paclitaxel was different in the two arms of the 
study [ 28 ]. Therefore the higher dose of chemo-
therapy in the IP arm may have played a signifi -
cant part in the survival benefi t seen rather than 
the mode of delivery itself. Finally, the analysis 
was not a true intention-to-treat analysis and 
therefore it is feasible for minor imbalances in 
the number of excluded patients impacting on 
the statistical signifi cance. 

 Combined data from the GOG114 and 
GOG172 demonstrated a signifi cant improve-
ment in median OS with IP administration, com-
pared with IV administration (61.8 vs 
51.4 months; P = 0.048) [ 30 ]. A subset analysis of 
393 patients within the GOG172 study suggested 
that the survival advantage of IP chemotherapy 
was limited to a subset of patients with low 
BRCA1 expression as measured by immumohis-
tochemistry (84 months IP vs 47 months IV; 
p = 0.0002) and that low BRCA1 expression was 
an independent prognostic factor for better sur-
vival in women randomized to IP therapy (hazard 
ratio (HR) = 0.67 p = 0.032) [ 31 ]. 

 Several trials of IP chemotherapy are ongoing 
and include GOG-252, NCIC-CTG OV21/NCRI- 
PETROC and JGOG 3109. Issues addressed 
include the use of carboplatin/paclitaxel as the 
control arm, incorporating dose-dense schedul-
ing of paclitaxel, bevacizumab and IP administra-
tion of carboplatin.   

41.5     Novel Biological Agents 

 Novel biologically targeted agents aim to target 
tumor cells and/or the microenvironment by 
exploiting specifi c molecular abnormalities in the 
tumor leading to greater selectivity and a better 

toxicity profi le than traditional chemotherapy 
[ 32 ]. Epithelial ovarian cancer has previously been 
treated as a single disease. It is recognized that 
ovarian cancer is a heterogenous disease rather 
than a single entity, made up of several histological 
subtypes with distinct clinical outcomes and 
molecular aberrations (high grade serous- p53, 
BRCA, homologous recombination defi ciency; 
low grade serous- BRAF, KRAS, NRAS, HER2); 
clear cell-PIK3CA, PTEN; endometrioid PIK3CA, 
PTEN; and mucinous- KRAS, HER2). Multiple 
molecules involved in critical, signalling pathways 
which drive growth and progression of ovarian 
cancer can now be targeted with novel drugs [ 32 ]. 
Angiogenesis inhibitors and PARP inhibitors are 
the most developed in ovarian cancer.  

41.6     Angiogenesis Inhibitors 

 Angiogenesis is the formation of new blood ves-
sels and is a critical component of cancer growth 
and metastasis. Vascular endothelial growth factor 
(VEGF) is a key promoter in the process of angio-
genesis in epithelial ovarian cancer. Strategies to 
target either the ligand or the receptor have been 
explored. Bevacizumab is a humanized monoclo-
nal antibody that targets VEGF-A and prevents it 
from binding to VEGF receptors and subsequent 
downstream signalling. Two randomized, phase 
III trials, the Gynecologic Oncology Group (GOG) 
trial 0218 [ 33 ] and ICON-7 trial [ 34 ], set out to 
evaluate the addition of bevacizumab to the com-
bination of carboplatin/paclitaxel followed by 
maintenance therapy as fi rst-line treatment for 
advanced ovarian cancer. The GOG-0218 study 
was a three arm, double blind placebo-controlled 
trial enrolling 1,873 patients with either stage III 
or stage IV epithelial ovarian cancer who had 
undergone debulking surgery [ 33 ]. The study par-
ticipants were randomized to receive either stan-
dard treatment with IV carboplatin and paclitaxel 
for six cycles every 3 weeks followed by placebo 
every 3 weeks for cycles 7–22 or standard treat-
ment with the addition of bevacizumab (15 mg/kg) 
from cycle 2 until cycle 22 (a total of 15 months) 
or standard treatment with the addition of bevaci-
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zumab (15 mg/kg) from cycle 2–6 followed by 
placebo for cycles 7–22. Patients in the bevaci-
zumab throughout arm had a signifi cant improve-
ment in PFS compared to the control arm (14.1 vs. 
10.3 months HR 0.717; P < 0.001). The IOCN-7 
study was an open label study that assigned 1,528 
patients to either carboplatin and paclitaxel with 
concurrent bevacizumab (7.5 mg/kg) followed by 
maintenance bevacizumab for 12 cycles (or until 
disease progression) or carboplatin and paclitaxel 
alone [ 34 ]. This study confi rmed an improvement 
in PFS with the addition of bevacizumab (19.0 vs. 
17.3 months; HR 0.81; P = 0.004). A pre-planned 
analysis of the patients at highest risk of progres-
sion (stage III with >1 cm residual disease or stage 
IV disease), showed that bevacizumab conferred a 
greater magnitude of benefi t in this sub- population 
(restricted means 18.1 vs. 14.5 months; HR 0.73; 
P = 0.002). Furthermore, early analyses demon-
strated a signifi cant improvement in OS in the high 
risk group (28.8 vs. 36.6 months HR = 0.64, 95 % 
CI 0.48–0.85; P = 0.002). However, the fi nal OS 
data from the ICON-7 study showed no benefi t 
from the addition of bevacizumab and an OS ben-
efi t was not evident in GOG-0218. In ICON-7, in 
a pre-specifi ed sub-group analysis of poor progno-
sis patients, a benefi t of 4.8 months in the restricted 
means survival time was observed [ 35 ]. 

 In both studies, the addition of bevacizumab 
was relatively well-tolerated with adverse effects 
as expected for angiogenesis inhibitors [ 36 ]- 
(≥grade 2, ICON-7 18 % (bevacizumab arm) vs 
2 % (chemotherapy)), thromboembolism 
(≥grade 3, ICON-7 7 % (bevacizumab arm) vs 
3 % (chemotherapy)). Recognized complica-
tions of bevacizumab include gastrointestinal 
(GI) perforation and fi stula formation. However, 
in ICON-7 and GOG-0218, the reported rates of 
GI perforation are low (≥grade 3 ICON-7 1 % 
bevacizumab arm; <3 % in GOG 218 and 1 %). 
The results of these studies led to the European 
Medicines Agency (EMA) approval of bevaci-
zumab to be used in combination with carbopla-
tin and paclitaxel in the front line setting of 
patients with advanced ovarian cancer (FIGO 
stage IIIB, IIIC and IV). 

 The role of bevacizumab has also been investi-
gated in recurrent ovarian cancer. The OCEANS 

study, a double-blind, placebo-controlled trial 
evaluated the addition of bevacizumab (15 mg/kg) 
to carboplatin (AUC 4) and gemcitabine (1,000 mg/
m2 on day 1 and day 8) continued until progres-
sion in women with fi rst relapse platinum-sen-
sitive ovarian cancer [ 37 ]. This study provided 
evidence for bevacizumab in the platinum sen-
sitive setting with an improvement in PFS (12.4 
vs 8.4 months, P < 0.0001). In addition, the 
AURELIA study provided support for the use of 
bevacizumab (15 mg/kg) in the platinum resistant 
setting [ 38 ]. Bevacizumab in combination with 
paclitaxel, topotecan or liposomal doxorubicin 
led to a signifi cant improvement in PFS (6.7 vs. 
3.4 months; HR 0.48, P < 0.001) but no statisti-
cally signifi cant improvement in OS. 

 It is currently not known whether bevaci-
zumab should be used in the fi rst line setting or 
reserved for platinum-sensitive or platinum- 
resistant relapse. Ongoing trials of bevacizumab 
address the role of bevacizumab with IP chemo-
therapy, dose dense chemotherapy, extending the 
duration of maintenance therapy and the continu-
ation of bevacizumab beyond progression. 
Preliminary data from the GOG-262 trial, evalu-
ating bevacizumab in combination with dose 
dense chemotherapy suggests that bevacizumab 
does not confer any additional benefi t to dose 
dense treatment [ 39 ]. 

 VEGF receptor tyrosine kinase inhibitors 
(TKIs) inhibit downstream VEGF signalling and 
other pro-angiogenic molecules such as platelet 
derived growth factor (PDGFR) and fi broblast 
growth factor (FGFR). VEGFR TKIs is a poten-
tial strategy to help overcome some mechanisms 
of resistance to antiangiogenic therapy [ 40 ]. The 
AGO-OVAR 16 trial is a phase III randomized, 
double-blind study which involved 940 patients 
with FIGO stage II to IV ovarian, fallopian tube, 
or primary peritoneal cancer who had been ini-
tially treated with surgery and chemotherapy to 
receive 800 mg of pazopanib or placebo daily for 
up to 24 months [ 41 ]. There was a signifi cant 
improvement in median PFS (17.9 months vs 
12.3 months; HR 0.788, p = 0.002). However, 
58 % of patients in the treatment arm required a 
dose reduction compared with 14 % of patients in 
the placebo arm and the most frequent grade 3 or 
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4 toxicity was hypertension (31 % vs 6 %). 
Nevertheless, this is the fi rst study of a targeted 
agent administered as maintenance therapy only, 
showing a meaningful PFS benefi t. The OS data 
remain immature. The results of the AGO-
OVAR12, a phase III trial of nintedanib 
(BIBF1120), an inhibitor of VEGFR, FGFR and 
PDGFR in combination with  carboplatin/pacli-
taxel followed by maintenance therapy in the 
fi rst-line setting, showed a modest PFS benefi t in 
the nintedanib arm (17.3 vs. 16.6 months, 
p = 0.024). The most signifi cant PFS benefi t with 
nintedanib was seen in the low risk group with 
low volume disease following surgery (27.1 vs. 
20.8 months, p = 0.005) suggesting its role in 
maintenance treatment in such patients [ 42 ]. 

 Cediranib, an oral pan-VEGFR kinase inhibi-
tor has been evaluated in relapsed platinum sensi-
tive disease in combination with chemotherapy 
followed by maintenance in the ICON-6 trial. 
Cediranib is the fi rst TKI to demonstrate a statis-
tically signifi cant OS benefi t (2.7 months) [ 43 ]. 

 Most recently, the results of TRINOVA-1, a 
double blind placebo controlled phase III trial 
using Trebananib to target the angiopoietin axis 
as an alternative anti-angiogenic strategy, have 
been published. Trebananib is an Fc fusion pro-
tein that binds to the angiopoietins, Ang1 and 
Ang2 and prevents their interaction with the Tie2 
receptor. Patients that had been treated with ≤ 
three previous regimens and had a platinum free 
interval of <12 months were enrolled to receive 
weekly paclitaxel with IV Trebananib or placebo. 
Median PFS was longer in the Trebananib group 
(7.2 vs. 5.4 months, p < 0.0001) although 
Trebananib was related to more adverse event-
related treatment discontinuation [ 44 ].  

41.7     PARP Inhibitors 

 Women with mutations in the  BRCA  genes 
( BRCA1  or  BRCA2 ) have an increased risk of 
developing ovarian cancer due to defects in DNA 
repair pathways (called homologous recombination). 
Tumors in patients with a  BRCA  mutation are 
particularly susceptible to drugs called PARP 
inhibitors which generate specifi c DNA lesions 

that require functional BRCA1 and BRCA2 for 
DNA repair [ 45 ]. PARP inhibitors in clinical tri-
als of ovarian cancer include olaparib, rucaparib 
and niraparib. Encouraging response rates were 
seen in patients with heavily pre-treated ovarian 
cancer that harbor a germline BRCA mutation 
(57.6 % RECIST and CA–125 criteria) [ 46 ,  47 ]. 
Based on the observation that up to 50 % of high- 
grade serous, sporadic ovarian cancers may have 
homologous recombination defects (including 
somatic BRCA mutations, BRCA methylation) 
which confer sensitivity to PARP inhibition, a 
randomized phase II trial of maintenance therapy 
with olaparib was performed [ 48 ]. In this study, 
olaparib extended PFS by almost 4 months 
(median 8.4 months vs. 4.8 months; HR 0.35, 
P < 0.001), in patients with platinum-sensitive, 
relapsed, high-grade serous ovarian cancer with 
or without  BRCA1  or  BRCA2  germline muta-
tions. The improvement in PFS was greater in 
 BRCA  mutation carriers (median: 11.2 vs 
4.1 months; HR, 0.17; P < 0.001) [ 49 ]. 

 A phase III trial of maintenance olaparib or 
placebo in patients who have responded to fi rst- 
line chemotherapy is currently recruiting.  

41.8     Other Targeted Agents 

 Epidermal growth factor receptor (EGFR) inhi-
bition has been investigated as maintenance 
therapy following fi rst-line chemotherapy. 
Maintenance erlotinib, an EGFR inhibitor, did 
not improve PFS or OS in the EORTC55041/
OV07 [ 50 ]. A randomized trial of oregovomab 
monotherapy (monoclonal antibody directed 
against CA-125) maintenance post fi rst-line 
therapy also failed to show an improvement in 
clinical outcome [ 51 ]. 

 Folate receptors are overexpressed in epithe-
lial ovarian cancer but not in normal tissues 
therefore anti-folate receptor antibodies and 
folate chemotherapy-conjugates have been 
investigated as treatment strategies. 
Farletuzumab, a monoclonal antibody that binds 
to folate receptorα has been investigated in a 
double blind placebo-controlled phase III trial in 
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combination with carboplatin and taxane chemo-
therapy in patients with fi rst platinum sensitive 
relapse [ 52 ]. The results were disappointing as 
the study did not meet its primary end point of 
PFS. Vintafolide (EC145), is a folic acid-
desacetylvinblastine conjugate that binds to the 
folate receptor. Etarfolatide is a folate receptor 
targeted imaging agent thought to be helpful in 
selecting patients likely to benefi t from vintafo-
lide. A phase II study investigated vintafolide in 
combination with pegylated liposomal doxoru-
bicin (PLD) compared to PLD alone in platinum 
resistant patients and showed an improvement in 
PFS (5 vs. 2.7 months, p = 0.031) [ 53 ]. The 
encouraging results from this study prompted a 
randomized, double blind, phase III trial in plati-
num resistant ovarian cancer, the PROCEED 
study which was terminated early. The results 
are awaited. 

 Many other targeted agents are under investi-
gation in recurrent ovarian cancer and include 
targeting the RAS/Raf/MEK pathway and PI3 
kinase/AKT/mTOR pathway [ 32 ]. Successful 
strategies in recurrent ovarian cancer are likely to 
be developed in the fi rst-line setting as has been 
the case with bevacizumab and olaparib.  

    Conclusion 

 Advanced ovarian cancer remains an incur-
able disease for the majority of patients. 
Improvements in fi rst-line systemic therapies 
delivered in the neoadjuvant and/or adjuvant 
settings have the potential to prevent or at least 
delay disease relapse. Carboplatin in combi-
nation with paclitaxel remains the standard of 
care worldwide. Bevacizumab is approved in 
Europe as part of fi rst line treatment and other 
angiogenesis inhibitors such as pazopanib 
may follow suit. PARP inhibitors appear 
promising and a trial as fi rst- line maintenance 
is planned in  BRCA  mutation carriers. The 
successful integration of targeted therapy with 
chemotherapy will depend on the identifi ca-
tion of the correct patient population, manag-
ing new toxicities, utilizing biomarkers to 
guide management and overcoming drug 
resistance.      
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 Key Points 

•     The majority of women present with 
advanced ovarian cancer and the OS is 
around 40 %  

•   ‘Adjuvant’ refers to chemotherapy given 
following surgery. ‘Neoadjuvant’ refers 
to upfront chemotherapy followed by 
interval debulking surgery (followed by 
chemotherapy)  

•   The international standard of care for 
advanced ovarian cancer is either upfront 
or interval attempted optimal cytoreduc-
tive surgery and six cycles of carboplatin 
in combination with paclitaxel  

•   Neoadjuvant chemotherapy followed by 
interval debulking surgery is a valid 
treatment option for patients with bulky 
stage IIIC or IV ovarian carcinoma  

•   IP chemotherapy is a promising 
approach. It is not considered standard 
of care. Further clinical trials are 
ongoing.  

•   Bevacizumab in combination with fi rst 
line chemotherapy followed by mainte-
nance therapy improves PFS  

•   There is an OS benefi t from bevaci-
zumab when given in the fi rst line set-
ting to women at high risk of disease 
progression (>1 cm residual disease or 
stage IV)  

•   Anti-angiogenic agents improve clinical 
outcome in the fi rst line and recurrent 
(platinum sensitive and platinum resis-
tant) setting  

•   PARP inhibitors as maintenance therapy 
following chemotherapy for platinum-
sensitive relapse signifi cantly improve 
PFS. Phase III clinical trials are 
underway  

•   BRCA mutation carriers derive the most 
benefi t from PARP inhibitors    
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42.1             Pelvic Anatomy 

 The pelvis is enclosed by rigid bony, ligamentous 
and vascular walls, creating a funnel-shaped 
cavity that contains nerves and viscera. Precise 
dissection within the confi nes of this complex 
anatomical space presents a challenge, even to 
the most experienced clinician. For the colorectal, 
urologic or gynecologic surgeon, a detailed 
knowledge of pelvic anatomy is essential.  

42.2     Bony Pelvis 

 The bony pelvis comprises four bones creating a 
strong ring: two hip bones laterally and anteri-
orly, and the sacrum and coccyx posteriorly. 
Together, these support the body’s weight. 

 The hip bones are formed by a fusion of three 
bones at puberty: the ilium, ischium and pubis. 
The ilium articulates with the sacrum, forming 
the sacroiliac joints posteriorly. Two pubic bones 
join by cartilaginous attachment anteriorly, 

 forming the symphysis pubis. All three bones 
fuse to form the acetabulum, which articulates 
with the head of the femur. The pelvis is angled 
 posteriorly from the abdominal cavity; the ante-
rior superior iliac spine and anterior aspect of 
the pubic symphysis form one vertical plane. 

 The bony pelvis is divided into the greater 
(false) and lesser (true) pelvis by an oblique plane 
that passes from the sacral promontory posteriorly, 
and the terminal lines laterally and anteriorly.  

42.3     Ligaments 

 Ligaments connect the bones of the pelvis, 
contributing to pelvic stability. The anterior and 
posterior sacrococcygeal ligaments stabilize the 
articulation between sacrum and coccyx. The 
sacrospinous ligament extends from the lateral 
border of the sacrum to the ischial spine to 
enclose the lesser sciatic notch, forming the 
lesser sciatic foramen. 

 Several structures pass through the lesser 
sciatic foramen: the tendon of the obturator internus, 
the nerve to the obturator internus, the pudendal 
nerve, and the internal pudendal artery. The sacro-
tuberous ligament extends from the dorsum, the 
lateral border of the sacrum, and the posterior sur-
face of the ilium to the ischial tuberosity, enclos-
ing and forming the greater sciatic foramen. 

 Several structures pass through the greater 
sciatic foramen: the piriformis muscle; the sciatic 
nerve; the inferior gluteal artery and nerve; the 
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internal pudendal artery, nerve, and vein; the 
nerves to the obturator internus; the quadratus 
femoris; and the posterior cutaneous nerve of the 
thigh [ 1 ]. The obturator foramen is enclosed by 
the obturator membrane and forms the obturator 
canal superiorly, through which the obturator 
artery, vein and nerve exit the pelvis.  

42.4     Pelvic Walls, Muscles 
and Floor 

 The pelvic walls are referred to as anterior, lateral 
and posterior. The anterior wall is formed by the 
pubic bones and pubic symphysis. The lateral 
wall is formed by the hip bone, obturator mem-
brane and obturator internus muscle. The obtura-
tor internus passes through the lesser sciatic 
foramen, attaching to the greater trochanter of the 
femur. The posterior wall is formed by the sacrum 
and coccyx, adjacent parts of the ilia, and the 
sacroiliac joints and ligaments. The piriformis 
muscle covers the wall posterolaterally, exiting 
the pelvis through the greater sciatic foramen to 
attach to the upper border of the greater trochan-
ter of the femur. Medial to the piriformis muscle 
are the nerves of the sacral plexus. 

 The pelvic fl oor, or diaphragm, is formed by 
the levator ani and coccygeus muscles, and the 
fascia covering them. The levator ani comprises 
three parts: the pubococcygeus, puborectalis and 
iliococcygeus [ 2 ]. The pubococcygeus comprises 
a major part of the levator, arising from the poste-
rior aspect of the body of the pubis and passing 
back horizontally to the coccyx. The right and 
left puborectalis unite behind the anorectal 
junction to form a U-shaped muscular sling [ 3 ]. 
The iliococcygeus muscle is often poorly devel-
oped. Damage to the pelvic fl oor as a result of 
surgery or child bearing can lead to incontinence 
and pelvic organ prolapse.  

42.5     Major Arterial Supply 

 Blood supply to the major pelvic organs is provided 
by the major branches of the distal abdominal 
aorta. The inferior mesenteric artery (IMA) gives 

the superior hemorrhoidal (rectal) branch, crossing 
the left common iliac vessels and descending to 
the mesorectum, in the sigmoid mesocolon. In 
most cases, it bifurcates into a right and a left 
branch at the level of S3; in a small percentage of 
cases, multiple branches are present [ 4 ]. 

 The superior hemorrhoidal artery anastomo-
ses with the middle hemorrhoidal arteries. The 
middle hemorrhoidal arteries vary in size and 
number; in some anatomical dissections, they 
present in only a minority of specimens [ 4 ,  5 ]. 

 The inferior hemorrhoidal arteries arise from 
the pudendal arteries in Alcock’s canal, traversing 
the ischioanal fossa to supply the anal canal and 
external sphincter muscles [ 4 ]. The inferior and 
superior hemorrhoidal arteries form connections 
in the walls of the rectum and the anal canal [ 6 ]. 

 The aorta bifurcates at the level of L3–L4 into 
the right and left common iliac arteries. These 
arteries course along the pelvic sidewall, bifur-
cating at the level of L5-S1 into external and 
internal (hypogastric) branches. At this point, the 
hypogastric artery is transversed by the ureter. 
The hypogastric arteries dive deep into the pelvis, 
descending posteriorly to the greater sciatic fora-
men and supplying branches to pelvic viscera 
and muscles. The external iliac artery is medial to 
the psoas muscle, giving several branches in the 
pelvis: the inferior epigastric artery, the recurrent 
obturator artery, and the superior vesical artery. 

 The hypogastric artery branches into two 
divisions at the superior edge of the greater 
sciatic foramen. The anterior division gives rise 
to the uterine, superior vesical, obturator, vaginal, 
middle rectal, inferior gluteal, and internal 
pudendal arteries. The posterior division travels 
toward the ischial spine, giving rise to the lateral 
sacral, iliolumbar, and superior gluteal arteries. 

 In surgery for locally recurrent rectal cancer, 
dissection of the hypogastric branches is frequently 
necessary when operating outside the parietal 
layer of the endopelvic fascia. In exenteration 
with sacrectomy, it is critical. 

 The median sacral artery originates directly 
from the aorta, just superior to the aortic bifurca-
tion, and travels downward. Reaching the pelvis, 
it forms a few anastomotic loops, gives off small 
branches to the posterior rectal wall, and forms 
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connections with lateral sacral arteries. This can 
be a source of bleeding during rectal mobiliza-
tion [ 4 ]. 

 The ovarian arteries originate from the abdom-
inal aorta, inferior to the renal arteries. They 
travel downward along the medial aspect of the 
psoas muscle, through infundibulopelvic liga-
ments, in close proximity to the ureter. During 
surgical division of the infundibulopelvic ligament 
as it enters the pelvis, the ureter is vulnerable to 
damage [ 7 ].  

42.6     Major Venous Drainage 

 The pelvis is drained by both the portal and sys-
temic venous systems. With the exception of the 
rectum, the majority of pelvic viscera drain into 
systemic circulation via the internal iliac vein and 
its tributaries. The superior rectal vein drains 
the rectum and upper anal canal into the portal 
system via the inferior mesenteric vein. The mid-
dle rectal veins drain the lower part of the rectum 
and upper part of the anal canal into systemic cir-
culation, via the internal iliac veins. The inferior 
rectal veins drain the lower part of the anal canal 
via the internal pudendal veins, which empty into 
the internal iliac veins. 

 The internal iliac veins are posteroinferior to 
the internal iliac arteries. With the exception of 
the umbilical artery, the tributaries are similar to 
the branches of the internal iliac arteries. The 
presacral plexus, anterior to the sacrum, is a 
major source of pelvic bleeding intraoperatively. 

 The presacral venous plexus is formed by 
anastomoses between the lateral and medial 
sacral veins, which reside on the anterior aspect 
of the body of the sacrum [ 8 ]. These thin-walled 
vessels without valves are generally not directly 
visible during rectal surgery; consequently, they 
are a potential source of injury and substantial 
bleeding [ 9 ]. 

 The venous drainage pattern of rectal cancer 
explains patterns of distant recurrence. Mid and 
distal rectal cancers drain via both the systemic 
and portal systems. Not surprisingly, the majority 
of distal rectal cancers recur in the lung rather 
than the liver [ 10 ].  

42.7     Lymphatic Drainage 

 Lymphatic drainage follows the course of the 
pelvic vessels. Lymph from the upper rectum 
drains almost exclusively upward, to the inferior 
mesenteric nodes. Lymphatic drainage from the 
lower one-third of the rectum occurs not only 
along the superior hemorrhoidal vessels but later-
ally, along the middle hemorrhoidal vessels, to 
the internal iliac lymph nodes. 

 In the anal canal, the dentate line is a land-
mark for two different systems of lymphatic 
drainage: above, to the IMA and internal iliac 
nodes; and below, to the superfi cial inguinal 
nodes (or, less frequently, along the inferior 
hemorrhoidal arteries). 

 The lymphatic drainage of the uterus and 
upper two-thirds of the vagina is to the obturator 
and internal and external iliac lymph nodes, and 
ultimately to the common iliac lymph nodes. The 
distal one-third of the vagina, urethra and vulva 
drains to the inguinal nodes. The lymphatic 
drainage of the ovaries travels along the ovarian 
vessels to the paraaortic lymph nodes. 

 The lymphatic drainage of the rectum and 
anus explains the pattern of recurrence observed 
in rectal and anal cancers. Mid and distal rectal 
cancer metastasizes to nodal basins in the pel-
vic sidewall via the internal iliac vessels, which 
are not normally resected during TME. Distal 
rectal and anal cancers frequently drain to the 
inguinal lymph nodes. In anal cancer this is 
considered locoregional recurrence rather than 
distant metastasis.  

42.8     Innervation 

 Both the somatic and autonomic nervous systems 
are present in the pelvis. The somatic nerves of 
the pelvis originate from the lumbar and sacral 
plexus. The roots of the lumbar plexus (L1–L4) 
are associated with the psoas muscle. The genito-
femoral and ilioinguinal nerves derive from L1 
and supply the cremaster muscle, the skin on the 
anterolateral aspect of the scrotum/labia, and 
the skin over the mons pubis and anterior aspect 
of the scrotum or labia, respectively. 
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 The femoral and obturator nerves arise from 
L2, L3, and L4. The femoral nerve travels under-
neath the inguinal ligament and, in the pelvis, 
gives motor branches to the iliopsoas muscle. The 
obturator nerve traverses the lesser pelvis, exiting 
via the obturator canal. 

 The sacral plexus (L4-S4) lies within the pelvis 
on the anterior surface of the piriformis muscle, 
deep to the main branches of the internal iliac 
vessels and presacral fascia. It has both somatic 
and parasympathetic components. The somatic 
component includes nerves to the levator ani and 
coccygeus (S3, S4), the piriformis nerve (S1, S2), 
the pudendal nerve (S2, S3, S4), the superior 
gluteal nerve (L4, L5, S1), the inferior gluteal 
nerve (L5, S1, S2), and the sciatic nerve (L4, L5, 
S1, S2, S3). The sciatic nerve emerges from the pelvis 
below the piriformis, entering the thigh between 
the ischial tuberosity and greater trochanter. 

 Sympathetic innervation to the pelvis is pro-
vided by the superior hypogastric plexus. The 
superior hypogastric plexus (presacral nerve) is 
the unpaired continuation of the lower end of the 
aortic plexus, below the aortic bifurcation. The 
hypogastric nerves form a wishbone-like pattern 
as they exit the inferior aspect of the superior 
hypogastric plexus in the midline, descending into 
the pelvis along the mesorectal fascia 1–2 cm 
medial to the ureters. Careful dissection of these 
nerves away from the mesorectum, especially at 
the sacral promontory, is essential to prevent injury 
during rectal mobilization [ 11 ]. Injury to the sym-
pathetic nerves results in retrograde ejaculation in 
males, and bladder dysfunction in both sexes [ 11 ]. 

 Parasympathetic innervation to the pelvis 
derives from the sacral plexus. Branches from the 
ventral rami of S2–S4 travel to their respective 
side’s inferior hypogastric plexus. The inferior 
hypogastric plexus, located anterolateral to the 
rectum, appears as a rhomboid-like plate on the 
pelvic sidewall [ 11 ]. It is formed by the interdigi-
tating fi bers of the hypogastric and sacral nerves, 
and has both sympathetic and parasympathetic 
components. The hypogastric plexus then forms 
the nervi erigentes, innervating the pelvic organs. 
The parasympathetic nerves are extremely vulner-
able to injury during dissection of the rectum and 
mesorectum laterally in the pelvis, anteriorly 

along the seminal vesicles and prostate in a male, 
and along the vagina in a female [ 12 ]. Injury 
results in erectile dysfunction in males, and 
dyspareunia and failure to achieve sexual arousal/
orgasm in women. In both sexes, injury to the 
parasympathetic fi bers can result in serious blad-
der dysfunction (inability to empty the bladder) 
[ 13 ]. 

 In sacrectomy, the level of bony division 
predicts the consequent neurologic defi cit. As a 
crude rule of thumb, division at S1 results in 
denervation and atrophy of the medial gastrocne-
mius muscle; at S2, sexual dysfunction; at S3, 
bowel and bladder dysfunction.  

42.9     Pelvic Viscera 

    Ureters, Bladder, Urethra 

 The ureters connect the kidneys and the urinary 
bladder, transporting urine between these two 
organs. The ureters are retroperitoneal structures, 
traversing the pelvic brim and bifurcation of the 
common iliac arteries as they enter the pelvis and 
running postero-inferiorly on the lateral pelvic 
walls. They are external to the peritoneum and 
anterior to the internal iliac arteries, curving 
antero-medially superior to the levator to enter 
the bladder. In males, the ureters are posterolat-
eral to the vas deferens, entering the bladder just 
superior to the seminal vesicles. In females, the 
uterine artery crosses over the ureter lateral to 
the cervix. The ureters enter the bladder at the 
 trigone. Ureteral injury during hysterectomy can 
occur when dividing the infundibulopelvic 
ligament parametria [ 7 ]. 

 The bladder is a muscular organ that lies in the 
lesser pelvis when empty, posterior to the pubic 
bones. It is separated from the pubic bones by the 
extraperitoneal space of Retzius (the retropubic 
space). The dome of the bladder is covered by 
the peritoneum. The bladder neck is fi xed by the 
puboprostatic ligament in males, and by the 
pubovesical ligament in females. 

 The internal urethral opening is at one of the 
angles of the trigone of the bladder. The urethra is 
a muscular tube that transports urine from the 
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internal to the external urethral opening. In males 
it is divided into four parts, according to location: 
the pre-prostatic urethra, the prostatic urethra, 
the membranous urethra and the spongy 
urethra. The female urethra is shorter and lies 
anterior to the vagina.  

    Female Pelvis: Ovaries, Uterus 
and Vagina 

 The uterus, a muscular organ located between the 
bladder and the rectum, incorporates the uterine 
corpus and cervix. The cervix is a tubular struc-
ture serving as a conduit between the endometrial 
cavity and the vagina. The anterior cervix lies 
posterior to the bladder, forming the anterior 
boundary of the posterior cul-de-sac (the Pouch 
of Douglas). 

 The uterosacral/cardinal ligament suspends 
the uterus and upper vagina. The uterine vessels 
course mostly within the cardinal ligaments that 
connect the upper vagina and cervix to the pelvic 
sidewall. The uterosacral ligaments attach to the 
ischial spine and sacrum. The round ligaments 
begin at the uterine fundus anteriorly and inferior 
to the fallopian tubes, traveling retroperitoneally 
through the layers of broad ligament and entering 
the inguinal canal. This broad ligament com-
prises the visceral and parietal peritoneum, and is 
located lateral to the uterine corpus and cervix. 

 The ovaries are suspended laterally and posteri-
orly to the uterus. The utero-ovarian ligament 
attaches the ovary to the uterus; the infundibulopel-
vic ligament attaches the ovary to the pelvic side-
wall and contains the ovarian vessels. The fallopian 
tubes arise from the uterine corpus posteriorly and 
superiorly to the round ligament and travel to the 
ovary, supported by the broad ligament.  

    Male Pelvis: Prostate and Seminal 
Vesicles, Vas Deferens 

 The vas deferens begins at the tail of the epididymis, 
ascending in the spermatic cord through the 
inguinal canal, exiting through the internal inguinal 
ring, and crossing over the external iliac vessels 

to enter the pelvis. There, it travels along the lateral 
pelvic wall, joining the duct of the seminal 
vesicles to form the ejaculatory duct. 

 The seminal vesicles are elongated structures 
located between the fundus of the bladder and the 
rectum. The superior aspects of the seminal vesicles 
lie posterior to the ureters. The prostate surrounds 
the prostatic urethra and has a dense, fi brous 
capsule. The base of the prostate corresponds to 
the neck of the bladder; its posterior surface is 
corresponds to the rectal ampulla.   

42.10     Rectum and Anus 

 The rectum is a continuation of the colon, begin-
ning at the level of the sacral promontory 
where the taeniae coli spread out. Measuring 
12–15 cm in length, it descends along the cur-
vature of the sacrum and coccyx, passing 
through the levator ani muscles before turning 
postero-inferiorly to form the anal canal. The 
rectum has three lateral curves (or folds): an 
upper and a lower curve on the right, and a 
middle curve on the left. On their inner aspects, 
these transverse folds are known as Houston’s 
valves. The middle fold generally corresponds 
to the peritoneal refl ection. 

 The anal canal begins where the rectum passes 
through the puborectalis muscle. Measuring 
approximately 4 cm in length, it terminates at the 
anal verge. The anal canal is surrounded by the 
internal and external anal sphincter. The internal 
anal sphincter is a continuation of the muscularis 
propria of the rectum. Therefore, when perform-
ing an ultra-low anterior resection, the internal 
anal sphincter can be removed (intersphincteric 
resection) to gain additional distal margin. 

 The mucosa of the anal canal is lined by 
columnar epithelium in the upper part, and by 
squamous epithelium in the lower part. The 
dentate line marks the junction between these 
two epithelia. Above the dentate line, innervation 
is provided by the autonomic nervous system; 
below the dentate line, somatic innervation is 
present. Anal crypts connect to the anal glands 
above the dentate line. If these glands become 
obstructed, perianal abscesses or fi stula may 
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occur. The anal glands are the site of origin of 
primary anal canal adenocarcinoma.  

42.11     Pelvic Fascia and Spaces 

 The pelvic fascia, a connective tissue, occupies all 
the spaces between the peritoneum, pelvic walls 
and pelvic fl oor that are not occupied by the pel-
vic organs. It is traditionally described as having 
parietal and visceral components, with endopel-
vic layer in between. The parietal fascia covers the 
pelvic surfaces of the obturator internus, piriformis, 
coccygeus, levator ani, and a portion of sphincter 
urethrae muscle. The visceral pelvic fascia covers 
the extraperitoneal surface of the pelvic organs. 

 The sacrum and coccyx are covered with a 
layer of parietal fascia known as presacral or 
Waldeyer’s fascia [ 14 ]. Waldeyer’s fascia covers 
the median sacral vessels. The recto sacral fascia 
extends from the periosteum of the fourth sacral 
segment to the posterior rectal wall, and must be 
divided during rectal mobilization. The suprale-
vator space lies below the recto sacral fascia and 
above the levators. 

 Anteriorly, the rectum is separated from the 
seminal vesicles and the prostate or vagina by 
Denonvilliers’ fascia. The extraperitoneal surfaces 
of the rectum are covered by the investing fascia 
(fascia propria) of the rectum. 

 The posterior cul-de-sac, or pouch of Douglas, 
is located between the anterior surface of the 
rectum and the posterior vaginal wall and cervix. 
The space of Retzius is between the anterior 
bladder wall and symphysis pubis. 

 In rectal dissection, a complete understanding 
of the many different fascial planes of the pelvis 
is critical. The mesorectal plane, popularized by 
Heald in his seminal 1982 publication [ 15 ], is 
now the standard for primary resection of rectal 
cancer. Dissection proceeds between the visceral 
and parietal layers of the endopelvic fascia. This 
ensures complete and total mesorectal excision 
(TME) [ 15 ,  16 ]. Because low-lying rectal cancer 
has the potential to spread to lateral lymph nodes, 
extended lateral lymph node dissection should 
also be considered. Takahashi describes three 

planes of rectal cancer dissection: the inner plane, 
corresponding to the TME plane; the intermediary 
plane, corresponding to the parietal fascia; and 
the outer plane, located outside of the internal 
iliac arteries and including the obturator space 
[ 17 ]. When operating on locally recurrent rectal 
cancer, these planes are crucial. In the setting of 
recurrent cancer after TME, dissection should 
proceed in a lateral plane (either the intermediate 
or outer) to include the parietal layer of the 
endopelvic fascia.     
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43.1             Introduction 

 Rectal cancer surgery is complex and notoriously 
diffi cult to learn. The margins for surgical error 
are narrow and may have dramatic consequences 
for the patient, such as anastomotic leak or cancer 
recurrence. Despite the high level of surgical 
complexity (or maybe because of it), little has 
been done to tackle educational challenges, and 
most training is delivered in a traditional appren-
ticeship model. With technological advances, 
such as minimally-invasive surgery, additional 
challenges have been added and the traditional 
apprenticeship model may not be suffi cient for 
effective training. Historical data from self-taught 
laparoscopic colorectal surgeons demonstrate an 
alarmingly long learning curve of up to 150 pro-
cedures before stable clinical outcomes were 
achieved [ 1 ] Fig.  43.1 . We believe that this learning 
curve has been signifi cantly reduced when sur-
geons follow a structured, supervised curriculum. 
In this chapter we discuss some basic educational 
theory, the challenges as well as possible solutions 
and considerations when designing training 
programs for rectal cancer surgery.   

43.2     Educational Challenges 
in Rectal Cancer Surgery 

 Rectal cancer surgery conveys training challenges 
on an anatomical, technological and oncological 
level:
    Anatomy : the pelvic anatomy is compact, com-

plex and diffi cult to conceptualize. Anatomical 
landmarks of the oncological TME (total 
mesorectal excision) planes are subtle and 
failure in recognizing them can have a sig-
nifi cant impact on outcome [ 2 ]. The three 
dimensional relationship of visible and 
hidden structures in the pelvis requires a high 
degree of spatial imagery. The understanding 
of  anatomical variations (e.g. gender-specifi c 
confi guration of the pelvis) can signifi cantly 
increase the surgical complexity of a case. 
 Surgical anatomy teaching for rectal cancer 
surgery needs to embrace spatial learning 
methods .  

   Technology : Minimally-invasive surgery is 
increasingly accepted as the standard approach 
for colorectal cancer surgery. Laparoscopic 
surgery is particularly diffi cult in the pelvis 
due to the limited range of movements of 
the long rigid instruments in a narrow space. 
Training in rectal surgery must acknowledge 
the progression of technology since recent 
developments in robotic, single-port and trans-
anal surgery may require specifi c training 
modalities.  Psychomotor skill training is 
essential in rectal cancer surgery .  
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   Clinical and oncology : Rectal cancer surgery is 
high-risk surgery. Outcomes are related to surgi-
cal performance. This implies ethical consider-
ations when training surgeons on patients which 
have hardly been addressed to date. Oncological 
outcome (cancer recurrence) is directly linked 
to the quality of surgical resection. Assessment 
of surgical specimens has been successfully cor-
related with long-term oncological outcomes. 
 Training rectal cancer surgery requires a 
thorough auditing and assessment process .  

  These factors have an impact on shaping training 
programs for rectal cancer surgery. In order to 
enhance the training quality and effectiveness 
a multimodal approach using cognitive 
training, simulation, direct supervision and 
assessment is required. Despite this seemingly 
obvious statement, most training in rectal 
cancer surgery is still based on a very basic 
apprenticeship model and the evidence of 

comprehensive, multimodal and multifocal 
training programs is sparse.     

43.3     On How We Learn 

 Traditionally, surgeons show very little interest 
into educational theories which may be surprising 
to an outside person as surgeons have a reputation 
of being talented teachers. However, surgeons are 
pragmatic people with a short attention span and 
a tendency to angry irritation when bored with 
information on seemingly meaningless theory. 
Nevertheless, understanding some very basic 
principles and educational theories on how we 
learn are useful when shaping a training program. 
This is by far not a comprehensive discussion of 
educational principles but a summary of some 
examples that hopefully stimulate the interested 
reader to explore further. 
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  Fig. 43.1    The learning curve for self-taught laparoscopic colorectal surgery is up to 150 procedures (Adapted from 
Miskovic et al. [ 1 ])        
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    Observations on Deliberate 
Practice 

 The aim of surgical training is to gain expertise in 
knowledge, decision making, communication 
and technical skills. Previously, expertise has 
been thought to be closely linked to volume of 
experience. However, extensive experience alone 
has been shown to be a poor predictor of expert 
performance. Instead it is achieved by undertak-
ing deliberate practice; carrying out repetitive 
tasks, with a clear goal and constructive feed-
back, in order to improve a specifi c skill [ 3 ]. The 
accumulated amount of deliberate practice is 
closely related to attained performance, taking at 
least 10 years or 10,000 repetitions to become 
expert. Therefore the progression of learning, 
although infl uenced by talent and innate ability, 
is primarily due to deliberate practice. It is 
unlikely that a surgeon would carry out the same 
operation 10,000 times in a lifetime, and it would 
be wrong to assume that deliberate practice can 
only be employed in the operating room (OR). 
Simulating specifi c parts of a procedure or cer-
tain skills can replace ‘practicing’ on a real 
patient. The relationship of deliberate practice 
and OR performance in surgery equates to 
rehearsal and stage performance for a musician. 
Experts within their fi eld, be it surgery, sport, 
music or chess have used repetition to not only 
accrue knowledge, but also organize this infor-
mation so that it can be rapidly and consistently 
accessed [ 3 ].  

    A Journey to Expertise 

 The brothers Hubert and Stuart Dreyfus have 
described a popular model for the acquisition of 
expertise. The Dreyfus model of skill acquisition 
contains fi ve stages; novice, advanced beginner, 
competent, profi cient and fi nally expert (Table  43.1 ). 
These stages defi ne how an individual progresses 
from learning knowledge without context to ana-
lyzing situations holistically and making decisions 
intuitively. An important part of this development 
is refl ection on failures and successes in order to 
learn from one’s experiences [ 4 ].

       Construction Work: Proximal 
Development and Scaffolding 

 The learning of surgical knowledge and skill 
can be enhanced by using certain educational 
strategies. An example is the concept of the ‘zone 
of proximal development’ introduced by the 
Russian psychologist Lev Vygotsky [ 5 ,  6 ]. This 
describes the potential difference in development 
between problem solving, individually and 
with guidance from a more capable colleague. 
Although this was initially described for childhood 
development it is equally applicable to surgery 
and describes the difference in learning curves 
between self-taught and supervised training sur-
geons. This concept can be further extended into 
the theory of scaffolding; which explains the 
process of the more competent trainer providing 
the skills necessary for individual problem solving 
and the revoking of assistance when the trainee 
becomes independent [ 6 ,  7 ]. The transfer of 
information is also infl uenced by the teaching 
modality. Some training methods are more effective 
than others and this has been detailed in Edgar 
Dale’s Cone of Experience and more recently in 
the Miller’s Learning Pyramid [ 8 ] (Fig.  43.2 ). 
Although the actual retention rates have been 
contested it would seem prudent when learning 
technical skills to utilize active rather than passive 
training methods.    

43.4     Training Modalities 

 Research in Surgical Education has a relative 
short history and fl ourished recently with the 
introduction of novel simulation technologies. 
Providing evidence for clinical effectiveness of a 
training method or a whole training curriculum is 
more diffi cult than assumed and randomized con-
trolled trials are often impractical and impose 
ethical dilemmas. Although evidence on simula-
tion technology makes a high proportion of 
research, a good training program should not 
rely solely on expensive simulation technology 
but also make use of other resources—learning 
opportunities within a clinical setting are readily 
available but often grossly underused. In the 
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following section we discuss the effectiveness 
and opportunities of different training modalities and 
their relevance to rectal cancer surgical training. 

    Cognitive Training and Mental 
Practice 

 According to the Learning Pyramid by Miller the 
acquisition of knowledge through textbook read-
ing or lectures is highly ineffi cient. How can we 
increase the effi ciency of cognitive training? A 
good example of changing a classically passive 
training domain into an active learning opportu-
nity is mental practice. Mental practice is nothing 
novel or fancy, in fact most surgeons consciously 
or more often unconsciously use mental practice 
methods. This may include mental imagery of 
certain steps of a procedure or perioperative 
requirements several days or just minutes before 
a challenging operation. Just think of that opera-
tion you are doing tomorrow or next week and 

you are already performing mental practice—you 
are rehearsing the procedure in your mind. 
Nevertheless, despite this natural behavior, the 
opportunities of this potentially very effective 
training method have been poorly studied and 
insuffi ciently exploited for surgical training. 
Other high complexity performers, such as 
athletes or musicians, have implemented mental 
practice as an integral part of their training and 
rehearsing techniques [ 9 ]. Current evidence of 
mental practice in surgical training is based on 
low complexity procedures (laparoscopic chole-
cystectomy) for relatively junior trainees demon-
strating a potential benefi t [ 10 ,  11 ]. Rectal 
surgery with all its complexities described above 
lends itself for mental practice. Mental practice can 
not only be enhanced by using mental practice pro-
tocols such as a task analysis of the procedure 
(breakdown of the procedure into steps) but could 
be extended to radiologist-guided reviews of CT 
or MRI scans, review of (interactive) teaching 
videos and anatomy rehearsals using virtual 

   Table 43.1    The progression of knowledge and skill level from novice to expert [ 4 ]   

 Knowledge  Standard of work  Autonomy 
 Coping with 
complexity 

 Perception of 
context 

 Novice  Minimal 
knowledge 
without 
connection to 
practice 

 Unsatisfactory 
unless closely 
supervised 

 Needs close 
supervision 

 Little or no concept 
of dealing with 
complexity 

 Sees actions in 
isolation 

 Advanced 
beginner 

 Working 
knowledge of key 
aspects of practice 

 Straightforward 
tasks completed 
to an acceptable 
standard 

 Some steps 
achieved using 
own judgement but 
supervision needed 
for overall task 

 Appreciates complex 
situations but only 
able to achieve 
partial resolution 

 Sees actions as a 
series of steps 

 Competent  Good working 
and background 
knowledge of area 
of practice 

 Fit for purpose, 
may lack 
refi nement 

 Able to achieve 
most tasks using 
own judgement 

 Copes with complex 
situations through 
deliberate analysis 

 Sees actions at least 
partly in terms of 
longer-term goals 

 Profi cient  Depth of 
understanding of 
discipline and 
area of practice 

 Fully acceptable 
standard 
achieved 
routinely 

 Takes full 
responsibility for 
own work 

 Deals with complex 
situations 
holistically, decision 
making more 
confi dent 

 Sees overall picture 
and how individual 
actions fi t within it 

 Expert  Authoritative 
knowledge of 
discipline and 
deep tacit 
understanding 
across area of 
practice 

 Excellence 
achieved with 
relative ease 

 Able to take 
responsibility for 
going beyond 
existing standards 
and creating own 
interpretations 

 Holistic grasp of 
complex situations, 
moves between 
intuitive and 
analytical 
approaches with ease 

 Sees overall picture 
and alternative 
approaches; vision 
of what may be 
possible 
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computer technology. Several techniques have 
been described previously in parts or as isolated 
interventions, but there is no consensus on a com-
bined, integrated approach using a multitude of 
these methods.  

    Simulation 

 Surgical simulation has often been compared 
with commercial or combat pilot training. 
Nevertheless, the two professions are very dis-
similar and the fi delity, realism, controllability 
and observability of surgical simulation lacks far 
behind aviation training. So, what surgical skills 
can be trained through simulation and what 
simulation modalities are available? 

 The value of surgical simulation has been 
increasingly studied over the past 20 years. 
Advancements in simulation technology have 
opened new avenues using virtual and augmented 
reality. However, before purchasing the latest and 

most sophisticated virtual surgical simulator, it is 
worth taking a step back to ask the question what 
is the purpose of simulation. Should it be used for 
the acquisition of some basic manual skills, for 
the training of a full procedure or certain steps of 
it, or can it be used to train whole operating teams? 

    Skills Training 
 There is pretty compelling evidence of the 
effectiveness of simulation training programs 
for the development of basic laparoscopic skills. 
The most widely studied such curriculum is the 
Fundamentals of Laparoscopic Surgery (FLS), 
which was designed to train basic laparoscopic 
skills [ 12 ,  13 ]. It is a box trainer system with a 
competency-based curriculum for fi ve different 
tasks. This program has been shown to reduce the 
learning curve and is widely accepted for teaching 
and assessing laparoscopic skills [ 12 ,  13 ]. Similar 
results can be achieved with other simulation 
modalities, such as virtual reality or augmented 
reality simulations (Fig.  43.3 ).   

Average Retention Rates

Passive
   Teaching
      Methods

Active
   Teaching
      Methods

Lecture
– 5 %

Reading –
10 %

Audio-Visual –
20 %

Demonstration –
30 %

Group Discussion – 50 %

Practice – 75 %

Teaching Others – 90 %

  Fig. 43.2    The learning pyramid: active learning styles are more effi cient than passive ones (Adapted from National 
Training Laboratories. Bethel, Maine; with kind permission)       
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    Procedural Training 
 Currently there is no simulation model available 
for the training of rectal cancer surgery. There 
have been attempts to construct a low cost 
model using cheap materials and a virtual reality 
simulation model, but no commercialized prod-
uct has emerged yet. Several training centers use 
animal models and human cadavers for training. 
Anesthetized, living animals (usually pigs) have 
the advantage of providing perfused and realistic 
tissues, however the anatomy is signifi cantly dif-
ferent and the purpose of full procedural training 
is questionable. Ethical questions arise whether it 
is necessary to use animals solely for training 
standard surgical procedures. Trainees and faculty 
have rated human cadavers to be better in terms 
of anatomy and training value [ 14 ]. The disadvan-
tage of a lacking bloodstream was not considered 
to be a major disadvantage for training. Special 
embalming techniques reduce unpleasant smells 
without compromising the tissue properties [ 15 ].  

    Team Simulation Training 
 Full OR team simulations can be used to teach 
team behavior and communication skills. These 
so-called “non-technical” skills are probably an 
underestimated entity with a signifi cant impact 
on surgical outcome. Nevertheless, it may be 

questionable if the high level of complexity, 
manpower and investment required to run full 
theater team simulations is justifi ed for rectal 
cancer surgery. However, the concept of team 
simulations could also be applied to other aspects 
in the area of rectal cancer, such as decision-
making exercises for multidisciplinary teams; an 
example within the UK is the national training 
program in low rectal cancer surgery (Lorec).   

    Operating Room Training 

 The OR provides a variety of teaching opportunities, 
ranging from assistance to independent perfor-
mance of a full procedure. How can we improve 
the effectiveness of supervised training? 

    Assisting 
 Hopefully, we have already demonstrated that a 
variety of other training modalities can be applied to 
effi ciently acquire all necessary skills. So, is there a 
place for assisting in the OR in a modern curriculum 
for rectal cancer surgery? The answer, of course, is 
yes. Not a single simulation technology can repro-
duce the experience of a real case. Again, the trainer 
should attempt to change the traditionally passive 
role of an assistant into an active learning experi-
ence. The assistant needs to be involved in the 
decision-making process and discussions on the 
current activity should be encouraged.  

    Modular Training 
 Historically new surgical techniques have been 
learnt at the patients’ expense with a temporary 
increase in morbidity and mortality. The presence 
of an expert trainer (“mentor”) has been shown to 
be effective to reduce negative clinical outcomes 
signifi cantly. A structured, modular approach to 
teach in the OR has been shown to be practical. 
There is evidence that competency in the different 
operative task areas of a procedure are achieved 
at different rates (Fig.  43.4 ). Hence, the operation 
should be broken down into separate tasks and 
learnt in a modular fashion, teaching the easier 
tasks fi rst and when achieving competency 
stepping up to the more complex ones [ 16 – 18 ]. 
This modular approach can be used effi ciently by 

  Fig. 43.3    Example of a virtual reality simulator. The 
trainee is using a robotic interface that translates the 
movements of the surgeon into motion within a virtual 
reality environment. Haptic feedback to the instruments 
can enhance the perceived level of reality       
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training two trainees of different levels on the 
same case, with the less experienced performing 
the straightforward tasks whilst an experienced 
trainee completes the more diffi cult tasks. This 
has been used effectively whilst training in 
laparoscopic colorectal surgery, with effective 
training and good clinical outcomes [ 18 ].   

    Case Selection 
 Poor case selection increases morbidity and 
mortality during self-taught laparoscopic colorec-
tal surgery. Even with an expert mentor present 
during the operation the effect of selecting a poor 
case for training is still present with an increase 
in complication and mortality rates. Poor case 
selection not only affects clinical outcomes but 
also the training performance. Training  perfor-
mance in the most complex task areas, such as 
dissection of the mesorectum, is affected the 

most by poor training case selection. The ideal 
patient for starting training on rectal resection is 
a slim female, American Society of Anesthesiology 
(ASA) grade 1 or 2 and should not have had prior 
abdominal surgery. More specifi cally for rectal 
cancer, cases with T-stage of 3 or 4 and those 
with long course radiotherapy should also be 
avoided at the beginning of training. However, 
although learning at the patients’ expense is 
unacceptable, overzealous case selection may be 
impractical due to the unavailability of the ideal 
patient [ 19 ]. Especially as patients with a BMI of 
<25 m 2 /kg are increasingly rare in a Western soci-
ety with the rising obesity problem. The problem 
of stringent case selection can be addressed 
by using the modular training approach [ 18 ]. 
A patient with a high T stage tumor may still 
have an appropriate IMA dissection for training, 
after which the expert trainer can perform the 
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TME. On the other hand an obese, female patient 
may have a complex dissection around the vascu-
lar pedicle but a relatively straight forward TME.  

    Faculty Training 
 Successful mentored training not only relies 
upon a motivated trainee and an appropriate 
training case but also on a skilled and enthusiastic 
trainer. The English National Training Program 
for laparoscopic colorectal surgery (Lapco) has 
developed a dedicated training course for faculty 
trainers. In essence, a three stage approach to 
training laparoscopic colorectal surgery is taught; 
(i) Set—Introduction, align agendas, set objectives 
and lay ground rules, (ii) Dialogue—the ‘training’ 
using clear, concise and consistent language, 
(iii) Closure—Summary of the case, feedback, 
take home message and objectives for the next 
case. In the ‘Dialogue’ strategies to tackle diffi -
cult situations are provided. If a trainee is stuck at 
a certain point during the procedure, the trainer 
applies a six point plan to engage the trainee to 
resolve the problem, by identifying the issue 
and discussing and applying the most practical 
solution (Table  43.2 ). Following the course an 
immediate benefi t is seen in the quality of training; 
in particular the trainers use a more structured 
approach to training and increase the time and 
detail within the ‘Set’.

        Feedback and Assessment 

 Traditionally assessment of quality of surgery 
has been achieved by looking at clinical outcomes. 
This technique is flawed as it relies on injury 
to patients to identify poor quality surgery. 
Assessment can be categorized into formative 
and summative assessment. 

   Formative Assessment 
 Formative assessment is the type of feedback that 
aims to improve performance at the next training 
episode by discussing positive and negative points 
and agreeing on learning objectives. A simple 
framework to follow is outlined in Table  43.3  and 
it gives the trainees the opportunity to refl ect on 
their performance, followed by a discussion on 
details of the procedure before agreeing on learning 
points and a plan for the next training episode 
[ 20 ]. Such a discussion should take place after 
each training procedure and can be highly effi-
cient without taking too much time. Structured 
assessment forms can facilitate formative 
feedback. The Lapco program is using a simple 
task-breakdown as a basis for discussion 
(Table  43.4 ) [ 21 ]; other structured assessment 
forms have been developed based on OSATS 
(Objective structured assessment of technical skill) 

   Table 43.2    Six point teaching strategy to resolve a dif-
fi cult training situation   

 1  Stop!  Stop the trainee’s manual 
activity 

 2  Identify the 
problem 

 What is the problem? “Why 
are you struggling?” 

 3  Explain  What are possible solutions to 
the problem? Discuss different 
solutions 

 4  Instruct  What is the best plan to 
proceed? 

 5  Check 
understanding 

 Has the trainee understood the 
problem and the solution? 

 6  Judge capability  Is the trainee capable of 
progressing safely? 

  Adapted from Lapco TT  

   Table 43.3    The SHARP framework for structured 
debriefi ng in the OR   

 Before the 
procedure 

  S et learning 
objectives 

 “What would you like to get 
out of this case?” 

  H ow did 
it go? 

 “What went well?” 
 “Why did it go well?” 

  A ddress 
concerns 

 “What did not go well?” 
 “Why did it not go well?” 

 After the 
procedure 

  R eview 
learning 
points 

 “Did you meet the learning 
objectives for this case?” 
 “What did you learn about 
your technical skills?” 
 “What did you learn about 
your teamwork skills?” 

  P lan ahead  “What actions can you take 
to improve your future 
practice?” 

  Adapted from Ahmed et al. [ 20 ] used with permission  
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[ 22 ,  23 ]. To date, there is no dedicated assessment 
form for rectal cancer surgery.

       Summative Assessment 
 The aim of summative assessment is to test 
someone’s competence of performance, without 
focusing on the improvement of skills. It is basi-
cally an examination, rather than a feedback 
exercise. There has to be a structure and ideally 
a validated assessment tool to provide a fair 
and valid judgment of performance. Summative 
assessments are a sensitive but necessary topic to 
discuss, especially in times where revalidation 
and relicensing is already or about to be imple-
mented in many countries. For rectal surgery two 

modalities are practical: fi rstly, direct observation 
of operative skills. This is ideally performed by 
blinded assessors, evaluating operating videos. 
For laparoscopic surgery, videos are easy to obtain. 
Lapco and the Japanese National Training 
Program both use structured assessment forms 
[ 24 ]. Alternatively, video assessment methods 
can be applied to gather more detailed information 
on error performance (OCHRA—observational 
clinical human reliability assessment) [ 25 ]. 
Secondly, the quality of the end product can be 
assessed using metrics to measure the quality of 
the specimens. The TME specimen provides an 
opportunity to measure surgical quality. Patho-
logists are able to assess the quality of resection 

   Table 43.4    Example of the formative assessment form (GAS form) used in the national training program for 
laparoscopic colorectal surgery in England   

 Task area  Task  Description  Score 1–6 

 Exposure  Theater setup  Position of surgeons, scrub nurse, drapes, 
instruments 

 Patient positioning  Adequate positioning of patient 
 Laparoscopic access  Open or close techniques to gain pneumoperitoneum, 

and insertion of ports) 
 Exposure of operating 
fi eld 

 Exposure of operating fi eld (moving of omentum, 
small bowel etc.) 

 Vascular pedicle 
dissection 

 Pedicle transection  Incision of peritoneum, creation of window below 
and above, and dissection with stapler, clips, 
ultrasound dissection tool or other techniques 

 Mesocolic mobilization  Retrocolic dissection of mesentery (right side 
towards hepatic fl exure, left side towards splenic 
fl exure) 

 Landmarks  Identifi cation of landmark (right side: duodenum, 
left side: left ureter) 

 Mobilization  Flexure  Dissection of fl exure (right side: hepatic, left side: 
splenic) 

 Mesorectal mobilization  Mesorectal dissection (including total mesorectal 
excision (TME), only for rectal resections) 

 Dissection of bowel  Transection, using stapler other similar device 
 Anastomosis  Extraction of specimen  Incision, extraction of specimen, completion of 

resection 
 Anastomosis  Anastomosis (intra- or extra-corporeal) 

  Scores 
 0 – Not applicable 
 1 – Not performed, step had to be done by trainer 
 2 – Partly performed, step had to be partly done by trainer 
 3 – Performed, with substantial verbal support 
 4 – Performed with minor verbal support 
 5 – Competent performance, safe (without guidance) 

 6 – Profi cient performance, couldn’t be better  
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and an assessment of a ‘complete mesorectum’ 
has a positive impact on overall and local recurrence 
rates [ 26 ].    

43.5     The Implementation 
of a Multimodal 
and Multifocal Rectal Cancer 
Training Program 

 There are a few examples for comprehensive 
training programs for rectal and laparoscopic 
colorectal training programs. The Japanese 
National Training Program for laparoscopic 
colorectal surgery has been in place for several 
years. It focuses on summative assessment at the 
end of training but the type of training and train-
ing modalities are not prescribed and depend on 
the individual training facility. Lapco provides a 
curriculum, including course training (cadaveric 
or animal lab), OR supervision by trainers that 
underwent faculty training and a comprehensive 
formative and summative assessment structure. 
The program and data collection are still on- 
going but preliminary results demonstrate that 
the learning curve has been signifi cantly reduced. 
A randomized controlled trial comparing tradi-
tional training in laparoscopic colonic surgery 
with a curriculum incorporating cognitive train-
ing, virtual reality simulation and cadaveric train-
ing for laparoscopic colorectal surgery 
demonstrated a signifi cant improvement of the-
ater performance for the intervention group [ 27 ]. 
Recently, a National Program for low rectal can-
cer surgery (Lorec) has been established in the 
UK. This program is dedicated not only to 
improve operative skills through technical skills 
courses but enhance the performance of whole 
multidisciplinary teams by training decision 
making processes. All examples demonstrate, 
that rectal cancer training can be improved by 
implementing different training modalities. An 
ideal training program in rectal cancer surgery 
should also focus on different training targets, 
including decision-making, team performance 
and of course operative competence. 

 All good examples of training programs are 
competency-based rather than limited by time or 

case number. Inter-individual performance varies 
and what might be right for one trainee could be 
too much or too little for the other. Therefore, 
focusing on competency aims, rather than a set 
number of cases is a more effi cient and economical 
way of running a training program. 

 There is evidence that high volume centers 
achieve better outcomes in rectal surgery [ 28 ,  29 ]. 
It makes sense that these centers of excellence 
should be identifi ed and encouraged to deliver 
training programs for rectal cancer surgery as 
they can provide volume, manpower, fi nancial 
investment and expertise required. A training 
program director, ideally with educational sup-
port should be appointed to provide quality control 
and implementation of the program. Networks 
and collaborations between different training 
sites should be facilitated. 

 The future belongs to comprehensive 
multimodal, multifocal and multi-site training 
programs. Simply providing a 1-day course on 
rectal cancer surgery is not a sustainable strategy 
to provide high quality training.      

 Key Points 

•     The acquisition of some basic educa-
tional principles is useful before design-
ing training programs  

•   Rectal cancer surgery bears anatomical, 
technological and clinic-oncological 
complexities  

•   Cognitive training and mental practice 
can be trained and are likely to improve 
performance  

•   Simulation training includes skills, 
procedural training and team training—
all modalities can be useful for rectal 
cancer surgery  

•   A realistic and validated simulator for rec-
tal cancer surgery has yet to be developed  

•   Educational effectiveness of supervision 
in the OR can be improved by faculty 
training and application  

•   Assessment and feedback should be 
essential components of a training 
program in rectal cancer surgery  
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•   A training program should focus on var-
ious targets and employ several training 
modalities  

•   A competency-based curriculum is more 
effective than a number- or time-based 
program  

•   Training centers of excellence should be 
identifi ed and interconnected into national 
or regional training networks    
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44.1             Introduction 

 The last two decades have seen dramatic changes 
in colorectal surgery leading to improved out-
comes. One of the most important was pioneered 
by Henrik Kehlet in the 1990s. He asked the 
question ‘why does the patient need to stay in 
hospital for more than 2–3 days after colorectal 
resection?’ His publications in 2000 [ 1 ,  2 ] 
reporting stays of 2–3 days for colonic resection 
heralded the concept known as ‘Fast-Track’ or 
‘Enhanced Recovery’ care, which has trans-
formed perioperative care worldwide. This 
approach involves a multimodal program of 
largely evidence based improvements in care 
that both reduces complications and shortens 
hospital stay (Fig.  44.1 ). It is important to stress 
that there is a reduction in complications as 
shown by the meta-analysis from Varadhan and 
colleagues (Figs.  44.2  and  44.3 ) [ 3 ] and that this 
change is not designed merely to shorten hospi-
tal stay for economic reasons. At the time of 
these publications in 2000, median hospital stay 
in England after laparoscopic colonic resection 
was around 7 days and median stay generally 

was approximately 10 days [ 4 ], clarifying  further 
Kehlets contribution.

      Perioperative care consists of pre-, intra- and 
postoperative interventions. This chapter will 
subdivide the interventions based on the chrono-
logical order in the patient’s journey. 

 Throughout this chapter the information is 
based on published evidence which has been 
summarized in Table  44.1  [ 5 ,  6 ].  

44.2     Pre-operative Care 

    Health Optimization: Prediction 
of Risk 

 Although some specialties will not undertake sur-
gery in people with reversible risk, e.g. smoking 
or obesity, this is often not possible in patients 
coming for cancer interventions due to the short 
time frame. Risk should however be predicted and 
minimized by optimization of the preoperative 
health status e.g. stopping smoking [ 7 ] and excess 
alcohol intake [ 8 ] for at least 4 weeks prior to sur-
gery, when time allows. We would routinely 
ensure that anyone with signifi cant cardiac comor-
bidity undergoes examination using stress echo-
cardiography, and if necessary, angiographic 
evaluation. Those people with compromised 
respiratory function would also have appropriate 
assessment of their respiratory capacity in order 
to ensure the anesthetist is fully informed regard-
ing any limitation and, when possible, to improve 
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function. Other  comorbidities such as renal func-
tion should be assessed and all factors taken into 
consideration when planning whether to operate, 
what operation to perform and what risk of mor-
tality and morbidity to state when taking consent. 

 In order to improve risk prediction and 
allow comparison between populations, the 
Physiological & Operative Severity Score for 
the enumeration of mortality and morbidity 
(POSSUM) was devised. It uses 12 physiologi-
cal and six surgical parameters in order to cal-
culate the risk of intervention. An adaptation 
for colorectal surgery, the ColoRectal POSSUM 
(CR-POSSUM) use only six physiological param-
eters and four operative measures for prediction of 
morbidity [ 9 ]. Their accuracy is limited but their 
major disadvantage is that they require intraop-
erative data for their calculation. The use of car-
diopulmonary exercise (CPEx) testing provides a 
combined assessment of cardiac and respiratory 
fi tness following exercise and will provide the 
team and, more importantly the patient, with an 
objective assessment of the risk of intervention. 
Swart and Carlisle [ 10 ] have used CPEx testing 
and risk assessment preoperatively and identi-
fi ed factors which independently infl uence sub-
sequent year on year mortality. They showed that 
attending a consultant lead preoperative clinic 
and admission to a perioperative critical care unit 
reduce adverse outcomes [ 11 ]. A 6 min walking 
test has been well validated [ 12 ] for the prediction 
of risk and is a relatively straight forward assess-
ment. That and other approaches such as comor-
bidity measurement and frailty testing [ 13 ] have 
the potential to impact on outcome by altering the 
approach to surgery or choice of operation, but to 
date have been routinely used in very few centers.  

    Conditioning of Expectation 
and Pre-assessment 

 Sir David Cuthbertson (1900–1989), a biochemist 
working in Glasgow during the 1920s, was one of 
the fi rst scientists to uncover the link between the 
physiological (neuro-hormonal) stress response 
and the negative impact it can have on outcomes. 
We have built on that principle by providing 

explicit preoperative information including goal 
setting, which facilitates postoperative recovery, 
pain control and discharge [ 14 ]. A clear explana-
tion of expectations prior to and during hospital-
ization facilitates adherence to the care pathway, 
allowing patients to feel part of and to expedite 
their recovery. The knowledge of targets including 
nutrition, mobilization and other tasks provides 
encouragement and positive reinforcement, lead-
ing to earlier recovery and discharge[ 5 ]. Our stan-
dard approach to this is the provision of written 
and oral information 1–2 weeks preoperatively by 
a dedicated preadmission nurse for all patients 
undergoing elective rectal resection. This usually 
takes 30—40 min and is performed with a family 
member or friend present in order to aid discharge 
planning. It will be scheduled earlier and with 
medical assessment when patients have certain 
comorbidities in order to correctly identify them, 
thus allowing time for optimization if possible.  

    Pre-operative Preparation 

     1.    There are few reasons now to admit patients 
the day before surgery as when admitted on 
the day of surgery they will experience 
decreased levels of stress and have less chance 
of acquiring resistant organisms.   

   2.    It is not advantageous to administer preopera-
tive long acting sedatives or relaxants since 
they will delay postoperative recovery and 
mobilization [ 15 ].   

   3.    The use of mechanical bowel preparation in 
colorectal surgery has been shown to increase 
anastomotic leakage in randomized trials, as 
well as increasing dehydration and electrolyte 
abnormalities, especially in the elderly and 
renally impaired [ 16 ,  17 ]. The French Greccar 
III Multicenter Single-Blinded RT of low 
anterior resection for rectal cancer did how-
ever link those without mechanical bowel 
preparation to higher overall and infectious 
morbidity, but without any signifi cant increase 
in anastomotic leak rate [ 18 ]. This was not 
proven in a multicenter RCT assessing anasto-
motic leakage and septic complications below 
the peritoneal verge [ 19 ]. This study, when 
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examining covering ileostomies, in a  subgroup 
analysis, found no difference when assessing 
complications in patients without MBP both 
with and without a diverting ileostomy. Platell 
[ 20 ] however argues that if the pelvic 
abscesses reported in this study plus those of 
Jung [ 21 ] (another large clinical trial) are 
included as ‘anastomotic leaks’ there is a 
 signifi cant benefi t to those who receive 
MBP. Furthermore, Matthiesson [ 22 ] as well 
as a Cochrane study [ 23 ] (which included 
Matthiesson’s data) have demonstrated that 
total mesorectal excision (TME) without a 
covering stoma is associated with increased 
leak rates and the consequences of leakage. 

 For these reasons we perform a defunction-
ing loop stoma when performing TME. In 
order to avoid a column of stool between the 
stoma and the anastomosis which might 
worsen morbidity if leakage occurs, we cur-
rently still administer mechanical bowel prep-
aration for TME surgery. We merely use a 
phosphate enema preoperatively in patients 
undergoing abdominoperineal excision (APE) 
of the rectum or high anterior resection (PME).   

   4.    Preoperative pharmacological prophylaxis is 
recommended to reduce symptomatic venous 
thromboembolism (VTE), without increasing 
side effects such as bleeding. Additionally, 
compression stockings reduce the incidence 
of VTE. Both in hospital prophylaxis and 
4 week post operative continued prophylaxis 
has been associated with signifi cantly reduced 
VTE, without an increase in postoperative 
bleeding complications or other side effects. 
We currently only administer heparin preop-
eratively and during the hospital stay due to 
the low incidence of VTE in our practice. 
Care should be taken if an epidural analgesic 
protocol is to be used and we administer pro-
phylactic heparin not less than 12 h before the 
planned procedure. Low molecular weight 
heparin (LMWH) is preferable due to its once 
daily administration and a lower risk of heparin 
induced thrombocytopenia [ 6 ].   

   5.    Fasting from midnight, previously a universal 
recommendation, is unnecessary and hinders 
the elective patient’s recovery. Anesthesia 

guidelines now should recommend fasting for 
only 2 h for clear fl uids and 6 for solids, 
particulate fl uids and those containing fat. 
Multiple RCTs plus a Cochrane review reveal 
no resultant increase in complications [ 24 ]   

   6.    Preoperative metabolic stress is reduced in the 
‘fed’ patient, leading to decreased postopera-
tive insulin resistance. Preoperative carbohy-
drate loading with specifi cally formulated 
iso-osmolar solutions of 12.5 % dextrose, 
2–3 h preoperatively, can reduce post- operative 
thirst, hunger and anxiety [ 25 ]. They result in 
earlier return of gut function and reduce post-
operative hospital stay, especially when com-
pared to fasting [ 26 ,  27 ]. No increase in 
pulmonary aspiration has been found as gastric 
emptying is similar to that with water. 
Postoperative insulin resistance is analogous 
to a type II diabetic state and is induced by 
starvation, major stress and immobilization. 
Thus enhanced recovery care is directed 
towards avoiding all these triggers [ 5 ,  6 ,  28 ].       

44.3     Intraoperative Factors 

    Antibiotics 

 Single dose prophylactic antibiotic administra-
tion is as effective as multiple pre- and post- 
surgical administrations. Publications have 
compared a variety of drug combinations and 
protocols, reporting that surgical site infection as 
well as postoperative infection is signifi cantly 
reduced after administration of appropriate anti-
biotics within 30–60 min prior to incision. Follow 
up doses are recommended for prolonged surgery 
although a specifi c length of time is not com-
monly agreed upon [ 29 ,  30 ].  

    Fluids 

 Lobo [ 31 ] and Brandstrup [ 32 ] have shown a 
3–6 kg increase in weight after colorectal surgery 
when too much sodium or too great a volume of 
fl uid is administered. They demonstrated an 
increase in postoperative ileus and other 
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 complications, resulting in longer hospital stays. 
They hypothesized that salt and water overload 
results in increased gut permeability, decreased 
mesenteric blood fl ow and tissue oxygenation, 
impaired wound healing and adverse outcomes. 
With a daily requirement of 0.9–1.2 mmol/kg of 
sodium the average 70 kg person would require 
63–84 mmol/day. It must be remembered that 
‘normal saline’ contains 154 mmol of sodium/l 
and ‘Hartmann’s Solution’ 131 mmol/l. Therefore 
patients will be overloaded with sodium if atten-
tion is not paid to this. Once excess sodium is 
given, this results in excess water retention and 
the consequences described above. Initially 
authors referred to a ‘restrictive’ postoperative 
fl uid regime but it is more correctly described as 
euvolemic fl uid replacement. It is important to 
stress that in people with renal impairment fl uid 
restriction is potentially dangerous and for this 
reason we analyze urea and creatinine in all 
patients on a daily basis to avoid this possibility. 
Allowing patients to drink water until 2 h prior to 
surgery and using carbohydrate loading helps 
avoid preoperative dehydration. When oral bowel 
preparation is given appropriate rehydration 
should be emphasized, or if patients are unfi t, pre-
operative intravenous fl uids administered the night 
before surgery. Intraoperative ‘goal directed’ fl uid 
therapy (GDT) guides fl uid administration against 
a measure of cardiac output—one method of 
doing this is to use an esophageal Doppler probe 
which analyzes aortic fl ow. By using aliquots of 
fl uid one can maximize the patient’s stroke vol-
ume without causing fl uid overload, which leads 
to improved outcomes with reduced complica-
tions and hospital stay [ 33 ,  34 ]. This approach 
will become more refi ned as recently a random-
ized trial from New Zealand [ 35 ] did not identify 
a benefi t to GDT when patients are already being 
treated within an enhanced recovery protocol.  

    Intraoperative Analgesia 

 The avoidance of intraoperative stress has been a 
feature of publications on enhanced recovery care 
and the use of thoracic epidural analgesia during 

surgery was proposed in order to block the stress 
response [ 6 ]. By inserting the epidural at the 
T7–8 level, postoperatively motor block in the 
lower limbs is also avoided, allowing ‘dynamic’ 
pain relief. In addition this minimizes gut paraly-
sis. No ideal anesthetic method has been estab-
lished although short acting medications such as 
propofol and remifentinil are preferred to longer 
acting agents such as opiates, in order to reduce 
side effects. Nausea and vomiting after surgery 
can be extremely distressing, but mid thoracic 
(T7/8) epidural using a combination of opiate and 
local anesthetic is superior to opiates in terms of 
analgesia, avoidance of nausea and improvement 
in pulmonary function [ 5 ,  6 ]. With the increased 
use of laparoscopic surgery clinicians have ques-
tioned the necessity for postoperative epidural 
analgesia and various studies have supported its 
avoidance. Delaney and colleagues have pro-
vided evidence that it can be avoided [ 36 ] and 
more recently Rockall’s group [ 37 ] have pro-
posed the use of spinal opiate injection at surgery, 
supplemented postoperatively by patient con-
trolled intravenous opiate analgesia (PCA). In a 
randomized trial of spinal opiate plus PCA, ver-
sus PCA alone, or a third arm of thoracic epidural 
alone, the spinal + PCA group were improved by 
comparison with PCA alone. The worst outcomes 
were in the epidural group in terms of hospital 
stay and fl uid retention after laparoscopic 
colorectal resection. Many clinicians have now 
moved towards alternatives to intra and postop-
erative epidural usage although, if a good tho-
racic epidural service is available with a low 
failure rate, it provides excellent analgesia.  

    Incisions 

 Various authors have reported that transverse 
incisions are benefi cial, reducing pain and com-
plications with less postoperative opiate usage, 
less impairment of respiratory function and 
decreased rates of post operative hernias as well 
as cosmetic superiority [ 38 ,  39 ]. This approach 
might apply best to colonic surgery as the use of 
a transverse lower abdominal incision for rectal 

I.D. White and R.H. Kennedy



485

surgery generally provides  inferior access when 
compared to a lower midline incision, particu-
larly when performing complex procedures.  

    The Use of Laparoscopy 

 The short-term benefi ts of laparoscopic versus 
open surgery for colorectal cancer have been well 
established in the literature to date and include 
reduced post-operative morbidity, earlier passage 
of fl atus, less narcotic analgesic requirements and 
a shorter length of stay [ 40 ]. The evidence of 
benefi t from laparoscopy specifi cally in rectal 
surgery is less established, but two recently 
 published randomized trials have reported 
 improvements in outcome following laparo-
scopic resection [ 41 ,  42 ]. Analysis of our data 
shows that we use laparoscopy in 90 % of our 
population [ 43 ], but individual surgeons must 
audit their own data in order to ensure they are 
not disadvantaging patients due to the technical 
challenges of laparoscopic rectal surgery.  

    Normothermia 

 Preserving intra-operative normothermia reduces 
endocrine-metabolic responses and sympathetic 
refl exes, and changes the fi brinolytic-coagulatory 
balance, resulting in reduced bleeding. This can 
be achieved using an upper-body forced-air heat-
ing system and keeping the theater at appropriate 
temperatures. It leads to reduced bleeding, subse-
quent transfusion requirements, wound infections 
and cardiac complications. Extending systemic 
warming to 2 h before and after surgery has been 
reported to have additional benefi ts [ 5 ,  6 ,  44 ].  

    Antiemetics 

 The routine use of an antiemetic before the end of 
surgery has been shown to decrease postoperative 
nausea and vomiting and it is reported that this 
can be improved further with the addition of 
dexamethasone [ 45 ,  46 ].  

    Abdominal/Pelvic Drains 

 A Cochrane Review published in 2004 [ 47 ] 
did not fi nd anastomotic drainage following 
colorectal surgery reduced anastomotic leakage. 
Bretagnol and colleagues undertook a meta- 
analysis examining three randomized trials look-
ing specifi cally at rectal surgery and also found 
that leakage was unaffected by drainage [ 48 ]. 
Despite this data, if surgeons feel uncomfortable 
not draining a potential pelvic hematoma, in case 
it becomes infected and discharges into the rec-
tum, then leaving a drain is unlikely to worsen 
outcome provided it is removed early the day after 
surgery, thus not impeding mobilization.   

44.4     Postoperative Factors 

    Nasogastric Tubes and Nutrition 

 A 2010 updated Cochrane meta-analysis [ 49 ] 
of 37 studies with over 5,700 patients confi rmed 
that postoperative nasogastric tubes are ineffec-
tive in achieving their goals, and in fact signifi -
cant benefi t may be obtained by avoidance of 
prolonged intubation, only selective tube inser-
tion being recommended. A nasogastric tube 
may reduce vomiting postoperatively but 
because of the adverse outcomes we advise 
tubes are removed before the patient leaves 
theater. 

 Multiple randomized controlled trials have 
shown that there is no advantage in keeping 
patients “nil by mouth” after surgery, versus early 
feeding. Early feeding reduces the risk of infec-
tion, length of hospital stay, anastomotic dehis-
cence and even death. Early feeding is dependant 
however on other issues such as good pain  control 
to reduce nausea, avoidance of opiates (except in 
epidurals), correct fl uid replacement and appro-
priate antiemetic usage [ 5 ,  6 ]. 

 Oral nutritional supplements help patients 
to reach their recommended calorie and pro-
tein intakes early after surgery, resulting in 
better nitrogen balance, and less insulin resis-
tance. When possible foods should be given in 
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preference to supplements as sometimes the 
latter cause nausea [ 5 ,  6 ]. 

 Chewing gum has been shown to be safe and 
benefi cial in reducing time to fi rst bowel move-
ment by one day after open gastrointestinal sur-
gery [ 50 ], although there is no conclusive data 
regarding use after laparoscopy. 

 Various ERAS programs have reported on the 
effi cacy of oral laxatives post operatively. Whilst 
appearing to have some benefi t, little has been 
addressed in regard to anastomotic leakage [ 6 ]. 
Our protocol includes routine treatment—unless 
an ileostomy has been formed—with postopera-
tive oral laxative to decrease time to fi rst fl atus 
and bowel movement.  

    Intravenous Fluids, Analgesia 
and Mobilization 

 George H Evans already published in  JAMA  in 
1911 that “One cannot fail to be impressed with 
the danger . . . (of) the utter recklessness with 
which salt solution is frequently prescribed, par-
ticularly in the postoperative period . . .” The use 
of excess sodium and/or intravenous fl uid has 
been shown to cause ileus and increase complica-
tions—provided oral intake is satisfactory on the 
morning following surgery the intravenous infu-
sion is discontinued (see above). 

 A multimodal approach to analgesia is routine 
in our practice. Combining paracetamol and a 
non steroidal anti-infl ammatory drug (NSAID) 
such as ibuprofen is an effective opiate sparing 
strategy in order to minimize nausea and ensure 
one can continue to rely on the oral route of 
administration. Recently, the possibility that 
NSAID’s may increase anastomotic leakage has 
been examined with mixed fi ndings including no 
signifi cance in a meta-analysis [ 51 ], therefore we 
currently only use ibuprofen (with daily creati-
nine monitoring) which seems unlikely to cause 
leakage [ 52 ]. As described above, epidural anal-
gesia postoperatively has been considered the 
gold standard, but increasingly with laparoscopic 
surgery, we are using PCA—with or without an 
intraoperative spinal opiate injection—which is 
usually discontinued on day 1. 

 Mobilization is vital in the postoperative 
period. Getting the patient out of bed early 
reduces ileus, thromboembolism, muscle wast-
ing, insulin resistance and pulmonary complica-
tions, whilst improving tissue oxygenation [ 53 ]. 
The enhanced recovery protocol advises that the 
patient should be out of bed for 2 h on the day of 
surgery, provided the operation has been early 
enough in the day, and at least 6 h per day there-
after. We also encourage walking to a specifi c 
dining area for meals and four 60 m walks per 
day. Analgesia should aid this goal and facilitate 
mobilization. To further liberate patients, if a ure-
thral catheter has been placed it will be removed 
on day 1 when upper rectal surgery has been per-
formed and in low rectal surgery on day 2 or 3—
in case any nerve damage results in retention. 
Although several studies have demonstrated a 
reduction in morbidity with suprapubic catheter-
ization we usually employ urethral catheters and 
remove them early to avoid complications [ 54 , 
 55 ]. The routine removal of all attachments as 
soon as possible, including oxygen when satura-
tion levels are normal, will facilitate mobiliza-
tion, reducing metabolic stress and complications. 
For APE all drains are abdominal for comfort and 
to decrease the possibility of subsequent perineal 
discharge.  

    Discharge Criteria 

 Although there were high rates of readmission 
during the development of enhanced recovery 
care this has not persisted. Once a patient is 
mobile, eating and drinking and has good pain 
control using oral medication, they can be safely 
discharged. Awaiting the fi rst bowel movement is 
usually unnecessary. Stoma training is com-
menced preoperatively and, particularly in 
patients having laparoscopic surgery, can prog-
ress rapidly enough to allow discharge as early as 
day 3 in certain individuals. Suitable solutions to 
social problems such as patients living alone will 
have been discussed pre-operatively in order 
facilitate discharge. Monitoring CRP daily helps 
detect problems early [ 56 ,  57 ] and if patients who 
have undergone laparoscopic rectal resection are 
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not progressing towards discharge within 
3–4 days of surgery CT scanning is undertaken, 
in order to detect an occult anastomotic leak. 

 Patients prosper when discharge is directed 
and discussed both preoperatively, as well as 
daily after surgery. A carefully directed, goal ori-
entated plan, engaging the patient and the whole 
team, leads to improved results (see above). Early 
review in the outpatient clinic is now usually pos-
sible at 10–14 days after laparoscopic surgery 
when it is performed within an enhanced recov-
ery program. In addition written advice is pro-
vided on recovery after discharge, particularly 
providing hospital contact numbers to facilitate 
immediate hospital review should there be prob-
lems within 2 weeks of surgery, rather than see-
ing a community/general practitioner.  

    Post Operative Outcomes 

 In order to analyze outcome, audit and data col-
lection are vital. An enhanced recovery facilita-
tor, usually a senior nurse, is required to set up 
and run the program and data collection can now 
be facilitated by bespoke packages such as that 
marketed by the ERAS group [ 58 ].   

44.5     Summary 

 Perioperative care in major colorectal pelvic sur-
gery has seen dramatic changes over the last 
20 years due to the introduction of Enhanced 
Recovery programs. These consist of multi-
modal, evidence-based improvements which 
reduce complications, attenuate the response to 
stress, speed recovery and shorten hospital stay. 

 Preassessment which involves health optimi-
zation, risk prediction, conditioning of expecta-
tion, reduction in preoperative fasting and 
avoidance of mechanical bowel preparation, 
results in healthier patients and a decrease in met-
abolic stress. The provision of preoperative infor-
mation conditions expectation and facilitates 
adherence to the care pathway. Anesthetic 
improvements involve avoidance of long acting 
sedatives, the use of short acting anesthetic 

agents, goal directed fl uid therapy, a reduction in 
opiate use, and a multimodal approach to postop-
erative analgesia—all of these benefi t the patient 
whilst assisting the recovery process. 

 Superior outcomes are achieved by using lap-
aroscopic surgery, improved fl uid management 
with avoidance of excess sodium administration 
and reduced nasogastric tube and abdominal 
drain usage. Post-operative goal orientated plans 
involve early feeding and mobilization along 
with the removal of unnecessary intervention 
such as urinary catheters, intravenous cannulae 
and all superfl uous tubes. 

 Finally, data collection and audit are required 
for analysis in order to monitor and improve 
outcomes.      

 Key Learning Points 

•     Enhanced recovery programs consist of 
multimodal, evidence-based improve-
ments which reduce complications, 
speed recovery and shorten hospital 
stay, generally by reducing peri-opera-
tive stress.  

•   Conditioning of expectation during pre-
operative counseling is essential to 
increase patient compliance.  

•   Preoperative interventions reduce meta-
bolic stress and include health optimiza-
tion, improved nutrition, carbohydrate 
loading, reduction of preoperative fasting 
and avoidance of mechanical bowel prep-
aration when appropriate.  

•   Intra-operative elements include the use 
of short acting anesthetic agents, laparo-
scopic surgery, meticulous surgical 
technique, and the avoidance of opiates, 
excess fl uid and sodium, drains and 
nasogastric tubes.  

•   Reduced insulin resistance is achieved 
through decreased pre-operative fasting, 
carbohydrate loading, minimizing the 
traumatic surgical insult and early post-
operative feeding.  

(continued)
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45.1             Introduction 

 The modern management of rectal cancer and 
pelvic malignancy relies on accurate and detailed 
staging information. Clinicians require an 
increasing amount of information on tumor 
behavior and characteristics in order to make 
optimal treatment decisions. A number of these 
tumor characteristics are not readily detected on 
tissue biopsy at the time of diagnosis but are 
being increasingly identifi ed on high quality 
imaging techniques such as magnetic resonance 
imaging (MRI). This has placed more emphasis 
on imaging in the overall management of pelvic 
malignancy and in particular, rectal cancer. 
Furthermore, a shift towards neo-adjuvant rather 
than adjuvant therapy means that it is the  initial  
treatment decisions that are most important in 
terms of clinical outcomes and patient benefi t. 

 The decision as to which imaging modality is 
the most appropriate to adequately stage the pel-
vis is equally important. Staging involves assess-
ment of both local and distant disease spread. 

Cancer is a systemic disease which manifests 
itself in local disease and symptoms for most 
patients. Both the local disease or primary malig-
nancy and the potential for systemic disease are 
interlocked, and features of local spread are 
important determinants in the likelihood of devel-
oping metastatic disease. Whilst there is little 
debate regarding the most appropriate technique 
to identify distant metastatic spread—computed 
tomography (CT) of the chest, abdomen and pel-
vis; the choice of local staging remains conten-
tious between magnetic resonance imaging 
(MRI) and endoanal ultrasound (EAUS). In some 
circumstances where there is uncertainty regard-
ing the presence of metastatic disease, in the liver 
or lung for example, additional complex imaging 
in the form of positron emission tomography 
(PET) may be used to delineate lesions in more 
detail. Whichever imaging modalities are decided 
on, it is important to obtain as much information 
on tumor behavior, spread and characteristics to 
offer patients the most benefi cial treatment and 
the best clinical outcomes. 

 We present the important factors that can be 
identifi ed at staging by imaging techniques that 
can infl uence treatment decisions. These prog-
nostic factors may be related to spread of disease 
as well as tumor behavior. The advantages and 
disadvantages of the different imaging modali-
ties used in the local staging of rectal cancer and 
pelvic malignancy are also discussed with par-
ticular reference to identifi cation of these prog-
nostic factors.  
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45.2     Assessment of Local Disease 
Spread 

 The role of local staging is to provide detailed 
information early in diagnosis on tumor spread 
relating to the bowel wall and beyond in addition 
to behavioral characteristics. Optimal treatment 
decisions rely on accurate staging information 
particularly when deciding on the appropriate-
ness of neo-adjuvant therapy. Biopsy material is 
rarely able to provide such detail in identifying 
prognostic factors which means imaging is the 
most reliable method of obtaining this informa-
tion. Whichever imaging modality is chosen, it 
must be able to provide information on tumor 
depth, nodal disease, the relationship of the tumor 
from the circumferential resection margin (CRM) 
in addition to adjacent viscera, and vascular inva-
sion. Each is discussed below. 

    Tumor Depth and Mesorectal Spread 

 The extent to which tumor penetrates through the 
bowel wall is an important determinant on 
whether a patient receives neo-adjuvant treatment 
and potentially, the type of surgical  procedure. It 
forms part of the American Joint Committee on 
Cancer (AJCC) TNM staging classifi cation [ 1 ] 
and describes tumor penetration in relation to the 
layers of the rectal wall. Broadly speaking, tumors 
that are confi ned to the bowel wall (T1 and T2) 
may only require surgery and do not commonly 
need pre-operative treatment unless they have sig-
nifi cant other adverse features [ 2 ]. Tumors which 
penetrate beyond the bowel wall into the sur-
rounding mesorectum and threaten the circumfer-
ential resection margin (CRM) are offered 
neo-adjuvant treatment as there is signifi cant risk 
of local failure [ 3 ]. Both MRI and EAUS can be 
used to determine tumor depth but selective use of 
neo-adjuvant treatment depends on more accurate 
sub-staging of tumor penetration and identifi ca-
tion of the mesorectal fascia. 

 Early T-stage tumors may warrant an alterna-
tive surgical approach. For example, T1 lesions 
may be suitable for a less traumatic local excision 
such as transanal endoscopic microsurgery 

(TEMS) rather than total mesorectal excision 
(TME) [ 4 ,  5 ]. Accurate staging of tumor penetra-
tion has implications for over- and under- 
treatment. Endoanal ultrasound (EAUS) is highly 
accurate for the local assessment of early rectal 
cancer. However it is limited by not being able to 
identify the mesorectal fascia and thus identify 
whether the circumferential resection margin is 
threatened [ 6 ]. The mesorectal fascia defi nes the 
outermost boundary of the mesorectum. Total 
mesorectal excision (TME) is the gold-standard 
for oncological clearance of rectal cancer. TME 
involves excision of the rectum and mesorectum 
en-bloc [ 7 ,  8 ]. The mesorectal fascia also defi nes 
the circumferential resection margin (CRM) of 
the surgical specimen. Identifying whether the 
CRM is threatened by tumor is an important 
component of selective use of chemoradiotherapy 
(CRT) [ 3 ] (Fig.  45.1 ).  

 Conversely, MRI is excellent in identifying the 
CRM [ 9 ]. Accuracy for MRI depends on under-
standing the fi elds of alignment. Inappropriate 
technique can lead to under- or over-staging of 
tumors. Correct fi eld alignment is made in rela-
tion to the long axis of the rectum. T2-weighted 
images are most suitable for distinguishing the 
layers of the bowel wall [ 10 ]. The different layers 
of the bowel wall are identifi ed from their unique 
signal characteristic. Disruption through the nor-
mal signal characteristic pattern determines the 
depth of invasion. The depth of spread into  the 
mesorectum is of particular importance. This 
fatty layer which surrounds the rectum in varying 
degrees along its length acts as an oncological bar-
rier to tumor spread. Tumor spread which invades 
the mesorectum is classifi ed as T3. The majority 
of patients present with T3 tumors, however there 
is wide variety in survival rates of these patients 
[ 11 ]. Cawthorn reported 5 year survival to be 55 % 
with tumor penetration less than 4 mm into the 
mesorectum compared to 25 % when more than 
4 mm [ 12 ]. Merkel studied patient’s survival char-
acteristics with T3 tumors and used a cut-off of 
5 mm. Those patients with extramural spread of 
more than 5 mm had 5 years survival rate of 54 % 
 compared with 85 % for those patients whose 
tumors had extramural spread of less than 5 mm 
[ 13 ] (Fig.  45.2 ).  
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 These early studies highlight the importance 
of accurate measurement of tumor penetration 
into the mesorectum and those tumors with a 
worse prognosis, namely T3c and T3d. Therefore 
the distinction between T2 and T3 tumors with 
less than 5 mm mesorectal spread—T3a and T3b; 
becomes irrelevant as these patients will have 
minimal benefi t from CRT [ 3 ]. The accuracy of 
MRI in delineating the mesorectal fascia and 

 producing comparable results to histological 
analysis has been shown by the MERCURY 
Study Group [ 14 ,  15 ]. Two hundred and ninety-
fi ve patients who had undergone primary surgery 
had imaging and histopathological analysis of 
tumor depth compared. There was correlation 
between MR and histopathological assessment of 
tumor spread to within 0.5 mm.  

    Nodal Disease 

 Knowledge of tumor spread to locoregional lymph 
nodes forms part of the local staging of rectal can-
cer and is an integral component of the AJCC 
TNM classifi cation [ 1 ]. Local lymph node involve-
ment is a known independent marker of poor prog-
nosis [ 16 ,  17 ]. Tumors which exhibit nodal disease 
independent of depth of tumor penetration (Stage 
III and Stage IV) are more likely to be offered pre-
operative radiotherapy although the rationale 
behind this is becoming less convincing. There is 
now clear randomized trial evidence that optimal 
surgical technique is far more important than pre-
operative radiotherapy in reducing the risk of local 
disease recurrence [ 3 ,  18 ]. 

 Accurate identifi cation of malignant lymph 
nodes has been traditionally challenging. As 
imaging modalities become more accurate in 

  Fig. 45.1    MRI showing circumferential resection margin (see  red line )       

  Fig. 45.2    MRI showing tumor penetrating into mesorec-
tum (see  black arrow )       

 

 

45 Staging and Evaluation of Rectal Cancer and Pelvic Malignancy



494

their ability to defi ne adverse features, detailed 
information on tumor characteristics are expected 
and infl uence pre-operative treatment decisions 
far more. The “gold-standard” for lymph node 
disease remains histopathological analysis of the 
resection specimen. However this is only infl uen-
tial in post-surgical setting. Lymph node archi-
tecture can be identifi ed on MR. Figure  45.3  
demonstrates the anatomical features which can 
be seen on high resolution images.  

 Traditionally, lymph nodes size has been a 
marker of suspicion of malignant disease. This is not 
the case and has led to incorrect overstaging of nodal 
disease based solely on size criteria. Although MRI 
has diffi culty in picking up lymph nodes less than 
3 mm, however less than 2 % of these are thought to 
be malignant [ 19 ]. In terms of size, and this is maxi-
mum diameter, 5 mm may exclude a signifi cant pro-
portion of malignant nodes [ 19 ]. In 2003, a study 
meticulously matching nodes from the in vivo and 
specimen MRIs with pathology specimens to under-
take node for node analysis showed that there was no 
useful size cut-off for predicting nodal status [ 19 ]. 
This was well supported by existing histological evi-
dence from Dworak—a histological survey of over 
12,000 lymph nodes in rectal cancer showed consid-
erable size overlap between normal or reactive nodes 
and those containing metastases [ 20 ]. 

 The outline or border of the node and the sig-
nal characteristics demonstrated on MR are 
important determinants in whether it is benign or 
malignant. The outline or border of the node 
alone may help differentiate benign from malig-
nant nodes. A smooth, regular outline is seen in 
benign nodes. A very small number of lymph 
nodes with smooth border contour (<6 %) have 
been shown to be malignant whilst those demon-
strating irregular outline are malignant in over 
90 % of cases [ 19 ]. This characteristic shows the 
highest levels of sensitivity and specifi city. 
However, when using the signal characteristics 
and border outline together, the sensitivity is 
much improved. Signal characteristic is a better 
and more accurate method of detecting malignant 
nodes. A universal hypo- or hyper-dense signal is 
less likely to indicate malignant node involve-
ment compared to a mixed signal characteristic. 
These nodes show remarkable correlation with 
histological analysis of nodes. The mixed signal 
on MR is shown to be areas of necrosis. 

 EAUS does not predict lymph node involve-
ment any better. Sensitivity and specifi city for 
detection of cancerous lymph nodes in rectal can-
cer is 73.2 and 75.8 %, respectively [ 21 ] although 
more likely to be accurate in the more proximal 
parts of the rectum. Swollen reactive nodes, small 
blood vessels and even local structure such as the 
seminal vesicles may mimic malignant nodes. 

 In addition to nodes within the mesorec-
tal envelope, nodes on the lateral pelvic side-
wall must be considered. There are differing 
approaches to how these nodes should be man-
aged between the East and West. Japanese sur-
geons have traditionally offered patients a more 
radical operation which involves clearance of 
these lateral nodes. The argument against this 
approach is that a signifi cant proportion of 
patients who will undergo an extensive surgi-
cal procedure for little benefi t. These nodes are 
offered neo-adjuvant CRT in the West. It is dif-
fi cult to visualize these nodes on EAUS in con-
trast with MRI which is the optimal modality for 
detection [ 22 ]. Studies investigating the identi-
fi cation of lateral wall lymph nodes are almost 
exclusively limited to Japan. In almost 80 % of 
cases, the presence of lateral nodes is associated 

  Fig. 45.3    MRI showing a heterogeneous, irregular lymph 
node in the mesorectum ( black arrow )       
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with malignant mesorectal nodes. The incidence 
of malignant lateral lymph nodes ranges between 
8.6 and 24 %, though these rates are mainly from 
advanced, and often low rectal cancers [ 23 – 25 ] 
with most studies reporting rates around 10 %. 
Identifi cation of sidewall lymph nodes remains 
important as it is a marker for other prognos-
tic factors such as increased mesorectal nodal 
burden and extramural venous invasion [ 22 ]. 
A mechanism of spread to the pelvic sidewall 
may well be through the extramural vasculature. 
Indeed one small randomized trial suggested that 
CRT and pelvic sidewall dissection resulted in 
equivalent oncological outcomes [ 26 ].  

    Circumferential Resection Margin 

 One of the main advantages of MRI over EAUS 
is that it can identify the mesorectal fascia that 
forms the radial margins of excision—the cir-
cumferential resection margin (CRM) [ 9 ]. Local 
recurrence of rectal cancer following surgical 
resection has been dramatically reduced by the 
introduction of total mesorectal excision (TME). 
MRI has been shown to accurately predict the 
relationship between tumor and mesorectal fascia 
with a high degree of concordance with histol-
ogy. There is now overwhelming evidence that 
the tumor spread to involve the CRM is the 
single- most important determinant of pelvic 
recurrence and this is not compensated for by the 
use of radiotherapy [ 3 ,  18 ] (Fig.  45.4 ).  

 Tumor spread which threatens the potential 
CRM has been shown to be a predictive factor of 
local recurrence [ 27 ]. It is now generally accepted 
that tumor spread within 1 mm of the potential 
CRM is a strong infl uence in local recurrence. In 
fact, one may consider that tumor spread to the 
CRM is most probably the most important factor 
in local failure. Recent work by Taylor et al. has 
shown that rates of local recurrence decreased 
from 53 % with tumor less than 1 mm from the 
potential CRM to less than 8 % when the tumor 
distance from the mesorectal fascia was between 
1 and 5 mm [ 28 ]. 

 Being able to accurately identify tumor 
proximity to the mesorectal fascia within 

a  millimeter on MRI has been a challenge. 
A measured distance of 5 mm on MRI has 
been shown to strongly correlate with negative 
CRM on histology, which led to patients being 
offered chemoradiotherapy when tumors are 
within 5 mm of the mesorectal fascia. However, 
this results in substantial overt- treatment of 
patients with safe margins. The MERCURY 
Study Group reported that margins could be 
identifi ed more accurately and reproducibly, 
using a 1 mm cut-off [ 28 ]. 

 Whilst tumor spread to the circumferential 
margin is well documented to increase the risk of 
local recurrence [ 27 ,  29 – 31 ], there is still some 
confusion regarding the presence of lymph nodes 
lying close the mesorectal fascia. One suggestion 
has been that if a lymph node containing tumor 
cells lies within 1 mm of the CRM thus being 
staged as a pathologically involved margin, the 
nodal capsule acts as a barrier to spread and does 
not lead to tumor recurrence [ 32 ]. Shihab et al. 
analyzed patients from the MERCURY study 
where there were suspicious nodes within 1 mm 
of the CRM on MRI. None of these patients had 
an involved CRM. Thus nodes that are detected 
by MRI to lie within close proximity of the CRM 
are unlikely to increase the risk of tumor recur-
rence [ 33 ] (Fig.  45.5 ).   

  Fig. 45.4    MRI showing tumor at the circumferential 
resection margin (CRM) anteriorly ( black arrow )       
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    Extramural Vascular Invasion 

 Extramural venous invasion is defi ned as the 
presence of tumor cells in the vasculature 
beyond the muscularis propria. It is known to 
be associated with poor prognosis and increased 
rates of local recurrence and distant metastases 
[ 34 ]. It is seen in up to 50 % of rectal cancer 
patients and almost exclusively associated with 
more advanced tumors—T3 and T4. EMVI 
can be identifi ed pre-operatively on MRI with 
great accuracy [ 35 ]. A recent randomized trial 
comparing neoadjuvant radiotherapy 45Gy 
plus capecitabine to radiotherapy 50 Gy plus 
capecitabine and oxaliplatin in patients with 
resectable T3–4 rectal cancer reported vascular 
invasion as an independent predictive factor of 
positive CRM [ 36 ] (Fig.  45.6 ).  

 Using high spatial resolution MRI, veins are 
identifi ed as serpiginous or tortuous linear struc-
tures on T2-weighted images. Assessment of 
EMVI using MRI must consider the following 
components: pattern of tumor margin which 
gives the appearance of nodularity; location of 
tumor to relevant vessels which makes tumor 
invasion more likely; caliber of vessel as tumor 
infi ltration can cause an increase in luminal size; 

and vessel border if the tumor disrupts the vessel 
itself. Extension of the primary tumor into a vas-
cular structure indicates EMVI [ 37 ]. 

 EUAS is not able to identify this novel prog-
nostic feature. Although the layers of the bowel 
wall and thus extramural depth may be identifi ed, 
the spindle-like nature of the vessels and the sub-
tle change in signal is not readily detected. This 
morphological feature plays more of a role in 
decision making in the UK and parts of Europe 
however future reports may lead to increased rec-
ognition of EMVI as an important prognostic 
indicator.  

    Low Rectal Cancer 

 Tumors that are defi ned as “low rectal cancers” 
have an inherent challenge. This is most likely 
due to the anatomy of these tumors located in the 
rigid confi nes of the pelvis. Traditionally, these 
tumors were most commonly surgically treated 
by abdominoperineal resection (APR) compared 
to anterior resection. There is evidence to show 
that local recurrence rates for low tumors treated 
with APR is much higher than low anterior resec-
tion [ 38 – 41 ]. The Low Rectal Cancer Study was 

  Fig. 45.6    MRI showing characteristics of EMVI, the 
 black arrows  shows the EMVI as a serpiginous expanded 
tumor deposit along the path of a vein       

  Fig. 45.5    MRI showing a lymph node at the mesorectal 
fascia. The  solid black arrow  shows the lymph node at the 
CRM posteriorly and the  dashed black arrow  shows the 
tumor at the CRM anteriorly       
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borne out of the need to adequately stage low rec-
tal cancers with MRI to defi ne the surgical planes 
with accuracy with the aim to reduce the rate of 
positive circumferential resection margins in 
APR. Using high resolution MRI, a route map for 
low tumors is based in anatomical landmarks 
dividing the rectum into supralevator, intraleva-
tor, and infralevator sections. This allows sur-
geons to make operative decisions accurately 
based on MRI-predicted planes of excision [ 42 ]. 
A small retrospective study of 33 patients in 
which MRI was used to predict the plane of exci-
sion in order to achieve a negative resection mar-
gin reported a positive predictive value of 57 % 
and negative predictive value of 96 % [ 43 ]. 
Although these results are encouraging there 
must be appropriate training and education to 
standardize reporting of these tumors (Fig.  45.7 ).    

45.3     PET/CT 

 Positron emission tomography (PET) has gained 
increasing popularity in the last few years. 
Although it has had limited uses for more than a 
decade, the combination of PET with CT has 
shown to be a particularly useful tool. The prin-
ciple behind PET is the use of radioisotopes with 

a half-life of around 100 min that through tracers 
quantify pathological biochemical processes. 
These biochemical processes are thought to pre-
cede physical changes in the anatomy which 
makes this an exciting fi eld. The most common 
tracer is fl uorine-18-labeled deoxyglucose 
(FDG). This radioisotope acts as an analog to 
glucose and identifi es cells which have an 
increased glucose metabolism such as cancer 
cells (Fig.  45.8 ).  

 The role of PET/CT as a combination in stag-
ing of rectal cancer is not by any means routine at 
present. However, it has been shown to have 
improved accuracy over CT and PET as individ-
ual examinations [ 44 ]. There remain several 
questions about the use of PET/CT and where it 
fi ts into the repertoire of imaging modalities in 
the staging of rectal cancer. In the context of pre- 
operative staging, there is little evidence to sup-
port its routine use [ 45 ]. No direct comparisons 
have been made in terms of accuracy of pre- 
operative local staging with MRI in large num-
bers and it is diffi cult to evaluate the sensitivity 
and specifi city of this technique. However a 
recent study has shown that MRI and PET/CT 
may be used in combination for high risk patients 
(EMVI positive; extramural spread of >5 mm; T4 
disease or an involved CRM) as part of a more 
intensive staging process [ 46 ]. In this study, 
patients were stratifi ed by MRI into whether they 
were at high or low risk of developing synchro-
nous metastatic disease. Almost 21 % of patients 
in the high risk group were confi rmed to have 
metastatic disease on PET/CT compared to 4 % 
in the low risk group. These patients may benefi t 
from a further PET/CT (or liver MRI) in the ini-
tial staging process. 

 Recent interest has been using PET/CT to 
assess response to neo-adjuvant chemoradiother-
apy [ 47 ,  48 ]. Several small studies have been 
published within the last few years and have indi-
cated positive results in terms of a predictive tool 
for tumor regression although one of the largest 
studies of this type has found no benefi t in serial 
scans to assess response and prognosis [ 49 – 52 ]. 
The general methodology of these studies has 
been to perform PET/CT before and varying 
times after neo-adjuvant CRT and measured the 

  Fig. 45.7    Sagittal section MRI showing tumor height in 
relation to anal verge       
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response in terms of FDG uptake. Further work is 
necessary before this can be confi dently used as a 
routine modality to assess tumor response. It may 
be too early to draw comparisons with an estab-
lished technique like MRI, however the rationale 
behind using PET/CT as an imaging modality 
which can not only demonstrate anatomical 
change but also functional change, is certainly 
complimentary at a minimum.  

45.4     Staging Metastatic Disease 

 Adequate local staging of disease is mandatory 
for surgical planning and treatment of the pri-
mary tumor. However, it is equally important to 
assess potential metastatic spread. This may 
infl uence the management of the primary tumor 
in terms of type and timing of treatment. The 
common sites of metastases of rectal cancer are 
the liver and lung. This may be related to the site 
of tumor within the rectum which has a variable 

lymphatic drainage as well as the infl uence of 
venous invasion on tumor behavior. For example, 
low rectal cancer is more likely to drain to the 
lateral pelvic sidewall than a tumor of the upper 
rectum. This lymphatic pathway differs from that 
of the more common route along the inferior 
mesenteric vessels. One may expect a different 
pattern of metastatic spread depending on the 
location of the tumor within the rectum. 

 Currently, the optimal imaging modality for 
assessing metastatic spread is CT of the chest, 
abdomen and pelvis. This technique is highly 
accurate to identify lesions to the common sites 
of metastases and is widely available in most hos-
pitals. Combination of CT with functional imag-
ing techniques such as PET may be more useful 
if there are ambiguous areas on CT. Alternatively, 
MRI may be used to image the liver in more 
detail if there is not adequate evidence of tumor 
spread on CT (Fig.  45.9 ).  

 Liver metastases are commonly identifi ed on 
CT imaging. However in some cases there may 

  Fig. 45.8    PET/CT of rectum. PET/CT and T2 weighted 
axial MRI of the rectum in the same patient with recurrent 
rectal cancer. The  white arrow  shows ill defi ned uptake in 

the region of recurrent disease seen clearly on the MRI 
( black arrow )       
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be confusion as to whether a lesion is benign 
or malignant. Imaging of the liver must be 
able to accurately characterize the lesion with 
respect to segmental anatomy and relationship 
to local vasculature. It must be able to confi rm 
evidence and extent of micro-metastatic disease 
and discriminate between benign and malignant 
lesions. CT exploits the relative hypovascular-
ity of hepatic metastases compared with nor-
mal liver parenchyma and has accuracy rates of 
up to 85 % [ 53 ]. The use of multi-detector CT 
can be highly accurate in demonstrating liver 
lesions. Hypodense lesions with complimentary 
rim enhancement are indicative of metastatic 
deposits. Hemangiomas enhance peripherally in 
a nodular fashion and persistence of enhance-
ment [ 54 ]. MRI assessment includes T1 and 
T2-weighted images with an appropriate con-
trast agent. Differentiating benign liver lesions 
from malignant ones is an important ability of 
MRI. Specifi c contrast agents are taken up by 
functioning Kupffer cells and produce charac-
teristic effects on MRI. It is important to be able 
to distinguish metastases from hemangiomas, 
fatty infi ltration and cysts. 

 Lung metastases are more common in rectal 
cancer than colon cancer [ 55 ]. CT is routinely 
performed in the staging of rectal cancer in UK 
and many places in the USA. However, CT chest 

may lead to false positive fi ndings [ 56 ]. The 
main advantage of CT over conventional chest 
radiographs is the detection of smaller lesions 
[ 57 ]. The accuracy in identifying tumor volume 
is also of benefi t when assessing growth rates. 
PET may be used in conjunction with CT to fur-
ther evaluate lesions which are not accurately 
discriminated by CT alone. Relating pulmonary 
metastases to lung anatomy has a bearing on 
surgical management. Patients who demonstrate 
single metastases in one lobe only are much less 
likely to have unrecognized irresectable disease 
when compared with those patients with multi-
lobar metastases (Fig.  45.10 ).   

45.5     Summary 

 Imaging modalities have taken on an increasingly 
important role in the management of rectal can-
cer and pelvic malignancy. The ability to identify 
prognostic features with tremendous accuracy 
means that imaging infl uences pre-operative 
decision making and aids in risk stratifi cation of 
patients. There is still no universal consensus in 
the most appropriate imaging technique for local 
staging and choice is somewhat dictated by the 
policy on neo-adjuvant therapy. 

 MRI is the optimal imaging modality in iden-
tifying the key prognostic factors such as 

  Fig. 45.9    Staging CT of abdomen showing liver lesion 
( black arrow )       

  Fig. 45.10    CT showing multiple lung lesions ( black 
arrows )       
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 involvement of circumferential resection margin; 
extramural venous invasion; nodal disease and 
tumor depth. By using the most accurate imaging 
modalities, patients can be offered adjuvant 
 treatment more selectively and not be burdened 
with the additional morbidity associated with 
radiotherapy. It is also most useful in assessing 
treatment response. Distant disease is best staged 
with CT but when there is diagnostic doubt, addi-
tional use of MRI or PET/CT may help.      
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46.1             Introduction 

 Radiation therapy is a local treatment that was 
introduced as a mean to improve regional control 
in conjunction with surgery for patients with 
locally advanced rectal cancer (RC). Over the last 
two decades, this treatment modality has evolved 
signifi cantly, not only through its application in 
serial randomized clinical trials, but also through 
the advances in technology along with the intro-
duction of computerized imaging techniques that 
have allowed accurate evaluation of clinical tar-
get volumes. Modern imaging, such as computer-
ized scans (CT) and magnetic resonance imaging 
(MRI) is now an essential component in deter-
mining treatment strategies. Finally, the transi-
tion to Total Mesorectal Excision Surgery 
(TMES) and changes in the pattern of local 
relapse justify a re-examination of the contempo-
rary radiation practice.  

46.2     Rationale for Radiation 
Therapy 

 In recent years, the treatment of patients with rec-
tal cancer has seen signifi cant improvements 
in local control (LC) with the introduction of 

TME along with new pre-operative therapeutic 
modalities. Locally advanced RC patients include 
stage II and III cancers with a range of T2–T4 
tumors. These patients are currently treated with 
similar strategies as per NCCN recommendations 
(  http://www.nccn.org/clinical.asp    ). In the era of 
modern tumor imaging, pelvic MRI in particular 
allows for the precise estimation of the circum-
ferential radial margin (CRM) [ 1 ,  2 ], which rep-
resents the most important factor for predicting 
local recurrence (LR) and systemic disease. The 
Mercury trial [ 1 ] reported that for patients with 
positive CRM on pre-operative MRI imaging, the 
risks of LR and systemic spread were signifi -
cantly higher than for those with negative CRM.  

46.3     Radiotherapy Trials 

 Surgery remains the cornerstone of rectal cancer 
treatment for locally advanced (T3–4 tumors). To 
further improve LC in rectal cancer, neoadjuvant 
(NA) radiotherapy (RT) has been added to sur-
gery. The benefi t of NA Short course (SC) RT 
had fi rst been shown by the Swedish Rectal 
Cancer Group [ 3 ] in the pre TME era. After a 
median follow-up of 5 years, the LR risk was 
11 % in the irradiated group and 27 % in the non- 
irradiated group and the overall survival (OS) 
rates were 58 and 48 %, respectively. In spite of 
these excellent LC results, the role of RT was 
questioned after the introduction of TME S. In 
the Dutch TME study [ 4 ], the benefi t of SCRT 
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followed by immediate TME S was demon-
strated, with a 10 year LR rate of 11 % for patients 
treated with TME S alone vs. 5 % for patients 
treated with SCRT followed by TME S [ 5 ]. In the 
MRC-CR07 study [ 6 ], which has a comparable 
design, patients with resectable rectal cancer 
were randomized between NA SCRT followed 
by immediate S vs. S alone. The S alone patients 
received postoperative chemotherapy (CT)-long 
course (LC) RT when the CRM was involved. 
The LR rate was 5 % in the NA SCRT patients 
and 12 % in patients undergoing S alone 
(p < 0.001), demonstrating that selective postop-
erative CT-LCRT is not able to provide the same 
results as preoperative treatment. It has been 
established that NA RT (either SCRT alone or 
CT-LCRT) provides signifi cantly better LC than 
postoperative CT-LCRT, while LR rates are sig-
nifi cantly improved in patients receiving NA 
SCRT. In this study, the benefi ts of NA SCRT 
were observed at all tumor levels including the 
upper third tumor and signifi cant even for patients 
with specimen obtained within the mesorectal 
plane. So far no survival benefi t has been demon-
strated for irradiated patients operated with the 
TME technique (Table  46.1 ). In the Dutch TME 
trial [ 5 ], NA SCRT had no effect on OS or cancer- 
specifi c survival when all randomized patients 
were included in the analyses. However, in 
 operated patients with a negative CRM, RT 
 signifi cantly improved cancer-specifi c survival. 
Unfortunately, this benefi t was offset by an 
increase in other causes of death, resulting in an 
equal OS rate compared with S alone group. A 
subgroup analysis demonstrated that for patients 
with TNM stage III cancer with a negative CRM, 
10-year survival was 50 % in the NA SCRT group 
vs. 40 % in the S alone group (p = 0.032). In most 
studies, the LR rate was reduced from over 10 % 
for patients treated with S only to 5 % for patients 
treated with NA RT and S (Table  46.1 ).

46.4        Role of CRM 

 In the Dutch TME trial [ 4 ] non-irradiated patients 
with a positive CRM had a LR risk of 23.3 %, 
whereas those who received radiation showed a 

drop in LR risk to 15.5 % (p = 0.16). The 
MRC-CR07 trial [ 6 ] showed a LR rate of 13.8 % 
in patients receiving NA SCRT with 5 × 5 Gy and 
a LR rate of 20.7 % in patients receiving postop-
erative CT-LCRT.  

46.5     Multimodality Treatment 
Approaches 

 Several Northern European randomized clinical 
trials (RCT) studies have demonstrated a signifi -
cant reduction in the LR rate after SCRT 
(Table  46.1 ). There exists a controversy concern-
ing optimal treatment for the different stages of 
rectal cancer and prioritization of treatment 
modalities. In Northern Europe, SCRT is the stan-
dard of care for most stage II and III rectal cancer 
patients. CT-LCRT is reserved for more advanced 
cases with positive CRM. On the other hand, in 
America and southern Europe, patients are treated 
with NA LCRT (LCRT, 45–50 Gy) in combina-
tion with chemotherapy (CT). Furthermore, as 
both the EORTC 22921 [ 7 ] and FFCD 9203 [ 8 ] 
studies demonstrated that the addition of CT to 
preoperative LCRT is benefi cial to LC in locally 
advanced tumors (T3–4), patients are now treated 
with CT-LCRT, followed by TME S.  

46.6     Randomized Trials 
Comparing NA SCRT 
with CT-LCRT 

 Two published RCT were conducted comparing 
SCRT to CT-LCRT: The Polish trial with 312 
patients [ 9 ] and the Australian trial [ 10 ] with 326 
patients. Both studies had a similar design and 
sample size was calculated to demonstrate a dif-
ference of 15 % in the rate of sphincter preserva-
tion (SPS) and 10 % in LR, respectively. Both 
trials showed higher rates of early radiation tox-
icity in the CT-LCRT arm when compared with 
the SCRT group; grade III to IV acute toxicity 
rates were 18 % versus 3 % (P = 0.001) in the 
Polish trial and 28 % versus 1.9 % (P = 0.001) in 
the Australian study. In the Polish trial, the SPS 
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rate did not differ between the groups: 61 % in 
the SCRT group and 58 % in the CT-LCRT 
(P = 0.57). In this trial, the LR rate was slightly 
lower in the SCRT group than in the CT-LCRT 
group (10.6 % vs. 15.6 % (P = 102 .21), whereas 
the opposite tendency was seen in the Australian 
study at 7.5 % versus 4.4 % (P = 0.24). In this lat-
ter trial, a difference was observed in the group of 
tumors below 5 cm, with 6 out of 48 patients in 
the CT-LCRT arms. One out of thirty-one patients 
after SCRT although not statistically signifi cant. 
Additionally, no increase in late toxicity rates 
was seen in the SCRT irradiation group com-
pared with the CT-LCRT group. In the Polish 
study, severe late toxicity was observed in 10.1 % 
of patients after SCRT and in 7.1 % of patients 
after CT-LCRT compared to 5.8 % of patients 
after SCRT vs. 8.2 % of patients after CT-LCRT 
(p = 0.53) in the Australian trial. 

 There are four out of fi ve contemporary RCT 
studies testing the oxaliplatin based chemother-
apy regimen published: STAR-0145 [ 11 ], 
ACCORD 12/0405-Prodige 246 [ 12 ], NSABP 
R-0447 [ 13 ] and the German trial CAO/ARO/
AIO-0448 [ 14 ], which compared standard NA 
5-Fluorouracil (5-FU) based CT and LCRT (CT- 
RT) to oxaliplatin and 5-FU CT and NA 
LCRT. Patients with T3 or T4 rectal cancer were 
recruited sequentially. All but the CAO/ARO/

AIO-0448 [ 14 ] reported higher morbidity with-
out any improvement in early endpoints such as 
pathological complete response (pCR) rate.  

46.7     Radiation Treatment 
Volumes 

 TMES now provides optimal tumor bed resec-
tion together with the perirectal nodes within 
the mesorectal fascia but it is not addressing the 
pelvic nodes. The Dutch CKVO 95–04 study 
[ 4 ,  5 ] is unique, having an arm with more than 
908 patients treated with TME alone. In this 
trial, 36 % of patients had positive nodes and the 
LR rate was 10.9 % after a median follow up of 
6 years. Most of the recurrences were located 
below the S2–3 interspace [ 15 ] in patients with 
negative nodes and negative CRM therefore, con-
sistent with the Swedish experience reporting on 
the level of S1–S2 interspace [ 16 ]. The addition 
of radiation therapy reduced mostly the peri-
neal, anastomotic leakage as well as the lateral 
recurrence. 

 In North America, the defi nition of clinical 
target volume for the treatment of rectal cancer 
has been based on consensus by a panel of 
experts [ 17 ] to include coverage of the tumor 

     Table 46.1    Five year local control and overall survival rates results from selected randomized clinical trials   

 RCT 
 T/stage (S) 
status 

 Number 
of patients 

 Median age 
(years) 

 Local recurrence 
rate at 5 years %  OS at 5 years % 

 German trial: pre op [ 29 ]  T1–T4  405  62  6  76 
 German trial: post op [ 29 ]  T1–T4  402  62  13  74 
 Dutch trial TME S alone [ 4 ]  S1–4  908  66  10.9  63.5 
 Dutch trial NA SCRT 
+ TME [ 4 ] 

 S1–4  897  65  5.6  64.2 

 MRC CR07 NA SCRT [ 6 ]  S1–4  674  65  4.7  70.3 
 MRC CR07 post OP 
CT-LCRT [ 6 ] 

 S1–4  676  65  11.5  67.9 

 Polish trial SCRT [ 9 ]  T3–4  155  60  9  67.2 (4 years) 
 Polish trial CT-LCRT [ 9 ]  T3–4  157  59  14.2  66.2 (4 years) 
 Trans tasman SCRT [ 10 ]  T3  163  63  7.5 (3 years)  74 
 Trans tasman CT-LCRT [ 10 ]  T3  163  64  4.4 (3 years)  70 
 FFCD 9203 NA LCRT [ 8 ]  T3–4  367  63  16.5  67.9 
 FFCD 9203 NA 
CT-LCRT [ 8 ] 

 T3–4  375  64  8.1  67.4 
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bed, entire mesorectum and perirectal, presacra-
land internal iliac nodes which is supported by 
the patterns of local recurrence literature. It is 
imperative to note that the majority of these data 
were derived before the implementation of qual-
ity imaging such as pelvic MRI and the introduc-
tion of TMES.  

46.8     Radiation Related Toxicities 

 If the value of radiation therapy is now well- 
established, cumulative data on long-term tox-
icities associated with external beam (EBRT) 
raise concerns. In a meta-analysis, Camma 
et al. [ 18 ] reported an increased risk of septic 
complications in irradiated patients compared 
to non-irradiated patients: 21 % vs. 15.2 % 
(p ≤ 0.001). Moreover, there was an increased 
risk of overall complications in the irradiated 
group: 21 % vs. 5.2 % (p < 0.003). Postoperative 
adverse events were also higher in the radiation 
treatment group: 57.4 % vs. 42.3 % (p < 0.02). 
Finally, irradiated patients had a 15 % higher 
risk of death from vascular or infectious causes 
compared to non- irradiated patients (p = 0.02). 
The Cochrane Database Systematic Review in 
2007 by Wong et al. [ 19 ], assessing the effect of 
preoperative RT vs. surgery alone for rectal 
cancer patients confi rmed the benefi ts of preop-
erative RT in reducing LR (HR 0.71, 95 % CI 
0.64–0.78) with borderline signifi cance with 
respect to cancer specifi c and overall survival 
(OS) (HR 0.93, 95 % CI 0.87–1.0). Late toxici-
ties including pelvic fractures, venothrombosis 
events, intestinal obstruction, postoperative fi s-
tula, cardiovascular death, bowel obstruction, 
anal sphincter and sexual dysfunction were all 
increased. 

 Thus, if neoadjuvant EBRT has been effective 
in decreasing local recurrence, the number of 
patients requiring treatment will need to be 
weighed against the substantial morbidity risks 
and long-term side effects related to 
EBRT. Reducing treatment volumes to the level 
of S1/S2 might be the most effective and simple 
means to improve therapeutic index.  

46.9     Intra Operative Radiation 
Therapy 

 The majority of patients with rectal cancer are 
doing well with current management but there 
are less favorable cases with positive CRM or 
recurrent tumors after previous pelvis radiation 
therapy that remains a clinical management chal-
lenge. There are other radiation modalities, apart 
from EBRT, that could be considered. 

 The likelihood of achieving tumor down stag-
ing and/or R0 improves as a function of dose. 
Wiltshire et al. [ 20 ], who investigated the value of 
dose escalation with 5-FU CT in a phase II trial 
for patients with operable rectal cancer. The three 
dose levels were 40 Gy in 20 fractions, 46 Gy in 
23 fractions and 50 Gy in 25 fractions and 
included 46, 52 and 36 patients, respectively. The 
pCR rates were 15 %, 23 % and 33 % (p = 0.07) 
respectively and the 2-year relapse free survival 
was 72, 90 and 89 % respectively (p = 0.02). In 
Lyon RCT study R96–0256 [ 21 ] NA RT alone 
using 39 Gy in 13 fractions was compared to the 
same RT with boost (85 Gy in 3 fractions) using 
contact X-ray for 88 patients with low rectal can-
cer. A signifi cant improvement in pCR rate was 
seen in the contact X-ray boost arm, (2 % vs. 
24 %), along with a complete or near complete 
sterilization of the operative specimen (34 % vs. 
57 %) resulting in a signifi cant increase in SPS in 
the boost group (44 % vs. 76 %, p = 0.04). At a 
median follow up time of 152 months, although 
there was no difference in OS and LC, however, 
the rate of colostomy free survival was 37 % vs. 
71 % (p = 0.001) in favor of the boost arm. Using 
modern preoperative staging imaging, Jakobsen 
et al. [ 22 ] conducted a recent RCT trial on T3–4 
tumors with dose escalation, comparing CT-LCRT 
delivering 50.4 Gy in 28 fractions vs. a dose esca-
lation to 60 Gy with the same regimen (50.4 Gy/28) 
and high dose rate endorectal brachytherapy 
(HDREBT) as boost modality to deliver 10 Gy. A 
negative CRM rate of 90 % vs. 99 % respectively 
was observed (p = 0.03) for T3 tumors only in 
favor of the boost arm. 

 Intraoperative radiation therapy (IORT) has 
been developed in order to further optimize local 
control especially in this unfavorable tumor group. 
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Most studies have investigated IORT in combina-
tion with EBRT. It delivers a higher radiation dose 
to the CTV at the time of surgical exploration with 
the advantage of accurate treatment delivery to the 
area of maximum concern, with adjacent normal 
structures displaced from the irradiation fi eld. As 
it is given at the time of surgery, IORT can only be 
given in a single dose usually varying from 10 to 
20 Gy with the peripheral nerve defi ned as princi-
pal dose limiting normal tissue. The benefi ts of 
IORT as a means to deliver higher doses and to 
improve LC have been reported and some data 
were quite compelling despite being small retro-
spectives series [ 23 ] due to the limited access of 
IORT equipment worldwide. The results are most 
benefi cial in patients undergoing complete resec-
tion. The IORT literature includes a large spec-
trum of tumors as the selection criteria varied from 
one center to another, making the evidence of ben-
efi ts diffi cult to ascertain. However, Dubois et al. 
[ 24 ] reported on the unique IORT RCT with 142 
patients with T3–4 primary and/or recurrent 
tumors comparing EBRT using 40 Gy alone to the 
same EBRT with IORT boost (an additional 
18 Gy) and did not confi rm any disease free sur-
vival (DFS) benefi ts (p = 0.7808) from the addition 
of IORT. In this series, the composite population 
of T3 and T4 tumors did possibly contribute to 
these negative results.  

46.10     Intensity Modulated 
Radiation Therapy 

 Radiation therapy was initially based on two- 
dimensional (2D) planning with standard treat-
ment fi elds using anatomical bony landmarks. 
Then, in the early 1990s, three dimensional imag-
ing radiation-planning system (3D planning) 
were introduced which allowed for 3D defi nition 
of the target and normal tissues by using thin sec-
tion computed tomography (CT) scan. A decade 
later, the new generation of linear accelerators 
were equipped with dynamic multileaf collima-
tors (MLC) capable of following the projection 
of the target as the accelerator gantry arcs around 
the patient. As a result, MLC delivery and accu-
rate tumor localization of areas at risk, a safe 

dose to targets in a variety of areas has led to an 
improvement in local tumor control while reduc-
ing the dose to normal structures. This technol-
ogy has signifi cantly contributed to the 
therapeutic index of radiation therapy of head 
and neck cancer. Subsequently, IMRT was tested 
for treatment of pelvic tumors, in particular with 
anal canal cancer, and showed to be of value in 
reducing skin and GI toxicities. However, in rec-
tal cancer, there are few preliminary studies and 
the benefi ts of IMRT are lacking. The acute tox-
icity data from the multi-institutional RTOG 
study 0822 [ 25 ] was not signifi cantly convincing 
with 51 % of ≥ grade 2 GI toxicity versus 58 % 
(p = 0.31) in the conventional 3D based RTOG 
0247. Major differences in the clinical target vol-
umes (CTV) contributed to inconsistent results: 
In gynecological and anal canal cancer, external 
iliac and inguinal nodes are routinely included 
whereas in rectal cancer, the CTV is posterior. As 
presently radiation is presently is given in the 
context of a NA setting, it is unusual that small 
bowel loops are closed unlike in the era of adju-
vant treatment. Consequently, even with the con-
ventional 3 D technique, the incidence of grave 
GI toxicity is unusual, especially if the CTV 
superior limit is adjusted to S1–S2 level. 

 IMRT had interesting virtues and allowed supe-
rior dose conformation within the CTV with the 
ability to limit normal tissue radiation dose. In our 
institution, in the less favorable T4 tumors, where 
optimal tumor downstaging is highly desirable, 
IMRT was explored as a mean to dose escalation 
with 60 Gy in 25 fractions during neoadjuvant 
treatment for 60 patients selected by pelvic MRI 
with positive CRM [ 26 ]. The R0 rate was 90 % 
and a multivisceral resection rate was 29.5 %. The 
overall acute toxicity profi le was acceptable with a 
distribution of ≥ grade 3 rate of 16.6 % for GI, 
18 % for skin and 10 % for bone marrow.  

46.11     High Dose Rate Endorectal 
Brachytherapy (HDREBT) 

 In our institution, image guided HDREBT [ 27 ,  28 ] 
was developed as a highly targeted RT neoadjuvant 
modality for low T2 and selected T3 rectal cancer. 
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The treatment consists of 26 Gy in four consecutive 
fractions prescribed to the deepest aspect of the 
tumor bed. It is performed in the ambulatory set-
ting, without CT. Acute proctitis was the only tox-
icity observed with one percent of grade 3. In more 
than 500 patients treated, at a median follow up 
time of 5 years, the LR rate was 4.5 %, which com-
pared favorably to NA CT-LCRT. In contrast to 
EBRT, HDREBT does allow for lower normal tis-
sues exposure to radiation and is given without che-
motherapy, thus less costly and toxic. An important 
observation from this experience remains the 
excellent LC rate despite the absence of attempt to 
treat pelvic nodes.  

46.12     Summary 

 In the era of TME, pre-operative RT reduces 
local recurrence and can be given either with long 
course RT with 5 Fu based regimen or SCRT. For 
patients with positive CRM, tumor down staging 
is highly desirable and SCRT is not as effective to 
prevent local recurrence. Contemporary pattern 
of recurrence suggests that it is possible to lower 
the upper limit of the treatment fi eld level. In an 
effort to reduce radiation related toxicity, fi eld 
adjustment along with exploration of new radia-
tion options is desirable.      
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47.1             Introduction 

 Rectal cancer accounts for a third of colorectal 
cancer and has been managed by rectal excision 
for almost 100 years. Radical resection in the 
form of total mesorectal excision by anterior 
(AR) or abdominoperineal resection of rectum 
(APER) remains the standard of care for the 
overwhelming majority of patients. Despite radi-
cal surgery, 30–50 % of patients suffer either 
local, distant or combined tumor recurrence and 
of these 34 % die as a result of metastatic disease. 
Surgery is associated with a 5–8 % rate of mortal-
ity and signifi cant complications like wound 
infection, anastomotic leak, urinary and sexual 
disturbance and functional disturbance of the 
bowel occur in upwards of 60 % of patients. In 
addition, APER results in a perineal wound and 
associated stoma and psychological complica-
tions with attendant increased fi nancial costs. 

 Radical resection of the rectum came in to 
vogue in the era where intermediate to late stage 

cancers were commonest at the time of diagnosis. 
The fecal occult blood test (FOBT), fl exible 
 sigmoidoscopy [ 1 ] and colonoscopy based 
screening for colorectal cancer have resulted in 
increased diagnosis of early cancers. The fi rst 
round of FOBT implemented in the United 
Kingdom has shown 77 % of cancers to be Dukes 
A and B and 29 % of these in the rectum [ 2 ]. 
Similarly, in the pilot single screening FS trial, 
62 % of cancers identifi ed were Dukes A [ 3 ]. 
There also have been improvements in neoadju-
vant chemoradiotherapy regimes that help to sig-
nifi cantly downstage more advanced rectal 
tumors that may then be considered for local sur-
gical excision. The combination of these recent 
developments had resulted in an increased will-
ingness to re-appraise the treatment paradigm for 
patients with rectal cancer.  

47.2     Local Excision vs Tems 

 Local excision of rectal lesions has been used for 
many decades. For the most part, such operations 
were performed using traditional trans-anal sur-
gery in patients with either benign lesions or the 
very earliest cancers, usually in elderly or infi rm 
patients where radical surgical techniques were 
considered inappropriate. In more recent years 
the wider availability of trans-anal endoscopic 
microsurgery (TEMS) has increased the range of 
tumors being considered for local resection. 
TEMS was developed by Buess in 1983 to 
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 overcome the limitations of transanal excision by 
providing clearer visualization of tumors, the 
ability to excise more proximal tumors as well as 
the ability to undertake full thickness excisions 
with repair of intra-peritoneal defects [ 4 ]. In 
reviews of literature by Maslekar et al. and 
Sengupta et al. the use of TEMS has been associ-
ated with lower local recurrence rates with 
TEMS. For example, the LR rates using TEMS 
were 0–6, 14 and 20 % compared to 9.7, 25 and 
38 % after traditional trans anal excision for T1, 
T2 and T3 rectal cancers respectively [ 5 ,  6 ]. A 
recent meta-analysis of trials comparing local 
excision (n = 386), TEMS (n = 514) and radical 
resection has also shown that TEMS was more 
effective in obtaining clear margins than LE [ 7 ]. 

 The instrumentation of TEMS allows true ste-
reoscopic vision thus helping more precise dis-
section and thereby good circumferential margins 
(Fig.  47.1 ). In addition for the majority of patients 
the excision is full thickness thereby providing 
good quality tissue specimens for adequate path-
ological assessment of depth of invasion and on 
occasions some degree of lymph node sampling. 
There are now many studies in the literature that 
demonstrate excellent outcomes in terms of mor-
bidity, mortality and rates of tumor recurrence 
following TEMS when performed after appropri-
ate case selection based on tumor staging, age 
and physical fi tness of patients, pathological vari-
ables of the tumor and technical considerations 
for TEMS [ 5 ,  8 – 11 ].  

    Procedure 

 The procedure is performed under general anes-
thetic with full muscle relaxation, as for abdomi-
nal surgery. Prior to the procedure, phosphate 
enemas may be employed to clear the rectum of 
feces. Full oral bowel preparation is also accept-
able but it is essential that the rectum itself is 
meticulously cleansed so for many surgeons rec-
ommend two enemas. A single dose of broad- 
spectrum antibiotic (Ertapenam or Pipercilin/
Tazobactam) is administered. Initially the patient 
is placed in Lloyd Davies position to assess the 
position of the tumor. It is essential that when 
performing TEMS the tumor is in the 6 o’clock 
position and therefore the patient has to be moved 
appropriately to achieve this orientation. So, for 
lateral tumors the patient will be in the decubitus 
position, reverse Lloyd-Davies for the anterior 
tumors and remain in the starting Lloyd-Davies 
position for tumors in a posterior location. 

 The TEMS rectoscope is inserted and fi rmly 
secured to the table using the Martin arm 
(Fig.  47.1 ). The tubes are connected for CO 2  
insuffl ation, suction and electro-cautery. The 
CO 2  insuffl ation pressure is limited to 20–25 mm 
of H 2 O and uses a specifi c immediate feedback 
system for continuous pressure monitoring to 
maintaining adequate rectal insuffl ation without 
excessive proximal colonic distension. 

 Numerous energy device options have been 
used for TEMS including Ligasure™, Harmonic 

  Fig 47.1    TEMS rectoscope 
with the binocular eye-piece 
and the instruments in the 
appropriate ports       
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Scalpel™, and water dissection but the common-
est option remains traditional electro-cautery 
using either monopolar or bipolar current via a 
needle-point instrument. This approach should 
be used initially to mark out the margins of exci-
sion ensuring an adequate cuff of normal tissue 
(Fig.  47.2a ). This step is crucial for adequate 
excision especially in larger lesions as it helps 
maintain the correct orientation during resection 
when the lesion becomes increasingly mobile. In 
other words it prevents the surgeon wandering off 
the correct pathway and runs the risk of a positive 
excision margin. The stereoscopic vision and 
magnifi cation help in this respect to identify the 
margins of the tumor. Full thickness excision of 
the tumor is carried out with coagulation of any 

bleeding vessels (Fig.  47.2b ). Meticulous hemo-
stasis is essential throughout as hemoglobin will 
absorb the light and make dissection less precise. 
Identifi cation of areolar tissue and mesorectal fat 
deep to the muscle layer help confi rm the thick-
ness of excision and the aim should be to ensure 
a vertical dissection through the layers of rectal 
wall to the depth required—coning of the exci-
sion is best avoided (Fig.  47.2b ). Routine sutur-
ing of the resulting defect was recommended for 
all lesions in the early days of TEMS. However it 
is widely recognized as not being necessary 
assuming there have been no breaches into the 
peritoneal cavity when careful sutured closure is 
obviously required (Fig.  47.2c, d ). On the other 
hand routine sutured closure of defects does help 

a b

d
c

  Fig 47.2    ( a ) TEMS Large polypoidal lesion being 
excised full thickness after marking excision margin with 
diathermy. ( b ) Mesorectal fat visible at the base after full 
thickness excision of polyp. ( c ) Suturing of the peritoneal 

defect after excision of polyp. ( d ) The fi nal appearance of 
the area after suturing of the defects. The sutures are held 
in place with beads (seen)       
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to maintain suturing skills for when they are 
required. Overall, this decision remains a matter 
of surgeon preference.  

 For low rectal tumors close to the anal verge 
maintaining an air seal can present a particular 
challenge but these lesions can still be excised by 
wedging the rectoscope up against the anal 
sphincter thereby permitting adequate rectal 
insuffl ation. In addition, when excising these 
lowest lesions particular care must be taken to 
avoid excising any signifi cant portion of anal 
sphincter muscle. This can be challenging at 
times but is essential if the risks of postoperative 
incontinence are to be minimized.  

    Complications 

 Early post-operative complications are unusual 
and generally involve mild pain and fever in the 
fi rst 24 h. Pain is commoner when excision has 
approached the dentate line and unusual follow-
ing excision of higher lesions. Post-operative uri-
nary retention is not uncommon in male patients 
but is rarely a long-term issue. Probably the com-
monest signifi cant complication is that of a sec-
ondary hemorrhage which may occur 5–7 days 
after surgery. This occurs in less than 3 % of 
patients but is frightening for the patient because 
it occurs without warning when the patient is at 
home. It is therefore useful to at least warn the 
patient of such a possibility while providing reas-
surance that the bleeding almost always stops 
spontaneously and requires no intervention in the 
overwhelming majority of patients. More unusual 
complications that have been reported include 
pelvic sepsis, fi stula to the vagina and perineum 
and intra-peritoneal sepsis. A systematic review 
of published studies by Middleton et al. showed 
an overall complication rate 10.3 % for benign 
adenoma excision and 20 % for carcinoma exci-
sion [ 12 ] although the majority of these compli-
cations are minor in severity. 

 A review of UK wide TEMS database by Bach 
et al. showed an overall complication rate of 
14.9 % and mortality of 1.4 %. Bleeding was the 
most common complication (9 %), followed by 
post op medical complication in 1.9 %, pelvic 

abscess in 1.7 % and perforation in 0.2 % cases 
[ 13 ]. Perforation in to the peritoneal cavity can be 
treated either by primary suture (at time of sur-
gery) or conservatively. Morino et al. studied 
short and long term outcomes of peritoneal per-
foration after TEMS (n = 28) [ 14 ]. This study 
showed that conversion to an abdominal proce-
dure was needed in 10 % (3/28) of patients with a 
signifi cant peritoneal breach. Long term follow 
up (48 months) did not show increased peritoneal 
or liver metastases.  

    Outcomes for T1 Rectal Cancer 

 Early rectal cancers with favorable histological 
features such as SM1 invasion, well to moderate 
differentiation (G1–2) and no lymphovascular 
invasion are most suitable for TEM excision. An 
early study by Blair et al. showed 0 % local recur-
rence and mortality after local excision in T1 
tumors with favorable histological characteristics 
[ 15 ]. However, recurrence rates varying between 
0 and 21 % have been reported in the published 
literature and confi rm the importance of appro-
priate patient selection [ 13 ,  16 – 18 ]. Bach et al. 
reviewed 424 rectal cancers of which the major-
ity (253) were T1, and were treated with TEMS 
[ 13 ]. The T1 tumors were further divided in to 
SM1–3 based on the extent of sub-mucosal inva-
sion. In this the local recurrence rates were 3–4 % 
and lowest in the Sm1 group [ 19 ]. 

 De Graaf et al. compared outcomes in 80 
patients undergoing TEMS and 75 patients 
undergoing TME [ 20 ]. TEM was shown to be 
safer with less blood loss, fewer complications, 
shorter hospital stay and no mortality. Follow up 
of more than 5 years showed that overall and can-
cer specifi c survival was similar in the two groups 
although the local recurrence rate after TEMS 
was shown to be 24 %. The only randomized trial 
performed to date comparing TEMS alone to 
radical resection (TME) showed no difference 
in local recurrence (4 % vs 0 %) or 5 year sur-
vival [ 8 ]. Heintz et al. studied 103 patients who 
underwent TEM or TME for T1 rectal cancer [ 9 ]. 
These patients were further stratifi ed into low 
risk (G1 and 2 with no lympho-vascular invasion) 
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or high risk (G3 and lympho-vascular invasion). 
The local recurrence and 5 year disease free sur-
vival were comparable between TEMS and 
TME. However, local recurrence rates were 
higher after TEMS in the high-risk group (33 % 
vs 18 %). Stipa et al. reviewed 144 patients of 
whom 86 had T1 cancer. The overall 5 year sur-
vival was 83 and 92 % for T1 tumors [ 21 ]. 
Interestingly in this study, of the patients who 
developed local recurrence the survival was bet-
ter in those who had radical surgery rather than 
TEMS excision.  

    T2–3 Rectal Cancer 

 Local excision alone for T2–3 rectal cancer leads 
to an unacceptably high local recurrence rates 
and the majority of these patients are best served 
by a radical resection. A review by Tjandra et al. 
of 22 studies has shown a recurrence of 25 % for 
T2 and 38 % for T3 rectal cancer [ 6 ]. Previous 
individual case series have shown improved out-
comes when local excision/TEMS has been com-
bined with adjuvant chemo-radiotherapy. A 
phase 2 multi institutional trial performed by 
CALGB showed 83 % estimated overall survival 
and 71 % disease free survival in T2 tumors 
treated with LE and adjuvant therapy [ 22 ]. Long 
term follow up data of the patients in this study 
group showed overall survival of 42 % and dis-
ease free survival of 58 % at 10 years [ 23 ]. 
Guerriri et al. studied 84 T2 and 61 T3 rectal can-
cers treated with TEMS. These patients were 
treated with high dose radiotherapy before tumor 
excision. The rectal cancer specifi c survival at 
97 months in T2 was 90 and 73 % for T3 tumors 
[ 17 ]. In a prospective randomized study Lezoche 
et al. compared outcomes in patients undergoing 
TEMS and laparoscopic TME for T2 rectal can-
cer 6 cm from anal verge [ 24 ]. All patients had 
received neo-adjuvant chemo-radiotherapy. At a 
median follow up of 84 months the local recur-
rence was 5.7 % for TEM and 2.8 % for laparo-
scopic TME group. The survival probability for 
both the groups was 94 %. 

 In the last decade another potential role for 
TEMS has developed for patients thought to have a 

complete clinical response (CCR) after neo- 
adjuvant chemo-radiotherapy. The pioneering work 
by Habr-Gama exploring the possibilities of a watch 
and wait program following CR have resulted in 
increasing use of TEMS in selected patients to con-
fi rm the diagnosis of CR by way of an excisional 
biopsy. The future will determine the exact role for 
this approach and longer term follow-up is clearly 
required before this approach is refi ned [ 25 ,  26 ].   

47.3     Functional Outcomes 
After TEMS 

 One of the advantages of TEMS over radical resec-
tion of rectum is the maintenance of functionality 
and preservation of the anal sphincter. However, 
there have been no direct comparison studies in this 
regard. TEMS involves dilating the anal canal with 
a large diameter rectoscope for extended periods of 
time intuitively raising the possibility of damage to 
continence and a number of individual studies have 
addressed these issues [ 27 – 31 ]. Not surprisingly 
these have shown reduced squeeze pressures and 
resting tones particularly in relation to the duration 
of surgery. In addition, the absence of recto anal 
inhibitory refl ex (RAIR) has been reported after 
TEMS. Despite these fi ndings the majority of case 
series continue to document no long term problems 
and have shown adequate function without a 
change in continence after the initial 6–8 weeks 
following TEMS.  

47.4     Recent Advances 
in Transanal Surgery 

 Two recent advances in transanal surgery that 
look promising are the transanal minimally inva-
sive surgery (TAMIS) and robotic assisted 
 transanal surgery. 

    TAMIS 

 In TAMIS, single incision laparoscopic sur-
gery (SILS) port and conventional laparoscopic 

47 Transanal Approaches to Rectal Cancer Surgery



516

 instrumentation are used to perform transanal 
surgery [ 32 ]. Developed by Atallah et al. the 
perceived advantages are the readily available 
equipment and the shorter learning curve as the 
skills are similar to laparoscopic surgery [ 32 ]. 
The disadvantages as described by the same 
authors include extreme angles of the instru-
ments that increase external torque resulting in 
port extrusion. Currently, there is information 
pertaining to the feasibility of the technique 
and adequate excision but limited follow up 
data in rectal cancer excision [ 33 – 35 ]. A varia-
tion in the TAMIS technique is the use of a 
glove port instead of SILS port [ 36 ].  

    Robotic Transanal Surgery 

 Robotic transanal surgery has been a direct pro-
gression to overcome the technical challenges 
identifi ed in TAMIS. Direct 3D visualization and 
dexterity of the Da Vinci system could lead to 
better access to lesions. However, to date only 
cadaveric studies have been published using the 
robotic technique [ 37 ,  38 ].   

47.5     Summary 

 There is mounting evidence for the role of 
local excision of early rectal cancer. TEMS 
has been shown to achieve better tumor free 
margins when compared to trans-anal exci-
sion. In properly selected cases of T1 rectal 
cancer, TEMS excision has shown to achieve 
results comparable to radical resection (TME) 
while achieving all the benefits of the less 
invasive approach. Early results of neoadju-
vant chemo-radiotherapy to downsize T2/3 
rectal cancers followed by TEMS excision 
look promising and it seems likely that this 
multi-modality approach to rectal cancer will 
become more common in the next decade.      
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      Abbreviations 

   AIN    Anal intraepithelial neoplasia   
  EMR    Endoscopic mucosal resection   
  ESD    Endoscopic submucosal dissection   
  EUS    Endoscopic ultrasound   
  G    Granular   
  NG    Nongranular   
  PP    Pit pattern   
  TEM    Transanal endoscopic microsurgery   

48.1           Introduction 

 Flexible endoscopic examination of the rectum 
and colon is quite common and has advantages 
over the rigid trans-anal endoscopic examination 
and resection techniques. Flexible endoscopy 
allows examination of the entire colon and has 
become the most common gastroenterology pro-
cedure in the world. While there remains devel-
oped countries that do not promote routine 
colonoscopy for colorectal cancer screening, the 
technology is readily available in most medical 
centers. High defi nition imaging improves 

 detection and visualization of the lesion margins. 
The majority of polyps can be easily removed 
during colonoscopy with routine cold or cautery 
snares. Removal of larger neoplasia previously 
referred for surgery is possible with advanced 
endoscopic techniques discussed in this chapter. 
An important concept in the endoscopic therapy 
of advanced colorectal neoplasia is recognition of 
lesion morphology, and important mucosal char-
acteristics are summarized in this chapter.  

 Evacuation of the rectum with an enema prep-
aration (tap water, isotonic saline, bisacodyl or 
sodium phosphate) is recommended before all 
limited endoscopic procedures to improve visual-
ization for diagnostic purposes. A full bowel 
preparation and endoscopic evacuation of residue 
is required before therapy of rectal neoplasia to 
provide a clear site, reduce the risk of methane 
gas explosion when using electrocautery and 
minimize peritoneal soilage in case of perfora-
tion. After wide area endoscopic removal of 
advanced rectal neoplasia, most patients are 
monitored for a short period and then be dis-
charged home provided there are no signifi cant 
symptoms suggesting a complication. Limiting 
oral intake to fl uids for the remainder of the day 
will allow a clear fi eld for endoscopic interven-
tion should delayed bleeding or perforation 
develop in the interim period. Patients with com-
plicated resections should be monitored closely 
and receive periprocedural intravenous antibiot-
ics if they experience abdominal pain or the 
bowel wall was compromised.  
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48.2     Assessment of Rectal Lesions 

 Retrofl exion of the endoscope to examine the 
anal verge is an important maneuver during rectal 
endoscopy. Visualization of the dentate line at the 
anal verge is accomplished with a fully angulated 
bending section of the fl exible endoscope or 
colonoscope. Careful inspection of the most dis-
tal portion of the rectal vault can reveal hidden 
lesions and neoplasia at the squamocolumnar 
anal junction (Fig.  48.1 ). The technique should 
be performed with the lumen distended with air 
or carbon dioxide. The lowest rectal fold or valve 
is used as a target as the up/down wheel is moved 
counter clockwise to its fullest extent. Gentle 
torque is applied to the insertion tube as well as 
counter clockwise movement of the left/right 
wheel to complete the maneuver. The operator 
should gently insert or “give up” approximately 
15 cm of the instrument to accomplish the maneu-
ver. The operator should not struggle or force the 
instrument because perforations of the rectum 
can occur and do not seem to be related to 
 experience of the physician. Fortunately these 
perforations are infrequent and rarely need surgi-
cal intervention [ 1 ]. Retrofl exion in diffi cult situ-
ations with a narrow caliber rectum from chronic 
colitis, radiation therapy or altered surgical anat-
omy can be avoided and alternatively use careful 
visualization of the entire mucosa through the 

anal canal during slow withdrawal of the endo-
scope in a circular fashion (Fig.  48.1 ).  

 Advanced mucosal neoplasia usually refers to 
lesions with advanced histology    (tubulovillous, 
villous or high grade dysplasia) and are generally 
≥10 mm [ 2 ]. Large fl at lesions or laterally spread-
ing tumors can increase in size and extend over 
several mucosal folds before becoming invasive. 
However, smaller lesions can be invasive and the 
experienced endoscopist takes into account tac-
tile as well as visual features before entertaining 
endoscopic removal. Mucosal lesion morphology 
is defi ned according to the Paris classifi cation of 
neoplastic lesions [ 3 ,  4 ]. Type 0 lesions are super-
fi cial mucosal neoplasia classifi ed as  protruding , 
 fl at elevated  or  fl at  in general terms. Protruding 
lesions include pedunculated (0-Ip), subpeduncu-
lated (0-Isp) or sessile (0-Is). Flat elevated lesions 
have shoulders less than 2.5 mm and may be fl at 
elevation of the mucosa (0-IIa) or a mixture of 
fl at elevated and central depression (0-IIa + IIc) 
or fl at elevated and raised broad based nodule 
(0-IIa + Is). Other formations include entirely fl at 
lesions (0-IIb), depressed lesions (0-IIc) and 
excavated lesions (0-III). Type 1 lesions are pol-
ypoid carcinomas usually attached on a wide 
base. Type 2 lesions are ulcerated carcinomas and 
raised sharp margins. Type 3 lesions are ulcerated 
and have no defi nite limits. Type 4 lesions are 
non-ulcerated and diffusely infi ltrating. 

a b

  Fig. 48.1    Example of retrofl exion view of anal brim. ( a ) 
Anal Intraepithelial Neoplasia (AIN) 0-IIa grade 2 with 
immunohistochemical stain for p16 positive favoring an 

HPV-related pathogenesis. ( b ) AIN lesion on withdrawal 
of the endoscope       
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 The surface topography of the mucosal lesion 
is best characterized as granular (G, nodular) 
nongranular (NG, fl at) or mixed. Morphology 
can be enhanced with dye spraying of indigo car-
mine 0.4 % or crystal violet 0.05 % solutions, 
which helps demarcate margins and mucosal pat-
terns. Mucosal morphology is extremely impor-
tant because it predicts submucosal invasion in 
advanced lesions. A uniformly 0-IIa G lesion has 
a very low risk of submucosal invasion (~1 %) 
compared to the highest risk 0-IIa + c NG lesions 
with submucosal invasion of 67 % (relative risk, 
54; P < 0.001) [ 5 ]. Depressed areas in neoplastic 
lesions are clearly associated with an increased 
risk of submucosal invasion [ 6 ,  7 ]. Other features 
of colorectal lesions include loss of lobulation 
within a large protruding nodule, fold conver-
gence, demarcated depressed areas, stalk swell-
ing and fullness should raise a suspicion of 
submucosal invasion [ 8 ]. 

 Mucosal pit pattern (PP) are best described 
according to the Kudo system [ 9 ]. Mucosal PP are 
highlighted with high defi nition endoscopes and 
dye spray chromoendoscopy. Advanced imaging 
processing with light fi lters (narrow band imag-
ing, Olympus Medical) or computer modulation 
of the image (intelligent color enhancement, 
Fujinon and i-scan, Pentax) can facilitate PP 
recognition without the dye spray using a vir-
tual chromoendoscopy image. Type IV PP is the 
most common pattern and corresponds to a tubu-
lovillous adenoma histology. Type III PP is seen 
with NG lesions and corresponds to tubular ade-
noma histology. Irregular PP are associated with 
intramucosal carcinoma or an invasive neoplasm. 
The Sano mucosal vascular patterns seen with 
narrow band imaging can further characterize 
advanced mucosal neoplasia using the capillary 
arrangements (regular brown mesh networks vs. 
irregular or complex branching and blind ending) 
to differentiate noninvasive and invasive lesions 
[ 10 ]. The relationship of PP with submucosal 
invasion appears to be more signifi cant in sessile 
and superfi cial lesions more so than peduncu-
lated lesions [ 8 ]. The use of PP recognition and 
micro vascular features are helpful in determin-
ing if a lesion is high risk for invasive disease but 
no features are uniformly reliable and there is 

 considerable intraobserver variability with inex-
perienced operators. Therefore, proper tissue han-
dling and histologic evaluation of resected lesions 
is imperative to guide subsequent care.  

48.3     Endoscopic Ultrasound 

 Endoscopic ultrasound (EUS) is helpful to assess 
the depth of invasion for mucosal lesions and 
confi rm the presence, size and location of subepi-
thelial lesions. Fine needle aspiration and core 
biopsy of lesions and lymph nodes are possible 
with EUS guidance. EUS is not necessary before 
endoscopic removal of lesions with favorable 
morphologic features discussed above but can be 
helpful in large, depressed or ulcerated lesions. 
Figure  48.2a  shows a T1a wide base raised rectal 
neoplasm measuring 27 mm in width. The wall 
layers of the rectum are preserved and suggest a 
lack of invasion. True assessment of invasion is 
based on pathologic evaluation of the lesion look-
ing for the extent of invasion into the lamina pro-
pria, vascular or lymphatic invasion and tumor 
grade in the resected specimen. Debate on the 
need to remove lesions en bloc is based on the 
diffi culty assessing lateral margins and cautery 
artifact of deeper margins with piecemeal resec-
tion techniques discussed below and may be 
avoided with endoscopic submucosal dissection. 
EUS is very useful for characterizing intramural 
lesions in the rectum. Figure  48.2b, c  shows a 
large submucosal lesion with a bulky intramural 
neoplasm of the deep muscularis propria charac-
teristic of a gastrointestinal stromal tumor. 
Smaller intramural lesions are more commonly 
rectal carcinoid tumors. EUS is helpful in deter-
mining size but endoscopic resection method is a 
better predictor of complete pathologic response 
than EUS fi ndings [ 11 ].   

48.4     Endoscopic Resection 
Techniques 

 Most lesions limited to the mucosa and neuroen-
docrine tumors can be successfully removed with 
a diagnostic fl exible endoscope using a variety of 
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devices passed through the accessory channel. 
Treatment of rectal neoplasms with fl exible endo-
scopes has several advantages over transanal 
endoscopic microsurgery (TEM). A diagnostic 
endoscope measures approximately 11 mm in 
diameter compared to the average operating rec-
toscope measuring 40 mm. Using the gastroscope 
provides a shorter device that improves control 
and reduces time and effort compared to the colo-
noscope length devices. Most patients having 
endoscopic resection do well with monitored 
anesthesia in the deep sedation state compared to 
general anesthesia for TEM. Candidate lesions for 
endoscopic resection are listed in Table  48.1 . 
TEM is still the preferred choice for neoplasia 

with deep submucosal or muscularis propria inva-
sion is suspected if patient characteristics dictate a 
local excision over traditional anterior resection 
because TEM allows full thickness resection and 

a

c

b

  Fig. 48.2    Endoscopic ultrasound images. ( a ) T1a wide 
base raised rectal neoplasm measuring 27 mm in width. 
( b ) A large submucosal lesion seen on routine endoscopy 
in the rectum. ( c ) The lesion measures 3.1 × 1.9 cm and 

fi ne needle aspiration revealed features of a gastrointesti-
nal stromal tumor (GIST) with immunohistochemical 
stain positive CD 117       

   Table 48.1    Rectal neoplasms amenable to endoscopic 
therapy   

 Epithelial neoplasms 
 Adenomatous polyps 
 Serrated adenomatous polyps 
 Malignant rectal polyp without stalk or submucosal 
invasion 
 Giant hyperplastic polyps 
 Subepithelial neoplasms 
 Rectal neuroendocrine (carcinoid) tumors 
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closure using proven microsurgical techniques. 
To date, endoscopic closure techniques are lim-
ited to smaller defects and are cumbersome to 
employ. TEM is also preferred for lesions involv-
ing a signifi cant portion of the squamocolumnar 
junction in the anorectal lumen although ESD has 
been successful for early stage squamous cell car-
cinoma within the anal canal [ 12 ].

   Informed consent should outline the decision 
to pursue endoscopic resection over surgical 
weighing the risk of incomplete resection and 
major complications of endoscopic approach to 
the immediate risks of full thickness surgical 
resection (leakage, infection, loss of bowel func-
tion and general anesthesia). The most common 
risk of endoscopic resection is delayed bleeding 
2–12 days following resection. We schedule 
complex endoscopic procedures with monitored 
anesthesia assistance so that the endoscopist can 
solely focus on the resection task. Dedicated 
assistance with proper training must demonstrate 
patience and share the goal of complete resection 
at the time of the fi rst procedure no matter how 
long it takes because subsequent sessions will 
encounter fi brosis at the resection site, which 
reduces the effect of future resections and 
increases the risk of perforation. 

    Conventional Polypectomy 

 Standard or conventional polypectomy for muco-
sal lesions using a electrocautery snare is consid-
ered the major technical advance since the advent 
of fl exible fi ber optic imaging. Progression of the 
technique into wide area endoscopic mucosal 
resection (EMR) refers to piecemeal resection 
with a submucosal injection when the lesion can-
not be completely grasped in total by a routine 
cautery snare. The submucosal injection was fi rst 
described by Rosenberg before fulguration of 
rectal and sigmoid polyps with a transanal 
approach [ 13 ]. Injection into the submucosal 
plane has now become standard of care through-
out the gastrointestinal tract with the advent of 
fl exible endoscopic needle-tip catheters making 
polypectomy safer and easier. A more recent 
advance includes tinting the saline solution with 

a pigment such as indigo carmine to color the 
submucosal layer blue to improve visibility of 
that tissue plane (Fig.  48.3 ). Submucosal injec-
tion can obscure the peripheral margins of the 
lesion, therefore, marking the margins with the 
tip of the closed electrocautery snare can delin-
eate the area to be resected prior to resection. On 
the other hand, identifi cation of the margins in 
very subtle fl at colorectal neoplasms is often 
improved after injection of indigo carmine tinted 
submucosal saline. We fi nd the later to be more 
common with fl at serrated adenomas due to their 
hyperplastic appearance.  

 A colloidal additive (succinylated gelatin or 
hyaluronic acid) can improve the sustainability of 
the submucosal injection and facilitate wide area 
piece meal resections compared to saline by 
reducing the number of injections, resections and 
procedure time [ 14 ]. Other agents such as artifi -
cial liquid tears (hypromellose 2.5 % solution) 
and intravenous volume expanders (hydroxyethyl 
starch) are more widely available with similar 
effect. In an excellent review of wide area endo-
scopic resection techniques of colonic neoplasia, 
Holt and Bourke recommend intravenous antibi-
otic prophylaxis and a long acting local anes-
thetic can be added to the injection solution for 
resection of advanced neoplasia of the anorectal 
junction [ 15 ]. 

 In piecemeal resection of large polyps, elevate 
only a portion of the lesion to facilitate capture 
with the electrocautery snare. Choose the most 
diffi cult area fi rst and reposition the patient if 
needed to achieve a 6 O’clock position with the 
endoscope. The addition of a friction fi t cap to the 
endoscope tip allows capture of the tissue with 
application of suction. One cap technique uses a 
crescent-shaped snare perched at the outer rim 
and another technique uses a variceal band elastic 
ligature followed by routine snare cautery. A 
shorter version of the friction fi t cap is commonly 
utilized to improve visualization during mucosal 
resection by maintaining a minimum focal length 
between the mucosa and the endoscope optical 
lens. Without the cap, positioning of the endo-
scope is more diffi cult to maintain endoscopic 
view especially in angulated and uneven topogra-
phy. Invasive lesions are diffi cult to differentiate 
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from fi brous tissue from chronic mucosal pro-
lapsed or prior interventions because both can 
limit the submucosal injection lift especially at 
the central portions of the lesion. These clinical 
situations may be best treated with further 
advancement in endoscopic submucosal dissec-
tion technique.  

    Endoscopic Submucosal Dissection 

 Endoscopic submucosal dissection (ESD) is a 
more tedious technique that utilizes small con-
trolled incisions with the goal of en bloc resec-
tion for complete pathologic evaluation. ESD 
was originally developed for and revolutionized 

the treatment of early gastric neoplasms. 
Application of ESD to the colon was temporized 
by the high rate of perforation however, expert 
endoscopists were quick to apply those methods 
to colorectal neoplasms with excellent success 
using meticulous care. In an early series of 200 
patients with laterally spreading tumors with 
favorable mucosal patterns throughout the colon 
and rectum treated by expert endoscopists, en 
bloc resections were achieved in 84 % and tumor 
free margin achieved in 70 % [ 16 ]. The mean size 
of the tumors was 35 ± 19 mm SD (range, 
15–140 mm) and the fi nal pathologic resection 
specimens revealed 51 adenomas, 99 intramuco-
sal cancers, 22 invasive cancers with minute sub-
mucosal penetration T1sm1 (<1,000 μm) and 28 

a

c d

b

  Fig. 48.3    Endoscopic mucosal resection. ( a ) A 40 mm 
adenoma 0-Isp granular lesion at the rectosigmoid junc-
tion. ( b ) EMR site cleared of all neoplasia and reveals 
blue residual submucosal layer. ( c ) EMR site healed at 

3 months with central scar. ( d ) Biopsy and focal electro-
cautery treatment of any suspected residual adenoma; 
only hyperplastic change noted on specimens       
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deep submucosal cancers T1sm2 (≥1,000 μm). 
Of the 180 patients (90 %) with a follow up 
examination, only one case of local recurrence 
was found and no lymph node or distant metasta-
sis were found. In a large retrospective study by 
the same group, EMR was associated with a 
higher incomplete resection and recurrence rate 
than ESD [ 17 ]. The recurrence rate was 3 of 145 
(3 %) lesions treated with ESD compared to 33 of 
228 (14 %) treated with EMR (p < 0.0001). This 
favorable outcome was noted even though the 
lesions in the ESD group tended to be signifi -
cantly larger than those in the EMR group. The 
rate of perforation was higher in the ESD group 
(1.3 % vs 6.2 %, p = NS), however all were man-
aged conservatively without surgery. As their 
experience grew, the endoscopic mucosal pattern 
dictated their approach. Large laterally spreading 
G lesions were removed in piecemeal ideally 
with the largest nodule being resected fi rst. NG 
lesions required ESD en bloc resection to due a 
signifi cantly higher rate of submucosal invasion 
(NG 14 % vs. G 7 %; P < 0.01) [ 7 ]. Unfortunately, 
even with favorable histologic features after 
resection and clear early follow up examinations, 
one case of intramucosal cancer treated with 
piecemeal resection recurred as a submucosal- 
like cancer was found 1 cm from the original 
resection site 2.5 years later. 

 Equipment and materials for ESD are listed in 
Table  48.2 . ESD characteristically is a two-step 
process: complete circumferential incision of the 
lesion followed by submucosal dissection of the 
plane beneath the lesion using short bursts of elec-
trocautery to coagulate the tissue and blood vessels 
in the submucosal plane (Fig.  48.4 ). The peripheral 
incision is relatively easy and facilitated with injec-
tion of saline with indigo carmine blue dye solution 
(indigo carmine 80 mg per 500 ml saline). Colloid 
additive is usually not necessary for this step but 
improves the submucosal dissection process pro-
viding a sustained lift of the mucosa. Our unit pre-
fers any commercially available artifi cial tears 
solution from the pharmacy. Adding epinephrine 
(   1:100,000) is optional and may improve visualiza-
tion by reducing intra procedural bleeding.

    ESD is effective for removing submucosal 
lesions of the rectum less than 2 cm. Carcinoid 

lesions found incidentally on colonoscopy are 
usually asymptomatic and conventional approach 
is resection over observation in medically fi t 
patients. Although EMR has been advocated for 
endoscopic removal with blind snare or 
 band- ligation technique, ESD affords a reliable 
method for en bloc removal of lesions without 
invasion of the muscularis propria (Fig.  48.5 ).  

 ESD is clearly more technically demanding 
than EMR but both are associated with bleeding 
and perforation. Immediate bleeding is routinely 
encountered during ESD and controlled with a 
combination of epinephrine injection, hemostatic 
forceps and endoscopic clips. Factors indepen-
dently associated with perforations include larger 
lesions, right sided colon lesions, less experienced 
endoscopist, and lack of hyaluronic acid in sub-
mucosal injection solution [ 18 ]. Endoscopic man-

   Table 48.2    ESD devices and material   

 High defi nition endoscope or colonoscope 
 CO 2  insuffl ators—turn air setting to “OFF” 
 Electrosurgical generator with microprocessor control 
(ERBE, Tübingen, Germany or Olympus Medical, 
Tokyo, Japan) 
 Marginal resection setting—endocut effect 2, duration 
1, at 30 W 
 Submucosal dissection setting—forced or spray 
coagulation 30 W 
 Coagulation forceps—soft coagulation effect 5 at 
60–80 W 
 Sclerotherapy needle for injection of solution 
 Submucosal injection solution drawn up in 10 ml 
syringe: 
 Liquid artifi cial tears—5 ml 
 Saline—4 ml 
 Indigo carmine—1 ml 
 ESD knife options 
 Dual knife (Olympus KD-650U dual knife) 
 Insulated tip knife (Olympus KD-611L IT knife2) 
 Triangle tip knife (Olympus KD-640L TT knife) 
 Coagulation forceps (Olympus FD-411UR coagrasper) 
 Friction fi t clear cap (e.g. Olympus D-201-type sized 
for endoscope) 
 Endoscopic hemostatic clips to control signifi cant 
bleeding and closure of perforations 
 Epinephrine solution to control bleeding 
 Rat-tooth forceps and Roth net to retrieve tissue 
 Stiff bristle brush to clean knives of chard tissue 
 Pins and mat material to prepare tissue before fi xation 
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  Fig. 48.4    Endoscopic submucosal dissection of a later-
ally spreading mucosal neoplasia. ( a ) A 50 mm distal rec-
tal adenoma 0-IIa + Is granular lesion seen on retrofl exion. 
( b ) Circumferential incision of the margins with endo-
scopic knife after submucosal injection of indigo carmine 
tinted saline. ( c ) Submucosal layer injection expands 

layer for endoscopic dissection of the lesion base. ( d ) 
Final image of muscularis propria of the rectum after 
ESD. ( e ) Marginal bleeding noted at 10 days after ESD 
with granulation tissue covering ESD site. ( f ) Complete 
healing with central depression scar at 6 month follow up 
exam       
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  Fig. 48.5    Endoscopic submucosal dissection of a submu-
cosal carcinoid tumor. ( a ) A submucosal lesion protrudes 
into the lumen at the rectosigmoid junction on the right 
lateral wall. ( b ) EUS reveals a hyperechoic lesion measur-
ing 11 mm without. ( c ) Circumferential incision after sub-

mucosal injection precedes dissection of the deeper 
margin. ( d ) ESD site immediately following resection of 
the lesion en bloc. ( e ) ESD site at 3 months shows scar 
from prior resection       
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agement of perforations is possible in most cases 
provided they are recognized early and treated 
appropriately. Delayed or missed perforations can 
be devastating and diffi cult to manage without 
radiologic or surgical drainage. Recognition 
begins with inspection of the resection site for 
defects or penetration through the blue tinted sub-
mucosal tissue layer. Insuffl ation with carbon 
dioxide during endoscopy reduces the symptoms 
associated with pneumoperitoneum. Immediate 
decompression of a pneumoperitoneum with a 
large bore needle catheter may be necessary when 
cardiovascular compromise is noted. Attempts at 
endoscopic closure with hemostatic clips is usu-
ally successful with supportive care in a hospital 
setting. Multidisciplinary approach with adminis-
tration of intravenous antibiotics, bowel rest and 
drainage of fl uid collections is associated with 
good outcomes. Frank peritoneal soiling and large 
defects not amenable to endoscopic closure 
should be addressed surgically. Most endoscopic 
perforations of the rectal vault, either during ret-
rofl exion or endoscopic therapy can be managed 
conservatively because they usually occur below 
the peritoneal refl ection.   

48.5     Endoscopic Follow 
Up and Ablation Techniques 

 Endoscopic follow up exam at 6 weeks if resection 
is incomplete allows healing of the resected area 
and treatment of residual neoplasia with repeated 
applications of the resection techniques discussed 
above. Patients with lesions containing high grade 
dysplasia or intraepithelial carcinoma must be 
examined at 6 months and 12 month intervals due 
to the higher risk of recurrent and invasive neopla-
sia. Endoscopic ablation remains a viable option 
for residual neoplasia after endoscopic resection 
or when resection is not possible. Ablation without 
resection is inferior to resection techniques 
because it does not provide pathologic information 
and is generally less effective in terms of neoplasia 
recurrence. Argon plasma coagulation is the most 
common method of endoscopic ablation in the 
colon and rectum and most information about its 
use is based on small case series and limited 

 controlled trials [ 19 – 21 ]. In a large retrospective 
series of diffi cult polyps, approximately one of 
four require ablation with the argon plasma coagu-
lator to areas of non-lifting mucosa due to prior 
intervention [ 22 ]. In general, meticulous resection 
of lesion margins provides lower recurrence rates 
than routine use of argon plasma coagulation at the 
resection margins.  

48.6     Summary 

 Informed consent for endoscopic resection must 
include delayed bleeding 2–12 days after 
 resection, perforation requiring prolonged hospi-
talization or surgical intervention and incomplete 
resection of the neoplasia. In addition, although 
complete endoscopic en bloc or piecemeal resec-
tion of intraepithelial cancers (T1a) with favor-
able histologic fi ndings is associated with good 
outcomes, late recurrences of submucosal cancers 
have been reported infrequently and should be 
considered in the balance of choosing endoscopic 
or surgical resection. Advanced endoscopic resec-
tion techniques begin with recognition of mucosal 
features associated with favorable noninvasive 
lesions compared to those with less favorable fea-
tures with a higher rate of submucosal and lymph 
node invasion.      

 Key Points 

•     Endoscopists should utilize high defi ni-
tion imaging and dye staining to recog-
nize margins of lesions and characteristic 
mucosal patterns associated with inva-
sive and noninvasive neoplasms.  

•   Careful endoscopic examination of the 
rectal vault and rectosigmoid junction 
requires an adequate bowel preparation, 
comfortable patient, and a very fl exible 
endoscope. Addition of a clear friction-
fi t cap can greatly increase visibility and 
stability of the endoscope tip for inspec-
tion and therapy.  

•   Endoscopic resection is facilitated by 
injection of various saline-based dye 
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49.1             Introduction 

 The most signifi cant advance in the treatment 
of rectal cancer has been the standardization of 
rectal cancer surgery. A good quality MRI pro-
vides a road map for surgical planning and the 
selective use of neoadjuvant treatment where 
necessary. These decisions are often diffi cult in 
complex scenarios and generally best made in 
a Multidisciplinary Team (MDT) setting. The 
Surgeon should meet and examine the patient 
before discussing treatment planning at the MDT. 
“Decisions are therefore more important than 
actual incisions” [ 1 ]. 

 The optimal surgical treatment involves Total 
Mesorectal Excision (TME) with the aim of 
achieving R0 resection (all margins of the excised 
specimen free of tumor at Histology). MRI can 
visualize the mesorectum and can predict if the 
Circumferential Resection Margin (CRM) is 
clear of the mesorectal fascia or “threatened” in 
which case TME alone will not suffi ce. 
Challenging decisions have to be made in the low 
rectum i.e. below the level of the levators where 

an Abdominoperineal Excision (APE) may be 
more appropriate if sphincter preservation is not 
possible or will lead to a poor functional  outcome. 
To achieve an R0 resection in the ultra-low rectal 
neoplasm where an APE is contemplated it may 
be necessary to dissect in the intersphincteric 
plane, or an Extralevator plane-ELAPE for 
tumors involving the sphincters or levators. 

 The principles of TME surgery are based on 
knowledge of the anatomical structures and their 
relationship within the pelvis, adequate three- 
dimensional dynamic traction and hemostasis. 
These principles provide an optimal view so that 
precise sharp diathermy dissection can be carried 
out. The principles are the same whether the sur-
gical approach is open, laparoscopic or robotic. 

 There are two main open operations discussed 
here for treatment of rectal cancer, namely Anterior 
Resection and Abdominoperineal Excision.  

49.2     Preoperative Measures 

 The rectal neoplasm should be assessed by the 
operating surgeon for fi xity and tumor height 
(distance from the lower edge of the tumor to 
the anal verge) should be measured using a rigid 
sigmoidoscope. It may be helpful to repeat this 
under sedation at colonoscopy when biopsies 
are taken and the rest of the colon assessed as 
up to 4 % may have a synchronous colonic neo-
plasm. Occasionally it may be necessary to per-
form an Examination under Anesthesia (EUA). 
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Synchronous tumors and polyps should be 
excluded at Colonoscopy or CT Colonography. 
A staging CT thorax, abdomen and pelvis and 
pelvic MRI is mandatory and should be discussed 
at the MDT. 

 Co-morbidities such as Diabetes, Hypertension, 
cardiac and pulmonary conditions should be 
optimized and appropriate post- operative criti-
cal care facilities should be arranged. Informed 
consent should be obtained for a temporary or a 
permanent stoma in a patient planned for ante-
rior resection and a permanent stoma and type of 
reconstruction envisaged in patients in whom an 
APE is planned. Patient should also be informed 
of possible complications such as anastomotic 
leakage, hemorrhage and possibility of sexual 
and bladder dysfunction. In the female patient the 
possible need for oophorectomy or en bloc hyster-
ectomy if required, should also be discussed. Our 
practice is to also consent for appendectomy [ 2 ]. 
It is desirable to have mechanical bowel prepara-
tion in patients having restorative rectal surgery 
especially if a defunctioning ileostomy is being 
considered as an ileostomy proximal to a loaded 
colon may not reduce the consequences of an 
anastomotic leak [ 3 ]. Our preferred method for 
bowel preparation in a patient having a restorative 
anterior resection is clear fl uids orally for 48 h and 
oral laxatives. 

 Systemic antibiotic prophylaxis is instituted at 
induction. DVT prophylaxis is instituted using a 
combination of pharmacological and mechanical 
measures.  

49.3     Operative Steps 

    Position 

 The Lithotomy-Trendelenburg position provides 
appropriate access to both the abdomen and the 
perineum and also allows for an assistant to be 
positioned between the legs. Good light is essen-
tial and it may need to be repositioned and refo-
cused from time to time to enlighten the deep 
recesses of the pelvis. Some surgeons prefer to 
have a headlight to facilitate adequate visibility.  

    EUA, Incision and Laparotomy 

 The patient position is checked and a rectal 
examination (supplemented with a vaginal exam-
ination in a female patient) is performed. 

 A long vertical midline incision gives ade-
quate exposure. A systematic inspection of the 
abdominal cavity should then be carried out and 
the sequence of the operative steps planned. If a 
low anterior resection is planned it is the authors’ 
preference to mobilize the splenic fl exure as a 
fi rst step and hence reduce the risk of tension or 
compromise of the anastomotic blood supply [ 4 ].  

    Splenic Flexure Mobilization 

 The sigmoid colon is lifted forwards, and to the 
right, by the assistant standing on the patient’s 
right side revealing the white line of Toldt which is 
divided with diathermy towards the splenic fl ex-
ure. A plane is then developed in the left upper 
quadrant between the colon and the gonadal ves-
sels and Gerota’s fascia. If the spleen is not adher-
ent to the diaphragm a moist pack placed behind 
the spleen facilitates splenic fl exure mobilization. 
The omentum is then retracted anteriorly, and to 
the patients left, and a bloodless plane between the 
transverse colon and omentum is developed. The 
dissection continues using diathermy and dynamic 
traction taking precaution not to avulse any fi brous 
attachments to the splenic capsule which are best 
taken down with precise sharp diathermy dissec-
tion. Access for this part of the procedure is best 
while standing in between the patient’s legs.  

    Ligation of the Inferior Mesenteric 
Artery and Inferior Mesenteric Vein 

 The key step in left sided colonic mobilization is 
identifying the fascial covering of the upper part of 
the mesorectal fascia and the left ureter (usually 
medial to the gonadal vessels and crossing the iliac 
bifurcation). This is facilitated by dynamic trac-
tion on the sigmoid in an anterior direction and 
towards the right of the patient  taking precautions 
not to excessively pull on the sigmoid  mesentery. 

A.Z. Janjua et al.



533

Once a plane has been developed at the pelvic 
brim, just beyond the midline, a small swab is 
placed behind the rectal mesentery. The sigmoid 
traction is then reversed and the peritoneum on the 
right side is incised over the swab. The swab also 
helps to protect the autonomic nerves at the level 
of the pelvic brim by displacing the colonic mes-
entery anteriorly. The right sided peritoneal dis-
section is continued in a cranial direction reaching 
the root of the Inferior Mesenteric Artery (IMA). 
The operating surgeon standing on the patient’s 
left side then hooks their left index fi nger behind 
the IMA pedicle and left thumb in front. The peri-
toneal attachments are taken down to expose the 
IMA and to push preaortic nerve tissue off the 
IMA pedicle. A window is then made by incising 
over the peritoneum on top of the left index fi nger 
which is placed between the aorta, IMA pedicle 
and Inferior Mesenteric Vein (IMV). The IMA 
root is displayed freeing any autonomic nerves. 
The IMA should be clamped, divided and ligated 
with a transfi xion suture about 2 cm from the aorta 
(high but not fl ush) to avoid trauma to preaortic 
autonomic nerves after checking that the ureter has 
not been lifted forward in this maneuver. For 
length and mobility of the left colon the IMV 
needs to be isolated and ligated high up at the infe-
rior border of the pancreas.  

    Pelvic Posterior, Lateral and Anterior 
Dissection 

 Careful pelvic dissection from an oncological per-
spective is very important with the surgeon being 
conscious of the circumferential margin bearing 
in mind the fi ndings of preoperative clinical and 
radiological assessment. It is convenient to divide 
the descending colon well above the tumor at this 
stage, the so called “division of convenience” 
allowing adequate traction, visibility and packing 
away of the small bowel. Our preferred technique 
is to use a large pack to wrap the caecum and 
small bowel and place a gauze roll inferior to the 
root of the mesentery. A Finochetti chest retractor 
with a blade under the gauze roll gives excellent 
views. The pelvic dissection is a dynamic process 
which requires three- dimensional traction by an 

experienced assistant. A second assistant may aid 
with traction but is guided by the fi rst surgeon in 
terms of the direction, angle and degree of trac-
tion. The apt use of a good sucker is very helpful 
in pelvic dissection, not only for aspirating fl uid 
and smoke and allowing visibility but is also use-
ful as a retractor in the narrow pelvic spaces. 

 The easiest place to commence pelvic dissection 
is in the midline posteriorly with sharp scissors or 
preferably diathermy dissection identifying the 
plane between the back of the “Pedicle package” 
and the gonadal vessels, ureter and pre aortic sym-
pathetic nerves. Dissection within this “Holy plane” 
will spare autonomic nerves, non-visceral presacral 
fat pad if present, the parietal fascia of the pelvic 
side wall, hypogastric plexus, vesicles and the pros-
tate in male patients and vagina in females. The 
mesorectum looks like a bilobed lipoma and this 
can be lifted forwards with a St. Mark’s (self-illumi-
nated retractor if available) once there is suffi cient 
space to introduce the retractor blade in the correct 
place behind the mesorectum. Firm traction is 
applied to display the fi ne “angel hairs” in the areo-
lar tissue where sharp dissection should proceed in 
a “below” upwards, “posterior to anterior” and in a 
“circumferential manner” always commencing in 
the posterior midline and reverting back to the mid-
line regularly. The inferior hypogastric plexuses 
curve forward tangentially around the surface of the 
mesorectum in close proximity, as do the nerves of 
erection (nervi erigentes) which lie more posteriorly 
in the same plane, as they emerge from the sacral 
foramina and converge to join the hypogastric 
nerves and form the neurovascular bundles of Walsh 
which should be identifi ed and preserved. Frequent 
wash out with water is helpful in maintaining good 
visibility and our preference is water with Profl avine, 
both of which are cytocidal as well as allowing bet-
ter views compared with equally effective Povidone-
iodine solutions. As the lateral dissection progresses 
one or two middle rectal vessels may be encoun-
tered that will require diathermy or ligation. If 
bleeding is encountered leaving an adrenaline 
soaked swab temporarily allows clear visualization. 
We prefer to develop a plane just in front of 
Denonvillier’s fascia (which lies just behind the 
seminal vesicles in the male) in the midline anteri-
orly and then carefully extending laterally to join up 
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with the lateral dissection. The autonomic nerves lie 
at the outer edges of Denonvillier’s fascia and are 
especially vulnerable at the 10 and 2 o’clock posi-
tion and deserve attention and precise dissection. 
Denonvillier’s fascia needs to be divided by sharp 
dissection to access the distal rectum, usually well 
beyond the distal edge of the tumor at this level. In 
the female patient it is often helpful to have a “moist 
swab on a stick” in the vagina to help identify the 
correct plane behind the vagina to avoid trouble-
some bleeding from venous plexuses. If bleeding is 
encountered control is not generally achieved until 
the vagina is completely mobilized off the rectum 
but it is worth noting the thin layer of fascia between 
the middle third of the rectum and vagina. It is 
important to avoid extending the dissection too far 
laterally to avoid injury to pelvic side wall vessels 
and autonomic nerves. The deep posterior and pos-
terolateral dissection is then continued in front of 
the presacral Waldeyer’s fascia avoiding inadvertent 
trauma to presacral veins which if traumatized may 
require prolonged pressure and packing to control 
bleeding. Sharp dissection under good vision at this 
stage with appropriate retraction is crucial and any 
attempts at blunt dissection are to be discouraged as 
they will disrupt the TME specimen. The dissection 
in the holy plane thus continues laterally and in 
front on the mesorectal fat surface. The Levator 
muscles are funnel shaped and in continuity with 
the external sphincter distally. Careful dissection in 
the TME “holy plane” leads into the intersphinc-
teric plane (Fig.  49.1 ). In over 90 % of cases it is 
possible to extend dissection down to a clean mus-
cle tube where a clamp can be applied beyond the 
lower edge of the cancer.   

    Partial Mesorectal Excision 
(High Anterior Resection 
and Mesorectal Transection) 

 Upper rectal tumors (12–15 cm from the anal verge) 
may not require TME and mesorectal transection 
5 cm distal to the lower edge of the tumor is onco-
logically acceptable and decreases the risk of auto-
nomic nerve injury and allows a higher anastomosis 
which is less likely to leak than the much lower 
anastomosis after TME. Generally a neoplasm 
within 12 cm of the anal verge requires a TME.  

    Extended Resections 

 In order to achieve an R0 resection at times it is 
necessary to excise en bloc any adherent or 
involved viscera such as a loop of small bowel, 
uterus, ovary or the ureter.  

    Anastomosis 

    Moran Triple Stapling Technique 
 Once dissection has been completed well beyond 
the tumor a linear stapler (TA 30 or 45) is applied 
well below the tumor and fi red but left in place 
to seal the muscle tube. The ano-rectal tube is 
then washed with a cytocidal solution such as 
water and Profl avine or Povidone-Iodine. A 
second TA 30 or 45 stapler is then placed distal 
to the fi rst across the washed bowel and fi red 
(see Fig.  49.2 ). The bowel is then divided with 
a scalpel between the two staplers. This reduces 
the risk of incorporating any spilled intraluminal 
neoplastic cells into the anastomotic staple line 
[ 5 ,  6 ]. Downward spread of rectal cancer along 
the muscle tube is usually not an issue and 2 cm 
distal clear margin beyond the lower edge of 
palpable cancer is adequate, though a 1 cm mar-
gin and the doughnut is  acceptable in order to 
perform a sphincter saving operation. The TME 
specimen should be assessed for quality and 
should be a bilobed fatty pedicle package with 
no tears with a clear naked eye CRM. The cut 

Bladder
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Tumour

  Fig. 49.1    Holy plane of TME dissection       
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end within the proximal stapler is inspected for 
clearance and if there is any doubt the staples 
should be opened and mucosa inspected. The 
distal stapler should only be taken off after 
clearance has been confi rmed as this allows for 
possible application of a third stapler below the 
in situ distal one if the margin is not clear. The 
pelvic cavity should be washed and inspected 
for any bleeding and hemostasis secured.  

 When TME has been performed and a colo-
anal anastomosis is envisaged a neorectal reser-
voir has a better functional outcome then a 
straight end to end coloanal anastomosis. We 
favor an end to side technique with the side of the 
distal colon anastomosed to the end of the ano 
rectum using a circular stapler (28–31 mm head) 
(see Fig.  49.3 ). The head is detached and inserted 
into the lumen of the colon, spike fi rst, after 
excising part of the staple line on the distal colon. 
The spike is pushed through the wall on the anti- 
mesenteric border, midway between the taenia 
coli 4–5 cm from the distal colonic end. The sta-
ple line defect is closed and the staple line is 
inverted with interrupted sutures.  

 The anorectal remnant is gently palpated. The 
circular staple gun is then gently inserted transa-
nally taking care not to disrupt the transverse sta-
ple line. On occasions bimanual placement by the 
abdominal surgeon is required. Adequate visual-
ization and retraction with a St Marks retractor is 
vital at this stage. Once happy with this position 
the spike on the gun is opened ideally just behind 

the transverse staple line. The head of the gun is 
brought down and engaged with the gun, the 
colon is checked for orientation to ensure no 
twists that would compromise its blood supply. 
The gun is closed slowly and completely until the 
green marker is visualized. The closed position is 
maintained for a minute before fi ring. The gun is 
fi red and then opened again until a click is heard. 
The gun is slowly withdrawn without twisting and 
the doughnuts are checked for integrity and the 
distal doughnut should be sent for histology if 
there are concerns about clearance in a low rectal 

Distal stapler
applied after

rectal wash out

Bowel incised
in-between the
two staplers

Proximal bowel
stapled using a
TA-30 or 45
Stapler

  Fig. 49.2    Moran’s triple 
stapling technique       
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  Fig. 49.3    Reconstruction end to side stapled anastomosis       
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cancer. The anastomosis is tested for air-leaks by 
fi lling the pelvis with water, occluding the distal 
colon with a soft clamp or fi ngers and insuffl ating 
air via the anus. A gross leak may be sutured and 
this may be  possible transanally in very low anas-
tomosis. Two abdominal drains (low suction 
closed type) are placed in the pelvis and a defunc-
tioning stoma is created.  

    Defunctioning Stoma 
 Our practice has been to perform a defunctioning 
loop ileostomy for anterior resection with TME 
and coloanal anastomosis. A recent randomized 
trial reported 28 % leak rate in patients without a 
defunctioning stoma compared with 10 % in those 
with a stoma [ 7 ]. Loop stoma reduces the conse-
quences of an anastomotic leak and the need for 
emergency surgery. The defunctioning stoma is 
reversed at 8–12 weeks postop after a contrast 
enema confi rms no leaks from the anastomotic site.  

    Abdomino Perineal Excision (APE) 
 Historically APE was the fi rst attempted major 
curative rectal resectional operation as popular-
ized by Ernest Miles and Charles Mayo [ 8 ]. An 
APE is necessary if it is not possible to preserve 
the sphincter complex or the sphincters are of 
poor functional quality. Traditionally APE has 
been performed in the Lithotomy-Trendelenburg 
position with synchronous abdominal and peri-
neal dissection. Recent reports suggest worse 
outcome in patients having APE compared with 
anterior resection [ 9 ]. This is primarily because 
of specimen perforation, ‘coning’ or ‘waisting’ at 
the level of the levators. Availability of high reso-
lution MRI has helped to determine preopera-
tively if the levators or sphincters are involved 
[ 10 ] and it is now possible to tailor the operation 
accordingly to obtain an R0 resection. Hence 
instead of a standard APE (SAPE) an 
 intersphincteric APE (ISAPE) or extra levator 
APE (ELAPE) may be more appropriate [ 11 ]. 

 The abdominal part of an APE is similar to that 
in an anterior resection with the proviso that 
abdominal dissection should stop at the level of the 
origin of the levator ani. There is ongoing contro-
versy as to the optimal position, prone or supine, 
of the patient for the perineal dissection [ 1 ,  10 ]. 
The supine position is optimal for Inter Sphincteric 

APE. The prone position for ELAPE has been 
popularized by Holm and facilitates better vision 
and access and is perhaps more suitable for teach-
ing [ 12 ]. In ISAPE meticulous dissection is carried 
out in the intersphincteric plane until it joins up 
with the abdominal dissection and the specimen is 
retrieved. It leaves a far smaller defect in the 
perineum with less healing problems. 

 In ELAPE, the coccyx is generally excised for 
ease of access; the dissection is extrasphincteric, 
and extralevator, and joins up with the abdominal 
dissection taking the levator muscles as part of 
the specimen [ 13 ]. Optimal healing is achieved 
by pelvic fl oor reconstruction using either a bio-
logic mesh or a fl ap [ 12 ] (See Chap.   59    ).    

49.4     Summary 

 Operative management of rectal cancer is techni-
cally challenging. Successful outcome depends 
upon planning the appropriate operative proce-
dure after thorough preoperative clinical, endo-
scopic and radiological assessment and 
optimization of any comorbidities. A CT scan of 
the thorax, abdomen and pelvis is recommended 
and a good quality MRI gives valuable informa-
tion on pelvic anatomy, mesorectum and the 
potential circumferential resection margin. A 
thorough knowledge of anatomical structures in 
the confi nes of the pelvis, good assistance and 
dynamic retraction with adequate illumination 
makes precise sharp dissection with diathermy 
possible. The focus should be on obtaining a 
‘TME package’ which is intact with no tears. The 
circumferential and longitudinal margins should 
be clear. For rectal cancers above 12 cm from the 
anal verge a mesorectal transection 5 cm distal to 
the lower edge of the tumor is an acceptable oper-
ation that reduces the risk of having a stoma and 
trauma to the autonomic nerves. The authors rec-
ommend mobilization of the splenic fl exure and 
high ligation of the inferior mesenteric vein to 
achieve maximum length and avoid tension on 
the anastomosis. The Moran Triple stapling tech-
nique reduces the risk of tumor cell implantation 
at the staple line. A defunctioning stoma in 
patients with TME reduces the consequences of 
an anastomotic leak. While a majority of patients 
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can be offered a curative anterior resection, an 
APE may be  necessary in patients in whom the 
sphincters, or levators, are involved or who would 
prefer a permanent stoma rather than risk poor 
function.      
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 Key Points 

•     The single most important development 
in treatment of Rectal Cancer has been 
the standardization of TME surgery  

•   Clinical fi ndings, histology, CT Thorax 
abdomen and Pelvis and Pelvic MRI 
should be reviewed at an MDT prior to 
commencement of treatment  

•   Careful clinical, endoscopic and radiolog-
ical assessment is required to select the 
appropriate procedure of sphincter pre-
serving or Abdominoperineal Excision. 
Between 80 and 90 % of patients are suit-
able for a sphincter preserving procedure.  

•   All patients undergoing anterior resec-
tion with TME should be consented and 
marked for a stoma  

•   Precise sharp dissection in the “Holy 
Plane” is recommended  

•   The Surgeon should be aware of the 
CRM and aim to resect an intact TME 
specimen with clear margins  

•   The Inferior Mesenteric Artery should 
be ligated high, but not necessarily fl ush, 
with aorta  

•   The Inferior Mesenteric vein should be 
divided high, just below the inferior 
pancreatic border, to obtain maximum 
mobility  

•   The Moran Triple stapling technique 
reduces the risk of staple line implanta-
tion of cancer cells  

•   In patients requiring ELAPE some form 
of reconstruction using either a biologic 
mesh or a fl ap should be considered.    
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50.1             Introduction 

 Colorectal cancer is the most common intestinal 
cancer and occurs in the rectum in about 40 % of 
cases. The rectal cancer incidence was estimated 
at 40,000 cases in US [ 1 ] and 16,000 in France 
in 2012. There have been signifi cant changes in 
the management of rectal cancer over the past 
10–15 years. A greater understanding of the dis-
ease process, more accurate radiological staging, 
multimodality therapeutic intervention, refi ned 
surgical techniques, and more detailed histopatho-
logical reporting have all contributed to improve-
ments in the management and survival of patients. 
For rectal cancer, surgery is the principal treat-
ment leading to cure. With the introduction of total 
mesorectal excision (TME) involving resection of 
the fatty tissue around the rectum, local control 
and survival rates have improved [ 2 ]. Moreover, 
the Dutch rectal cancer trial showed that pelvic 
radiation before surgery resulted in a statisti-
cally signifi cant reduction in local recurrence rate 
and improvement in overall survival compared 
with surgery alone [ 3 – 5 ]. In a multidisciplinary 
approach, input on the surgical management of 
rectal cancer should occur before beginning any 
treatment pathway for  rectal cancer. 

 The laparoscopic approach has been widely 
accepted for colon cancer [ 6 – 10 ] while it is still 
challenging for rectal cancer due to the diffi cul-
ties of pelvic exposure and low rectal dissection 
with the goal of nerves and sphincter preserva-
tion [ 11 – 14 ]. A few studies have suggested 
advantages of the laparoscopic surgery for rectal 
cancer [ 8 ,  15 – 19 ]. However, there is currently no 
professional consensus recommendation on indi-
cations for laparoscopic rectal cancer.  

50.2     Preoperative Evaluation 
and Treatment 

    Patients’ Evaluation 

 History and physical examination remains the 
cornerstone of the preoperative assessment aid-
ing the clinician in determining the necessary 
preoperative investigations to assess periopera-
tive risk stratifi cation (ASA score, Possum 
score). Preoperative radiotherapy, BMI and sex 
of patient should also be considered by the clini-
cian before laparoscopic rectal excision due to 
the operative diffi culties for pelvic dissection 
and rectal stapling. The role of laparoscopy has 
not been clearly defi ned specifi cally in cases 
following neoadjuvant radiochemotherapy and 
obesity. Firstly, population with preoperative 
radiotherapy deserves greater attention because 
an irradiated pelvis results in slightly more 
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 postoperative complications [ 20 ,  21 ] and may 
induce some technical diffi culties to the pelvic 
dissection. Pelvic fi brosis makes rectal expo-
sure, anatomical landmarks identifi cation and 
rectal transection more diffi cult. Our surgical 
team assessed recently the impact of preopera-
tive radiotherapy on the feasibility of laparo-
scopic rectal excision with sphincter preservation 
for rectal cancer. We observed that long course 
preoperative radiochemotherapy did not modify 
the risk of conversion and overall and surgical 
morbidity, especially the rate of anastomotic 
leakage, after laparoscopic rectal excision for 
rectal cancer [ 22 ]. Secondly, obesity has been 
associated with increased technical diffi culties 
and perioperative complications in colorectal 
surgery, both after open and laparoscopic proce-
dures [ 23 – 26 ]. The impact of obesity has been 
measured mainly for colon resection but not 
specifi cally for rectal excision. Our surgical 
team published recently both short and long 
term outcomes after laparoscopic rectal cancer 
excision according to BMI [ 27 ]. We observed 
that BMI affected the technical feasibility of 
laparoscopic procedure but not the oncologic 
outcomes. Indeed conversion increased with a 
higher BMI but without increasing surgical 
morbidity (Fig.  50.1 ). Finally, quality of sur-
gery, recurrence and survival were not infl u-
enced by BMI after laparoscopic rectal excision. 
Thus, obesity is not a contra indication of lapa-
roscopic approach for rectal surgery. Patients 
not suitable for a laparoscopic approach were 
those with preoperative fi xed tumors into adja-
cent pelvic organ (T4 tumor), or anesthesiolo-
gist contra indications.   

    Tumor Staging 

 The TNM system, as defi ned by the American 
Joint Committee on Cancer, is the most com-
monly used system and is based on the depth of 
local tumor invasion (T stage), the extent of 
regional lymph node involvement (N stage), and 
the presence of distant metastasis (M stage) [ 28 ]. 

    Local Tumor Staging 
 As part of a full physical examination, rectosig-
moidoscopy should be performed in conjunction 
with a digital rectal examination to determine the 
length of anal canal, the distance of the lesion 
from the anal verge and the anal ring, tumor 
mobility, and to assess tumor position in relation 
to the sphincter complex. 

 Clinical staging of the primary tumor by 
endorectal ultrasound (EUS) or dedicated high 
resolution rectal MRI should be performed. 
Circumferential resection margin (CRM), defi ned 
as the shortest distance between the rectal tumor 
(including noncontiguous tumor) and the meso-
rectal fascia (TME) is considered positive when it 
is ≤1 mm. EUS and MRI are almost equivalent 
for accurate measurement of the depth of extra-
mural tumor spread or nodal status involvement. 
Demonstration of accurate measurement in pre-
dicting CRM status with MRI compared with 
the histopathological reference standard in the 
MERCURY Study enabled accurate preoperative 
prognostication [ 29 ]. Thus, preoperative MRI are 
now often preferred to EUS. However, the accu-
racy of radiological restaging post-CRT is impaired 
due to the diffi culty in differentiating fi brotic or 
reactive tissue from residual [ 30 ]. Endoscopic 
ultrasonography has been dismissed outright as 
a restaging [ 31 – 33 ]. Diffusion- weighted MR 
[ 34 ,  35 ] and fusion positron emission/computed 
tomography [ 36 ] have shown some promising 
results but larger scale studies are needed.  

    Distant Metastases Staging 
 The liver and lungs are the most frequent sites of 
metastatic disease from rectal cancer [ 37 ,  38 ]. 
Preoperative chest, abdomen, and pelvis CT scan 
should be routinely performed before the surgical 
resection of rectal cancer to detect and assess local 
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organ penetration or synchronous metastases, which 
may require a change in the treatment strategy.   

    Preoperative Treatment 

 The preoperative management of high rectal can-
cer is very close to the management of colon can-
cer. No preoperative treatment is recommended 
except for T4 tumor. The patients with T3, T4 or 
N+ mid or low rectal cancer should receive long- 
course preoperative radiotherapy (45 Gy in 25 
fractions during 5 weeks) in association with con-
comitant chemotherapy in fi rst and fi fth weeks 
[ 39 ]. The chemotherapy comprised a continuous 
infusion of fl uorouracil (5FU: 350 mg/m 2 /day dur-
ing 5 days) in association with  leucovorin (20 mg/
m 2 /day in bolus just before the infusion of fl uoro-
uracil) [ 40 ]. Some T2 lesions close to the anal 
canal could also receive neoadjuvant treatment in 
order to facilitate ultralow sphincter preservation 
[ 41 ]. High rectal tumors (>10 cm from the anal 
verge) do not receive neoadjuvant treatment. Since 
2006, patients with mid rectal cancer and a cir-
cumferential margin >3 mm at the magnetic reso-
nance imaging could be operated by TME surgery 
alone [ 39 ]. Surgery was performed 6 weeks after 
the end of radiotherapy. The ongoing French mul-
ticenter GRECCAR six trial is evaluating the 

optimal interval between irradiation and surgery 
(between 7 and 11 weeks) [ 42 ].  

    Surgical Strategies 

    Surgical Management of High 
and Mid Rectal Cancer 
 For high and mid rectal tumors, the rectum was 
transected 5 cm below the lower edge of the 
lesion [ 20 ]. Partial mesorectum excision is rec-
ommended for high rectal cancer and Total meso-
rectum excision is recommended for mid rectal 
cancer with stapled colorectal anastomosis.  

    Surgical Management of Low 
Rectal Cancer 
 Management of low rectal cancer is very different 
of high and medium rectal cancer. This  management 
is composed by the three following steps: fi rstly, 
classifi cation of low rectal cancer in four types 
[ 43 ], secondly, standardization of surgery in four 
operations, and fi nally, anticipation of surgery 
before and decision after neoadjuvant treatment. 

 The Surgical Classifi cation of low rectal can-
cer separates patients with rectal cancer below 
6 cm from the anal verge in four groups accord-
ing to the location of the tumor from the anal 
sphincter (surgical anal canal) (Fig.  50.2 ): 

  Fig. 50.2    Surgical classifi cation of low rectal cancer (From Rullier et al. [ 43 ])       
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 –    Type I: Supra anal tumors: lesions located 
>1 cm from the anal ring  

 –   Type II: Juxta anal tumors: lesions located 
≤1 cm from the anal ring  

 –   Type III: Intra anal tumors: lesions with infi l-
tration of the internal anal sphincter  

 –   Type IV: Trans anal tumors: lesions with infi l-
tration of the external anal sphincter or levator 
ani muscles    
 Standardization of surgery defi nes four surgi-

cal procedures, each dedicated to the four types 
of low rectal cancer:
 –    Type I: Coloanal anastomosis (CAA), the 

internal sphincter is preserved  
 –   Type II: Partial intersphincteric resection 

(pISR)  
 –   Type III: Total intersphincteric resection 

(tISR)  
 –   Type IV: Abdominoperineal excision (APR)    

 Classifi cation of low rectal cancer is part of the 
initial staging of the tumor and is performed by 
consensus including digital examination by the 
surgeon, endorectal ultrasound and MRI. It must 
be performed before neoadjuvant treatment. 
Rectal palpation is performed with and without 
voluntary anal contraction to check the exact dis-
tance of the tumor from the top of the anal canal. 
Examination under anesthesia is sometimes nec-
essary, especially when the anal canal is involved 
or in case of fi xed tumors. Rigid rectoscopy 
informs on tumor location and on distance 
between the tumor and the dentate line. Endorectal 
ultrasound and magnetic resonance imaging are 
necessary for tumor staging and to confi rm clini-
cal examination, in term of relation and distance 
between the tumor and the anal sphincter. 
Preservation of the intersphincteric plane at MRI 
is the key point to differentiate types I, II and III 
low rectal cancers suitable for conservative sur-
gery, from type IV treated by APR. 

 The advantages of this classifi cation are to 
facilitate decision making between sphincter 
preservation and APR in low rectal cancer, in 
order to propose more sphincter preservation by 
using techniques of partial and total intersphinc-
teric resection. This classifi cation will allow to 
assess more homogeneously treatment of low 
rectal cancer and outcomes between institutions. 

Finally, it could also be used to convert an APR 
to a sphincter saving procedure in case of down-
staging after irradiation.  

    Organ Preservation for Rectal Cancer 
 Rectal excision is the standard treatment of rectal 
carcinoma. Local excision removing the tumor 
transanally and leaving in place both the rectum 
and the mesorectum is a common option at present 
only in some early rectal cancers. Those are T1 
tumors infi ltrating the superfi cial part of the sub-
mucosa (Sm1). For the other tumors, i.e. T1Sm2–
3, T2, T3 and T4 rectal cancers, rectal excision is 
conventionally the only chance of cure for the 
patient. A new concept is to propose local excision 
in good responders after neoadjuvant chemother-
apy in locally advanced rectal cancer. This strategy 
is called organ preservation. The preliminary 
results of the ACOSOG US trial suggest feasibility 
in T2 low rectal cancer with 44 % of pathologic 
complete response and low surgical morbidity 
[ 44 ]. Long-term results are not yet available. The 
ongoing French GRECCAR 2 trial (end of inclu-
sion in January 2013) aims to clarify if a T2 tumor 
could be include in this strategy [ 45 ].    

50.3     Perioperative Management 

 Perioperative management involves dieticians, 
nurses, surgeons and anesthesiologists. All 
patients had a preoperative bowel preparation. 
When an ostomy is a consideration, potential site 
of the ostomy should be marked preoperatively to 
ensure optimal fi tting of the device. Postoperative 
analgesia was ensured by intravenous morphine 
chlorhydrate (patient-controlled administration) 
at a maximum of 4 mg per hour with a single 
dose of 1 mg and free interval of 10 min for 
1–2 days. Postoperative protocol involves naso-
gastric tube removal at the end of the surgical 
procedure, fl uids intake on postoperative day 1, 
oral solid food at postoperative day 2, and pelvic 
drain and catheter removal on postoperative day 
3. Postoperative evaluation of C-reactive protein 
(CRP) is systematically realized at day 3. 
A CT-scan is performed when abscess or 
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 anastomotic leakage is clinically (fever, abdomi-
nal pain, anal, vaginal or drain purulent output) 
or biologically (CRP >100 mg/L) suspected.  

50.4     Surgical Technique 
of Laparoscopic Rectal 
Surgery 

    Installation 

 The patient is positioned in lithotomy position. The 
surgeon stands to the right of the patient and the 
monitor is located in his line of vision at the left 
of the patient. The camera assistant and the scrub 
nurse stand to the right of the patient, respec-
tively at the left and at the right of the surgeon. A 
second assistant stands between the legs of the 
patient. The operative technique was achieved by 
a fi ve-port procedure (Fig.  50.3 ). The laparo-
scopic procedure was standardized:  

    Step 1: Vascular Ligation 
 The fi rst step of the procedure consists in grasp-
ing the inferior mesenteric vein, which corre-
spond to the fi rst anatomical landmark, and 
dissecting adhesions between the vein and the 
proximal jejunum. The primary dissection of the 
vein from the posterior attachments is particu-
larly useful to identify the plane of dissection of 
the told fascia, and to dissect the upper border of 
the inferior mesenteric artery. This step avoids 
pitfalls during the artery dissection. In order to 
facilitate the inferior mesenteric artery (IMA) 
ligation, the second anatomical landmark is the 
presacral area. Once the vein is completely free, 
the dissection continues by the exposition of the 
presacral area using a grasper placed on the sig-
moid mesentery giving an optimal view of the 
promontory. An incision of the peritoneum is 
performed exactly 2 cm in front of the promon-
tory allowing the beginning of the dissection of 
the upper part of the mesorectum, which is also 
the distal part of the IMA. To insure the good 
plane of dissection, the ‘angel hairs’ of the meso-
rectal space are opened and the proximal meso-
rectum is dissected posteriorly on a few 
centimeters. The objective is to connect by an 

horizontal incision the area of the proximal part 
of the mesorectum and the area located under the 
vein already dissected. This step allows identify-
ing the artery exactly 2 cm from the aorta in order 
to preserve the sympathetic nerves and facilitate 
the end of the dissection of the IMA by using an 
accurate instrument (Fig.  50.4a ). The IMA must 
be completely free before performing ligation or 
transection. A various kind of ligation can be 
used such as clips, suture or modern devices. 
Thermal fusion can be used in vessels no more 
than 7 mm without calcifi cation, but requires to 
stop any tension of the artery before transecting 
to avoid incomplete sealing. After IMA ligation, 
the next step is left colonic mobilization.   

    Step 2: Mobilization of the Left Colon 
and the Splenic Flexure 
 Both surgeon and assistant push up the mesentery 
to dissect the told fascia via a medial approach. 
The dissection using scissors begins in the left 
iliac fossa, preserving the gonadal blood vessels 
and the left ureter. The advantage of the medial 
approach is an optimal view and exposure of the 
planes of dissection. The told fascia dissection is 
continued as high as possible, especially in front 
of the Gerota’s fascia and close to the splenic 
fl exure. During this step, the IMV is preserved 
and served as potential landmark to identify the 
pancreas. By dissecting from the posterior 
approach, the incision of the transverse mesen-
tery permits to identify the pancreas and to enter 
in the lesser sac. In some diffi cult cases, the 

  Fig. 50.3    Laparoscopic port sites       
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 complete dissection of the terminal part of the 
IMV improves the view of the pancreas giving 
the plane to open the lesser sac. The complete 
anterior dissection of the pancreas makes the 
 transverse mesentery totally free and fi nishes the 
medial approach. The IMV is then transected 
close to the pancreas, or 5 cm below if a left 
transverse colic artery is visualized in this area, to 
avoid colonic ischemia. The last part of colonic 
mobilization is the lateral mobilization. By push-
ing the sigmoid on the right, a peritoneal incision 
is performed along the left border of the sigmoid, 
including the rectosigmoid area. The division of 
the lateral peritoneum continues along the 
descending colon and fi nishes at the splenic fl ex-
ure. In order to avoid splenic decapsulation, 
adhesions of the greater omentum and the sple-
nocolic ligament must be dissected. The medial 
approach greatly facilitates this last step of 
mobilization.  

    Step 3: Dissection of the Mesorectum 
 The fi rst step of the dissection of the mesorectum 
is the high posterior dissection. This extra facial 
anatomical dissection of the mesorectum can be 
performed by using scissors and monopolar 
coagulation, harmonic scalpel (Ultracision TM , 
Ethicon Endosurgery, Cincinnati, Ohio, USA) or 
thermal fusion (Ligasure TM , Covidien, Mansfi eld, 
Massachusetts, USA). The rectum exposure is 
achieved by pulling up vertically the rectum 
using a supra-pubic grasper. The anatomical 

landmarks are the retrorectal space medially, and 
the hypogastric nerves laterally. The dissection 
begins medially 2 cm in front of the sacral prom-
ontory and continues caudally and posteriorly at 
45 °C along the presacral area, using scissors. 
The good plane of dissection is located between 
the mesorectum (yellow tissue) and the presacral 
fascia (gray tissue). The medial dissection must 
be stopped 10 cm below the promontory at the 
level of the retroscral ligament corresponding to 
the fusion between the presacral and the meso-
rectal fascias. Adequate tension to the tissues 
facilitates dissection. Non-traumatic instruments 
are used without grasping the mesorectum to pre-
serve its integrity. This medial posterior dissec-
tion avoids injuries of both superior hypogastric 
plexus and hypogastric nerves. 

 The second step is the right lateral dissection 
after identifi cation of the hypogastric nerves. A 
cephalic traction of the superior hypogastric 
plexus at the sacral promontory level induces 
tension of the hypogastric nerves, which can be 
visualized as a “fi ber” through the soft pelvic 
tissues or below the peritoneum. An incision 
of the peritoneum along the right side of the rec-
tum is performed down to the anterior refl ec-
tion. Lateral pelvic dissection from the 
hypogastric nerve to the presacral area is then 
performed connecting the previous medial high 
posterior dissection. After full right lateral 
mesorectum mobilization, the same dissection 
is performed on the left side. 

  Fig. 50.4    Laparoscopic steps of rectal excision. ( a ) High ligation of the inferior mesenteric artery; ( b ) extra-fascial 
dissection of the mesorectum       
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 The third step consists in the high anterior dis-
section. Seminal vesicles in men and cervix in 
female are the landmarks, which need to be iden-
tifi ed. The upper rectum is grasped with cephalic 
and left lateral traction giving a tension to the 
opposite anterior and right sides of the rectum. 
A peritoneal incision is performed anteriorly 
2 cm above the Douglass pouch and connects the 
lateral right incision performed during the previ-
ous step. Distal dissection from 1 to 2 cm of right 
anterior peritoneum allows discovering the right 
seminal vesicle, which must be completely iso-
lated. In order to preserve both small efferent 
nerves along the vesicles and the mesorectum 
which is very thin and fragile at this level, the 
dissection must be lead close to the seminal vesi-
cles. In female, pelvic exposure is facilitated by 
uterus fi xation to the anterior abdominal wall by 
using a supra-pubic stitch. The anterior incision 
of the peritoneum permits to identify the cervix 
and then to connect the high lateral dissection. 

 The fourth step is low lateral dissection using 
the inferior hypogastric plexus as anatomical 
landmark. The objective is to transect the lateral 
ligament of the rectum. By following dissection 
along a virtual line between the seminal vesicle 
and the hypogastric nerve, the pelvic plexus 
appears as a 2–3 cm triangle located along the 
lateral sidewall of the pelvis. To free the meso-
rectum from the pelvic plexus, some attachments 
due to vessels and nerves coming from the plexus 
to the mesorectum have to be cutted. To prevent 
from plexus injury, perfect hemostasis and ade-
quate traction of the tissue are essential. 

 Then, the rectum is pulled up for optimal visu-
alization of the low pelvis. After incision of the 
rectosacral ligament, dissection is continued dis-
tally and posteriorly along the levator ani muscle. 
Presacral nerves (S2–S4) are identifi ed at the mid 
part of the sacrum and preserved by dissecting 
close to the mesorectum. For a sphincter saving 
procedure, the dissection is performed until the 
top of the anal canal. For an APR, dissection is 
stopped earlier at the coccyx to avoid disconnec-
tion between tumor adhesion and levator ani 
muscles. 

 The end of the TME procedure consists in dis-
secting anteriorly and caudally taking care not to 

injure Denonvilliers’ fascia, the seminal vesicles, 
the prostate and the vagina. This last step is par-
ticularly challenging in men. The oncologic low 
anterior dissection must be performed in front of 
the Denonvilliers’ fascia, which can be consid-
ered as the anterior part of the mesorectum. Care 
is taken to do an anatomical dissection which 
preserves both the Denonvilliers’ fascia and the 
anterior mesorectum, which needs to be removed 
together to achieve a radical oncologic laparo-
scopic TME excision.  

    Step 4: Rectal Transection 
and Reconstruction 
 For high and mid rectal cancer, the rectum is tran-
sected 5 cm below the lower edge of the lesion 
[ 20 ], achieving respectively a partial or a total 
mesorectal excision. After full mobilization of the 
rectum, pushing on the perineum facilitates rectal 
division. Stapler is introduced by the 10 mm 
supra-pubic port (Fig.  50.5a ) [ 46 ]. The specimen 
is then removed from a supra-pubic 6 cm incision. 
A wound protector is necessary to decrease risks 
of port-site and local recurrences. Reconstruction 
with a colonic pouch or a straight colorectal anas-
tomosis is performed laparoscopically 
(Fig.  50.5b ). A colonic pouch is performed if the 
rectal stump is shorter than 5 cm. The quality of 
the anastomosis is checked by the completeness 
of the doughnuts and by a transanal air test.  

 In low rectal cancer, a low colorectal stapled 
anastomosis could be very diffi cult to perform 
laparoscopically, especially for men, narrow 
pelvis, and bulky tumors. The alternative is to 
perform a manual coloanal anastomosis instead 
of stapled anastomosis which can compromise 
oncologic margins and anastomosis healing. For 
very low tumors, intersphincteric resection is 
used to achieve sphincter preservation with safe 
distal margin [ 47 ]. The low pelvic dissection 
during the laparoscopic coloanal procedure can 
be achieved either by the laparoscopic approach 
or by the perineal approach. In both approaches, 
rectal transection is performed transanally. The 
anal canal is exposed by a self-holding retractor 
(Lone Star Retractor®, Lone Star Medical 
Products Inc., Houston, TX). The specimen is 
removed through the anal canal except for thick 
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mesentery or anal stricture, and a hand-sewn 
side-to-end coloanal anastomosis is performed 
(Fig.  50.6 ). For the fi rst laparoscopic approach, 
surgical procedure was previously described. 
For the fi rst perineal approach, instead of doing 
high rectal dissection laparoscopically followed 
by dissection of the low rectum through the 
perineum, the procedure begins by a transanal 
perineal step [ 48 ]. A gauze was introduced into 
the rectum to limit the risk of seeding. The rec-
tum was transected at least 1 cm below the lower 
edge of the tumor. Then, rectum was closed 
transanally by suture to avoid intraoperative 
tumor spillage and facilitate exposure. The peri-
neal dissection of the low rectum was performed 
transanally along the levator ani muscles. The 
plane of dissection began into the intersphinc-
teric plane and continued posteriorly to the 
sheath of the pelvic fl oor for at least 5 cm. The 
sheath of the levator ani muscles, which was 
usually thickened due to irradiation, was then 
transected to join the plane of the abdominal 

dissection. Thus, the perineal dissection permit-
ted to dissect as far as possible from the distal 
rectal wall, where the mesorectum is usually 
lacking, and therefore to maintain optimal dis-
tance between the tumor and surgical resection. 
The perineal dissection was conducted posteri-
orly and anteriorly up to 10 cm from the anal 
verge. It was easier in female than in male due 
to the shorten length of the anal canal in the for-
mer. After the perineal dissection of the distal 
rectum, a conventional laparoscopic procedure 
is performed. Surgery is usually easier and 
faster due to previous low rectal dissection. The 
primary transanal perineal step represents an 
interesting surgical alternative option to avoid 
problems associated with stapling and to 
decrease the rate of conversion to an open 
procedure.  

 A presacral suction drain and a temporary 
loop ileostomy are used in all TME procedures. 
The loop ileostomy is closed 8–12 weeks after 
surgery.    

  Fig. 50.6    Perineal step. ( a ) Perineal exposure; ( b ) transanal specimen extraction; ( c ) hand-sewn coloanal anastomosis       

  Fig. 50.5    Colorectal anastomosis. ( a ) Supra-pubic stapler; ( b ) circular colorectal anastomosis       
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50.5     Quality of Surgery 

 Criteria of surgical resection quality for rectal 
cancer included circumferential resection margin 
[ 49 ], number of lymph nodes harvested and 
Quirke’s graded assessment of completeness of 
mesorectal excision protocol [ 4 ].
 –    Grade 3: Good, intact mesorectum with only 

minor irregularities of a smooth mesorectal 
surface and no defect deeper than 5 mm;  

 –   Grade 2: Moderate, moderate bulk to the 
mesorectum but irregularity of the mesorectal 
surface, moderate coning of the specimen 
towards the distal margin;  

 –   Grade 1: Poor, little bulk to the mesorectum 
with defects down into the muscularis propria 
and/or very irregular circumferential resection 
margin.     

50.6     Outcomes of Laparoscopic 
Surgery in Rectal Cancer 

 For two decades, the outcomes of laparoscopic 
surgery for rectal cancer have been well docu-
mented. Data from high standard of evidence 
studies are available to validate its feasibility, 
safety and oncologic validity. 

    Operative Outcomes 

 Laparoscopic resection for rectal cancer is more 
time-consuming than open rectal resection, but 
associated with lower blood loss based on the 
main randomized controlled trials (Table  50.1 ) 
[ 17 ,  18 ,  50 – 54 ]. Conversion to open surgery rates 
range from 1.2 to 34 % [ 17 ,  18 ,  50 – 53 ]. Male 
sex, higher body mass index, stapled anastomo-
sis and intraoperative rectal fi xity are the main 
factors of conversion [ 27 ,  51 ,  55 ]. With regard 
to the results of the CLASICC trial, conversion 
has a negative impact on postoperative morbidity. 
In our institution, further analysis revealed that 
men with a stapled anastomosis had a threefold 
higher rate of conversion than all other patients 
(34 % vs 11 %; P < .001) [ 55 ]. We recommend 
not to begin experience in laparoscopic TME in 

diffi cult cases i.e. men with high BMI, bulky or 
fi xed tumors, to avoid high risk of conversion to 
open procedure. Inexperienced surgeons in TME 
should prefer the laparoscopic approach in favor-
able cases, i.e. for high rectal cancer, mid rectal 
cancer in women and low rectal cancer treated by 
APR. Laparoscopic surgery for mid rectal tumors 
in men and low rectal cancer treated with sphinc-
ter preservation should be reserved for experi-
enced colorectal surgeons.

       Postoperative Outcomes 

 Post operative mortality (from 1 to 5 %) [ 17 ,  18 , 
 50 ,  51 ,  53 ] and postoperative morbidity (from 6 
to 40 %) [ 17 ,  18 ,  50 – 55 ] rates associated with the 
laparoscopic procedure are similar to those for 
the open approach. Rates of anastomotic leakage 
are similar between open and laparoscopic rectal 
resection [ 17 ,  18 ,  50 – 54 ]. However, with regard 
to the results of the CLASICC trial, conversion 
has a negative impact on postoperative morbidity. 
Patients requiring conversion had the highest rate 
of complications with a doubling of anastomotic 
leakage, transfusions, hospital mortality and pro-
longed hospital stay [ 51 ]. Therefore, particular 
attention must be paid in selecting patients for the 
laparoscopic approach. Regarding the postopera-
tive rehabilitation, most of the studies suggest 
short-term benefi ts of the laparoscopic surgery 
with a reduced length of hospital stay and an 
improved postoperative comfort with less pain 
and decreased consumption of analgesics [ 17 ,  18 , 
 50 – 54 ]. Quality of life following laparoscopic 
surgery has also been assessed. In the random-
ized trial of Andresson et al. the health-related 
quality of life was similar within 12 months after 
open and laparoscopic procedure [ 56 ].  

    Oncologic Outcomes 

 The oncologic validity of the laparoscopic 
approach has been evaluated in the main random-
ized studies (Table   50.2  ). Surgical quality does 
not differ between open and laparoscopic proce-
dures. The number of lymph nodes resected and 
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the rate of positive circumferential resection mar-
gin are similar whatever the approach [ 8 ,  17 ,  18 , 
 50 ,  52 ,  53 ].

   Long-term data available on overall and 
disease- free survival continue to support the use 
of laparoscopic surgery for rectal cancer. In the 
update results of the CLASICC study, the median 
overall survival was 65.8 and 82.7 months, and 
the median disease-free survival was 67.1 and 
70.8 months in open and laparoscopic groups 
respectively, without any statistic difference [ 57 ]. 
Defi nitive results of the ongoing multicenter ran-
domized trials (COLOR II, JCOG, and 
ACOSOG-Z6051) [ 58 – 60 ] are expected to con-
fi rm those of the CLASICC trial [ 57 ]. Then, lapa-
roscopic surgery will become the new standard in 
the treatment of rectal cancer.  

    Functional Outcomes 

 With the principles of total mesorectal excision 
(TME) and autonomic nerve preservation, the 
incidence of urinary and sexual complications 
decreased from 40 to 60 % and 10 to 30 % 
[ 61 – 63 ], to the range of 10–35 % and less than 
5 % [ 64 – 66 ], respectively. The magnifi cence 
view offered by the laparoscopic approach has 
brought hope to improve the functional out-
comes. For now, no high level of evidence study 
demonstrates a superiority of laparoscopy for this 
issue. Sexual function is more frequently 
impaired in men but the role of laparoscopy is not 
demonstrated [ 52 ,  67 ,  68 ].       
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51.1             Introduction 

 Anal cancer is a rare type of malignancy of the 
anus and anal canal, but the incidence has been 
increasing worldwide. Based on current data, it is 
estimated that over 7,000 people (incidence of 
1.5/100,000 men, 1.9/100,000 women) will be 
diagnosed with cancer of the anus, anal canal, 
and anorectum in the United States, and nearly 
900 people will die secondary to this diagnosis 
this year. The median age at diagnosis is 60 years, 
and diagnosis under 20 years has not been 
described. With current therapy, 5-year survival 
rates are approximately 80 % for locally confi ned 
disease, 60 % for regional spread, and 31 % for 
distant metastatic disease [ 1 ].  

51.2     Etiology 

 Multiple risk factors for anal cancer have 
emerged. Behavioral factors, such as lifetime 
number of sexual partners and high-risk sexual 

activity such as anal receptive intercourse, may 
lead to increased risk of HPV and HIV infection. 
HPV infection, specifi cally types 16 and 18, has 
been causally associated with squamous cell car-
cinoma and anal intraepithelial neoplasia; how-
ever, many patients with HPV positive cytology 
do not develop AIN or anal cancer, suggesting 
the involvement of additional factors [ 2 – 5 ]. 

 There is also a clear association between 
immunocompromise, such as HIV/AIDS, and 
anal cancer. The highest risk is seen in HIV- 
infected men who have sex with men (MSM) with 
a demographically adjusted rate ratio of 80.3 ver-
sus 26.7 for other HIV-infected men when com-
pared to HIV-uninfected  individuals [ 6 ]. Because 
of the increased prevalence of high- grade dyspla-
sia, it is recommended that high-risk individuals 
with HIV (MSM, history of anogenital warts, 
women with cervical dysplasia) undergo annual 
screening with anal cytology and/or high-resolu-
tion anoscopy [ 7 ,  8 ]. 

 Transplant recipients have an increased risk of 
many malignancies, including anal cancer. Based 
on a cohort study published in 2011, the stan-
dardized incidence ratio of anal cancer among 
patients in the U.S. Scientifi c Registry of 
Transplant Recipients was 5.84. The elevated 
cancer risk in immunosuppressed transplant 
recipients appears similar to that seen in HIV 
patients, likely secondary to poor immune con-
trol of known oncogenic HPV [ 9 ,  10 ]. 

 Smoking is another risk factor for anal cancer. 
A large, retrospective cohort study that included 
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over 336,000 Swedish male construction workers 
followed from 1971 identifi ed a signifi cantly 
increased risk for anal cancer among smokers, 
with a hazard ratio of 2.41 [ 11 ]. Other studies 
have shown similar associations between smok-
ing and anal cancer risk [ 4 ,  12 ]. 

 Despite early case reports raising the concern 
for associations between anal cancer and benign 
anorectal disease [ 13 – 16 ], fi stulas and fi ssures do 
not appear to have a causative relationship with 
anal cancer [ 17 – 19 ]. Finally, patients with infl am-
matory bowel disease do not demonstrate an 
increased risk for anal cancer [ 19 ].  

51.3     Anorectal Anatomy 

 The anal canal begins at the level of the puborec-
talis muscle and extends distally to the anal verge 
(approximately at the level of the intersphincteric 
groove). From the anal verge to a distance of 
5 cm out is the anal margin. The dentate line 
defi nes the boundary of the stratifi ed squamous 

epithelium of the anoderm with the cuboidal and 
columnar epithelium of the anorectal transition 
zone. Tumors that originate above the dentate 
line may have lymphatic drainage via the inferior 
mesenteric and internal iliac nodal systems. 
Whereas, below the dentate line, the drainage is 
commonly via the superfi cial inguinal and exter-
nal iliac lymph nodes [ 20 ].  

51.4     Precursor Lesions 

 Like many other cancers, there are preinvasive 
lesions that may be identifi ed prior the discovery 
of an anal malignancy. These are briefl y described 
in Table  51.1 . Although the natural history of 
progression of the pre-invasive lesions in invasive 
cancer has not been fully characterized, in cases 
such as for anal intraepithelial neoplasia, the nat-
ural history may be considered to be analogous to 
that for progression of cervical dysplasia to cer-
vical cancer [ 21 – 28 ].

   Table 51.1    Anal precursor lesions   

 Description  Treatment  Special considerations 

 Anal Intraepithelial 
Neoplasia (AIN) 

 Dysplasia of squamous cells 
of the anal margin/canal; 
precursor lesion of SCC 

 Surveillance for low-grade 
lesions 

 Common in HIV + 
 HIV treatment can 
infl uence progression to 
SCC 

 Low-grade (AIN I)  Topical treatment with 
Imiquimod or 80 % 
trichloroacetic acid 

 Also common in HIV- 
homosexual men 

 Moderate-grade (AIN II)  Cryotherapy 
 High-grade (AIN III) 

 Bowen’s Disease  Squamous cell carcinoma in 
situ of the anal margin 
(high-grade dysplasia) 

 Unifocal disease: local 
excision/ablation 

 Modern treatment 
approaches converging 
with management of 
AIN 

 Multifocal disease: topical 
treatment with Imiquimod or 
80 % trichloroacetic acid 

 Buschke-Lowenstein 
tumor 

 Intermediate lesion between 
condyloma and invasive 
SCC; can be very large (up to 
30 cm) 

 Wide-local excision may 
require APR if there is 
extensive sphincter 
involvement 

 Paget’s disease  Adenocarcinoma in situ of 
the anal margin; 50–70 % 
association with other lower 
GI malignancies 

 Wide local excision/ablation  Colonoscopy to evaluate 
for other lower GI 
lesions 

B.E. Karanjawala and G.J. Chang



557

51.5        Anal Margin Malignancies 

 The vast majority of anal margin cancers are squa-
mous cell in origin. They are similar to SCC of other 
areas of the body, and, thus, have a similar staging 
system and treatment. Small tumors that are superfi -
cial, such as T1 lesions, may be eligible for treat-
ment with wide local excision. More advanced 
tumors are typically treated with combined modality 
chemoradiation therapy regimens. Those that fail 
this treatment may benefi t from surgical therapy. 
5-year survival rates range from 70 to 90 % [ 21 ]. 

 Basal cell carcinoma of the anal margin is very 
rare. Like basal cell carcinoma of other parts of the 
body, wide local excision is the treatment of 
choice. This tumor often recurs, and re- excision is 
needed. 5-year survival is nearly 100 % [ 21 ]. 

    Perineal Coverage After Resection 
of Anal Margin Tumors 

 When wide local excision is performed in the 
treatment of anal margin tumors, a large defect 
may remain, and consideration needs to be given 
to the method of reconstruction of the perineal 
wound. Split-thickness skin grafts can be used for 
coverage, especially for superfi cial wounds [ 29 , 
 30 ]. Most cases, however, involve deep wounds, 
and STSG will result in large defects and poor cos-
mesis for the patients. Local fl aps, such as the V-Y 
gluteal advancement fl ap, are commonly used, 
with generally good results but an approximately 
30 % wound dehiscence rate [ 31 ]. 

 Rotational myocutaneous fl aps, based on a vas-
cular pedicle, can also be used. The gracilis and, 
when associated with abdominoperineal resection, 
rectus abdominis fl aps are most commonly 
employed. These fl aps can be especially useful in 
patients with prior pelvic irradiation or those who 
have failed primary closure of large defects [ 32 ,  33 ].   

51.6     Anal Canal Tumors 

 There are many different types of anal canal 
tumors, including adenocarcinoma, melanoma, 
GIST, and epidermoid carcinoma. The histology 

of epidermoid carcinoma includes squamous 
cell, basaloid, cloacogenic/transitional cell, and 
mucoepidermoid types. Squamous cell carci-
noma is by far the most common, comprising 
nearly 80 % of these tumors, but the histologic 
phenotype may be mixed [ 34 ,  35 ]. 

    Diagnosis 

 The key to anal cancer management is early diag-
nosis. The most common presenting complaint is 
bleeding, occurring in >50 % of patients. Patients 
may also complain of anal pain, pruritus, tenes-
mus, change in bowel habits, abnormal discharge, 
or the sensation of a mass. These complaints are 
also associated with benign anorectal conditions, 
and it is important for the clinician to avoid mis-
diagnosis of anal cancer [ 34 ,  35 ]. 

 Physical examination is important in diagno-
sis and can help in staging (Table  51.2 ). The 
size of the tumor, its appearance, and fi xity to 
surrounding organs or the bony pelvis are 
important components of preoperative evalua-
tion, as anal SCC often presents at a locally 
advanced stage. The most common fi nding is an 
intraluminal mass that may be exophytic, ulcer-
ated, or fl at. On digital rectal exam, anal cancer 
could be mistaken for a hemorrhoid, so it is 
important to visualize the lesion with anoscopy/
proctoscopy. Colonoscopy is also essential for 
ruling out more proximal malignancies. For 
diagnosis, incisional biopsy is recommended. 
Palpation for inguinal lymphadenopathy should 
be performed, as approximately one third of 
anal SCC will demonstrate regional lymph 
node metastases. Palpable inguinal lymph 
nodes can be sampled via fi ne needle aspira-
tion. Sentinel lymph node biopsy has also been 
investigated, but patients with negative results 
can later present with inguino- femoral nodal 
disease [ 36 ].

   The initial workup and clinical stage assess-
ment should include computed tomography of 
the abdomen and pelvis to evaluate the primary 
lesion, regional lymph nodes, and to rule out 
 distant metastatic disease [ 34 ,  35 ]. Endorectal 
ultrasound and MRI are other modalities that 
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can be used for locoregional staging; however, 
the role for ultrasound may be limited as pri-
mary tumor staging is dependent upon tumor 
size, not depth of penetration in the bowel wall 
or sphincter complex [ 37 – 39 ]. A chest radio-
graph or CT of the chest should also be 
obtained. Fluorodeoxyglucose positron emis-
sion tomography with CT has been reported to 
show utility for staging of anal cancer and may 
be considered, although its ability to replace 
conventional contrast- enhanced CT has not 
been validated [ 40 – 45 ].   

51.7     Treatment 

 Until the 1970s, the primary treatment of anal 
canal carcinoma was abdominoperineal resection 
with or without inguinal lymph node dissection. 
This procedure carried with it high morbidity and 
had a signifi cant impact on the patient’s overall 
quality of life, while achieving overall survival of 
only 40–70 %. In 1974, Nigro observed that 
many patients with locally advanced disease 
treated with neoadjuvant chemoradiation fol-
lowed by APR had a complete pathologic 
response. This led him and other investigators to 
develop a protocol of radiation therapy with con-
current chemotherapy with 5-fl uorouracil and 
mitomycin-C, and they found overall survival 
rates in the range of 65–85 % [ 46 ,  47 ]. This dis-
covery has revolutionized the treatment of anal 
canal carcinoma, and today the primary treatment 
is combined modality chemoradiation therapy. 
Since its development, multiple studies have 
investigated modifi cations of the Nigro protocol 
in order to improve treatment response and 
reduce toxicity. 

    Radiation Therapy 

 In 1996, the UK Coordinating Committee on 
Cancer Research (UKCCCR) reported results 
from the ACT I trial [ 48 ]. This study evaluated the 
benefi t of combined modality therapy versus radi-
ation therapy alone. Radiotherapy had demon-
strated 3-year survival rates as high as 75 %, but 
local control rates around 40–50 %. In this study 
585 patients were randomized to receive a total 
radiation dose of 45 Gy in 20 or 25 fractions over 
4–5 weeks or the same radiation therapy dose 
with the addition of concurrent chemotherapy 
with 5-FU (1,000 mg/m 2  over 4 days or 750 mg/
m 2  over 5 days) during the fi rst and fi nal weeks of 
radiation. Mitomycin C (12 mg/m 2 ) was also 
given on treatment day 1. After a median follow-
up of 42 months, local failures occurred in 59 % 
of the radiotherapy group versus 36 % in the CMT 
arm, refl ecting a 46 % risk reduction for local 

   Table 51.2    Staging of anal canal tumors   

 Stage  T  N  M 

 0  Tis  N0  M0 
 I  T1  N0  M0 
 II  T2  N0  M0 

 T3  N0  M0 
 IIIA  T1  N1  M0 

 T2  N1  M0 
 T3  N1  M0 
 T4  N0  M0 

 IIIB  T4  N1  M0 
 Any T  N2  M0 
 Any T  N3  M0 

 IV  Any T  Any N  M1 

 TX  Primary tumor cannot be assessed 
 T0  No evidence of primary tumor 
 Tis  Carcinoma  in situ  (i.e., Bowen disease, 

high-grade squamous intraepithelial lesion, and 
anal intraepithelial neoplasia II–III) 

 T1  Tumor ≤2 cm in greatest dimension 
 T2  Tumor >2 cm but ≤5 cm in greatest dimension 
 T3  Tumor >5 cm in greatest dimension 
 T4     Tumor of any size invades adjacent organ(s), 

e.g., vagina, urethra, and bladder 
 NX  Regional lymph nodes cannot be assessed 
 N0  No regional lymph node metastasis 
 N1  Metastases in perirectal lymph node(s) 
 N2  Metastases in unilateral internal iliac and/or 

inguinal lymph node(s) 
 N3  Metastases in perirectal and inguinal lymph 

nodes and/or bilateral internal iliac and/or 
inguinal lymph nodes 

 M0  No distant metastasis 
 M1  Distant metastasis 

  AJCC Cancer Staging Manual, 7th ed  
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 failure in the group undergoing CMT. The 
European Organization for Research and 
Treatment of Cancer (EORTC) study 22,861 con-
fi rmed the fi ndings of ACT I, with 5-year local 
failure rates of 50 and 32 % for radiotherapy alone 
and CMT, respectively [ 49 ]. Two separate studies, 
RTOG 92–08 and ECOG 4292, examined radia-
tion dose intensifi cation in an effort to improve 
local control but did not show any improvement 
compared to standard therapy [ 50 ,  51 ]. 

 Intensity modulated radiation therapy (IMRT) 
has shown promise in allowing for an increase 
in dose while sparing surrounding tissues and 
decreasing toxicity [ 52 ]. In a phase II evalua-
tion, RTOG 05–29 demonstrated a reduction of 
acute grade 2+ hematologic and grade 3+ derma-
tologic and GI toxicity with IMRT and concur-
rent chemotherapy with 5-FU and MMC [ 53 ]. 
Brachytherapy is another strategy to optimize 
local control while limiting pelvic toxicity, but 
this approach remains investigational [ 54 ,  55 ].  

    Cisplatin-Based Chemotherapy 
Regimen 

 Despite the effi cacy of concurrent 5-FU and 
MMC chemoradiation therapy, it is associated 
with signifi cant treatment associated toxicity. 
Early experience with 5-FU and cisplatin-based 
chemoradiation therapy suggested improved 
response rates with reduced toxicity [ 56 – 58 ]. 
Thus, the UKCCCR ACT II trial compared con-
current chemoradiation therapy regimens with 
5-FU and MMC or cisplatin. Additionally, the 
potential for maintenance chemotherapy to 
improve survival was assessed. In this 2 × 2 facto-
rial study, 940 patients received either cisplatin- 
based chemoradiation with (n = 222) or without 
(n = 246) maintenance chemotherapy or MMC- 
based chemoradiation therapy with (n = 226) or 
without (n = 246) maintenance chemotherapy. 
The complete response rate at 26 weeks was 
89.6 % versus 90.5 % for the cisplatin vs. MMC 
groups, respectively. Furthermore, there were no 
signifi cant differences in the toxicity profi les 

between the groups. After a median follow-up of 
5.1 years, maintenance chemotherapy was not 
associated with improved 3-year progression- 
free survival [ 59 ].  

    Induction Chemotherapy 

 Based on favorable preliminary outcomes with 
cisplatin-based induction chemotherapy for 
patients with advanced cancer and the high rates 
of toxicity associated with MMC based regi-
mens, the strategy of induction chemotherapy 
was compared to standard MMC chemoradiation 
in RTOG 98–11 [ 60 – 62 ]. Six hundred forty-four 
patients were randomized to receive induction 
chemotherapy with 5-FU and cisplatin followed 
by 5-FU and cisplatin chemoradiotherapy or to 
receive standard 5-FU and mitomycin C based 
chemoradiotherapy. No signifi cant difference 
was observed in 5-year disease-free (60 % for 
MMC vs. 54 % for cisplatin) or overall survival 
(75 % vs. 70 %). Although the rate of severe 
hematologic toxicity was greater in the MMC 
arm, the rate of colostomy after treatment was 
greater in the induction + cisplatin-based chemo-
radiation arm (19 % vs. 10 %). Thus, the current 
MMC-based regimen without induction chemo-
therapy remains the standard of care for anal 
canal cancer, although cisplatin-based therapy 
may be acceptable for patients with severe MMC- 
related toxicity [ 61 ,  62 ].   

51.8     Toxicities Associated 
with Treatment 

 There are a number of acute and long-term toxici-
ties associated with combined modality treatment 
of anal cancer. Short-term toxicities are primarily 
hematologic, particularly with the use of 
MMC. Severe late toxicities are observed in 
10–15 % of patients and are most commonly 
related to radiation enteritis/proctitis and skin- 
associated complications. Other toxicities include 
radiation cystitis and sacral insuffi ciency  fractures 
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[ 63 – 67 ]. The most common symptom with radia-
tion injury is bleeding, but patients may also com-
plain of diarrhea, urgency, tenesmus, and pain. 
Patients may also present with fi stulas and stric-
tures. Colonoscopy or barium enema should be 
performed to rule out malignancy as a cause of the 
patient’s symptoms [ 66 ,  67 ]. 

 The primary treatment of radiation-induced 
toxicity is non-surgical. For radiation-induced 
proctitis, steroid retention enemas, endoscopic 
application of formalin, endoscopic argon plasma 
coagulation, and hyperbaric oxygen therapy have 
all been tried with varied success. For stricture, 
endoscopic dilation can be attempted [ 66 ]. 

 In patients who have failed medical treat-
ment or those with stenosis, obstruction, refrac-
tory pain, perforation, abscess, or fi stula, 
surgical management may be necessary. Options 
include diversion or resection with or without 
restoration of intestinal continuity [ 66 ]. The 
choice of operation is dependent upon the 
patient’s presenting problem, with proximal 
strictures responding well with resection and 
distal strictures or proctitis requiring permanent 
diversion [ 67 ]. It is also imperative to know the 
patient’s anorectal function in determining the 
ideal procedure for them.  

51.9     Follow-Up After Treatment 

 As many as 25 % of patients will develop local 
recurrence within the fi rst 3 years. Patients should 
be evaluated every 3–6 months for the fi rst 
3 years and then every 6–12 months for an addi-
tional 2 years. Clinical evaluation with digital 
rectal exam, palpation of inguinal lymph nodes, 
and anoscopy is key. Any suspicious lesion 
should be biopsied to assess for persistence or 
recurrence of disease. Response to treatment may 
still be ongoing at 12 weeks after completion of 
chemoradiation therapy so it is important to cor-
relate post-treatment and pre-treatment fi ndings 
on clinical examination. Surveillance imaging, 
such as CT or MRI may help to identify distant or 
inguinal recurrence; however, the secondary sal-
vage treatment options may be limited. 

    Patterns of Recurrence 

 Within 6 months of completion of CRT, evi-
dence of tumor within the anal canal is consid-
ered to be persistent disease; whereas, beyond 
6 months after complete clinical response, it is 
recurrent disease. The most common site of 
recurrence is locoregional—within the anorec-
tal canal, the pelvis, or in the inguinal lymph 
node basin—and occurs in as much as 30 % of 
patients. Distant metastatic disease is also seen 
in as much as 20 % of patients who fail primary 
therapy. T and N stage of disease have been 
shown to predict locoregional recurrence, while 
N stage and basaloid subtype are predictors of 
distant metastases [ 68 ].   

51.10     Salvage Therapy 
for Persistent/Recurrent 
Disease 

    Local Recurrence 

 Historically, surgery was the mainstay of therapy 
in the treatment of anal canal malignancies, but it 
is now reserved for patients who demonstrate 
persistent or recurrent disease after defi nitive 
chemoradiotherapy. The goal of surgery is to 
obtain local control and prevent distant recur-
rence. Surgical resection should be complete and 
 en bloc  (R0) to include the perianal skin, involved 
surrounding organs (e.g., uterus, vagina, pros-
tate), and coccyx or sacrum as the achievement of 
negative margins is important to prevent locore-
gional recurrence in these patients (Fig.  51.1 ). In 
some cases, pelvic exenteration may be neces-
sary to achieve an R0 resection [ 69 ].  

 Unfortunately, failure of combined modality 
therapy portends a poorer prognosis and survival 
may be suboptimal even with salvage surgery. 
Several studies have demonstrated 5-year survival 
rates ranging from 25 to 70 % [ 70 – 82 ]. One of the 
most important factors affecting recurrence and 
overall and disease-free survival is involvement of 
the surgical margins. Other factors include lymph 
node spread, tumor size, and age [ 78 ,  80 ].  
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    Nodal Recurrence 

 Regional lymph node recurrence may be identifi ed 
along the drainage distribution of the anal canal 
and include mesorectal, inguinal, iliac, or obtura-
tor lymph nodes (Fig.  51.2 ). Mesorectal recurrence 
often requires proctectomy; whereas inguinal, iliac, 
or obturator disease may be treated with modifi ed 
regional lymph node dissection targeting the site of 
disease without proctectomy. Particularly for intra-
pelvic sites of disease, repeat hyper-fractionated 
chemoradiation therapy may be included prior to 
salvage surgery as part of the multidisciplinary 
treatment plan depending on total dose received 
during initial treatment. Lymph node recurrence, 
however, occurs more commonly in areas not pre-
viously included in the radiation fi eld (e.g., ingui-
nal nodes), and in this case, the treatment of choice 
is salvage combined modality therapy. Recurrence 
or persistence following prior defi nitive radio-
therapy may be treated with surgical salvage, 
including lymph node dissection. Inguinal lymph 
node dissection carries with it signifi cant morbid-
ity, primarily local wound complications, such as 
infection, dehiscence, and lymphocele [ 83 ,  84 ]. 
In cases with prior radiation, coverage with local 
myocutaneous fl aps can help minimize morbidity 
[ 85 ]. Lymphedema is also a potential complication 
encountered after surgery.   

    Distant Metastatic Recurrence 

 As many as 20 % of patients can have distant 
metastatic disease at the time of initial presen-
tation or as evidence of recurrence. The most 
common site of metastasis is the liver, but 
spread to the lung, peritoneum, and bone also 
occurs. The mainstay of therapy is systemic 
chemotherapy. Surgical resection can be per-
formed in select patients, but prognosis overall 
is poor [ 86 ]. Our preference is to begin with 
systemic chemotherapy and consider salvage 
surgical resection only in patients who have 
demonstrated limited disease responsive to 
systemic therapy.   

  Fig. 51.1    Post-resection photograph showing cut edge of 
the sacrum, bilateral S3 nerve roots, anterior vaginal wall, 
and de-epithelialized rectus myocutaneous fl ap (Copyright 
held by, and used with permission of, George J. Chang, M.D)       

a

b

  Fig. 51.2    ( a ) Magnetic resonance imaging shows 
recurrent carcinoma within left obturator space ( red 
arrow ). ( b ) The same area is shown to be fl uoro-deoxy-
glucose avid on positron emission tomography 
(Copyright held by, and used with permission of, 
George J. Chang, M.D)       
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51.11     Pelvic Reconstruction 

 Perineal wound dehiscence occurs in as many as 
70–80 % of patients. Prior pelvic radiation is a key 
contributing factor. There are many reconstructive 
options developed to facilitate perineal wound 
healing and decrease the incidence of wound com-
plications. The most commonly used are myocuta-
neous fl aps, such as the vertical rectus abdominis 
myocutaneous (VRAM) fl ap, rotational anterolat-
eral thigh fl aps, and the gracilis myocutaneous fl ap 
(Fig.  51.3 ). VRAM fl aps have the major advantage 
of providing well vascularized soft-tissue volume 
with excellent blood supply and associated skin 
coverage for the perineum [ 87 – 89 ]. Similarly, 
anterolateral thigh fl aps have good blood supply 
but are more limited by length of the vascular ped-
icle, particularly in shorter patients. While the 
gracilis fl ap can provide good coverage for the 
perineum, it has little bulk to fi ll the pelvis [ 90 ]. 
Another option is de- epithelialized gluteal 
advancement, but it similarly has limited space 
fi lling of the true pelvis and may require augmen-
tation with a pedicled omental fl ap. Several com-
parative studies of fl ap reconstruction versus 
primary closure have demonstrated decreased perineal 

wound complications with fl ap reconstruction [ 87 –
 90 ]. At MD Anderson Cancer Center, our  preferred 
approach includes routine vertical rectus or antero-
lateral thigh fl ap reconstruction after salvage APR.   

51.12     Summary 

 The incidence of anal cancer continues to increase 
worldwide, especially in at-risk populations. 
Despite advances in treatment, advanced stage dis-
ease continues to pose a challenge to clinicians. 
The mainstay of treatment for primary disease is 
defi nitive chemoradiation therapy with salvage sur-
gical resection reserved for persistent or recurrent 
disease. Newer concurrent chemotherapeutic regi-
mens have been evaluated in an effort to improve 
treatment outcomes. However, while they have 
been associated with the potential for reduced tox-
icity, they have not improved the effectiveness of 
treatment when compared to MMC therapy. 
Recurrent or persistent disease should still be 
approached with surgical salvage observing the 
principles of radical  en bloc  resection augmented 
with vascularized soft-tissue reconstruction.      

  Fig. 51.3    Right rectus abdominus myocutaneous fl ap has 
been elevated and partially de-epithelialized. The skin 
bearing portion will be used to reconstruct the posterior 
vaginal wall (Copyright held by, and used with permission 
of, George J. Chang, M.D)       

 Key Points 

•     Incidence of anal cancer is increasing  
•   Associated with HPV infection and 

immunocompromise  
•   Surveillance is important in high-risk 

populations  
•   Early diagnosis is key to management  
•   Clinical exam, anoscopy, and biopsy are 

important for diagnosis and staging  
•   Local excision is possible for early-

stage, small lesions  
•   Chemoradiation with 5-FU and mito-

mycin C is the standard of care  
•   Salvage APR is performed for persistent 

or recurrent disease  
•   Recurrence is typically locoregional and 

occurs in the fi rst 3 years  
•   Early clinical surveillance is important to 

assess for persistent/recurrent disease    

 

B.E. Karanjawala and G.J. Chang



563

   References 

       1.   Howlader N, Noone AM, Krapcho M, Garshell 
J, Neyman N, et al., editors. SEER cancer statis-
tics review, 1975–2010. Bethesda: National Cancer 
Institute.   http://seer.cancer.gov/csr/1975_2010/    , based 
on Nov 2012 SEER data submission, posted to the 
SEER web site, 2013.  

    2.    Daling JR, Sherman KJ, Hislop TG, Maden C, Coates 
RJ, et al. Sexual practices, sexually transmitted dis-
ease, and the incidence of anal cancer. N Engl J Med. 
1987;317:973–7.  

   3.    Frisch M, Glimelius B, van den Brule AJC, Wohlfahrt 
J, Meijer CJ, et al. Sexually transmitted infection as a 
cause of anal cancer. N Engl J Med. 1997;337(19):
1350–8.  

    4.    Chang GJ, Welton ML. Human papillomavirus, con-
dylomata acuminata, and anal neoplasia. Clin Colon 
Rectal Surg. 2004;17:221–30.  

    5.    Daling JR, Madeleine MM, Johnson LG, Schwartz 
SM, Shera KA, et al. Human papillomavirus, smok-
ing, and sexual practices in the etiology of anal  cancer. 
Cancer. 2004;101:270–80.  

    6.    Silverberg MJ, Lau B, Justice AC, Engels E, Gill MJ, 
et al. Risk of anal cancer in HIV-infected and HIV- 
uninfected individuals in North America. Clin Infect 
Dis. 2012;54(7):1026–34.  

    7.    Salit IE, Lytwyn A, Raboud J, Sano M, Chong S, et al. 
The role of cytology (Pap tests) and human papillo-
mavirus testing in anal cancer screening. AIDS. 2010;
24:1307–13.  

    8.    Berry JM, Palefsky JM, Jay N, Cheng SC, Darragh 
TM, et al. Performance characteristics of anal cytol-
ogy and human papillomavirus testing in patients with 
high-resolution anoscopy-guided biopsy of high- 
grade anal intraepithelial neoplasia. Dis Colon 
Rectum. 2009;52:239–47.  

    9.    Ogunbiyi OA, Scholefi eld JH, Raftery AT, Smith JH, 
Duffy S, et al. Prevalence of anal human papillomavi-
rus infection and intraepithelial neoplasia in renal 
allograft recipients. Br J Surg. 1994;81:365–7.  

    10.    Engels EA, Pfeiffer RM, Fraumeni Jr JF, Kasiske BL, 
Israni AK, et al. Spectrum of cancer risk among US 
solid organ transplant recipients. JAMA. 2011;306(17):
1891–901.  

    11.    Nordenvall C, Nillson PJ, Ye W, Nyren O. Smoking, 
snus use, and risk of right- and left-sided colon, rectal, 
and anal cancer: a 37 year follow-up study. Int 
J Cancer. 2011;128(1):157–65.  

    12.    Daling JR, Sherman KJ, Hislop TJ, Maden C, Mandelson 
MT, et al. Cigarette smoking and the risk of anogenital 
cancer. Am J Epidemiol. 1992;135(2):180–9.  

    13.    Buckwalter JA, Jurayj MN. Relationship of chronic 
anorectal disease and carcinoma. Arch Surg. 1957;
75:352–61.  

   14.    Holly EA, Whittemore AS, Aston DA, Ahn DK, 
Nickoloff BJ, Kristiansen JJ. Anal cancer incidence: 
genital warts, anal fi ssure or fi stula, hemorrhoids, and 
smoking. J Natl Cancer Inst. 1989;81:726–31.  

   15.    Tseng HF, Morgenstern H, Mack TM, Peters RK. Risk 
factors for anal cancer: results of a population-based 
case-control study. Cancer Causes Control. 2003;14:
837–46.  

    16.    Nordenvall C, Nyren O, Ye W. Elevated anal squa-
mous cell carcinoma risk associated with benign 
infl ammatory anal lesions. Gut. 2006;55:703–7.  

    17.    Holmes F, Borek D, Owen-Kummer M, Hassanein R, 
Fishback J, et al. Anal cancer in women. 
Gastroenterology. 1988;95:107–11.  

   18.    Frisch M, Olsen JH, Bautz A, Melbye M. Benign anal 
lesions and the risk of anal cancer. N Engl J Med. 
1994;331:300–2.  

     19.    Frisch M, Glimelius B, van den Brule AJ, Wohlfahrt 
J, Mejier CJ, et al. Benign anal lesions, infl ammatory 
bowel disease and risk for high risk human 
papillomavirus- positive and–negative anal carcinoma. 
Br J Cancer. 1998;78(11):1534–8.  

    20.    Barleben A, Mills S. Anorectal anatomy and physiol-
ogy. Surg Clin N Am. 2010;90:1–15.  

      21.    Garrett K, Kalady MF. Anal neoplasms. Surg Clin N 
Am. 2010;90:147–61.  

   22.    Martin F, Bower M. Anal intraepithelial neoplasia in 
HIV positive people. Sex Transm Infect. 2001;77:
327–31.  

   23.    Critchlow CW, Surawicz CM, Holmes KK, Kuypers 
J, Daling JR, et al. Prospective study of high grade 
anal squamous intraepithelial neoplasia in a cohort of 
homosexual men: infl uence of HIV infection, immu-
nosuppression and human papillomavirus infection. 
AIDS. 1995;9:1255–62.  

   24.    Chang GJ, Berry JM, Jay N, Palefsky JM, Welton 
ML. Surgical treatment of high-grade anal squamous 
intraepithelial lesions: a prospective study. Dis Colon 
Rectum. 2002;45:453–8.  

   25.    Devaraj B, Cosman BC. Expectant management of 
anal squamous dysplasia in patients with HIV. Dis 
Colon Rectum. 2006;49:36–40.  

   26.    Beck DE, Fazio VW. Perianal Paget’s disease. Dis 
Colon Rectum. 1987;30:263–6.  

   27.    Tulchinsky H, Zmora O, Brazowski E, Goldman G, 
Rabau M. Extramammary Paget’s disease of the peri-
anal region. Color Dis. 2004;6:206–9.  

    28.    De Toma G, Cavallaro G, Bitonti A, Polistena A, 
Onesti MG, Scuderi N. Surgical management of peri-
anal giant condyloma acuminatum (Buschke- 
Lowenstein tumor). Report of three cases. Eur Surg 
Res. 2006;38:418–22.  

    29.    Lam DT, Batista O, Weiss EG, Nogueras JJ, Wexner 
SD. Staged excision and split-thickness skin graft for 
circumferential perianal Paget disease. Dis Colon 
Rectum. 2001;44:868–70.  

    30.    Seckel BR, Schoetz DJ, Coller JA. Skin grafts for 
 circumferential coverage and perianal wounds. Surg 
Clin N Am. 1985;65:365–71.  

    31.    Orkin BA. Perineal reconstruction with local fl aps: tech-
nique and results. Tech Coloproctol. 2013;17:663–70.  

    32.    Burke TW, Morris M, Roh MS, Levenback C, 
Gershenson DM. Perineal reconstruction using single 

51 Management of Anal Cancer

http://seer.cancer.gov/csr/1975_2010/


564

gracilis myocutaneous fl aps. Gynecol Oncol. 1995;
57:221–5.  

    33.    Solomon MJ, Atkinson K, Quinn MJ, Eyers AA, 
Glenn DC. Gracilis myocutaneous fl ap to reconstruct 
large perineal defects. Int J Color Dis. 1996;11:
49–51.  

      34.    Fleshner PR, Chalasani S, Chang GJ, Levien DH, 
Hyman NH, et al. Practice parameters for anal squa-
mous neoplasms. Dis Colon Rectum. 2008;51:2–9.  

      35.    Robb BW, Mutch MG. Epidermoid carcinoma of the 
anal canal. Clin Colon Rectal Surg. 2006;19:54–60.  

    36.    de Jong JS, Beukema JC, van Dam GM, Slart R, 
Lemstra C, Wiggers T. Limited value of staging squa-
mous cell carcinoma of the anal margin and canal 
using the sentinel lymph node procedure: a prospec-
tive study with long-term follow-up. Ann Surg Oncol. 
2010;17:2656–62.  

    37.    Tarantino D, Bernstein MA. Endoanal ultrasound in 
the staging and management of squamous-cell carci-
noma of the anal canal. Dis Colon Rectum. 2002;45:
16–22.  

   38.    Roach SC, Hulse PA, Moulding FJ, Wilson R, 
Carrington BM. Magnetic resonance imaging of anal 
cancer. Clin Radiol. 2005;60:1111–9.  

    39.    Salerno G, Daniels IR, Brown G. Magnetic resonance 
imaging of the low rectum: defi ning the radiological 
anatomy. Color Dis. 2006;8 Suppl 3:10–3.  

    40.    Bannas P, Weber C, Adam G, Frenzel T, Derlin T, 
et al. Contrast-enhanced [ 18 F]fl uorodeoxyglucose- 
positron emission tomography/computed tomography 
for staging and radiotherapy planning in patients with 
anal cancer. Int J Radiat Oncol Biol Phys. 2011;81:
445–51.  

   41.    Mistrangelo M, Pelosi E, Bello M, Ricardi U, Milanesi 
E, et al. Role of positron emission tomography- 
computed tomography in the management of anal 
cancer. Int J Radiat Oncol Biol Phys. 2012;84:66–72.  

   42.    Krengli M, Milia ME, Turri L, Mones E, Bassi MC, 
et al. FDG-PET/CT imaging for staging and target 
volume delineation in conformal radiotherapy of anal 
carcinoma. Radiat Oncol. 2010;5:10.  

   43.    Winton E, Heriot AG, Ng M, Hicks RJ, Hogg A, et al. 
The impact of 18-fl uorodeoxyglucose positron emis-
sion tomography on the staging, management and 
outcome of anal cancer. Br J Cancer. 2009;100:
693–700.  

   44.    Trautmann TG, Zuger JH. Positron emission tomog-
raphy for pretreatment staging and post-treatment 
evaluation in cancer of the anal canal. Mol Imaging 
Biol. 2005;7:309–13.  

    45.   Edge SB, Byrd DR, Compton CC, Fritz AG, Greene 
FL, Trotti A. AJCC Cancer Staging Manual. 7th ed. 
New York, NY: Springer, 2009, pp 165–173.  

    46.    Nigro ND, Vaitkevicius VK, Considine Jr 
B. Combined therapy for cancer of the anal canal: a 
preliminary report. Dis Colon Rectum. 1974;17:
354–6.  

    47.    Nigro ND. An evaluation of combined therapy for 
squamous cell cancer of the anal canal. Dis Colon 
Rectum. 1984;27:763–6.  

    48.    UKCCCR Anal Cancer Trial Working Party. 
Epidermoid anal cancer: results from the UKCCCR 
randomized trial of radiotherapy alone versus radio-
therapy, 5-fl uorouracil, and mitomycin. Lancet. 
1996;348:1049–54.  

    49.    Bartelink H, Roelofsen F, Eschwege F, Rougier P, 
Bosset JF, et al. Concomitant radiotherapy and che-
motherapy is superior to radiotherapy alone in the 
treatment of locally advanced anal cancer: results of a 
phase III randomized trial of the European 
Organization for Research and Treatment of Cancer 
Radiotherapy and Gastrointestinal Cooperative 
Groups. J Clin Oncol. 1997;15:2040–9.  

    50.    John M, Pajak T, Flam M, Hoffman J, Markoe A, 
et al. Dose escalation in chemoradiation for anal can-
cer: preliminary results of RTOG 92–08. Cancer J Sci 
Am. 1996;2:205–11.  

    51.    Martenson JA, Lipsitz SR, Wagner Jr H, Kaplan EH, 
Otteman LA, et al. Initial results of a phase II trial of 
high dose radiation therapy, 5-fl uorouracil, and cispla-
tin for patients with anal cancer (E4292): an Eastern 
Cooperative Oncology Group study. Int J Radiat 
Oncol Biol Phys. 1996;35:745–9.  

    52.    Salama JK, Mell LK, Schomas DA, Miller RC, 
Devisetty K, et al. Concurrent chemotherapy and inten-
sity-modulated radiation therapy for anal canal cancer 
patients: a multicenter experience. J Clin Oncol. 2007;
25:4581–6.  

    53.    Kachnic LA, Winter K, Myerson RJ, Goodyear MD, 
Willins J, et al. RTOG 0529: a phase 2 evaluation of 
dose-painted intensity modulated radiation therapy in 
combination with 5-fl urouracil and mitocycin-C for the 
reduction of acute morbidity in carcinoma of the anal 
canal. Int J Radiat Oncol Biol Phys. 2013;86:27–33.  

    54.    Gerard JP, Mauro F, Thomas L, Castelain B, Mazeron 
JJ, et al. Treatment of squamous cell anal canal carci-
noma with pulsed dose rate brachytherapy. Feasibility 
study of a French cooperation group. Radiother 
Oncol. 1999;51:129–36.  

    55.    Bruna A, Gastelblum P, Thomas L, Chapet O, Bollet 
MA, et al. Treatment of squamous cell anal canal car-
cinoma with pulsed dose rate brachytherapy: a retro-
spective study. Radiother Oncol. 2006;79:75–9.  

    56.    Rich TA, Ajani JA, Morrison WH, Ota D, Levin 
B. Chemoradiation therapy for anal cancer: radiation 
plus continuous infusion of 5-fl uorouracil with or 
without cisplatin. Radiother Oncol. 1993;27:209–15.  

   57.    Doci R, Zucali R, La Monica G, Meroni E, Kenda R, 
et al. Primary chemoradiation therapy with fl uoroura-
cil and cisplatin for cancer of the anus: results in 35 
consecutive patients. J Clin Oncol. 1996;14:3121–5.  

    58.    Gerard JP, Ayzac L, Hun D, Romestaing P, Coquard 
R, et al. Treatment of anal canal carcinoma with high 
dose radiation therapy and concomitant fl uorouracil- 
cisplatinum. Long-term results in 95 patients. 
Radiother Oncol. 1998;46:249–56.  

    59.    James RD, Glynne-Jones R, Meadows HM, 
Cunningham D, Myint AS, et al. Mitomycin or cispla-
tin chemoradiation with or without maintenance che-
motherapy for treatment of squamous-cell carcinoma 

B.E. Karanjawala and G.J. Chang



565

of the anus (ACT II): a randomized, phase 3 open- 
label, 2 × 2 factorial trial. Lancet. 2013;14:516–24.  

    60.    Peiffert D, Giovannini M, Ducreux M, Michel P, 
Francois E, et al. High-dose radiation therapy and 
neoadjuvant plus concomitant chemotherapy with 
5-fl uorouracil and cisplatin in patients with locally 
advanced squamous-cell anal carcinoma: fi nal results 
of a phase II study. Ann Oncol. 2001;12:397–404.  

    61.    Ajani JA, Winter KA, Gunderson LL, Pedersen J, 
Benson 3rd AB, et al. Fluorouracil, mitomycin, and 
radiotherapy vs fl uorouracil, cisplatin, and radiother-
apy for carcinoma of the anal canal: a randomized 
controlled trial. JAMA. 2008;299:1914–21.  

     62.    Gunderson LL, Winter KA, Ajani JA, Pedersen JE, 
Moughan J, et al. Long-term update of US GI inter-
group RTOG 98–11 phase 3 trial for anal carcinoma: 
survival, relapse, and colostomy failure with concur-
rent chemoradiation involving fl uorouracil/mitomy-
cin versus fl uorouracil/cisplatin. J Clin Oncol. 2012;
30:4344–51.  

    63.    Tanum G, Tveit K, Karlsen KO, Hauer-Jensen 
M. Chemotherapy and radiation therapy for anal car-
cinoma: survival and late morbidity. Cancer. 1991;
67:2462–6.  

   64.    Broens P, Van Limbergen E, Penninckx F, Kerremans 
R. Clinical and manometric effects of combined 
external beam radiation and brachytherapy for anal 
cancer. Int J Color Dis. 1998;13:68–72.  

   65.    Vordermark D, Sailer M, Flentje M, Thiede A, K lbl 
O. Curative-intent radiation therapy in anal carci-
noma: quality of life and sphincter function. Radiother 
Oncol. 1999;52:239–43.  

      66.    Johnston MJ, Robertson GM, Frizelle FA. 
Management of late complications of pelvic radiation 
in the rectum and anus. Dis Colon Rectum. 2003;
46:247–59.  

      67.    Turina M, Mulhall AM, Mahid SS, Yashar C, 
Galandiuk S. Frequency and surgical management of 
chronic complications related to pelvic radiation. 
Arch Surg. 2008;143:46–52.  

    68.    Das P, Bhatia S, Eng C, Ajani JA, Skibber JM, et al. 
Predictors and patterns of recurrence after defi nitive 
chemoradiation for anal cancer. Int J Radiat Oncol 
Biol Phys. 2007;68:794–800.  

    69.    Tan KK, Pal S, Lee PJ, Rodwell L, Solomon 
MJ. Pelvic exenteration for recurrent squamous cell 
carcinoma of the pelvic organs arising from the clo-
aca—a single institution’s experience over 16 years. 
Color Dis. 2013;15:1227–31.  

    70.    Longo WE, Vernava III AM, Wade TP, Coplin MA, 
Virgo KS, Johnson FE. Recurrent squamous cell car-
cinoma of the anal canal: predictors of initial treat-
ment failure and results of salvage therapy. Ann Surg. 
1994;220:40–9.  

   71.    Ellenhorn JD, Enker WE, Quan SH. Salvage abdomi-
noperineal resection following combined chemother-
apy and radiotherapy for epidermoid carcinoma of the 
anus. Ann Surg Oncol. 1994;1:105–10.  

   72.    Pocard M, Tiret E, Nugent K, Dehni N, Parc R. Results 
of salvage abdominoperineal resection for anal cancer 

after radiotherapy. Dis Colon Rectum. 1998;41:
1488–93.  

   73.    Nilsson PJ, Svensson C, Goldman S, Glimelius 
B. Salvage abdominoperineal resection in anal epider-
moid cancer. Br J Surg. 2002;89:1425–9.  

   74.    Akbari RP, Paty PB, Guillem JG, Weiser MR, Temple 
LK, et al. Oncologic outcomes of salvage surgery for 
epidermoid carcinoma of the anus initially managed 
with combined modality therapy. Dis Colon Rectum. 
2004;47:1136–44.  

   75.    Ghouti L, Houvenaeghel G, Moutardier V, Giovannini 
M, Magnin V, et al. Salvage abdominoperineal resec-
tion after failure of conservative treatment in anal epi-
dermoid cancer. Dis Colon Rectum. 2005;48:16–22.  

   76.    Ferenschild FT, Vermaas M, Hofer SO, Verhoef C, 
Eggermont AM, et al. Salvage abdominoperineal 
resection and perineal wound healing in local recur-
rent or persistent anal cancer. World J Surg. 2005;
48:16–22.  

   77.    Papaconstantinou HT, Bullard KM, Rothenberger 
DA, Madoff RD. Salvage abdominoperineal resection 
after failed Nigro protocol: modest success, major 
morbidity. Color Dis. 2006;8:124–9.  

    78.    Mullen JT, Rodriguez-Bigas MA, Chang GJ, Barcenas 
CH, Crane CH, et al. Results of surgical salvage after 
failed chemoradiation therapy for epidermoid carcinoma 
of the anal canal. Ann Surg Oncol. 2007;14:478–83.  

   79.    Schiller DE, Cummings BJ, Rai S, Le LW, Last L, 
et al. Outcomes of salvage surgery for squamous cell 
carcinoma of the anal canal. Ann Surg Oncol. 2007;
14:2780–9.  

    80.    Stewart D, Yan Y, Kodner IJ, Birnbaum E, Fleshman 
J, et al. Salvage surgery after failed chemoradiation 
for anal canal cancer: should the paradigm be changed 
for high-risk tumors? J Gastrointest Surg. 2007;11:
1744–51.  

   81.    Eeson G, Foo M, Harrow S, McGregor G, Hay 
J. Outcomes of salvage surgery for epidermoid carci-
noma of the anus following failed combined modality 
treatment. Am J Surg. 2011;201:628–33.  

    82.    Harris DA, Williamson J, Davies M, Evans MD, Drew 
P, et al. Outcome of salvage surgery for anal squa-
mous cell carcinoma. Color Dis. 2013;15(8):968–73.  

    83.    Tonouchi H, Ohmori Y, Kobayashi M, Konishi N, 
Tanaka K, et al. Operative morbidity associated with 
groin dissections. Surg Today. 2004;34:413–8.  

    84.    Soliman AA, Heubner M, Kimmig R, Wimberger 
P. Morbidity of inguinofemoral lymphadenectomy in vul-
val cancer. Scientifi cWorldJournal. 2012;2012:341253.  

    85.    Paley PJ, Johnson PR, Adcock LL, Cosin JA, Chen 
MD, et al. The effect of Sartorius transposition on 
wound morbidity following inguinal-femoral lymph-
adenectomy. Gynecol Oncol. 1997;64:237–41.  

    86.    Pawlik TM, Gleisner AL, Bauer TW, Adams RB, 
Reddy SK, et al. Liver-directed surgery for metastatic 
squamous cell carcinoma to the liver: results of a multi-
center analysis. Ann Surg Oncol. 2007;14:2807–16.  

     87.    Butler CE, Gundeslioglu AO, Rodriguez-Bigas 
MA. Outcomes of immediate vertical rectus abdomi-
nis myocutaneous fl ap reconstruction for irradiated 

51 Management of Anal Cancer



566

abdominoperineal resection defects. J Am Coll Surg. 
2008;206:694–703.  

   88.    Sunesen KG, Buntzen S, Tei T, Lindegaard JC, 
Nørgaard M, Laurberg S. Perineal healing and sur-
vival after anal cancer salvage surgery: 10-year expe-
rience with primary perineal reconstruction using the 
vertical rectus abdominis myocutaneous (VRAM) 
fl ap. Ann Surg Oncol. 2009;16:68–77.  

    89.    Tei TM, Stolzenburg T, Buntzen S, Laurberg S, 
Kjeldsen H. Use of transpelvic rectus abdominis 

 musculocutaneous fl ap for anal cancer salvage sur-
gery. Br J Surg. 2003;90:575–80.  

     90.    Shibata D, Hyland W, Busse P, Kim HK, Sentovich 
SM, et al. Immediate reconstruction of the perineal 
wound with gracilis muscle fl aps following abdomi-
noperineal resection and intraoperative radiation ther-
apy for recurrent carcinoma of the rectum. Ann Surg 
Oncol. 1999;6:33–7.      

B.E. Karanjawala and G.J. Chang



567H.R.H. Patel et al. (eds.), Pelvic Cancer Surgery: Modern Breakthroughs and Future Advances,
DOI 10.1007/978-1-4471-4258-4_52, © Springer-Verlag London 2015

52.1             Introduction 

 The key principle underpinning the management 
of locally advanced rectal cancer (LARC) or 
locally recurrent rectal cancer (LRRC) is that of 
complete en bloc radical excision with a clear 
resection margin (R0) [ 1 ]. This procedure, also 
known as pelvic exenteration, is a complex and 
technically challenging procedure that can be 
associated with considerable post-operative mor-
bidity. Although pelvic exenteration was fi rst 
described in 1948, it was not widely accepted 
until two decades ago because of the high surgi-
cal mortality and morbidity [ 2 ]. With improved 
imaging technology, better understanding of pel-
vic anatomy as well as improved surgical tech-
niques, operative mortality has declined such that 
most units with the expertise in pelvic exentera-
tion report mortality rates of under 1–2 % [ 3 – 5 ]. 
Although surgical morbidity remains moderately 

high, most large contemporary series report an 
acceptable major complication rate of 24–27 % 
[ 3 ,  4 ,  6 ]. Coupled with the numerous case series 
that have reported good quality of life outcomes 
in recent years, [ 7 ,  8 ] pelvic exenteration is now 
accepted as established treatment of LARC or 
LRRC.  

52.2     Magnitude of the Problem 

 Local recurrence following treatment of primary 
rectal cancer has declined dramatically since the 
widespread adoption of total mesorectal excision 
(TME) and use of neoadjuvant radiotherapy 
based on pre-operative magnetic resonance 
(MRI) staging [ 9 – 11 ]. Notwithstanding this, 
local recurrence can still occur in 5–10 % of 
patients [ 12 ,  13 ]. Of patients with LRRC, an esti-
mated 50 % will have isolated pelvic recurrence 
that could be amendable to curative resection [ 14 , 
 15 ]. Without treatment, prognosis of LRRC is 
invariably grim, with a median survival of 
6–9 months and patients are typically highly 
symptomatic particularly with pain [ 4 ,  16 ,  17 ]. 
With chemoradiation, median survival can be 
prolonged to 15 months but patients can remain 
highly symptomatic [ 16 ,  18 ]. As most patients 
with LRRC would have previously had radiother-
apy, this limits treatment options available at the 
time of recurrence. Even if re-irradiation is 
 considered, prior radiotherapy limits the amount 
of additional radiation that can be administered 
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[ 19 ,  20 ]. Importantly, chemoradiation alone is 
not curative even if it does prolong survival [ 21 ]. 
Thus, pelvic exenteration with a clear resection 
margin (R0) is the only curative option available 
for these patients [ 1 ].  

52.3     Presentation 

 Most patients with LARC or LRRC are symp-
tomatic although a small proportion of patients 
with LRRC may present with an asymptomatic 
anastomotic recurrence detectable on routine 
follow-up. In symptomatic patients, symptoms 
typically refl ect the location of the disease. 
Common symptoms include pain, rectal bleed-
ing, rectal discharge, tenesmus or altered bowel 
habits [ 17 ,  22 ]. Of these, pain is the most com-
mon symptom and may be the result direct 
nerve, muscle or bony infi ltration, or the result 
of referred pain. Less commonly, patients may 
also experience lymphoedema from venous 
compression, malignant recto-vesical or recto-
vaginal fi stula or a tumor fungating through the 
perineum.  

52.4     Pre-operative Assessment 

 The purposes of investigations are to confi rm 
diagnosis and to establish the extent of local dis-
ease so as to determine resectability. Although 
criteria for resectability vary between institu-
tions, several authors have published what they 
consider resectable (see later). It needs to be 
emphasized that these constitute recommenda-
tions from specialized institutions with an inter-
est in exenterations and as such, the same 
guidelines are unlikely to apply to all institutions. 
It is also noteworthy that the goalposts for resect-
ability are constantly changing. With improved 
surgical technique and experience, what used to 
constitute absolute contraindication such as pel-
vic sidewall or proximal sacral involvement have 
now evolved to become standard surgical prac-
tice in selected centers [ 2 ,  7 ,  16 ]. 

    Clinical Assessment 

 The utility of clinical assessment depends on the 
location of the cancer. Cancers involving the anal 
canal, perineum, low rectum or anastomosis may 
be readily visible or palpable. However, pain, 
which frequently accompanies local recurrence 
may limit the yield of clinical assessment without 
anesthesia. In patients who have previously 
undergone an abdomino-perineal excision, clini-
cal assessment is often limited.  

    Imaging 

 All patients should be assessed with CT, MRI and 
positron-emission tomography (PET). PET com-
plement CT in the detection of metastatic disease 
and have been shown to alter the management in 
20–40 % of patients with LARC or LRRC by 
detecting occult metastasis otherwise undetected 
on other imaging modalities [ 23 ,  24 ]. As PET 
detects metabolically active tissue, it is very useful 
for distinguishing between post-treatment fi brosis 
and recurrence although false positives can occur 
with benign post-treatment infl ammation. Pitfalls 
with PET are mucinous tumors and occult perito-
neal deposits where PET scans are less accurate. 
The development of PET-CT by fusion of PET and 
CT images has partly overcome the problem with 
small occult metastases [ 25 ]. 

 MRI is currently the gold standard for local 
staging of all rectal cancers whether an early rec-
tal cancer, LARC or LRRC. MRI has revolution-
ized the assessment of LRRC in that it is most 
accurate in determining the local extent of the 
disease and therefore the resectability of 
LRRC. In doing so, it helps guide patient selec-
tion, enables the surgeon to counsel patients 
appropriately about the magnitude of the antici-
pated surgery, likely morbidity and facilitates 
surgical workforce planning on the day of sur-
gery [ 26 ]. The accuracy of MRI depends both on 
the compartment involved as well as the experi-
ence of the radiologist interpreting the MR [ 27 , 
 28 ]. The major limitation with MRI resides in its 
inability to accurately diagnose pelvic sidewall 
involvement [ 27 ,  28 ].  
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    Tissue Diagnosis 

 Tissue diagnosis is conventionally regarded as 
gold standard in confi rming diagnosis of cancer. 
While this is true for LARC, tissue diagnosis is 
not always possible in patients with LRRC. In 
patients where the tumor is inaccessible via a 
natural orifi ce (such as extra-luminal nodal recur-
rence or previous abdominoperineal excision), 
one will have to question the utility of a percuta-
neous biopsy which would violate virginal planes 
that are unlikely to be included as part of the radi-
cal excision thereby posing a small but theoreti-
cal risk of tract seeding [ 29 ,  30 ]. Although 
contentious, in our exenteration practice, a hot 
PET scan in the presence of a corroborative his-
tory, MRI fi ndings and CEA will be accepted as 
being diagnostic of local recurrence without a 
biopsy.  

    Other Investigations 

 A variety of other investigations are often neces-
sary to confi rm diagnosis or assist with surgical 
planning. They include:
•    Colonoscopy  
•   CEA  
•   Cystoscopy (with or without ureteric 

stenting)  
•   CT angiography  
•   MR angiography    

 Colonoscopy and CEA are usually part of rou-
tine pre-operative assessment but the need for 
cystoscopy, CT or MR angiography is selective 
based on individual circumstances.   

52.5     Resectability 

 The indications and contra-indications for pelvic 
exenteration vary widely between institutions 
and continue to evolve with experience. With 
improved surgical techniques and experience, 
what used to constitute absolute contraindica-
tions such as high sacral or pelvic sidewall 
involvement are no longer contraindications pro-
vided an R0 margin can be achieved safely [ 2 ,  5 ,  31 ]. 

There is little doubt that some patients are cur-
rently not offered exenteration for what would be 
considered routine resection in specialized cen-
ters [ 2 ]. Table   52.1   summarizes published resect-
ability criteria.

   Due to the associated surgical morbidity and 
mortality, pelvic exenteration is generally only 
offered with a curative intent. Patients with unre-
sectable metastases are therefore not usually con-
sidered for pelvic exenteration. However, the 
presence of synchronous resectable visceral 
metastases or a history of previously treated meta-
chronous metastases should not preclude consid-
eration for pelvic exenteration provided the 
patient is medically fi t for the procedure [ 32 ,  33 ]. 
Whether metasectomy and pelvic exenteration 
should be performed as staged or synchronous 
procedures and whether a metasectomy fi rst 
approach is more appropriate is debatable, 
although synchronous procedures are likely to 
prolong surgical time and increase surgical mor-
bidity considerably if a major resection is 
necessary. 

 Traditionally, pelvic sidewall recurrence was 
considered a formidable surgical challenge that is 
incurable [ 22 ,  34 ]. The potential involvement of 
major neurovascular structures essential for lower 
limb function coupled with the diffi culties in 
achieving R0 resection margin have contributed to 
pelvic sidewall recurrence being considered a con-
traindication for surgical exploration [ 22 ,  35 – 37 ]. 
In fact, prior to the advent of MRI, referred pain in 
the distribution of the sciatic nerve alone was enough 
to preclude consideration for surgery [ 38 ,  39 ]. 
However, with improved understanding of pelvic 
anatomy and surgical technique, pelvic sidewall 
dissection has become standard practice in many 
centers [ 31 ]. A systematic approach to the pelvic 
sidewall as described by Austin and Solomon has 
been shown to achieve R0 resection margins in 
53 % of patients with pelvic sidewall involvement, 
which is comparable to R0 resection rates at other 
sites of recurrence [ 6 ,  31 ]. Major iliac vessel exci-
sion and reconstruction, adopted from allied surgi-
cal specialties in the treatment of retroperitoneal 
soft tissue sarcomas has demonstrated that en bloc 
iliac vessel excision and reconstruction can 
improve R0 rates with acceptable morbidity and 
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   Table 52.1    Resectability of locally recurrent rectal cancer   

 Institution/country  Authors year  Relative contraindication  Absolute contraindication 

 Leeds United 
Kingdom 

 Mirnezami et al. 
2010 [ 26 ] 

 Distant metastasis  Encasement of external iliac vessels 
 Primary stage IV disease  Extension of tumor through sciatic 

notch 
 Extensive pelvic sidewall 
involvement 

 Presence of lower limb oedema 
from venous or lymphatic 
obstruction 

 Predicted R1 or R2 resection  Poor performance status 
 Sacral invasion above S2-S3 
junction 

 Boyle et al. 
2005 a  [ 5 ] 

 Presence of extensive abdominal or 
thoracic metastases 
 Encasement of external iliac vessels 
 Extension of tumor through sciatic 
notch 
 Sacral invasion above the level of 
S2–3 junction 

 Lund Sweden  Zoucas et al. 
2010 a  [ 35 ] 

 Adherence or invasion of sacrum at 
or above S2 level 
 Extensive lateral or circumferential 
pelvic wall involvement 
 Encasement of sciatic notch or 
external iliac vessels 
 Presence of unresectable distant 
metastasis 

 Texas United States  Gannon et al. 2007 
[ 37 ] and Pawlik 
et al. 2006 a  [ 36 ] 

 Ureteral obstruction  Distant metastases 
 Poor candidate for surgery 
because of medical 
comorbidities 

 Involvement of common or external 
iliac vessels 

 Poor candidate for surgery 
because of inability to care 
for stomas or senility 

 Metastasis to para-aortic nodes 
 Involvement of the sacrum proximal 
to S1 (note: some consider S2 
involvement to an absolute 
contraindication) 
 Tumor extension through sciatic 
foramen 
 Pelvic sidewall involvement 

 Washington United 
States 

 Ogunbiyi et al. 
1997 [ 22 ] a  

  The authors defi ned 
resectable disease as  

 Midline posterior tumors adherent 
or invading the distal sacrum below 
S2  Isolated perianastomotic or 

perineal recurrence 
 Tumors invading adjacent 
pelvic structures such as 
bladder, prostate or vagina 
 Absence of invasion of 
lateral pelvic sidewalls, 
upper sacrum and pelvic 
nerves (ad indicated by 
neurologic signs and 
symptoms) 
 No involvement of ureters as 
indicated by absence of 
hydronephrosis on imaging 

  Ogunbiyi et al. defi ned resectability more by what was resectable rather than what was non-resectable 
  a Authors do not distinguish between relative versus absolute contraindication  
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graft patency rates [ 40 ,  41 ]. En bloc excision of sci-
atic nerve, where necessary to achieve R0 resection 
margins is a well established practice in the sar-
coma literature with better than anticipated functional 
outcomes [ 42 – 44 ]. Patients typically require a foot 
brace to prevent foot drop but mobility is accept-
able. Although patients report mild to moderate 
physical impairment, most prefer some degree of 
disability over amputation [ 42 ]. 

 To enable even more radical resections of the 
pelvic sidewall for tumors extending through the 
sciatic notch, Nielsen et al. recently reported on 
their initial experience with external hemi- 
pelvectomy (hind quarter amputation) on eight 
highly selected patients with a variety of locally 
advanced or recurrent pelvic malignancies [ 45 ]. 
External hemi-pelvectomy is highly morbid pro-
cedure that is generally reserved for malignant 
sarcomas of the pelvis but where possible, a limb 
preserving form of hemi-pelvectomy (internal 
hemipelvectomy) with bony reconstruction is 
favored [ 46 ]. Although hemi-pelvectomy has 
been reported sporadically for carcinomas of the 
pelvis, unlike sarcomas, its role in carcinomas 
remains unclear [ 45 ,  47 – 50 ]. Oncological out-
comes following hemi-pelvectomy in general are 
poor and longer term follow up data is scant [ 45 , 
 47 ]. In the absence of long term oncological and 
quality of life data, these procedures should only 
be offered in expert centers on an individual basis 
where lesser surgical interventions are not possi-
ble. Patients need to be counseled appropriately 
and ideally, surgical, oncological and longitudi-
nal quality of life outcomes in these patients 
should be assessed to further defi ne the role of 
hemi-pelvectomy in LARC or LRRC. 

 En bloc sacrectomy may be required in 9–24 % 
of all pelvic exenterations in order to achieve R0 
resection margins [ 3 – 6 ]. Sacrectomies at or below 
S3 are generally classed as low sacrectomies 
whereas high sacrectomies involves sacral transec-
tion at the level of S1 or 2. High sacrectomies are 
associated with increased intra- operative blood loss, 
surgical morbidity and post- surgical neurological 
defi cit [ 4 ,  51 – 53 ]. Although oncological and func-
tional outcomes following sacrectomies for a range 
of skeletal and soft tissue tumors are well described, 
literature on sacrectomy for LARC or LRRC is 

much more limited [ 51 ]. While low sacrectomies are 
widely accepted because of comparable R0, survival 
and morbidity rates as those who do not require en 
bloc sacrectomy, [ 54 – 57 ] high sacrectomies were 
traditionally considered a contraindication for sur-
gery [ 5 ,  22 ]. However, as with the paradigm shift 
with pelvic sidewall involvement, high sacrectomies 
are no longer a contraindication for surgery [ 53 ,  58 , 
 59 ]. In a recent study by Milne et al. which included 
21 patients who underwent en bloc S1/S2 sacrec-
tomy for LRRC, R0, median and 5 year survivals of 
74 %, 59 months and 38 % were reported respec-
tively [ 53 ]. In another study by Dozois et al. on high 
sacrectomy for LRRC, an R0 rate of 100 % and a 
5 year survival of 30 % were reported [ 58 ]. 
Importantly, post- operative function seemed good 
with the former study reporting no difference in neu-
rological defi cits between low and high sacrectomy 
patients and the latter reporting acceptable post- 
operative ambulation, function and improved pain 
control [ 53 ,  58 ]. Although more studies are needed, 
favorable oncologic outcomes coupled with an 
acceptable morbidity profi le and functional outcome 
necessarily means that high sacrectomy should no 
longer constitute a contraindication for surgery. 

 Rarely, pelvic exenteration may be considered 
for palliative purposes. These are typically 
patients with symptoms that cannot be adequately 
palliated using alternative treatment options such 
as uncontrolled enterovaginal or vesical fi stulae, 
offensive fungating tumors or patients with 
intractable pain [ 22 ,  60 ]. Several small and highly 
selected case series have reported dramatically 
improved symptom control [ 17 ,  60 ,  61 ]. 
Naturally, such radical approach to palliation car-
ries the risk of bringing forth the patient’s demise 
but this also highlights the importance of quality 
of life and patient choice in decision making.  

52.6     Treatment 

    Multi-disciplinary Team Approach 

 Treatment decision for LARC or LRRC patients 
should be made in a multi-disciplinary setting. 
These meetings should include all relevant surgi-
cal and medical specialties as well as allied health 
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specialists such as cancer coordinator, stomal 
therapists and psych-oncologists. These meetings 
are also useful for work force planning to ensure 
the necessary specialties are available on the des-
ignated operation day.  

    Pre-operative Chemoradiation 

 Patients who are radiotherapy naïve should 
undergo pre-operative long course chemoradia-
tion [ 62 ]. The role of re-irradiation in patients 
previously irradiated patients is currently unclear 
[ 19 ]. Re-irradiation options include external 
beam radiotherapy, intensity modulated radio-
therapy (IMRT) or intra-operative radiotherapy 
(IORT). IMRT is a relatively new radiotherapy 
technique that delivers differential radiation 
doses precisely to better conform to the three- 
dimensional shape of the tumor. In doing so, 
parts of the tumor can receive higher doses while 
protecting surrounding critical structures [ 63 ]. 
IORT can deliver a much higher biological dose 
directly to the tumor bed without increasing tis-
sue toxicity but requires purpose built operating 
theaters to do so [ 19 ]. This seems useful where 
resection margins may have been compromised 
but this simply underscores the importance of an 
R0 resection margin [ 19 ,  64 ,  65 ]. 

 The role of re-staging after chemoradiation is 
currently unclear although the consensus from an 
international collaboration, the Beyond TME 
collaboration, recommends restaging with MRI 
and PET to assess treatment response prior to 
exenteration (manuscript in preparation).  

    Compartments of the Pelvis 
and Dissection Planes 

 Conceptually, the pelvis can be divided into fi ve 
compartments (Fig.  52.1 ). They are the central, 
anterior, posterior and the two lateral compart-
ments. Each compartment overlaps at their 
periphery and are each centered on a different 
structure. The central compartment is centered on 
the tip of the coccyx, while the anterior, posterior 
and lateral compartments are centered on the 

 urethra, the third sacral vertebra and the ischial 
spines respectively. The contents of each 
 compartment are listed in Table  52.2 . Within 
each compartment are different extra-TME dis-
section planes and this is illustrated in Fig.  52.2 . 
With these in mind, the surgeon can then concep-
tualize the three-dimensional anatomy of the can-
cer so as to formulate a surgical plan when the 
pelvic MRI is reviewed with an experienced MR 
radiologist. 

        Surgical Technique 

 Pelvic exenteration is a heterogeneous group of 
operations where the specifi c procedure will vary 
depending on the location and the extent of the 
tumor. Because of this, there is no standardized 
surgical approach although broad principles can 
be applied. Of note, there is no universally 
accepted terminology for types of exenteration. 
Terms such as central, visceral, complete and 
total exenteration are often used interchangeably 
while others would use composite resection or 
abdominosacral resection to imply en bloc sacral 
resection. For clarity, exenteration is best defi ned 

  Fig. 52.1    Diagram of the pelvis illustrating the fi ve pel-
vic compartments, each overlapping at their periphery. 
Each compartment is centered on a different structure 
with the anterior, central, posterior and lateral compart-
ments centered on the urethra, the tip of the coccyx, the 
third sacral vertebra and the ischial spines respectively       
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as complete or partial based on the number of 
compartments excised. 

 All procedures can be subdivided into an 
exploratory phase, a dissection phase and a 
reconstructive phase. All procedures begin with 
an exploratory phase where the aim is to rule out 
occult metastatic disease that may preclude cura-
tive resection and to isolate the pelvic cancer 

from all small bowel loops by meticulous adhe-
siolysis, en bloc excision of contiguously 
involved small bowel loops and dividing the 
colon along its anatomical planes. 

 The aim of the dissection is to achieve a clear 
microscopic margin (R0). As a general principle, 
a compartmental approach is adopted whereby 
involvement of a compartment would necessitate 

   Table 52.2    Contents within the compartments   

 Compartment  Viscera  Muscle  Bone  Others 

 Anterior  Bladder  Obturator internus  Pubic symphysis  Dorsal venous complex 
 Urethra  Obturator externus  Superior pubic 

ramus 
 Males: prostate, 
seminal vesicles, 
vas deferens 

 Anterior pelvic fl oor 
(pubococcygeus, 
puborectalis part 
of levator) 

 Inferior pubic 
ramus 

 Females: anterior 
vagina 

 Central  Females: 
posterior half 
of vagina, uterus, 
cervix, ovaries, 
fallopian tubes, 
broad ligament, 
round ligament 

 Pelvic fl oor muscles 
(iliococcygeus part o 
levator ani) 

 S4 and 5 sacral 
vertebra 

 Rectum  Coccyx 
 Posterior  Rectum  Pelvic fl oor muscles 

(coccygeus) 
 Sacrum (S1-S5)  Branches and tributaries 

of the internal iliac 
vessels 

 Piriformis  Coccyx  Sacral 
nerve roots (S1–S4) 
 Anterior sacroccocygeal 
ligament 
 Medial sacrotuberous 
ligament 
 Sacrospinous ligament 

 Lateral  Ureter  Piriformis  Ischial spine  Internal iliac artery and 
vein 

 Obturator internus  Ischial tuberosity  External iliac artery and 
vein 

 Coccygeus  Obturator artery and 
vein 
 Lateral sacrotuberous 
ligament 
 Sacrospinous ligament 
 Lumbosacral trunk 
 Sciatic nerve distal to 
ischial spine 
 Obturator nerve 

  Because the compartments overlap at their periphery, some structures appear more than once within the table  
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complete excision of the compartment at its soft 
tissue bony junction or if the tumor extends very 
close to this margin, en bloc excision of the adja-
cent bone. Attempting to obtain a soft tissue mar-
gin in the former is likely to result in an 
unacceptably high rate of involved margins. In 
LRRC, the dissection planes are often poorly 
defi ned due to fi brosis from previous radiother-
apy and total mesorectal excision. While detailed 
technical description of each exenteration proce-
dure is beyond the scope of this chapter, it is 
important to highlight the modern breakthroughs 
in exenteration techniques. 

    Lateral Neurovascular Approach 
 Central to pelvic sidewall dissection is the appre-
ciation that key neurovascular structures are 
organized in a “layered” manner where the ureter 
lies superfi cial to iliac arteries, iliac veins, lum-
bosacral trunk and obturator internus (Fig.  52.3 ). 
To gain access to a deeper structure, the superfi -
cial lying structure is dissected out so as to “fl oat” 
it off the pelvic sidewall (Fig.  52.3 ). Lateral com-
partment dissection begins with ureterolysis and 
pelvic lymphadenectomy which facilitates vascu-
lar dissection and exposes the sacral plexus. The 

appropriate dissection plane is usually pre- 
determined by the staging MRI (Fig.  52.2 ). 
Where possible, the internal iliac artery should be 
ligated distal to the gluteal branches so as to 

a b

  Fig. 52.2    ( a ) Sagittal section of a female pelvis demon-
strating possible dissection planes.  Plane   A – G  are the sur-
gical dissection planes available. ( b ) Coronal section of a 
pelvis demonstrating possible dissection planes.  Plane L  
is the TME plane;  plane M  is the extra-vascular plane 

which would involve excision of iliac vasculature;  plane 
N  is the plane that involves en bloc excision of obturator 
internus;  plane O  involves en bloc excision of ischial 
spine or ischial tuberosity       

  Fig. 52.3    Intra-operative photo of pelvic sidewall demon-
strating the right common, external and ligated internal iliac 
arteries ( red  vessel loops); the right common, external and 
ligated internal iliac veins ( blue  vessel loops); obturator 
nerve and lumbosacral trunk ( yellow  vessel loops). This 
photo demonstrates the “layered” organization of the lateral 
compartment neurovascular structures. Ligation of internal 
iliac artery and vein allows and common and external iliac 
systems to be “fl oated” off the pelvic sidewall       
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reduce the likelihood of buttock claudication and 
to preserve the option of a gluteal artery based 
fl ap. Even where formal excision of the internal 
iliac vasculature is not necessary, in situ ligation 
of these vessels can help limit blood loss when a 
distal sacrectomy is planned.  

 Dissection of the iliac veins is much more 
challenging due to the variable anatomy and thin 
walled veins. Loss of venous control is more com-
monly the cause of catastrophic bleeding in exen-
terative surgery. The surgeon can usually expect 
at least a visceral, spinal (or presacral) branch and 
a gluteal tributary at each level. Pre- emptive 
suture ligation after dissection of an appropriate 
venous cuff will ensure vascular control and pro-
gressively devascularize the pelvis. In LRRC, the 
extra-vascular plane is often virginal compared to 
the TME plane and may be comparatively easier 
to dissect even if vascular  excision is not required. 

 Identifi cation of the lumbosacral trunk is a key 
step in lateral compartment dissection as it leads 
to obturator internus muscle and ischial spine. 
Preserving the lumbosacral trunk for lower limb 
motor function is generally possible even if a dis-
tal sacrectomy is necessary. To completely excise 
the lateral compartment, obturator internus can 
be excised at its origin with or without en bloc 
excision of ischial spine or ischial tuberosity.  

    Anterior Compartment Dissection 
 Conventionally, the anterior dissection plane is 
the retro-pubic plane at the junction between 
bladder and pubic bone. As with the principles of 
en bloc bony excision in the lateral and posterior 
compartments to improve R0 resection, the same 
can be applied to the anterior compartment. In 
LRRC where there is extensive prostatic involve-
ment or involvement of the membranous urethra 
following previous abdomino-perineal excision 
in men, en bloc pubic bone excision and excision 
of proximal penile urethra may be required to 
achieve a clear resection margin. In a study by 
Solomon et al. patients with LRRC who under-
went en bloc cystectomy had a R0 rate of 64 % 
but this contrasts with an R0 rate of 100 % in 
patients who underwent en bloc cystectomy and 
pubic bone excision (pubic symphysis or bilat-
eral inferior pubic ramus excision) when the 

membranous urethra was involved (manuscript in 
preparation). Although long term oncological 
data from pubic bone excision is not yet avail-
able, this demonstrates technique modifi cation 
can further improve R0 resection rates. Of note, 
even if central pubic excision is performed, inter-
nal fi xation is typically not required. Mesh recon-
struction to the divided ends of pubic rami with 
overlying fl ap reconstruction is generally all that 
is required.  

    Posterior Compartment Dissection 
 The surgical approach for high versus low sacrec-
tomy differ in that a high (S1/S2) sacrectomy 
generally requires a prone approach whereas a 
low sacrectomy (S3 and distal) can be performed 
via an abdominolithotomy approach. High 
sacrectomies can be highly morbid because divi-
sion of proximal sacral nerve roots which can 
cause considerable lower limb motor and sensory 
defi cits. Division of distal sacral nerve roots can 
result in an atonic bladder. Therefore, patients 
should be counseled appropriately about en bloc 
cystectomy even if it is not required oncologi-
cally. In patients where there is central involve-
ment of L5 or S1, a central anterior table excision 
can be performed for L5 and S1 leaving the 
remainder of the sacrum intact thus preserving 
pelvic stability and sacral nerve roots. 

 Sacrectomy is usually the fi nal step after com-
pletion of both the abdominal (lateral, anterior 
and other posterior dissections) and perineal 
phases of the procedure. This includes abdominal 
and perineal reconstruction where a prone sacrec-
tomy is required. Posterior dissection begins in 
the TME plane but stops about 2 cm above the 
point where tumor adheres to sacrum. For distal 
sacrectomy, piriformis and sacral nerve roots are 
divided. After completion of the remainder of 
perineal dissection, the perineal surgeon discon-
nects gluteus maximus and tunnels immediately 
posterior to the coccyx and sacrum to the level of 
intended sacral division. A malleable retractor is 
then inserted to protect natal cleft tissue as the 
abdominal surgeon performs the sacrectomy 
using a 20 mm osteotome and mallet (Fig.  52.4 ).  

 Where a prone sacrectomy is to be performed, 
to ensure that sacral transection is performed at 
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the appropriate level, an orthopedic staple is 
secured into the sacrum 2 cm above the desired 
point of transection. The position of this staple is 
checked with intra-operative x-ray to confi rm the 
point of sacral transection. It is also useful in 
these cases to have both lumbosacral trunks 
marked with a yellow vessel loop and a suture to 
orientate the rectus abdominis myocutaneous fl ap 
to avoid fl ap malrotation. Abdominal sponges are 
also left in the pelvis anterior to the sacrum to 
prevent small bowel from coming into contact 
with the anterior aspect of sacrum which may be 
inadvertently injured as the sacrum is being 
divided from the prone approach using an oscil-
lating saw. Dural sac should be ligated in high 
sacrectomies to prevent ongoing cerebro-spinal 
fl uid leakage.  

    Reconstruction 
 Consideration has to be given to visceral, abdom-
inal and perineal reconstruction. Where cystec-

tomy is performed, an ileal or colonic conduit 
will be required. Although ileal conduits are pre-
ferred, it may not be advisable in patients where 
small bowel loops have been heavily irradiated. 
A colonic conduit out of the radiation fi eld may 
be associated with less complications in this set-
ting [ 66 ]. The use of orthotopic neobladder 
reconstruction is popular within gynae-oncology 
literature [ 67 ,  68 ] but few are considering the 
technique in LARC or LRRC [ 69 ]. Where a seg-
mental ureteric excision was performed, options 
include an end-to-end ureteric anastomosis, blad-
der re-implantation with a psoas hitch or nephrec-
tomy. Re-implanting the ureter into the 
contralateral ureter or the use of a gastric or jeju-
nal interposition graft are alternatives but the for-
mer is avoided if possible to prevent potential 
repercussions on both kidneys should surgical 
complications ensue. 

 In patients where a wide perineal excision or 
high sacrectomy has been performed, consider-
ation needs to be given to reconstruction using a 
myocutaneous fl ap [ 70 ]. A rectus abdominis 
myocutaneous fl ap is the workhorse for this 
reconstruction as fl ap harvest can be incorporated 
to the laparotomy incision in addition to provid-
ing a bulky and well-vascularized tissue with a 
skin paddle for reconstruction. In patients with 
previous bilateral stomas, assessing patency of 
the inferior epigastric artery is recommended. 
Alternative tissue fl aps include gluteal V-Y 
advancement fl aps, inferior gluteal artery perfo-
rator based fl aps or anterior thigh fl aps [ 71 – 74 ]. 
It is important that skin paddle harvested is not 
excessive as this will only introduce donor site 
morbidity. If a rectus abdominis myocutaneous 
fl ap is harvested, mesh reconstruction of the 
abdominal wall will be necessary.    

52.7     Outcomes and Prognosis 

 Reported surgical mortality rates range between 
0.3 and 8 % although larger series in recent years 
have tended to report mortality rates of under 1 % 
[ 3 ,  4 ,  75 ]. Published complication rates vary even 

  Fig. 52.4    Distal sacrectomy performed via an abdomino-
lithotomy approach using a 20 mm osteotome. Natal cleft 
tissues are protected with a malleable retractor       
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more widely between 21 and over 70 % [ 3 ,  38 , 
 76 ,  77 ]. The widely disparate complication rates 
refl ect the lack of consistency in reporting. While 
some authors only report major complications, 
other report all documented complications. 
However, major complication rates of about 25 % 
are generally reported by the larger and more 
recent studies. Common complications are listed 
in Table  52.3 .

   The main aim of surgery is to achieve an R0 
margin [ 1 ]. Many studies have now demonstrated 

the survival difference between patients who 
have R0, R1 and R2 resection margins [ 3 – 5 ]. R0 
rates within the literature vary between 38 and 
85 % depending on the type of exenteration 
offered and the experience of the institution [ 3 ,  5 , 
 34 ,  76 ,  78 ,  79 ]. Table  52.4  summarizes R0 and 
survival data from the larger case series pub-
lished in the last 5 years.

   Numerous other studies have attempted to 
characterize prognostic indicators for 
LRRC. Wanebo et al. and Yamada et al. reported 
that an elevated CEA conferred a worse progno-
sis compared to patients with normal CEA [ 34 , 
 59 ]. Hahnloser et al. and Suzuki et al. found that 
patients with symptomatic recurrence, particu-
larly when the symptom was pain was associated 
with a worse prognosis [ 4 ,  38 ]. In the large study 
by Hahnloser et al. from the Mayo clinic, the 
number of points of fi xation within the pelvis was 
also found to be predictive of survival [ 4 ]. 

 Quality of life in patients following pelvic 
exenteration is an area that remains understudied 
[ 80 ]. A meta-analysis by Thaysen et al. reported 
found only seven studies that evaluated quality of 
life in exenteration patients [ 80 ]. Based on existing 
studies, what is known is that quality of life in 
exenteration patients can be comparable with 
patients after TME for primary rectal cancer and 
that bony resection, the need for double stomas, 
gender or age do not infl uence quality of life [ 7 ,  8 ]. 
The issue of chronic pain in this group of patients 
is even more under-studied. In a recent study by 
You et al. pain is predictive of poorer quality of life 
and is associated with reduced survival [ 81 ]. More 
prospective studies with longer follow ups are 
required. However, within the  confi nes of current 
knowledge, it would appear that the quality of life 
of patients are not worse than that of patients with 
primary rectal cancer [ 7 ]. 

 In the only study that evaluated the cost effec-
tiveness of pelvic exenteration, the authors con-
cluded that surgery is cost effective particularly 
when calculated using utilities derived from 
patient preferences [ 82 ].  

   Table 52.3    Common complications experienced in 
exenteration patients   

  Septic  
   Urinary tract infection 
   Wound infection 
   Pneumonia 
   Deep seated intra-abdominal/pelvic collections 
   Osteomyelitis 
   Gastrointestinal complications 
   Prolonged ileus 
   Small bowel obstruction 
   Enterocutaneous fi stula 
   Anastomotic leak 
   Colo-vaginal fi stula 
  Cardiorespiratory  
   Atrial fi brillation or other cardiac arrthymias 
   Myocardial infarction 
   Pulmonary embolism (deep venous thrombosis) 
   Wound complications 
   Wound dehiscence 
   Persistent perineal sinus 
   Perineal fl ap necrosis 
   Infected prosthetic mesh 
   Hematomas 
  Urological  
   Urinary retention 
   Urological leak 
   Colovesical fi stula 
  Neurological  
   Sciatic nerve palsy 
  Stomal complications  
   Stomal dehiscence 
   Ischemia 
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    Conclusions 

 Pelvic exenteration is a complex procedure 
that requires meticulous pre-operative plan-
ning and specialized post-operative care. The 
boundaries of resectability are constantly 
being challenged. Improved surgical tech-
nique has reduced surgical mortality and mor-
bidity to an acceptable level. Increased 
surgical radicality over the years has also 
improved R0 rates thereby increasing the 
prospects of long term survival. As with onco-
logical results with many other cancers, best 
results with exenteration is most likely from 
high volume centers. Smaller centers are 
therefore encouraged to consider onward 
referral and to collaborate with larger centers 
for best outcomes.      

   Table 52.4    R0 and survival data from the larger series in the last 5 years   

 Authors/year  N  R0 (%)  5 year survival (%)  R1/R2 survival  Comments 

 Heriot et al. 2008 [ 3 ]  160  98 (61)  49  25 % for R1 
 9 % for R2 

 Kusters et al. 2009 
[ 83 ] 

 170  92 (54)  40  Anastomotic and presacral 
recurrences had the best and 
the worst outcomes 
respectively 

 Jiang et al. 2011 [ 84 ]  187  87 (47)  31  17.2 % for R1  Patients with lymph node 
metastases had worse 
survival 

 0 % for R2 

 Rahbari et al. 2011 
[ 6 ] 

 92  54 (59)  47  26 % 3 year OS 
for R1 

 Exenteration in the setting of 
metastatic disease can lead to 
good outcomes if clear 
margins for pelvic disease 
can be achieved 

 11 % 3 year OS 
for R2 

 Neilsen et al. 2012 
[ 85 ] 

 40  15 (38)  17  LARC had better survival than 
LRRC even when both had R0 

 Zoucas et al. 2010 
[ 35 ] 

 33  19 (64)  Not reported  2 year survival of 75 % 

   LARC  Locally Advanced Rectal Cancer,  LRRC  Locally Recurrent Rectal Cancer  

 Key Points 

•     Locally advanced primary rectal cancer 
and locally recurrent rectal cancer 
require the same meticulous surgical 
planning, intra- operative surgical 
approach and post- operative care  

•   Criteria for resectability continue to 
evolve. Boundaries are constantly being 
pushed and smaller centers are encour-
aged to collaborate with more experienced 
centers and to consider onward referral if 
appropriate. The most important determi-
nant for resectability is the ability to 
achieve a clear resection margin.  

•   The single most important factor pre-
dicting long term survival is a clear 
resection margin (R0). Others include 
an elevated CEA (>10), symptomatic 
presentation (especially pain) and num-
ber of points of fi xation in the pelvis  

•   Patient selection for surgery is based on 
a high quality pelvic MRI and PET scan. 
MRI determines the extent of local dis-
ease so as to determine resectability and 
the latter rules out distant metastasis.  

•   All patients require input from a multi- 
disciplinary team including allied health 
specialists (cancer coordinator, stomal 
therapy, psychologists, physiotherapists 
and dieticians)  
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53.1      Introduction 

    Background 

 Colorectal cancer remains a major healthcare 
concern worldwide. In 2009, it was the second 
leading cause of death for both men and women 
in the United States alone, and accounted for an 
estimated 49,920 deaths; while globally, it is the 
fourth leading cause of cancer-related death [ 1 , 
 2 ]. By location, one-third of colorectal cancer 
cases occur in the rectum [ 3 ]. It is estimated that 
40,290 men and women (23,500 men and 16,790 
women) will be diagnosed with rectal cancer and 
51,690 men and women will die of cancer of the 
colon and rectum in 2012 [ 4 ]. The mainstay of 
treatment for this disease is surgical excision 
with appropriate tumor-specifi c mesorectal 

 excision. Over time this has evolved to incorpo-
rate transanal and minimally invasive approaches 
that have resulted in minimizing the overall mor-
bidity. Yet, as the surgical management of rectal 
cancer becomes more complex, the associated 
complications are also more varied. This chapter 
seeks to describe the presentation, prevention and 
management of complications associated with 
current procedures available for the surgical 
management of rectal cancer.  

    Principles of Oncologic Rectal 
Surgery 

 Although other sections of this text are devoted to 
an in-depth discussion regarding this topic, a few 
points are worth highlighting. First, the overrid-
ing oncologic principle of rectal cancer resection 
involves achieving negative proximal, distal and 
radial margins. Appropriate radial (i.e., circum-
ferential resection) margins are best aided by per-
forming a total mesorectal excision (TME) [ 5 ]. 
The use of TME is based on the hypothesis that 
the local fi eld of rectal cancer spread is primarily 
limited to the mesorectal envelope; if this is 
removed en bloc, then all tumor satellite can be 
removed as well. Previous studies have demon-
strated a reduction in positive radial margins and 
local failure rates in stage II and III cancers fol-
lowing TME, with an improvement in overall 
survival to 68–78 % [ 6 ]. Currently, a 1–2 cm 
 distal margin (pending tumor height) and a 
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 proximal margin of at least 5 cm are recom-
mended. However, the radial margin remains 
critical when determining prognosis, and is one 
potential factor in the surgeon’s control. On the 
other hand, simply adhering to the oncologic 
principles of rectal cancer surgery (i.e. complete 
TME) is not without consequences, as this 
requires a distal resection and anastomosis, 
resulting in potential increases in operative time, 
anastomotic leak rates, chronic wounds and func-
tional disorders related to the dissection itself or 
to adjunct treatments.   

53.2     Surgical Approaches 
for Rectal Cancer Surgery 

 Surgical management of rectal cancer has become 
more varied and complex, especially as new 
modalities are developed. With the advent of 
minimally invasive excision and adjuvant ther-
apy, small distal rectal cancers can be treated 
with lower morbidity and mortality of a more 
invasive procedure. Newer modalities such as 
robotic surgery are also fi nding a place in the 
armament of rectal cancer surgery. Each modal-
ity has its own indications, contraindications and 
associated complications. Current surgical 
approaches are described here only briefl y, as 
they are beyond the scope of this chapter and 
covered more thoroughly elsewhere in this text. 

    Local Excision 

 The earliest form of surgical management for 
rectal cancer involved local excision alone, until 
the advent of anesthesia and blood transfusions, 
which allowed for the rise of the abdominal- 
perineal resection (APR) for rectal cancer. The 
APR subsequently lowered recurrence and 
improved cure rates, but was also associated with 
a higher morbidity. Local excision was then rele-
gated to palliative procedures, but has resurfaced 
again for use in the treatment of T1N0 and select 
T2N0 rectal tumors when paired with adjuvant 
chemoradiation [ 7 ]. Modalities include the tradi-
tional transanal excision (TAE), along with 

 transanal endoscopic microsurgery (TEM), and 
more recently, transanal minimally invasive sur-
gery (TAMIS). TEM was developed in the 1980s 
to remove large rectal polyps beyond the reach of 
TAE. It is now widely available, utilizes special-
ized optics and equipment, allows excision of 
early stage rectal cancers with improved onco-
logic margins, and access to more proximal 
lesions with decreased morbidity and mortality 
compared to TAE [ 8 – 10 ]. TAMIS was fi rst 
reported in 2009 and is a hybrid between TEM 
and single-port laparoscopy, utilizing many of 
the same instruments [ 11 ].  

    Radical Excision 

 The APR was fi rst described in 1908. Current 
indications include tumors that are close to or 
extending into the anal sphincter complex, such 
that a safe distal margin cannot be achieved, or 
the presence of a mid-rectal tumor in a patient 
with poor continence. Tumors that do not involve 
the sphincter and allow for a 1–2 cm distal mar-
gin are eligible for a low-anterior resection 
(LAR). While defi nitions vary slightly, the ultra- 
low LAR is variation of standard LAR made 
 possible by a colo-anal anastomosis for distal 
rectal cancers. Contra-indications to LAR include 
baseline fecal incontinence, tumor invasion of the 
anal sphincter musculature or rectovaginal sep-
tum, tenesmus and technical factors such as body 
habitus, tumor location and tumor size [ 12 ]. 

 Laparoscopy is now a widely practiced 
approach in most in oncologic procedures, 
including the resection of colorectal cancers. 
Laparoscopic LAR involves the exploration and 
mobilization of the colon and rectum, with 
improved optics to aid in rectal dissection, fol-
lowed by a bowel resection and anastomosis cre-
ation completed either intra- or extra-corporeally 
[ 13 ]. Robotic surgery was introduced as a way to 
overcome the limitations of laparoscopy and is 
gaining traction as more colorectal surgeons 
become familiar with the technique [ 14 ]. Whether 
performed open or via a minimally invasive 
approach, the principles of proper oncologic sur-
gery are maintained.   
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53.3     Complications Associated 
with Rectal Cancer Surgery 

    Intra-operative Complications 

    Bleeding 
 Signifi cant intra-operative bleeding in the pelvis 
is a commonly feared, but relatively uncommon 
complication—with a reported incidence rang-
ing from 3 to 9.4 %. The most common location 
is the presacral venous plexus, which commu-
nicates with the internal vertebral system. In 
the lithotomy position, the hydrostatic pressure 
increases to two to three times that of the inferior 
vena cava, making bleeding from this location 
very diffi cult to control with standard electro-
cautery, suture ligation or clipping. Traditional 
control methods include pelvic packing and 
sterile metallic or titanium thumbtacks. Other 
reported methods are local hemostatic agents 
(i.e., thrombin and gelfoam) or sponges with 
endoscopic helical tackers, absorbable hemo-
stats, bone wax, tamponading tissue expanders 
or saline bags, indirect coagulation via muscle 
fragmentation and rectus abdominus muscle 
autotransplant. 

 While all methods have a wide range of vari-
ous reports of success in the literature, each are 
also subject to limitations and drawbacks [ 15 ]. 
Packing often requires return to the operating 
room for removal. Tack use is subject to avail-
ability and limitations on placement (contraindi-
cated near ureters and the sacral foramina) with 
associated complications of chronic pain, anasto-
motic leaks and fi stula formation. Hemostatic 
agents need a dry fi eld to prevent washout, which 
is often a formidable task during brisk bleeding. 
The tamponade effect with the use of sponges, 
tissue expanders and saline bags is not a reliable 
option with low anastomosis, secondary to 
 ischemia and breakdown, though can be used in 
the dissection phase. Muscle transplant is a diffi -
cult and time-consuming process in a deep and 
narrow pelvis and should not be attempted as 
fi rst- line management. The use of indirect coagu-
lation on a muscle fragment to form a coagulum 
patch is more diffi cult in deeper pelvic sources 
and lateral locations. 

 A special note should be made of lateral 
 pelvic bleeds, as the origin may be from the 
iliac system, especially in re-operative pelvic 
cases. Indiscriminant use of electrocautery most 
often results in worsening the situation. Rather, 
initial packing and localization of the source is 
imperative to avoid further injury. Caution 
should be performed to avoid excessive suction 
use, as blood loss can be severe and swift. 
Rather, direct pressure with isolation of the 
injury, achieving proximal and distal control 
(where possible), and suture repair is preferable. 
This may involve dissecting out the common 
iliac artery and vein at the pelvic inlet. Recalling 
the typical course of the left common iliac vein 
carries it under the right iliac artery is important 
to avoid further injury. In extreme cases, suc-
cessful ligation of the pelvic infl ow and outfl ow 
has been described. While this maneuver carries 
a theoretical risk of central pelvic necrosis, this 
is often only employed in the direst of situations 
for otherwise uncontrollable bleeding [ 16 ,  17 ]. 
Finally, angiographic embolization and (increas-
ingly) endovascular techniques may also be 
considered, though require technical expertise 
and/or temporary stabilization of the patient in 
cases where their use would require transporta-
tion out of the operating room, which may not 
be feasible [ 18 ,  19 ]. 

 Another more frequently encountered source 
of bleeding is anastomotic bleeding, for both 
anterior resections and following local excisions. 
In stapled anastomosis, there is a reported inci-
dence of 1–45 %. This bleeding is often relatively 
minor with the passing of dark blood at the fi rst 
bowel movement, and will cease without any 
intervention [ 14 ]. If there is continued or refrac-
tory bleeding, control is initially attempted with 
sutures or clips rather than electrocautery to pre-
vent thermal injury and possible delayed leak. 
A circular-stapled anastomotic bleed has been 
reported to be more commonly associated with a 
delay in presentation. Conservative management 
may be attempted with a rectal tube placement 
and a normal saline with 1:100,000 epinephrine 
instillation, though not as commonly employed. 
Patients who fail this treatment or become hypo-
tensive should return to the operating room for an 
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exam under anesthesia and more defi nitive 
 control [ 20 – 24 ]. Endoscopy can be extremely 
useful in this situation, as direct visualization of 
the source along with a working channel in the 
scope will allow commonly used means to iden-
tify and control the bleeding vessel (i.e., endo-
scopic clips, injection, coagulation).  

    Genitourinary Injuries 
 The iatrogenic genitourinary injury is a rare, but 
feared complication in pelvic surgery. The ure-
ters are frequently subjected to damage because 
of their anatomical location, crossing over the 
bifurcation of the common iliac artery before 
descending into the pelvis in a lateral to medial 
course. While ureteral injury occurs in ~1 % 
of colorectal procedures, colorectal surgery 
accounts for 5–15 % of all ureteral injuries and 
APR is one of the most commonly associated 
procedures [ 25 ]. Risk factors for injury include 
a history of prior pelvic operations, radiation 
therapy, infl ammatory bowel disease, and exten-
sive neoplasm causing distortion of surgical 
planes and unrecognized congenital anomalies. 
Prevention of injury is possible by direct visu-
alization or knowledge of critical steps in which 
the ureter is in close proximity. However, prior 
pelvic surgery may result in an aberrant location 
of the ureters, often following a more medial 
course, or cause the ureters to make sudden turns 
instead of their more gradual arching path. The 
placement of prophylactic ureteral stents does 
not prevent injury to the ureters; however, they do 
allow for early identifi cation of injuries [ 25 – 28 ]. 
Mechanisms of injury include laceration, liga-
tion, devascularization and indirect burns from 
stray energy. Ureteral injuries that are discovered 
intra-operatively should be repaired immediately. 
Delayed presentation can occasionally be man-
aged conservatively, although there are case series 
that report favorable outcomes with operative 
intervention upon presentation [ 29 ]. Diagnosis of 
ureteral injury can be achieved intraoperatively 
via an on-table intravenous pyelogram or the ret-
rograde instillation of methylene blue solution or 
radiographic contrast through ureteral catheters 
[ 25 ]. The principles of repair involve the use of 
absorbable sutures to prevent stone formation, 

a tension-free repair over a stent and placement 
of closed-suction drain in proximity of repair. 
The type of repair depends mainly on the loca-
tion of injury [ 25 ]. Transections at the level of 
the high ligation of the inferior mesenteric artery 
are most often repaired primarily, with proximal 
and distal mobilization of the two ends, and a 
spatulated end-to-end anastomosis performed 
over a double- J stent. Injuries at the iliac bifur-
cation are either repaired primarily or ligated at 
the distal stump with a Boari fl ap or psoas hitch 
repair [ 25 ,  30 ,  31 ]. Injuries from anterolateral or 
perineal dissection are repaired by creation of 
ureterneocystostomy. 

 Bladder injuries may occur during placement 
of laparoscopic trocars or during open or laparo-
scopic dissection. Similar to ureteral injuries, risk 
factors include a history of prior radiation, 
infl ammatory bowel disease, malignant infi ltra-
tion and chronic infection. Iatrogenic injuries are 
graded from 1 to 5 for severity [ 32 ,  33 ]. Injuries 
discovered intraoperatively are repaired at that 
time depending on the grade. In general, almost 
all bladder injuries can be successfully managed 
with direct repair and Foley catheter drainage. 
Care must be taken to ensure there is no damage 
to the trigone area, where urological expertise is 
typically warranted. Grades I or 2 may require a 
Foley catheter placement for 7–14 days while 
grades 3–5 are repaired in multiple layers using 
absorbable suture and placement of closed- 
suction drains, along with catheter drainage. 
Bladder injuries missed intraoperatively present 
early in the post-operative period with increased 
output from drains, drainage from the surgical 
incision or vagina, ileus, oliguria and the pres-
ence of ascites with elevated BUN and creatinine. 
Diagnosis is made via CT cystogram [ 34 ,  35 ]. 
The extent of the injury and clinical stability of 
patient will most often dictate the subsequent 
management, with options ranging from catheter 
drainage alone, percutaneous drainage, or 
 surgical exploration. In general, injury grades 
3–5 require operative repair. 

 Urethral injury is extremely rare and is more 
often associated with traumatic Foley catheter 
placement. Intraoperative iatrogenic injury may 
occur during the perineal dissection portion of 
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an APR or transanal dissection of an LAR at the 
membranous or prostatic portion, particularly 
if there is a large, penetrating anterior tumor 
or extensive scarring. Other risks include oblit-
eration of anatomical planes due to tumor des-
moplastic reaction or edema from neoadjuvant 
radiation therapy. Prevention is accomplished 
with placement of a large diameter Foley cath-
eter, and frequent evaluation to ensure the cor-
rect surgical plane is being followed during the 
anterior portion of the dissection. Intraoperative 
diagnosis is often made when the Foley catheter 
is visualized. A suspected injury can be visu-
alized by retrograde instillation of methylene 
blue via the catheter or urethral meatus. Intra-
operative injuries that are small are repaired with 
absorbable suture and Foley catheter left in place 
for approximately 2–4 weeks. It is often advis-
able to upsize the catheter (i.e., 20 Fr) in attempt 
to minimize stricture formation. Unfortunately, 
most urethral injuries are delayed presentations 
 commonly diagnosed as a fi stula. These fi stu-
las rarely close with conservative management 
and usually require urinary diversion followed 
by repair and reconstruction. If there is a large 
injury or delay in diagnosis, proximal urinary 
diversion via a suprapubic catheter should be 
placed and a delayed repair performed by an 
urologist [ 25 ].  

    Complications Associated with TAMIS/
TEM-Perforation into the Peritoneum 
 With the increasing use of local excision modali-
ties of TEM and TAMIS, it is important to recog-
nize the intraoperative complications that may 
occur. Overall, the reported complication rate for 
these modalities is 6–31 % [ 36 – 47 ]. Especially 
when resecting higher lesions, or in anterior 
lesions with a deep pelvic cul-de-sac, full thick-
ness excision may result in perforation into the 
peritoneum. This has been reported in 0–9 % [ 39 , 
 42 ,  47 – 49 ]. Although perforation may require a 
conversion to laparotomy, surgeons performing 
these approaches should be facile with primary 
closure via transanal suture repair as the fi rst 
option [ 49 ]. Admission, bowel rest, and empiric 
intravenous antibiotics are often employed for 
known peritoneal entry, or cases of postoperative 

pneumoperitoneum in an otherwise clinically 
well and stable patient. Any signs of clinical 
deterioration should warrant emergent evaluation 
and often requires abdominal exploration and 
diversion.   

    Early Postoperative Complications 

    Anastomotic Leak 
   Incidence and Risk Factors 
 Anastomotic leak is one of the most feared com-
plications in rectal cancer surgery. A review of the 
literature reveals an incidence ranging from 1 to 
19 %, with more recent studies reporting a less 
than 10 % incidence [ 50 – 54 ]. The risk factors 
associated with leak are numerous and can be 
classifi ed according to patient factors, disease fac-
tors and intraoperative factors (Table  53.1 ). The 
literature regarding these risk factors is consider-
able and varies in the strength of associated with 
leak; however, ASA classifi cation, malnutrition 
and weight loss have shown consistently stronger 

   Table 53.1    Risk factors associated with anastomotic leak   

  Patient risk factors  
   Tobacco use 
   Alcohol use 
   Obesity 
   Age >65 
   ASA > 3 
   Malnutrition <3.0 
   Weight >10 % TBW 
  Disease factors  
   Emergent surgery 
   Steroid or immunomodulator use 
   Malignancy 
   Level of tumor (rectal lesion below peritoneal 

refl ection 
   Anastomotic height 
   Preoperative radiation therapy 
  Intraoperative factors  
   Poor perfusion to conduit and anastomosis 
   Anastomosis or conduit under tension 
   Sigmoid colon conduit 
   Prolonged operative time 
   Excessive blood loss 
   Blood transfusion 
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associations with leak occurrence, while factors 
such as obesity, age, smoking, and alcohol usage 
have weaker associations [ 52 ,  55 – 79 ].

      Prevention of Anastomotic Leaks: 
Techniques and Adjuncts 
 Prevention and reduction of risk of anastomotic 
leaks requires recognition and mitigation of risk 
factors pre-operatively and intra-operatively as 
well as the use of adjuncts. Intra-operatively, 
meticulous technique to prevent excessive blood 
loss, undue tension on the anastomosis and 
ensuring a good blood supply are vital to ensur-
ing a quality anastomosis. Multiple intraopera-
tive and postoperative adjuncts are utilized with 
varying degrees of success. Intra-operative 
adjuncts include the use of buttressing materials, 
air leak testing the anastomosis and a restrictive 
resuscitation strategy. In the post-operative 
period,  supplemental oxygen therapy, the use of 
protective diverting stomas and pelvic drains are 
also reported. 

 Intervening on modifi able patient risk factors 
such as obesity, smoking and alcohol use should 
be attempted, though not often feasible in the set-
ting of malignancy where more prompt surgical 
intervention is performed. Patients with known 
pre-operative malnutrition should receive supple-
mental nutrition in the form of enteral nutrition or 
TPN prior to undertaking operative intervention. 
Preoperative prophylaxis in the form of bowel 
preparation or IV and PO antibiotics, while 
decreasing the rate of surgical site infections, has 
not been shown to decrease the rate of leak on 
colorectal anastomosis [ 68 ,  80 ], and is left to the 
discretion of the surgeon. 

 Intra-operatively, adequate perfusion to the 
conduit and anastomosis can be diffi cult to 
ascertain and clinical judgment is needed as 
there are no reliable or accurate devices that are 
widely available [ 52 ]. Indicators of perfusion 
include the color of the mucosa and bleeding 
from the staple line. The prevention of tension 
on the anastomosis will also ensure perfusion. 
This is achieved by high ligation of the inferior 
mesenteric vein at the level of the duodenum and 
artery pedicle. Although this can compromise 
blood supply, this is usually not typical when 

collateral circulation is intact and care is taken to 
avoid resection of the mesentery too close to the 
bowel. A bulldog or vascular clamp may be 
placed initially on the pedicle prior to formal 
ligation to temporarily stop blood fl ow and eval-
uate for collateral supply. Additionally, proper 
mobilization of the splenic fl exure will assist in 
achieving adequate length for the proximal 
bowel to reach the pelvis. Sigmoid colon con-
duits are generally not recommended because of 
tenuous blood supply after high ligation. One of 
the most diffi cult anastomosis with regards to 
blood supply and tension occurs in the setting of 
preoperative XRT and the need for a colo-anal 
anastomosis. Meticulous technique in creation 
of the anastomosis cannot be overemphasized. 
The use of hand-sewn versus stapled technique 
has been extensively studied in the literature 
with the most recent Cochrane meta-analysis 
fi nding both techniques are equivalent [ 52 ,  81 , 
 82 ]. Single versus double-layer sutures have also 
been studied with randomized data reporting no 
adverse outcomes in either suture group [ 83 ]. 
Yet, in mid-to-low pelvic anastomosis, the deci-
sion of which to perform is often a moot point, as 
stapled anastomoses are technically easier and 
are predominately performed. 

 Buttressing materials (i.e., fi brin glue, 
SEAMGUARD® (W.L. Gore & Associates, 
Newark, DE] along the staple line or omento-
plasty have had mixed reports of success in pre-
venting leaks [ 84 – 91 ]. The air leak test is 
supported throughout the literature as a simple 
method of determining the integrity of a fresh 
anastomosis prior to closure and helps identify 
any problems with the anastomosis that can be 
addressed intraoperatively or suggest proximal 
diversion may be required [ 92 – 95 ]. While clini-
cal leaks may still develop, testing for air leaks is 
not known to be harmful, and positive tests have 
been associated with higher rates of subsequent 
clinical leaks [ 52 ]. Restrictive fl uid strategy is 
reported in the literature to decrease overall post- 
operative complications, however its role in pre-
vention of leak is less clear. Most studies 
demonstrate a good safety profi le when compared 
to usual care and its use can be considered good 
practice [ 96 – 102 ]. 
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 Post-operative adjuncts include the use of 
supplemental oxygen, pelvic drains and a pro-
tective, diverting stoma. While most of the sup-
plemental oxygen studies focus on the prevention 
of surgical site infections, there are several stud-
ies regarding the use of supplemental O2 in pre-
vention of anastomotic leak [ 103 ,  104 ]. By 
increasing the O2 saturation in arterial blood, it 
is believed to increase the mucosal O2 tension at 
the site of bleeding and prevent ischemia. This 
was initially demonstrated in a rat model that 
demonstrated a higher bursting pressure and 
hydroxyproline content (a marker of collagen 
content) after hyperbaric chamber treatment 
[ 90 ]. Following this, a Spanish study used 80 % 
FiO2 in 45 patients undergoing LAR and found 
better tissue oxygen levels at the anastomosis 
compared to controls with no complications in 
either test group. In a recent randomized control 
trial, patients were randomized to a control arm 
of 30 % Fi02 or experimental arm of 80 % FiO2 
for 6 h post rectal cancer resection. In this study, 
there was 46 % reduction in anastomotic compli-
cations (p < 0.05) [ 103 ]. 

 Protective stomas are utilized to divert fecal 
fl ow away from the fresh anastomosis; how-
ever, there is ongoing debate as to whether or 
not the presence of a diverting stoma merely 
decreases the severity of the leak or actually 
prevents it [ 60 ,  70 ,  75 ,  105 – 111 ]. A recent 
Cochrane review reported the decreased inci-
dence of anastomotic leak and the need for 
urgent return to the OR for leak (RR = 0.33, 
95 % CI 0.21–0.53) [ 110 ]. The placement of 
pelvic drains is also under debate and several 
authors have found a decrease in leak incidence 
while others studies found it to be an indepen-
dent risk factor for leak [ 112 – 119 ]. 
Unfortunately, drain use remains largely dog-
matic and is most often performed at the discre-
tion of the surgeon.  

   Presentation and Management 
 Anastomotic leak presentation depends largely 
on what level the leak occurs: intraperitoneal 
or extraperitoneal. Intraperitoneal leaks often 
present with generalized peritoneal signs, 
while extraperitoneal leaks are often insidious 

in  presentation due to lack of an innervated 
peritoneal surface. Patients may only present 
with symptoms associated with the location 
such as urinary dysfunction. Leaks can further 
be broken down into free and contained leaks. 
A free leak occurs when fecal contents spread 
freely throughout the peritoneal cavity. A con-
tained leak occurs when fecal contents leak into 
the pelvis and become walled off, resulting in a 
pelvic abscess. Free leaks present with signs of 
sepsis and diffuse peritonitis or feculent fl uid 
from the incision or drains. Contained leaks 
can present with sepsis, but symptoms such as 
chronic pelvic pain or fi stula or more indicative 
of a contained leak. Management of intraperi-
toneal and extraperitoneal leaks is summarized 
in Figs.  53.1  and  53.2 .   

 Hemodynamically unstable patients need 
immediate fl uid resuscitation, IV antibiotics and 
operative intervention to assess the size, site, 
accessibility, viability of the bowel ends, and 
fecal load of the proximal colon. If there is a 
major defect in the anastomosis (Fig.  53.3 ), it 
can be resected and re-done with proximal diver-
sion, drain placement and on-table colonic 
lavage. If the anastomosis is high or mid-rectal, 
there are several options. Minor defects can 
occasionally undergo repair with proximal diver-
sion and drain placement if there is no fecal load 
in the proximal colon, and the patient is stable 
with a reasonable nutrition status. However, this 
is likely only possible when the leak is identifi ed 
very early and there is a paucity of infl ammation 
in the abdomen and the bowel wall remains sup-
ple. Finally if the patient is too unstable and 
damage control surgery is planned, then a take-
down of the anastomosis with creation of a 
colostomy and Hartman’s stump is the quickest 
and safest option. All repairs or re-do attempts 
should have thorough washout of the abdominal 
cavity and omental fl ap over the repair to prevent 
fi stula formation. If a defect cannot be defi ned 
and phlegmon is present, minimal pelvic dissec-
tion is undertaken to prevent the liberation of 
sepsis, minimize the injury to ureters or the iliac 
vessels or to the bowel. The pelvis should be 
washed out, an omentoplasty performed and pel-
vic drains placed.  
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 Hemodynamically stable patients need a tri-
ple phase CT to delineate location and size of 
the leak or abscess. Intraperitoneal abscess or 
contained leaks are eligible for non-operative 
management. This consists of drainage, antibi-
otics, bowel rest and TPN or a low residual diet. 
For upper pelvis abscess or contained leak in 
colorectal anastomosis, CT-guided percutane-
ous drainage can be undertaken with transab-
dominal route preferred over the transgluteal. 
Lower pelvic abscess are managed to according 
to their location: anterior or posterior. Anterior 
abscess with intraperitoneal sepsis require oper-
ative intervention. Posterior abscess require a 
water-soluble contrast enema (WCSE) to deter-
mine if is in continuity or contained. Abscess 
that is not in continuity should undergo EUA 
and transanal drainage. For those in continuity, 
IV antibiotics and CT-guided drainage is fi rst-
line therapy. Anterior abscess without intraperi-
toneal sepsis are managed in a similar fashion to 

posterior abscess. Colo-anal contained anasto-
mosis leaks benefi t from early EUA with fre-
quent reassessment and trans-anastomotic 
drainage. While endoluminal stents have been 
described, their use remains largely anecdotal 
and recommendations await further experience. 
Long-term sequelae of anastomotic leaks 
include fi stula formation, stricture, chronic pre-
sacral cavity, pain and the need for a permanent 
stoma [ 51 ,  120 ].   

    Infection and Wound Complications 
   Incidence 
 Surgical Site Infection (SSI) is one of the most 
common nosocomial infections among surgical 
patients, occurring in approximately 2 % of surgi-
cal procedures and accounting for 20 % of health 
care-associated infections [ 121 ]. Colorectal 
surgery is associated with an even higher rate 
of SSI (up to 30 %), secondary to high bacte-
rial load in the distal gastrointestinal tract [ 122 , 
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 123 ]. Within colorectal surgery, procedures on 
the rectum carry a higher risk of SSI compared 
to other sites within in the colon. A prospective 
study of patients undergoing elective colorectal 
surgery stratifi ed the data from colon and rectal 
cases separately. SSI was documented in 18 % in 
rectal cases compared to 9.4 % in colon cases. 
Italian investigators further stratifi ed the loca-
tion of surgery to right and left colon and rectum 
as well as site of infection (incisional or deep 
space). Again, rectal surgery was associated with 
a higher rate of SSI compared to the right colon 
(17.6 % vs. 8 %), while left colon surgery had a 
similar rate of SSI (18.4 %, p = 0.022). Rectal sur-
gery and left-side colon surgery also had a higher 
rate of deep space and organ infections compared 
to right-side colon surgery (p = 0.029) [ 122 ,  124 ]. 
Risk factors for all surgery and specifi c to rectal 
surgery are summarized in Table  53.2  [ 103 ,  104 , 
 122 ,  124 – 129 ].

      Prevention 
 Prevention involves modifi cation of general risk 
factors as well as the use of adjuncts when appro-
priate, also summarized in Table  53.2  [ 103 ,  104 , 
 122 ,  124 – 129 ]. Mechanical bowel preparation is 
believed to prevent SSI by reducing the fecal 
content and thus bacterial load, but multiple stud-
ies demonstrate no benefi t in prevention of 
SSI. Furthermore, a recent meta-analysis sug-
gests that anastomotic leak rate might actually be 
increased. In this study the use of rectal enemas 
in both colonic and rectal surgery was also exam-
ined. An overall leak rate of 4.4 % in the enema 
group was comparable to 3.4 % in the no enema 
group (OR = 1.32, 0.74–2.36). Specifi cally in rec-
tal surgery, leaks were present 7.4 % in the enema 
group and 7.9 % in the no enema group 
(OR = 0.93, 0.34–2.52). SSI was present 9.9 % in 
the enema group and 8.0 % in the no enema 
group (OR = 1.26, 0.85–1.88) [ 130 ]. Oral 
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 antibiotics have also been examined as a preven-
tive measure. While studies show there is a reduc-
tion with use of non-absorbable oral and 
parenteral antibiotics in colorectal surgery, there 
is also a higher rate of nausea and vomiting in 
these patients which predisposes them to aspira-
tion so use can be considered in carefully selected 
patients [ 131 ].  

   Management 
 SSI typically present on the fi fth to seventh post-
operative day unless  Clostridium perfringens  or 
beta-hemolytic  Streptococcus  is the etiological 
agent, in which case infection manifests as early 
as postoperative day 1 or 2. Surgical wounds 
appearing infected require the standard wound 
treatment of drainage and debridement. Antibiotic 
should be given only if cellulitis is present, or in 
patients with underlying immunosuppression. 
Deep wound infections of the fascia or muscle 
require return to the operating room for exam 
under anesthesia, debridement and washout with 
packing and closure by secondary intention. 
Larger wounds may benefi t from use of vacuum- 
assisted device, which allow for easier wound 
care and faster closure of the wound. Patients 
with suspected intra-abdominal abscess should 
undergo CT scan with intravenous, oral and rec-
tal contrast. The fi ndings of a rim-enhancing fl uid 

collection and surrounding infl ammatory strand-
ing are diagnostic. Treatment is drainage of 
abscess with most amenable to percutaneous 
catheter drainage. Success rates range from 65 to 
90 % and depend on size, complexity, etiology 
and microbial fl ora [ 65 ,  132 – 134 ].   

    Wound Issues in APR 
 Wound issues in APR are a well-known compli-
cation and can range from minor wound separa-
tion to a chronically infected cavity, fi stula or 
sinus. The rates of wound complications range 
from 11 to 50 % [ 135 ]. Risk factors vary and the 
importance of one over the other has not been 
determined, although some factors such as 

  Fig. 53.3    Anastomotic disruption in a diverted patient 
viewed endoscopically       

    Table 53.2    Risk factors and prevention for SSI   

  General risk factors  
  General prevention 
measures  

 Malnutrition  Tobacco cessation 
 Diabetes mellitus  Alcohol cessation 
 Immunosuppression  Improved nutrition status 
 Age >60  Prophylactic antibiotics 

with appropriate 
gram-negative and 
anaerobic coverage with 
appropriate timing of 
dosing and 
discontinuation within 
24 h of surgery 

 ASA >2  Hair removal using 
clippers 

 Increased preoperative 
hospital stay 

 Meticulous technique 
and dissection 

 Extensive surgery  Avoidance of excessive 
intraoperative blood loss 
 Normothermia 
maintenance 

  Independent risk factors 
in rectal surgery  

  Specifi c prevention 
measures  

 Multiple co-morbidities  Combined non- 
absorbable oral and 
parenteral antibiotics 

 Preoperative use of steroids  Postoperative oxygen 
therapy 

 Ostomy creation  Silver-impregnated 
dressings 

 Preoperative radiation  Intra-operative antibiotic 
peritoneal lavage 
 Antibiotic impregnated 
beads for APR sacral 
cavity 
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 preoperative radiation are consistently a risk 
factor for delayed wound healing, with rates of 
2–3 times to that of no radiation treatment. 
Other factors such as diabetes, smoking, gender, 
steroid use and malnutrition have differed from 
study to study [ 135 – 143 ]. Prevention of wound 
complications is aimed at modifi able risk fac-
tors such as nutritional status and tobacco cessa-
tion, prevention of intra-operative fecal or 
purulent contamination and excessive intraop-
erative bleeding. The use of pelvic drains is also 
felt to be benefi cial by eliminating the dead 
space; however, benefi t did not extend beyond 
1 month. The drain(s) should brought out 
through a separate incision, because of higher 
rates of non-healing when exiting through the 
incision [ 144 ,  145 ] . With preoperative radiation 
or extensive resection, the transposition of 
healthy tissue such as omentum or gracilis or 
rectus abdominus muscle was reported in some 
studies to improve wound healing, but a system-
atic review did not show benefi t with use of 
omentoplasty [ 146 – 149 ]. In recalcitrant chronic 
wounds, a search for other etiology such as fi s-
tula or recurrence of malignancy should be initi-
ated. Imaging is utilized to determine the 
presence of a chronic sinus or fi stula. Treatment 
should be based on standard principles of fi stula 
management, depending on the source, output 
and clinical condition of the patient. Chronic 
draining sinus is managed in a similar fashion to 
pilonidal disease with curettage and excision of 
chronic granulation tissue, hair follicles and 
skin bridges. Large wounds may require the use 
of vacuum-assisted closure or myocutaneous 
fl aps such as the gracilis muscle for closure and 
healing [ 135 ,  150 – 153 ] .  

    Functional Issues 
 With improvement in surgical technique and 
increasing use of multi-modality treatment, over-
all survival from rectal cancer has improved dras-
tically. This produces a double-edge sword in 
which patients have longer life expectancy but 
have the potential for with functional distur-
bances such as incontinence and fecal, urinary 
and sexual dysfunction. Table  53.3  summarizes 
the risks associated with functional issues.

      Fecal Incontinence 
 Normal continence is a complex process requir-
ing integration between sphincters, pelvic fl oor 
muscles, stool volume and consistency, rectal 
compliance and intact peripheral and central 
nervous systems. The inferior hypogastric 
plexus supplies autonomic function of the rec-
tum, organs of the genitourinary tract, bladder 
and urethra. This coarse, fl at meshwork of 
nerves contains sympathetic and parasympa-
thetic nerve fi bers. Parasympathetic fi bers are 
supplied by pelvic splanchnic nerves (nervi 
erigentes) originating from sacral nerves S2 to 
S4. The hypogastric nerves supply the sympa-
thetic fi bers of the plexus [ 154 – 157 ]. During 
dissection of lateral planes in deep portions of 
the pelvis, both inferior hypogastric plexus and 
pelvic splanchnic nerves are at risk for injury. 
To preserve autonomic nerve function, auto-
nomic nerve preserving TME (ANP-TME) was 
described in the mid-1970s by Tsuchiya and 
colleagues [ 158 ,  159 ]. However, the prevalence 

   Table 53.3    Risk factors with functional issues   

  Fecal incontinence  
   Preoperative radiation therapy 
   Anastomotic height 
   Tumor height 
   Intra-operative blood loss >1400 mL 
   Pudendal or levator ani nerve damage 
  Urinary dysfunction  
   Low rectal cancer, <5 cm from anal verge 
   Lymph node involvement 
   History of urinary dysfunction 
   Anastomotic leak 
   Suture entrapment 
   Preoperative radiation therapy 
   Electrocautery injury 
  Sexual dysfunction  
   Patient age 
   Preoperative libido dysfunction 
   Preoperative radiation therapy 
   Low rectal tumor requiring APR 
  Low anterior resection syndrome  
   Anastomotic leak 
   Preoperative radiation therapy 
   Poor trans-anal stapling technique 
   Excessive circumferential margins in TME 

53 Dealing with Complications of Rectal Surgery



594

of fecal incontinence still remains high, with 
reports of up to 40 %, and preoperative radiation 
therapy (PRT) increasing the rate up to 60 % 
[ 160 – 162 ]. There is no general consensus for 
the most infl uential independent risk factors, 
however, PRT, anastomotic and tumor height, 
excessive intra-operative blood loss and damage 
to pudendal or levator ani nerves are all impli-
cated [ 154 ,  161 – 171 ]. 

 Work up of fecal incontinence begins with a 
thorough history including preoperative level of 
fecal and urinary continence. Physical exam 
involves visual inspection of the perianal area 
and digital rectal exam to assess anal sphincter 
tone. Diagnostic studies include endoscopic anal 
ultrasound, anorectal manometry, pudendal nerve 
terminal motor latency, electromyography and 
defecography [ 172 ]. Treatment depends on etiol-
ogy, but should begin with conservative medical 
management measures fi rst. Bulking and consti-
pating agents such as fi ber, laxatives and loperim-
ide are all recommended but there is actual little 
evidence of effi cacy in functional incontinence 
[ 173 ]. Retrograde transanal irrigation is reported 
as a means to relieve incontinence diffi culties. 
This is achieved by instilling lukewarm water in 
the anal canal and washing out the fecal contents 
[ 173 ]. In a small series of rectal cancer patients, 
this was effective in 79 % of patients; however, 
the technique is time and resource consuming 
with fecal soiling still occurring after correct per-
formance of technique. [ 174 – 177 ] For inconti-
nence from sphincter or neuronal injury, sacral 
nerve simulation provides marked improvement 
in function in up to 80 % patients. Several studies 
evaluated the use of SNS in rectal cancer patients 
and the results have been positive [ 178 – 182 ].  

   Urinary Dysfunction 
 The incidence of urinary dysfunction is also high 
and ranges from 30 to 70 %. It is the most com-
mon early post-operative complication in APR 
[ 183 – 186 ]. Urinary dysfunction includes reten-
tion, stress incontinence and urgency, with reten-
tion as one of the more common forms of 
dysfunction. Bladder contractility is under con-
trol of parasympathetic fi bers via pelvic branches 
of inferior hypogastric plexus. Damage to these 

nerves results in denervation of the detrusor 
muscle, causing a partial paralysis. This mani-
fests as a hypo- or acontractile bladder with 
decreased sensation resulting in retention [ 187 , 
 188 ]. Damage to the hypogastric nerves results in 
stress incontinence and urgency in female 
patients. Predictive factors for bladder dysfunc-
tion include a low rectal cancer (<5 cm from the 
anal verge), lymph node involvement and a his-
tory of urinary dysfunction prior to surgery [ 154 , 
 189 ,  190 ]. Extensive work-up is not required and 
treatment consists of bladder decompression for 
5–7 days post-operatively. While most patients 
experience resolution of symptoms within 
3 months post- operatively, persistent symptoms 
benefi t from urologic consultation for further 
work-up [ 191 ]. Continued diffi culties 6 months 
postoperatively are likely to have permanent 
problems requiring management via intermittent 
self-catheterization [ 191 ,  192 ].  

   Sexual Dysfunction 
 The incidence of sexual dysfunction in males 
undergoing APR is reported as 15–50 %, while 
those undergoing anterior resection and TME 
report impotence ~20–46 % and ejaculation fail-
ure 20–60 % [ 184 ,  193 ]. In women, underreport-
ing obscures incidence, but may be 10–20 % 
[ 194 ,  195 ]. Postoperative dysfunction is usually 
the result of nerve damage, but can be dependent 
on multiple factors to include: patient age, pre-
operative libido, preoperative radiation therapy, 
lack of a standard defi nition for sexual dysfunc-
tion, and social and cultural barriers to discuss-
ing sexual complaints. Overall, the type of 
dysfunction is related to pattern of nerve injury. 
In males, damage to superior hypogastric plexus 
or hypogastric nerve results in ejaculatory diffi -
culties such as retrograde ejaculation. Damage 
to inferior hypogastric plexus, pelvic splanchnic 
or cavernous nerves result in erectile dysfunc-
tion. In females, damage to parasympathetic and 
sympathetic nerve fi bers results inability to pro-
duce vaginal and vulvar lubrication. Dyspareunia 
occurs with injury to the cavernous fi bers and 
inferior hypogastric resulting in denervation of 
the vaginal wall, decreased lubrication and loss 
of suppleness [ 155 ,  184 ,  196 ]. 
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 Management is tailored to the patient and 
involves a frank discussion preoperatively and 
post-operatively to effectively manage patient 
expectations. For males, treatment of erectile 
dysfunction should be multi-modal with use 
of medications such as phosphodiesterase-5 
inhibitors (i.e., Viagra) and psychotherapy 
to enhance pharmacological treatment [ 193 , 
 197 ]. Penile prosthesis are also effective, but 
extremely invasive and irreversible, and nor-
mally are a consideration as a last resort after 
other measures have failed [ 193 ]. In females, 
treatment is based primarily on psychotherapy 
particularly for libido disorders. The use of 
systemic estrogen therapy is reported but only 
for short-term courses given increased risk of 
thromboembolic events and endometrial can-
cer [ 198 ]. Topical estrogen therapy is given to 
improve vaginal lubrication and vulvar atrophy 
[ 68 ,  199 ]. Phosphodiesterase inhibitors are an 
option for refractory vaginal dryness and vul-
var atrophy. Improved clitoral sensitivity is also 
reported [ 200 ]. Dyspareunia or vaginumus is 
managed with pelvic fl oor rehabilitation using 
Kegel exercises and biofeedback with good 
results. There are no standard surgical treat-
ments for these conditions although vestibulec-
tomy or perineoplasty has been reported [ 193 ].  

   Low Anterior Resection Syndrome 
 Low anterior resection syndrome (ARS) is 
severe bowel dysfunction resulting in inconti-
nence of fl atus, feces, urgency and frequency 
that occurs after low anterior resection. Reported 
incidence is 10–20 % and apparently related to 
location of anastomosis in proximity to the anal 
verge. Anastomoses within 3 cm of the anal 
verge have increased severity of ARS compared 
to an anastomosis within 6 cm of the anal verge 
[ 165 ,  201 – 204 ]. Ultra-LAR has higher incidence 
of ARS with one case series reporting 30 % 
[ 205 ]. ARS is thought to occur by one or more of 
several pathophysiologic mechanisms: rectal 
reservoir dysfunction, colonic dysmotility or 
anal sphincter damage [ 205 – 207 ]. Prevention is 
somewhat achieved by limiting the amount of 
radiation delivered to the sphincter when possi-
ble. 3DXRT with full or partial sphincter 

blocking reduces the amount of radiation 
 delivered to the sphincter complex [ 208 ]. 
Similarly, technical considerations with avoid-
ance of undue pelvic trauma to surrounding tis-
sues and the sphincter mechanism. 

 Signs and symptoms of ARS include a mix of 
high bowel frequency per day with liquid stools, 
multiple evacuations within a limited amount of 
time period, urgency and fecal incontinence. 
Most patients undergoing LAR initially experi-
ence this constellation of symptoms and most 
recover within 6 months of surgery. Work-up 
begins in those with continued symptoms several 
months postoperatively [ 205 ]. Diagnosis includes 
documentation of symptoms, number and type of 
bowel movements per day and objective testing 
utilized in a standard fecal incontinence work-up. 
Findings suggestive of ARS are low volume in 
the neorectum, low evacuation, a wide anorectal 
posterior angle greater than 110° along with a 
barium shadow in the anal canal at rest. 

 Treatment is multi-modal with medical ther-
apy, rehabilitation and surgery, refl ecting the 
multifactorial pathophysiology associated with 
this syndrome. There is no gold standard algo-
rithm; however, the general consensus is that 
conservative management should be attempted 
fi rst with surgical treatment being reserved for a 
last line therapy [ 205 ]. Treatment begins with 
medical therapy including bulking agents, high 
fi ber diet, valproate sodium, diazepam, topical 
phenylephrine, amitriptyline and loperimide 
[ 209 ]. Loperamide is usually fi rst line medical 
therapy for anti-motility effect and increase in 
anal sphincter tone [ 210 ]. Rehabilitative therapy 
involves biofeedback with improved success 
when combined with medical therapy. High-risk 
patients that classically fail biofeedback include 
history of XRT, previous anal or pelvic surgery or 
pelvic organ prolapse. Sacral neuromodulation is 
available, however more randomized control tri-
als and long-term follow-up are needed [ 211 , 
 212 ]. In intractable ARS, surgical management 
should be sought. Procedures such as sphinctero-
plasty or sphincteric substitution with gracilis or 
gluteus transposition or artifi cial sphincter have 
been described, though many patients ultimately 
require a defi nitive stoma [ 205 ].   
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    Late Postoperative Complications 

   Stricture 
 Anastomotic strictures are well known to colorec-
tal surgeons, but poorly defi ned in the literature 
[ 52 ,  213 ]. One defi nition is a “chronic narrowing 
or obstruction to the fl ow of intestinal contents 
resulting in clinical signs and symptoms of com-
plete or partial bowel obstruction” [ 214 ]. Some 
defi ne stricture by symptoms such as inability to 
evacuate stool, while others use the inability to 
pass a rigid proctoscope or index fi nger on DRE 
[ 215 – 217 ]. Stricture is found on screening endos-
copy or by patient presentation. There are reports 
of up to 20 % incidence, but the actual incidence 
is diffi cult to determine because of reports of 
spontaneous resolving “silent strictures” [ 52 , 
 213 ]. Strictures may be the result of benign 
 disease, malignancy, radiotherapy, IUDs or iatro-
genic with colorectal anastomosis as the most 
common cause [ 214 ,  218 ]. Risk factors associ-
ated with stricture formation are anastomotic 
leak or ischemia, PRT to the area, stapled anasto-
mosis and lower rectal lesions [ 52 ,  216 ,  217 ]. 
A smaller series also reported mucin-producing 
tumors as a risk factor [ 217 ]. A Cochrane review 
analyzed nine randomized control trials for com-
plications related to stapled versus hand-sewn 
anastomosis but did not fi nd any differences in 
evaluated metrics, however stricture was more 
common in stapled anastomosis with a risk dif-
ference of 4.6 % (95 % CI 1.2–8.1 %) and num-
ber needed to treat of 17 (95 % CI 12–31) [ 82 ]. 
Treatment of benign strictures is managed by 
non-operative means with stool-bulking agents to 
gradually dilate the anastomosis. Other options 
include use of DRE and Hegar dilators for distal 
strictures [ 52 ]. The use of endoscopic Savary 
dilation with bougies of increasing diameter has 
been reported with good success in the literature, 
although patients who required more than three 
dilations were not able to achieve normal defeca-
tion [ 219 ]. Another option is use of pneumatic 
balloon dilation in symptomatic patients [ 220 ]. 
Predictors of poor response to conservative man-
agement include previous radiation therapy, local 
recurrence of malignancy and prior large anasto-
motic dehiscence [ 221 ]. 

 For those that fail fi rst line treatment, both 
expanding metallic stents (SEMS) and endo-
scopic trans-anal resection of strictures (ETARS) 
have been reported with good results. 
Complications include bleeding requiring reop-
eration, asymptomatic anastomotic perforation 
and technical failure in acutely angled strictures 
[ 222 ]. Other options include biodegradable 
stents, which have similar effi cacy to SEMS, 
electroincision to produce radial incisions in the 
scar with balloon dilation, circular/linear stapler 
resection of the stricture and dilation with con-
comitant corticosteroid injection [ 223 – 225 ].  

   Chronic Perineal Pain 
 Perineal pain is common after anorectal surgery, 
but is also prevalent following Ultra-LAR for 
malignancy. Pain is thought to be the result of pel-
vic fl oor muscle spasms or levator ani syndrome. 
The pain usually resolves 2–3 week, but pain con-
tinuing beyond a month is considered chronic and 
an etiology should be sought, as pain may be the 
result of anastomotic leak or recurrent or residual 
disease. Work-up to determine etiology, starts 
with exam under anesthesia. Adjunct diagnostic 
tools involve imaging such as CT scan or EUS. 

 Treatment begins with a work-up to exclude 
local complications or recurrent disease, with 
directed therapy accordingly. Outside of this, 
conservative management beginning with warm 
Sitz Baths and non-steroidal infl ammatory medi-
cation is warranted. Pelvic fl oor muscle spasms 
can benefi t from the addition of anti-spasmodics 
such as diazepam or cyclobenzaprine [ 135 ]. 
Electrogalvanic muscle stimulation is utilized in 
severe spasms with reported success [ 226 ]. 
Patients with severe spasm also require such 
adjuncts as Botulinum toxin [ 227 ]. For patients 
that fail all other treatment modalities, APR may 
be considered. Despite this radical treatment, this 
procedure has been reported to provide good pain 
relief to unfortunate patients that are refractory to 
other measures [ 135 ].  

   Perineal Hernia 
 Perineal hernia is a rare complication of pelvic 
surgeries, specifi cally APR, pelvic exenterations 
and cystourethrectomy. The incidence is estimated 
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to be 0.2–0.62 %, though historically rates are 
cited as high as 7 % [ 228 ,  229 ]. Associated risk 
factors include tobacco use, chemoradiation, 
malnutrition, wound infection and chronic wound 
[ 228 – 230 ]. Patients report a “vague dragging 
sensation” and discomfort upon standing. More 
rarely, they present with bowel obstruction, uri-
nary symptoms, perineal wound breakdown or 
pain [ 226 ,  230 ,  231 ]. When found, this hernia is 
repaired from either the perineum or the abdo-
men or a combined approach. Typically the 
abdominal approach allows superior visualiza-
tion, avoidance of iatrogenic bowel or vascular 
injury and ease of mesh placement; however 
some groups have reported success with the peri-
neal approach [ 228 ,  230 ]. Repair involves reduc-
tion, excision of the sac and closure of defect. 
Defect closure is accomplished with either mesh 
or autologous tissue, such as gracilis fl aps or 
omentum [ 135 ,  226 ,  228 ].    

53.4     Summary and Conclusion 

 In summary, while the development of multi- 
modal therapy for rectal cancer has led to better 
outcomes and survival, several complications and 
functional issues can occur. The colorectal sur-
geon must be well versed in the presentation, 
work-up and diagnosis of these to allow patients 
to have a better quality of life after their treatment 
of rectal cancer.      

 Key Points 

•     The most common location of bleeding 
is the presacral venous plexus. Control 
is diffi cult to achieve with electrocau-
tery, suture ligation or clipping. Pelvic 
packing, metallic or titanium thumb-
tacks are more effective. Other methods 
include bone wax, endoscopic helical 
tackers, hemostatic sponges or local 
agents, tamponading saline bags or indi-
rect coagulation with muscle fragmenta-
tion. Anastomotic bleeding is more 
commonly encountered and should be 

treated initially with conservative 
management, followed by endoscopic 
management.  

•   Genitourinary complications occur 
infrequently, but are catastrophic if 
missed. The ureters are the most fre-
quently damaged because of their ana-
tomical location. Ureteral stents do not 
prevent injury but they do allow for 
early identifi cation of injuries. 
Intraoperative injury requires immedi-
ate repair. The principles of repair are 
the use of absorbable sutures to prevent 
stone formation, a tension-free repair 
over a stent and placement of closed-
suction drain in proximity of repair. The 
type of repair depends on the location of 
injury.  

•   In transanal approaches such TAMIS 
and TEMS, perforation into the perito-
neum can occur. This may be success-
fully repaired transanally, although 
formal laparotomy may be required. 
Diversion is typically only required with 
delayed presentation.  

•   Anastomotic leak is a devastating com-
plication. Principles of prevention 
include mitigation of modifi able patient 
risk and intraoperative factors, along 
with the use of adjuncts. Intra-operative 
adjuncts include the use of buttressing 
materials, air leak testing the anastomo-
sis and a restrictive resuscitation strat-
egy. In the post-operative period, 
supplemental oxygen therapy, the use of 
protective diverting stomas and pelvic 
drains are also reported.  

•   Management of an anastomotic leak 
depends on whether it is contained or 
free. Contained leaks in hemodynami-
cally stable patients should undergo CT 
scan imaging and can be managed with 
conservatively with percutaneous 
drainage, antibiotics and bowel rest. 
Hemodynamically, unstable patients 
and free leaks should undergo resusci-
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tation with intravenous fl uids, broad 
spectrum IV antibiotics and return to the 
operating room for operative interven-
tion to assess the size, site,  accessibility, 
viability of the bowel ends, and fecal 
load of the proximal colon. Anastomotic 
location and the status of the patient 
determine the procedure to be per-
formed, but generally involve diversion 
or repair (in select cases).  

•   Surgical site infections are common fol-
lowing colorectal surgery with proctec-
tomies having a higher rate of SSI. Oral 
and systemic antibiotics have shown to 
reduce the rate of SSI in rectal cases, but 
the use of mechanical bowel preparation 
has not. Intravenous antibiotics should 
have appropriate gram negative and 
anaerobic coverage and be dosed appro-
priately. Aggressive wound infection 
management should be undertaken to 
prevent further spread.  

•   Functional issues such as low anterior 
resection syndrome, urinary dysfunc-
tion and sexual dysfunction are rela-
tively common occurrences after rectal 
cancer surgery. Patients should be coun-
seled preoperatively regarding these 
matters. Most will resolve several 
months after surgery and can be man-
aged conservatively, but appropriate 
work-up is required to determine cause 
and course of management to be taken.  

•   Fecal incontinence following proctec-
tomy is multi-factorial, but can usually 
be managed with medical management 
with bulking or constipating medica-
tions. Evaluation involves physical 
examination and objective testing such 
as endoscopic anal ultrasound, anorectal 
manometry, pudendal nerve terminal 
motor latency, electromyography and 

defecography. Sacral nerve modulation 
has shown promise. Surgery is reserved 
for failures and may require permanent 
diversion.  

•   Anastomotic stricture following restor-
ative procedures may occur, though the 
true incidence is diffi cult to determine. 
Strictures may be found on screening 
endoscopy or by patient symptoms. 
Causes include recurrent, malignancy, 
radiotherapy, or ischemia at the anasto-
mosis. Treatment of benign strictures is 
managed by non-operative means with 
stool- bulking agents to gradually dilate 
the anastomosis or endoscopic serial 
dilation. Other options include biode-
gradable stents, which have similar effi -
cacy to SEMS, electroincision to 
produce radial incisions in the scar with 
balloon dilation, circular/linear stapler 
resection of the stricture and dilation 
with concomitant corticosteroid injec-
tion. Recurrent disease should have a 
complete oncological work-up and then 
resected accordingly.  

•   Perineal pain is common after surgery, 
especially ultra-LAR. Pain is thought to 
be the result of pelvic fl oor muscle 
spasms or levator ani syndrome. The 
pain usually resolves in 2–3 week, but 
pain continuing beyond a month is con-
sidered chronic and an etiology should 
be sought. Work-up to determine etiol-
ogy includes an exam under anesthesia, 
along with adjunct diagnostic tools such 
as CT scan or EUS. Treatment includes 
conservative management with warm 
Sitz Baths, non-steroidal infl ammatory 
medication, bulking agents, and anti-
spasmodics for pelvic fl oor muscle 
spasms. Diversion may be required in 
rare cases.    
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54.1             Introduction 

 Tumors of the presacral or retrorectal space are rare 
and demonstrate indolent growth. Numerous tumor 
types may be encountered as the presacral space 
may contain totipotential cells that differentiate into 
the three germ cell layers. Often patients have non-
specifi c clinical symptoms. Diagnosis and treatment 
planning is accomplished by a combination of phys-
ical examination, advanced imaging techniques, and 
possibly percutaneous biopsy. Diagnosis is often 
delayed and surgical treatment can be compli-
cated—frequently necessitating a multidisciplinary 
approach, with the potential for neoadjuvant chemo-
radiotherapy, for safe and appropriate treatment. 

 Presacral tumors have a published incidence 
of <1 % but the true incidence is likely higher. 
A series by Jao et al. [ 1 ] reported 120 patients 
with presacral tumors over a 19-year period who 
underwent surgery. Other reports have described 
an incidence between 0.003 and 0.014 % [ 2 ,  3 ]. 
Uhlig and Johnson [ 4 ] have previously developed 
a comprehensive classifi cation system for presa-
cral tumors and divides them into congenital, 
neurogenic, osseous, or miscellaneous groups. 

A modifi cation of this classifi cation further 
subcategorizes these tumors based on their 
malignant or benign nature—which may signifi -
cantly impact treatment (Table  54.1 ).

54.2        Anatomy 

 A complete understanding of the anatomy of the 
presacral space is essential in the management of 
these tumors. The presacral space is a potential 
space bounded superiorly by the peritoneal refl ec-
tion and inferiorly by the retrosacral fascia (which 
extends from the S4 vertebra to the rectum a few 
centimeters cephalad to the anorectal junction). 
The mesorectum is the anterior border and the pos-
terior border is composed of the presacral fascia. 
Laterally, the space is defi ned by the ureters, the 
iliac vasculature, and sacral nerve roots (Fig.  54.1 ).  

 Presacral tumors may arise from or locally 
invade pelvic structures (Fig.  54.2 ). In malig-
nant cases, these structures may need to be sac-
rifi ced at the time of resection if an oncologically 
appropriate operation is done. Due to the high 
risk of injury and resection of local-regional 
structures, it is important to counsel patients on 
the potential for anorectal, sexual, or physical 
debility following surgery. Loss of bilateral S3 
nerve roots will result in incontinence and man-
dates an end colostomy. If all sacral nerve roots 
on either side are sacrifi ced, but one side is pre-
served, normal function will be maintained [ 5 ]. 
High ligation of the inferior mesenteric artery, 
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   Table 54.1    Classifi cation of presacral tumors   

  Congenital    Osseuos  
  Benign    Benign  
 Developmental cysts  Giant cell tumor 
 Rectal duplication  Osteoblastoma 
 Anterior sacral meningocele  Aneurysmal bone cyst 
 Adrenal rest tumor   Malignant  
  Malignant   Osteogenic sarcoma 
 Chordoma  Ewing sarcoma 
 Teratocarcinoma  Myeloma 
  Neurogenic   Chondrosarcoma 
  Benign    Miscellaneous  
 Neurofi broma   Benign  
 Schwanomma  Lipoma 
 Ganglioneuroma  Fibroma 
  Malignant   Leiomyoma 
 Neuroblastoma  Hemangioma 
 Ganglioneuroblastoma  Endothelioma 
 Ependymoma  Desmoid 
 Malignant peripheral nerve sheath tumors   Malignant  

 Liposarcoma 
 Fibrosarcoma/malignant fi brous histiosarcoma 
 Leiomyosarcoma 
 Metastatic carcinoma 
  Other  

  Fig. 54.1    The presacral 
space (By permission of 
Mayo Foundation for 
Medical Education and 
Research. All rights 
reserved)       
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or during mobilization of the rectum near the 
sacral promontory, may result in injury to the 
hypogastric nerves resulting in retrograde ejac-
ulation and/or bladder dysfunction [ 6 ]. Injury 
to the Nervi erigentes (parasympathetic fi bers 
from S2 to S4), which course anteriorly in the 
lateral stalks, may result in erectile dysfunc-
tion. The pudendal nerve (S2–S4) courses infe-
riorly to the perineum—a sensory branch 
carries fi bers to the skin of the penis and glans 
and a motor branch innervates the external anal 
sphincter. A unilateral pudendal nerve injury 
does not generally result in incontinence 

because there is cross innervation of the fi bers 
between the right and left pudendal nerves at 
the level of the spinal cord [ 7 ].  

 If adequate resection necessitates sacrec-
tomy, our practice utilizes the skills of an onco-
logic orthopedic and spine surgeon to assist. 
Familiarity of the bony pelvis, spinal nerve 
roots, and pelvic ligaments and musculature is 
imperative for safe conduct of the operation. 
The majority of the sacrum can be safely 
removed with stability maintained in non-irradi-
ated patients if more than half of the S1 verte-
bral body is preserved.  

  Fig. 54.2    Neurovascular 
relationships of the pelvis. 
( a ) Anterior view. ( b ) 
Posterior view (By 
permission of Mayo 
Foundation for Medical 
Education and Research. 
All rights reserved)       
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54.3     Diagnosis 

 Presacral tumors are often found incidentally and 
diagnosis requires a high degree of clinical acu-
men. Symptoms, when present, are often vague 
and non-specifi c [ 8 ]. Those patients that com-
plain of pain (pelvic, perineal) more often present 
with malignant tumors, and those with neuro-
logic dysfunction (urinary/fecal incontinence, 
sexual dysfunction), also often have more 
advanced tumors [ 1 ,  9 ]. Some patients complain 
of perineal drainage or posterior midline dim-
pling—leading to a misdiagnosis of pilonidal dis-
ease or perianal fi stula [ 10 ]. 

 A comprehensive neurologic examination 
must be completed to defi ne any defi cits and to 
document function preoperatively. In a series 
from the Mayo Clinic, 97 % of presacral tumors 
could be palpated on digital rectal examination 
[ 1 ]. Digital rectal examination aides in defi ning 
the proximal extent of the lesion, and tumor fi xa-
tion to pelvic structures. Endoscopic evaluation 
should be completed to evaluate for penetration 
into the rectal lumen or other synchronous 
colorectal lesions. 

 Evaluation of presacral lesions is greatly 
enhanced by computed tomography (CT) and/or 
magnetic resonance imaging (MRI) with inter-
pretation by a radiologist specializing in muscu-
loskeletal disease. These imaging modalities are 
complimentary and aid in operative planning. 
MRI has superior soft-tissue contrast resolution 
which may provide improved determination of 
the anatomic extent of the tumor [ 11 ]. MRI is 
also more sensitive than CT in spinal imaging—
demonstrating cord abnormalities (meningocele, 
nerve root or thecal sac involvement) [ 12 ]. CT 
has a superior ability to evaluate cortical bone 
destruction. Imaging will determine more accu-
rately than physical exam whether a lesion is 
 cystic, solid, or heterogeneous and whether adja-
cent pelvic structures are involved. 

 Some patients who present with a presacral 
tumor will have a rare congenital disorder called 
Currarino Syndrome. Currarino Syndrome is an 
autosomal dominant disorder characterized by: 
(1) sacral anomalies, (2) presacral masses (such 
as an anterior sacral meningocele or teratoma, 

sometimes more than one), and (3) anorectal mal-
formations [ 13 ,  14 ] (Fig.  54.3 ). Taking a detailed 
family history will often reveal a consistent auto-
somal dominant pattern of these anomalies.  

 Preoperative determination of benign versus 
malignant status of presacral tumors is critical to 
make decisions on use of adjuvant therapy and 
plan lines of surgical resection. Advancements in 
modern imaging techniques have improved the 
ability to identify malignant lesions without a 
biopsy. Some authors, in fact, believe that biopsy 
of presacral lesions is contraindicated and unnec-
essary in tumors deemed resectable [ 1 ,  9 ,  15 ,  16 ]. 
In a recent review by the Mayo Clinic, preopera-
tive biopsy of solid or heterogeneous tumors dem-
onstrated a high concordance with post- operative 
pathology compared to imaging alone (91 % vs. 
36 %) with a low complication rate. Moreover, 
almost half of patients could not be given a defi ni-
tive diagnosis based on imaging alone and of 
those over one-third were found to be malignant 
tumors [ 17 ]. Simple cystic lesions are usually not 
biopsied as management is generally not altered 
by biopsy results. Patients with malignant tumors 
responsive to neoadjuvant chemoradiation (Ewing 
sarcoma, osteogenic sarcoma, neurofi brosarcoma, 
etc.) will have tissue confi rmation of their disease 
prior to initiating therapy. Additionally, biopsy 
results will provide information regarding the 
need for wide en-bloc oncologic resection verses 

  Fig. 54.3    Three-dimensional CT reconstruction of the 
posterior sacrum demonstrating scimitar anomaly, com-
monly seen in Currarino syndrome (By permission of 
Mayo Foundation for Medical Education and Research. 
All rights reserved)       
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a potentially limited, nerve- or function-sparing 
intralesional resection. In our practice, all solid or 
heterogeneous tumors undergo pre-operative per-
cutaneous (most often either trans-sacral or trans-
perineal) biopsy and no tumor is biopsied 
trans-rectally or trans-vaginally. Route of biopsy 
should be planned to be within the fi eld of pro-
posed resection so that the tract may be excised if 
necessary (Fig.  54.4 ).   

54.4     Surgical Treatment 

 The primary treatment modality of presacral tumors 
is operative removal. Reasons for an aggressive 
approach are obvious for malignant tumors. For 
benign lesions, there exists a known risk of malig-
nant transformation with certain tumors [ 18 ]. Some 
lesions may obstruct the vaginal canal and lead to 
complicated vaginal delivery [ 19 ]. An untreated 
anterior sacral meningocele may become infected 
resulting in potentially life- threatening meningitis. 

 Operative intervention should occur at tertiary 
care referral centers by a multidisciplinary team 
experienced in the surgical management of com-
plex pelvic tumors. Additionally, surgeons special-
izing in pelvic tumor resection may be more likely 
to be successful in preservation of function and the 
ability to achieve a complete resection [ 20 ,  21 ]. 

 Technically, there are three general approaches 
to the resection of presacral tumors: (1) 
 transabdominal only, (2) perineal or parasacral 
only, or (3) a combined anterior-posterior 
approach. The approach utilized is determined 
based on the sacral level of the tumor, as demon-
strated on pre- operative imaging studies. Low 
tumors (below S3) can generally be resected via 
a posterior-only approach if en-bloc resection is 
not necessary, whereas high lesions (above S3) 
require a transabdominal (anterior) approach. 
Tumors located at the mid-sacral region will 
often require a combined approach, especially 
when en-bloc sacral resection is necessary. 

    Posterior Approach (Tumors 
Below S3) 

 The posterior approach was initially described by 
Kraske in 1886 [ 22 ]. The patient is placed in the 
prone-jackknife position with the buttock spread. 
An incision is made over the lower portion of the 
sacrum and coccyx and carried down to the anus, 
protecting the external anal sphincter. Transection 
of the anococcygeal ligament and entry into the 
deep post-anal space, or coccygectomy, may 
facilitate exposure and resection of the tumor. 
The lesion can often be dissected in a plane 
between the mesorectal fat and the tumor. A fi n-
ger inserted into the anal canal and rectum that 
pushes the tumor into the wound, may improve 
exposure and aid in dissection of the lesion. If 
necessary, a portion of the posterior rectal wall 
may be excised with the tumor and subsequently 
closed in two layers with suture. The need for 
routine coccygectomy for congenital cystic 
lesions remains debated [ 10 ,  23 ].  

    Anterior and Combined Anterior-
Posterior Approach (Mid Sacral 
and Higher Tumors) 

 This technique involves positioning the patient 
in the lithotomy position, followed by trans-
ferring the patient to the prone position once 
the transabdominal mobilization and creation 

  Fig. 54.4    Zones of suggested CT guided biopsy, within 
the fi eld of proposed resection (By permission of Mayo 
Foundation for Medical Education and Research. All 
rights reserved)       
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of end  colostomy (if necessary) is complete. 
Alternatively, a modifi ed lateral position can be 
used so that synchronous abdominal and parasa-
cral incisions can be made. 

 Once the initial incision is made, one must 
fi rst evaluate for any distant metastatic disease. 
The sigmoid colon and rectum are then  mobilized 
and the presacral space entered. Just below the 
sacral promontory. The ureters and hypogastric 
nerves should be identifi ed and protected 
throughout the dissection. In some circum-
stances, the tumor may be mobilized from the 
posterior wall of the rectum or mesorectum with-
out the need for rectal resection. However, the 
oncologic principles of en-bloc, wide margin 
resection should not be compromised.  

    Operative Strategy 

 The lateral sacral arteries and veins may be 
ligated to limit blood loss from large, vascular 
tumors. Additionally, internal iliac artery ligation 
may by necessary, especially in cases where there 
is a high risk of pelvic hemorrhage. This decreases 
the mean blood fl ow, mean arterial pressure, and 
overall pulse pressure within the pelvis [ 24 ,  25 ]. 
One must avoid accidental ligation of the com-
mon or external iliac artery branches, or injury to 
the hypogastric vein which is deep and lateral to 
the artery. Preoperative involvement of a vascular 
surgeon is suitable if major vascular structures 
appear involved on imaging. 

 If a wide perineal/sacral excision is expected, 
we often use a myocutaneous fl ap from the rec-
tus abdominus to close the perineum. The poste-
rior dissection is started in a similar manner to 
what has been previously described. When a 
sacrectomy is required, we employ the skills of 
an orthopedic surgeon to assist in the dissection. 
The sacrospinous and sacrotuberous ligaments 
are transected, along with the piriformis muscle 
to expose the sciatic nerves. An osteotomy is 
then performed at the S3 level (effort should be 
made to preserve at least one S3 nerve root). 

The neural sac may require ligation. Once the 
sacrum is divided, it can be removed en-bloc 
with the tumor.   

54.5     Results and Prognosis 

 Among the primary determinants of prognosis 
after surgical resection of presacral lesions are 
tumor biology and completeness of resection. 
Wide margin, en-bloc resection is mandated in 
the case of malignant tumors, however a nerve 
and function sparing, intralesional or marginal 
resection may be employed in benign lesions. 
Incomplete resection, or violation of the tumor 
margins, portends a worse prognosis and 
increases the risk of locoregional recurrence 
[ 1 ,  20 ,  26 ]. A report of 21 patients with malig-
nant presacral tumors by Lev-Chelouche et al. 
demonstrated that complete resection was 
achieved in 15 patients and that most recur-
rences were seen in patients with incomplete 
resection—of these patients, 50 % ultimately 
died of their disease [ 15 ]. 

 Sacrococcygeal chordomas are the most com-
mon malignant presacral tumors and the quality 
of surgical resection predicts outcome. Fuchs 
et al. reported on 52 patients over 21-years who 
underwent surgical treatment and found that at a 
mean follow-up of 7.8 years, 23 patients were 
alive with no evidence of disease. The local 
recurrence rate was 44 %. Overall survival at 5, 
10, and 15 years was 74, 52, and 47 % respec-
tively. The most signifi cant predictor of survival 
was a wide margin resection [ 13 ]. 

 Neurogenic tumors, both benign and malig-
nant, account for a large number of presacral 
tumors. A comprehensive study by Dozois et al. 
aimed to characterize the clinical and pathologic 
features of these tumors. Over a nearly 50 year 
period, 89 patients were identifi ed, of which 
48 % were found to have malignant lesions (most 
commonly, malignant peripheral nerve sheath 
tumors). The most common benign lesion was 
schwanomma. There were no post-operative 

A. Merchea and E.J. Dozois



613

deaths and morbidity was seen in 13 % of 
patients. Survival in patients with malignant 
lesions was 48 % at 5 years. In the experience 
described, most of these tumors underwent a sub- 
optimal (<2 cm margin) dissection despite the 
presence of malignancy. This was often justifi ed 
by a need to preserve neurologic function in the 
setting of an unknown primary and concern for 
intraoperative hemorrhage associated with more 
aggressive approaches. The later experience 
demonstrated improved results when adjuvant 
treatment is administered and en-bloc resection 
was done [ 20 ]. More recently, nerve-sparing 
intra-lesional resections have been reported for 
pre-operatively confi rmed benign neurogenic 
tumors with good results [ 23 ]. 

 Surgical outcomes of presacral cystic lesions 
depend highly on the benign or malignant status of 
the lesion. However, few data exist on malignant 
cystic lesions. Tailgut cysts are the most common 
cystic lesion reported. In a study from the Mayo 
Clinic [ 27 ], 31 patients underwent complete surgi-
cal resection via a posterior (n = 20), anterior (n = 9), 
or combined (n = 2) approach. Malignant transfor-
mation of the cyst was noted in 13 % of patients 
(adenocarcinoma in three patients, carcinoid in 
one), one benign recurrence was identifi ed at last 
follow-up and mortality was nil.  

54.6     Summary 

 Presacral tumors are rare and demonstrate indo-
lent growth. The clinician must maintain a high 
index of suspicion to identify these lesions. 
Surgical management of these tumors is often rec-
ommended, regardless of their malignant status 
due to the almost universal risk of malignant 
transformation. Biopsy is highly recommended in 
patients with solid or heterogeneous tumors to 
rule out malignancy, guide neoadjuvant treatment, 
and plan for the extent of resection. Purely cystic 
lesions can most often proceed directly to resec-
tion. These tumors are best evaluated and treated 
by an experienced multidisciplinary team.      
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55.1             Introduction 

 The introduction of Oxaliplatin and Irinotecan 
based chemotherapeutic regimens for the treat-
ment of metastatic rectal cancer has sparked new 
interest in the multidisciplinary treatment of met-
astatic rectal cancer to the liver. Since 2003, the 
introduction of multiple new chemotherapeutic 
and biologic agents for the treatment of meta-
static rectal cancer in conjunction with improved 
techniques in liver surgery have resulted in sig-
nifi cant improvements in overall and disease-free 
survival for patients with metachronous and syn-
chronous metastatic rectal cancer in the liver. A 
synchronous liver metastasis (SLM) is defi ned as 
liver metastasis diagnosed during diagnostic 
work-up or at the time of operation for the pri-
mary tumor [ 1 ]. Some authors also include under 
this defi nition liver lesions diagnosed within 
3 months of resection of the primary tumor [ 2 ]. 
However it may be defi ned, the presence of liver 

metastasis is thought to be one of the most impor-
tant determinants of survival in patients with rec-
tal cancer [ 3 ]. 

 The liver represents 75.7 % of all synchronous 
metastases [ 1 ]. SLM are identifi ed in 20 % of all 
patients who have a resection for colorectal can-
cer (CRC) either preoperatively or at the time of 
laparotomy [ 4 ] and 30–45 % of all patients with 
CRC are found to have liver metastasis at autopsy 
[ 5 ]. Compared to metachronous liver metastasis, 
patients with synchronous liver metastasis in rec-
tal cancer (RC-SLM) present at a younger age 
group and more often have bilobar liver involve-
ment [ 1 ,  6 ]. The prognosis for patients with SLM 
is worse than those with metachronous liver 
metastasis [ 6 – 9 ]. Although, it is believed that 
rectal cancer with synchronous liver metastases 
(RC-SLM) represents a more disseminated form 
of the primary disease, advancements in chemo-
therapy and surgical techniques have enabled us 
to effectively deal with even multiple, bilobar 
liver metastatic lesions. 

 Liver resections offer long term survival in 
patients with RC-SLM. They are currently per-
formed with low mortality and morbidity. There 
is a signifi cant difference in survival between 
patients with resected versus non-resected liver 
metastasis [ 10 ]. Survival is less than 30 % in 
patients with untreated metastases after 1 year 
and less than 5 % after 5 years [ 1 ]. Finlay et al., 
estimated the mean doubling time for liver metas-
tasis from rectal cancer to be 155 days [ 11 ]; a 
relatively slow growth rate. Hence, not only is 
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defi nitive treatment of RC-SLM imperative but 
needs to be managed aggressively to maximize 
potential patient survival benefi t.  

55.2     Prognostic Factors 

 Survival is directly related to the extent of liver 
metastases. In a study about survival in patients 
with colorectal liver metastasis, Hotta et al., 
found survival to be longer in patients with ≤10 
liver metastasis [ 12 ]. Fong et al., and Nagashima 
et al., studied and presented scoring systems for 
the factors affecting survival after liver resection 
for colorectal metastasis [ 13 ,  14 ]. K-RAS and 
BRAF gene testing is recommended as a part of 
workup for RC-SLM, as they infl uence the choice 
of chemoimmunotherapy. Lymph node status and 
depth of invasion of the primary tumor, meta-
static tumor size, number and palpability on clin-
ical examination, pre liver resection CEA and 
pathological margin of hepatic resection, are all 
determinants of survival [ 13 – 15 ]. Preoperative 
tumor marker (CEA) levels serve as a baseline 
for detection of postoperative recurrent lesions 
and are prognostic of survival after liver surgery. 
Histologically, the presence of severe focal dedif-
ferentiation and expression of sialylLe x  protein in 
the primary tumor have been associated with a 
signifi cantly greater incidence of synchronous 
liver metastasis [ 16 ]. 

 Apart from the above mentioned factors, 
symptoms at presentation of RC-SLM, the pos-
sibility of resection with adequate margins and 
response to chemotherapy also play a role in 
determining the optimal plan of management of a 
case of RC-SLM.  

55.3     Multidisciplinary Treatment 
Planning 

 According to the NCCN guidelines for the treat-
ment of stage IV rectal cancer with resectable 
metastatic lesions, primary tumor treatment 
options include combination chemotherapy, 
staged or synchronous resection of metastasis 
and rectal lesion, or infusional  5-FU/leucovorin and 

radiation to the pelvis. These treatment options 
differ signifi cantly in terms of which facet of 
tumor burden is the priority for initial treatment. 
The choice of initial starting treatment modality 
is based upon whether the patient presents with 
symptoms or obstruction, the extent of tumor 
burden in the rectum, the extent of tumor bur-
den in the liver, and the concern for extrahepatic 
spread (Fig.  55.1 ). A complete history and physi-
cal is performed to determine whether the patient 
is symptomatic or obstructed. Imaging studies 
including a contrast enhanced chest CT is per-
formed to evaluate for lung metastasis or medi-
astinal adenopathy. Imaging studies obtained to 
evaluate the liver are often center specifi c and 
may include a triple phase CT of the liver with 
arterial and venous phase imaging or a con-
trast-enhanced MRI scan. Benefi ts of contrast 
enhanced CT include ease of acquisition, rela-
tively standardized protocols, and high sensitivity 
and specifi city for detecting liver metastases [ 17 , 
 18 ]. Approval of the 3-Tesla MRI by the FDA 
in 2001 for body imaging, as well as the intro-
duction of several new MRI contrast agents, has 
improved the sensitivity of MRI in identifying 
metastatic lesions in the liver. Benefi ts of MRI 
scan include lack of radiation, ability to differen-
tiate metastatic disease from underlying benign 
liver tumors, and high sensitivity. MRI of the pel-
vis and endorectal ultrasound are used to evaluate 
the rectal primary tumor in relation to T staging 
and lymph node involvement. PET or PET-CT 
may be obtained to identify occult extrahepatic 
metastatic disease such as lymphatic spread 
along the aortic, iliac or portal lymph node chain. 
The use of PET imaging has been shown to iden-
tify patients with a better prognosis for survival 
after liver resection [ 19 ] and can be useful to help 
determine which primary treatment algorithm the 
patient should undergo, although a recent review 
of the literature did not support routine use of 
PET/CT in preoperative staging [ 20 ]. Using PET 
selectively when MRI or CT raises questions on 
nodal involvement or extrahepatic spread may be 
a more judicious and cost effective way to guide 
the surgical management of these patients. CT 
scans have a high negative predictive value for 
assessment of lymph node involvement,  however, 
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5-FU/Leucovorin + Pelvic
RT or Cepacitabine/RT or
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Ab

5-FU/Leucovorin + Pelvic
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RT or Cepacitabine/RT or
Folfox/Folfiri + Monoclonal

Ab

Unresectable

  Fig. 55.1    Treatment algorithm       
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they are known to have a low positive predictive 
value. Intraoperatively, unless a positive lymph 
node is identifi ed early during dissection and 
confi rmed by frozen section, a more extensive 
dissection of the portocaval, hepatic artery or 
pancreatoduodenal lymph nodes based on CT 
fi ndings, is not recommended.  

 As is evidenced by the NCCN guidelines for 
the treatment of rectal cancer with resectable 
liver metastasis, there is no defi ned algorithm for 
the initial treatment of patients. A useful starting 
point is to determine whether the patient is symp-
tomatic from the primary tumor in terms of pain, 
bleeding, obstruction or perforation. If the patient 
has symptoms then staging studies should be per-
formed to document the extent of liver metasta-
ses, whether the rectal primary tumor can be 
resected with adequate margins and whether 
extrahepatic spread is present. In these patients 
surgery is often performed as the initial treatment 
with either resection of the primary tumor or 
diversion of the fecal stream. If the patient pres-
ents for emergent or urgent operation then liver 
resection should not be performed at this time 
due to increased morbidity and mortality [ 21 ]. If 
the patient is stable and undergoes a more elec-
tive operation then resection can be considered 
for patients with limited disease, i.e., less than a 
formal lobectomy with the intent of not delaying 
the start of chemotherapy. 

 The initial treatment of asymptomatic patients 
should be discussed in the context of a multidis-
ciplinary tumor board with input from medical 
oncology, radiation oncology, colorectal surgery 
and hepatobiliary surgery. The decision to begin 
with a multidrug systemic chemotherapy regi-
men versus 5-FU/leucovorin and pelvic radiation 
often is determined by the extent of disease in the 
pelvis as well as the extent of disease in the liver 
and whether the planned surgical approach is 
simultaneous resection, staged resection or a 
“liver fi rst” approach. Controversy exists over the 
optimal initial treatment regimen and there are no 
randomized trials that evaluate outcome. 

 Advocates of systemic chemotherapy as the 
initial treatment regimen argue that response to 
treatment allows for evaluation of tumor biol-
ogy and helps to select patients that will do best 

with aggressive surgical therapy [ 22 ]. 
Downsizing large tumors is often possible due 
to the high response rates with current chemo-
therapeutic options, and chemotherapy can be 
interrupted after 2–3 months for a short course 
of pelvic radiation in patients ultimately under-
going resection [ 23 ]. Advocates of 5-FU/leu-
covorin and radiation as the initial treatment 
regimen argue this treatment reduces pelvic 
recurrences, reduces overall morbidity and 
shortens the length of time required for the 
patient to reach surgical therapy. In general, 
only a minority of patients who present with 
rectal cancer and synchronous liver metastasis 
are eligible to undergo surgery as their initial 
treatment modality. Those patients should have 
disease in the rectum which can be resected 
with adequate margins, no signs of extrahepatic 
metastasis and limited liver involvement.  

55.4     Management 
of the Primary Tumor  

 Resection of the primary tumor is the gold stan-
dard treatment for patients rectal cancer. The 
development and improvement of chemothera-
peutic agents and metallic stents have helped 
spare patients with rectal cancer the morbidity of 
extensive perineal/pelvic resections. Neoadjuvant 
chemotherapy can help control metastases, 
reduce the volume and number of SLM and thus 
modify the type of hepatic resection required. For 
patients with uncontrollable hepatic disease, in 
whom surgery poses high risk of mortality and 
morbidity, chemotherapy can serve as a fi rst line 
treatment modality. Combination chemotherapy 
regimens, combined with agents targeted to vas-
cular endothelial growth factor (VEGF) or epi-
thelial growth factor (EGF) receptor can 
downstage patients for resection [ 24 ]. 

 Radiotherapy is also a crucial part of pre-
operative combined modality therapy for 
RC-SLM. Pelvic radiotherapy is needed to down- 
stage a non-resectable primary tumor and achieve 
R0 resection. The German trial CAO/ARO/AIO- 
94, published in 2003 proved the effi cacy of 
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neoadjuvant chemoradiotherapy. Preoperative 
combined modality therapy ( chemoradiotherapy/
chemoimmunotherapy) has been widely accepted 
and mentioned in the National Comprehensive 
Cancer Network (NCCN) guidelines as the 
standard treatment for locally advanced rec-
tal cancer [ 25 – 27 ]. Radiation doses used are 
45–50 Gy in 25–28 fractions. 5-FU based che-
motherapy is used concurrently as a radiosen-
sitizer. Recommended preoperative primary 
treatment includes 2–3 months of (1) (FOLFIRI 
or FOLFOX or CapeOX) ± bevacizumab or (2) 
(FOLFIRI OR FOLFOX) ± panitumumab or 
cetuximab [KRAS wild-type gene only] or (3) 
Infusional IV 5-FU/pelvic RT or (4) bolus 5-FU/
leukovorin/pelvic RT or (5) capecitabine/RT can 
also be used [ 26 ]. 

 It is very important to accurately assess the 
patient’s response to combined modality therapy 
(CMT). An unresected primary tumor poses a 
risk of distressing symptoms or complications 
and morbidity due to emergency procedures. 
Patients with a good response to CMT may also 
have problems with vanishing hepatic metastasis 
[ 28 ]. Re-evaluation for resection should be con-
sidered, in otherwise unresectable patients after 
2 months of preoperative chemotherapy and 
every 2 months thereafter [ 26 ]. 

 Following removal of the primary tumor, 
adjuvant systemic therapy contributes to 
improved survival [ 29 ]. Six months of periop-
erative treatment is preferred. NCCN guidelines 
suggest the use of infusional IV 5-FU/pelvic RT 
or bolus 5-FU/leucovorin/pelvic RT or cepac-
itabine/RT or 5-FU ± leucovorin or FOLFOX or 
cepecitabine ± oxaliplatin, then infusional 
5-FU/RT or bolus 5-FU/leucovorin/RT or 
capecitabine/RT, then 5-FU ± leucovorin or 
FOLFOX or capecitabine ± oxaliplatin [ 26 ]. In 
Patients who did not receive preoperative radio-
therapy, postoperative pelvic radiotherapy 
results in a lower rate of pelvic recurrence in 
patients with RC-SLM when compared with 
patients that undergo surgery alone [ 2 ]. 
However, increased morbidity in patients receiv-
ing adjuvant radiotherapy compared to those 
receiving neoadjuvant therapy makes treatment 
prior to surgery preferable.  

55.5     Management 
of Synchronous Liver 
Metastases 

 Surgical resection for cure is the only possibility 
to obtain long-term survival and must be consid-
ered even if patients have poor prognostic factors 
[ 15 ]. When surgery isn’t possible or in the neoad-
juvant setting, chemotherapy plays a major role 
in reducing the metastatic load on the liver and 
changing the type of hepatic resection required. 
Chemotherapy for liver metastasis may be admin-
istered systemically or regionally. Trans-arterial 
chemo-embolization has been effectively used 
for localized liver lesions. For extensive liver 
metastasis, systemic chemotherapy or regional 
chemotherapy by hepatic arterial infusion (HAI) 
of cytotoxic agents such as fl oxuridine, fl uoro-
uracil, oxaliplatin or irinotecan can be useful 
[ 24 ]. In the neoadjuvant setting, HAI provides 
signifi cant tumor response but similar or even 
higher response rates may be obtained by sys-
temic chemotherapy [ 30 ]. A trend towards better 
long term outcomes has been seem with 
HAI. Following chemotherapy, resectability is 
determined by location of the lesions, extent of 
disease and adequate hepatic function [ 2 ]. 

 Optimal surgical strategy for RC-SLM 
patients that present as possible resection candi-
dates, is still debatable. Traditionally, patients 
have undergone a two-staged procedure with 
resection of the primary tumor followed by che-
motherapy and subsequent liver resection [ 3 ]. In 
this strategy various treatment regimens of che-
motherapy can be employed. NCCN guidelines 
suggest 2–3 months of preoperative chemoradio-
therapy or chemoimmunotherapy. Another stan-
dard of care is chemoradiotherapy using 5-FU 
and leucovorin given concurrently with radiation 
over 5 weeks, and then 6–10 weeks after the last 
dose of radiotherapy, patients undergo rectal sur-
gery. If no complications occur, SLM is treated as 
early as 3 months after rectal surgery. However, 
the mean delay between resection of the primary 
tumor and subsequent resection of the liver 
metastasis is 6 months [ 31 ]. Sauer et al., demon-
strated that up to 50 % of patients do not receive 
optimal treatment after rectal surgery because of 
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postoperative complications [ 27 ]. Some patients 
may be undertreated because postoperative mor-
bidity doesn’t allow achievement of the complete 
treatment, and because of the psychological 
effect of long-term of treatment, leading some 
patients to refuse complete management [ 4 ]. A 
staged procedure is sometime required due to 
complications of the primary neoplasm such as 
bowel obstruction or colonic perforation, and the 
need for extensive hepatic resection. Staged 
resection may also be required due to late referral 
after the primary tumor was resected [ 15 ]. 

 Advancement in anesthesia and operative 
techniques have made it possible to simultane-
ously resect the primary tumor and liver second-
aries in RC-SLM, with low mortality and 
acceptable morbidity. Similar surgical outcomes 
have been reported after two-staged and simulta-
neous resections, that included major hepatecto-
mies or requiring resection of multiple hepatic 
segments [ 32 ]. It also has potential benefi ts in 
terms of quality of life and cost [ 33 – 35 ]. Until 
recently, the eligibility for simultaneous resec-
tion was restricted to right colon tumors or a lim-
ited number of metastases [ 36 ,  37 ]. Criteria for 
selection used in a recent publication included 
fi tness for anesthesia, expected R0 resection of 
the primary tumor, no unresectable extrahepatic 
disease and adequate predicted volume of hepatic 
remnant post resection [ 3 ]. 

 Groups have also reported simultaneous lapa-
roscopic resection (SLR) of rectal carcinoma and 
SLM [ 38 ,  39 ]. Such a procedure is considered 
after discussion with colorectal and liver sur-
geons for R0 resection and adequate laparoscopic 
exposure of metastatic liver lesions [ 39 ]. The 
inclusion criteria for such a procedure includes a 
rectal tumor fi t for anterior resection with end-to- 
end anastomosis, number of liver lesions ≤2 and 
absence of a history of abdominal operations 
[ 38 ]. A complicated or advanced rectal lesion, 
liver lesions adjacent to major vessels or in the 
caudate lobe would exclude SLR [ 39 ]. 
Preservation of abdominal wall, better compli-
ance, shorter hospitalization, early resumption of 
social activities, good cosmetic results are some 
of the advantages of a totally laparoscopic proce-
dure. Another important role of such a technique 

is in the context of a two-staged hepatectomy in 
case of rectal cancer with bilobar or extensive 
SLM. The second stage hepatectomy may be 
easier owing to less adhesions from the totally 
laparoscopic fi rst surgery [ 40 – 42 ]. During a 
simultaneous laparoscopic resection, the colorec-
tal resection is usually done fi rst but if there is a 
large blood loss during liver surgery or if Pringle’s 
maneuver is anticipated, then liver resection may 
be performed fi rst. This will be less harmful to 
the anastomosis because it will be made after the 
possibility of high mesenteric pressure, lowered 
intestinal perfusion and the possibility of major 
blood loss has passed [ 39 ]. 

 Mentha et al., fi rst described the “liver fi rst” 
approach in patients with colon and rectal can-
cers with advanced SLM [ 42 ]. This approach has 
also been used in patients with advanced rectal 
cancer with SLM [ 31 ]. De Jong et al., described 
their 5 year experience with “liver fi rst” proce-
dures and found that it was feasible in approxi-
mately four-fi fths of their patients [ 43 ]. In the 
Liver fi rst approach, patients are primarily treated 
with neoadjuvant systemic chemotherapy. If 
there is no progressive disease, a laparotomy is 
performed with the intention of performing 
resection of liver metastases. After successful 
resection of liver metastases, patients are treated 
with neoadjuvant radiotherapy (with or without 
chemotherapy) for the primary rectal tumor. Four 
weeks after the end of neoadjuvant radiotherapy, 
imaging is performed to check for unresectable 
metastases. If none are found, rectal resection is 
performed 8–10 weeks after the last radiotherapy 
dose [ 31 ]. 

 The rationale behind the “liver fi rst” 
approach is to control the SLM at the same 
time as the rectal primary and allow unhurried 
chemotherapy before rectal surgery when indi-
cated. Removing all known liver metastases at 
the fi rst surgical intervention protects the 
patients from progression of liver metastases 
when the patient is receiving radiotherapy for 
the rectal primary tumor and may improve the 
patient’s state of mind when dealing with long 
term treatment of cancer. However, with this 
approach, response to chemotherapy cannot be 
assumed to persist. There is a possibility of 
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 progression after initial response and an inter-
vention in the rectum as early as 2–4 weeks 
from chemotherapy may be required. In addi-
tion, the use of Irinotecan and Oxaliplatin as 
neoadjuvant systemic chemotherapy may pro-
duce chemotherapy associated steatosis and 
venous outfl ow problems which can render 
liver surgery more diffi cult and hazardous [ 42 ]. 

 In the presence of extensive liver tumor bur-
den, future liver remnant becomes a major factor 
in the planning for a hepatectomy. Historically, 
portal vein embolization has been used to 
assist with growth of the future liver remnant. 
The procedure involves either ligation of the 
portal vein in segments planned for resection 
or coil embolization performed by interven-
tional radiologists. In patients with high likeli-
hood of low future liver remnant, PVE results 
in hypertrophy of the unresected segment, thus 
resulting in better functional hepatic reserve. 
Traditionally, portal vein embolization served 
as a bridge between resections in a two-staged 
hepatectomy. Portal vein embolization (PVE) 
is also a useful tool to achieve resectability 
in extensive or bilobed lesions. The patient 
undergoes preoperative PVE of the segments 
to be resected. One month after PVE, repeat 
imaging is done to assess hypertrophy and sur-
gery is performed. 

 Baumgart et al., described a new two-step 
technique for obtaining adequate parenchy-
mal hypertrophy in patients requiring extended 
hepatic resection with limited functional 
reserve [ 44 ] (Fig.  55.2 ). Known as the ALPPS 
(Associating Liver Partition and Portal Vein 
Ligation for Staged Hepatectomy) approach, this 
two-step procedure consists of ligation of portal 
veins to the segment planned to be removed. In 
order to ligate intrahepatic portal collaterals, the 
liver parenchyma is divided in situ. This induces 
accelerated hypertrophy in the remaining seg-
ment. Devascularization of segments prevents 
neovascularization and interlobar perfusion. This 
induces a median hypertrophy of 74 % in a very 
short time frame. After an interval of 6–12 days 
(median 9 days), the resection is completed [ 44 –
 46 ]. Recently, this entire procedure has also been 
completed laparoscopically [ 47 ].   

55.6     Follow Up 

 Surveillance for a patient with RC-SLM includes 
history and physicals every 3–6 months for 
2 years, then every 6 months for a total of 5 years; 
CEA levels every 3–6 months for 2 years, then 
every 6 months for a total of 5 years; chest/
abdominal/pelvic CT annually for up to 5 years; 
colonoscopy in 1 year with a repeat in 1, 3, 5 years 
[ 26 ]. The most common site of recurrence is the 
liver remaining after the resection [ 5 ]. Adjuvant 
systemic therapy contributes to improved sur-
vival. All patients undergoing liver resection 
should receive intense follow-up and adjuvant 
chemotherapy [ 6 ]. Recent studies suggest follow 
up for 10 years for late recurrences [ 48 ].  

55.7     Discussion 

 It is obvious that a multidisciplinary approach 
is required for adequate management of 
RC-SLM. Planning and cooperation between spe-
cialists in hepatobiliary and colorectal surgery, 
and oncology is required to maximize patient sur-
vival benefi t. Optimal treatment regimen for com-
bined disease has yet to be determined. Infusional 
5-FU with pelvic RT as neoadjuvant therapy may 
not provide the best treatment for liver metasta-
ses with potential for progression systemically. 
Liver metastasis and other systemic secondaries 
have been found to respond well with newer che-
motherapy agents e.g. FOLFOX, FOLFIRI and 
monoclonal antibodies e.g. Bevacizimab, panitu-
mumab, cetuximab. Due to combined toxicity it 
usually is not possible to use FOLFOX/FOLFIRI 
with RT. Potential problems with this approach 
relates to rectal tumor extent and risk of pelvic 
recurrence without the use of neoadjuvant radia-
tion. More recently short course radiation after full 
systemic chemotherapy has been described and 
demonstrated promising outcomes [ 4 ]. 

 Recent advancement in the approach to 
hepatic metastasis have allowed for patient with 
more extensive disease to undergo surgery with 
improvement in overall survival. Newer 
 procedures such as two-step liver resections, 
 laparoscopic resection, PVE with resection and 
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the ALPPS procedure increase our ability to offer 
patients options for cure. However, the optimal 
strategy still needs to be determined, hopefully 
by a randomized clinical trial.     
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56.1             Introduction, Rationale 
for Selective Non-operative 
Treatment 

 Neoadjuvant chemoradiation (NCR) is one of the 
preferred treatment strategies for locally advanced 
distal rectal cancer. The greatest advantage of this 
approach has been the lower risk of local failures 
observed in many studies using different regimens 
of RT with or without concomitant chemotherapy 
followed by radical surgery [ 1 – 4 ]. In addition, 
this approach is associated with lower toxicity 
rates and better functional results when compared 
to adjuvant CRT, even though no differences in 
survival have been observed [ 4 ]. 

 The use of radiation with or without chemo-
therapy may lead to signifi cant tumor cell death 
both in the primary tumor and perirectal nodes. 
The effects on the primary tumor may result in a 
shift towards earlier T stage classifi cation, smaller 
tumor size (downsizing) and variable degrees of 
replacement of cancer cells by fi brotic tissue 
(tumor regression grade). The perirectal nodes 

may also be affected by treatment eventually 
resulting in nodal sterilization and fewer recovered 
nodes after proper total mesorectal excision. Even 
though the effects of neoadjuvant therapy in tumor 
downsizing and downstaging have been suggested 
to increase the possibility of sphincter preserva-
tion, none of the available randomized trials have 
been able to demonstrate higher rates of sphincter 
preserving operations among experimental arms 
when compared to control arms [ 5 ]. 

 In some cases tumor regression is so signifi -
cant that no residual cancer is found in the patho-
logical specimen, a phenomenon known as 
Complete Pathological Response (pCR). Many 
studies have shown that oncological outcome is 
associated with tumor response to neoadjuvant 
therapy (fi nal pathological stage) and those 
patients that present pCR have the best oncologi-
cal outcomes [ 6 – 10 ]. 

 On the other hand, radical surgery (TME) is 
still the cornerstone of the treatment of rectal can-
cer. However, surgical resection is associated with 
signifi cant immediate morbidity and even mortal-
ity. Anastomotic leak, probably the most dreaded 
complication is reported in up to 12 % of cases 
[ 11 ]. Perioperative mortality may reach 3 % and is 
signifi cantly higher, reaching up to 13 % when an 
anastomotic leak is present among patients who do 
not undergo temporary diversion [ 12 ,  13 ]. It should 
also be considered that a temporary stoma is fre-
quently required, with additional morbidity or 
even mortality related to stoma creation and take-
down that must also be taken into account [ 14 ]. 
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 Furthermore, despite the standardization of 
nerve sparing techniques, the rates of urinary and 
sexual dysfunctions are still signifi cant. Finally, 
even though sphincteric function and quality of 
life among patients undergoing ultra-low anterior 
resections are acceptable, results are far from 
perfect. In a report of patients undergoing ultra- 
low anterior resections, the median fecal inconti-
nence score rate was 11 with nearly half of 
patients with signifi cant fecal incontinence [ 15 ]. 

 With all these considerations, one could argue: 
 Is it justifi ed to treat patients with signifi cantly 
morbid and sometimes mutilating procedure 
when not a single cancer cell is present ? 

 For these reasons, it has been suggested a non-
operative approach (also known as the “Watch 
and Wait” approach) in selected low rectal cancer 
patients that present specifi c features after NCR 
that suggests the presence of complete pathologi-
cal response without having to perform a radical 
operation exclusively to confi rm the absence of 
residual cancer.  

56.2     Response Assessment: How? 

 The identifi cation of patients that harbor no 
residual disease is one of the greatest challenges 
in rectal cancer management. Unfortunately, up 
to date, there is no perfect tool for this purpose. 
Instead, assessment of tumor response is per-
formed with a combination of different modali-
ties that decrease the possibility of missing 
residual undetected tumor. 

 Patients with a high suspicion of pathological 
response according to clinical and radiological 
criteria are considered Complete Clinical 
Responders (cCR). These are the candidates for 
this selective non-operative treatment. The role 
of each modality will be discussed with special 
emphasis on clinical assessment.  

56.3     Clinical Assessment 

 Absence of symptoms after NCR should not be 
considered as a reliable method of assessment 
of tumor response. Most patients experience 

improvements in symptoms after treatment but 
active assessment is still required to rule out per-
sistent disease. 

 Clinical assessment performed by an experi-
enced colorectal surgeon including digital rec-
tal examination and proctoscopy is defi nitely 
one of the most useful tools. Although studies 
have reported disappointing results regarding 
sensitivity and specifi city of this modality in 
identifying pCR patients, a few considerations 
may be worthwhile mentioning. First, standard-
ization of what a is complete clinical response 
was unavailable when published. Also, patients 
were assessed using rather short intervals from 
CRT completion, a well-known factor that may 
considerably affect response rates (as will be 
discussed later). Finally, examinations were per-
formed by different surgeons with different lev-
els of expertise what could also have infl uenced 
results [ 16 ]. 

 In an effort to provide standardization of clini-
cal and endoscopic fi ndings consistent with com-
plete clinical response, a recent study has reported 
commonly observed features among these 
patients as well as fi ndings that should warrant 
prompt surgical action. Not only these fi ndings 
may aid surgeons in identifying individual 
patients that are likely to present complete tumor 
regression, they also may provide a basis for 
standardization of cCR to allow future studies 
investigating the role of alternative treatment 
strategies in such patients [ 17 ]. 

 According to the stringent criteria provided in 
that study, patients with the following fi ndings at 
digital rectal examination and proctoscopy (rigid 
or fl exible) may be considered as complete clini-
cal responders:
    1.    Whitening of the mucosa in the area previ-

ously occupied by the tumor (Fig.  56.1 ).    
   2.    A subtle loss of pliability of the rectal wall 

harboring the scar; usually observed during 
manual insuffl ations at proctoscopy with light 
stiffness of the wall. In the context of no addi-
tional positive fi ndings of residual cancer, this 
may also be considered as a feature of cCR.   

   3.    Telangiectasia (small derogative blood vessels 
seen on the rectal mucosa at the area previ-
ously harboring the primary cancer) is also 

A. Habr-Gama et al.



627

frequently observed in complete clinical 
responders, even in long-term follow-up.   

   4.    Whenever a tumor cannot be felt or seen, 
patients should be considered as complete 
clinical responders.     
 Alternatively, the following fi ndings should be 

considered as incomplete clinical response and 
therefore warrant immediate surgical resection. 
Even though this may lead to a proportion of 
patients with pCR despite clinical fi ndings of 
persistent cancer, it seems to be the safest 
procedure.
    1.    Any residual deep ulceration with or without a 

necrotic center.   
   2.    Any superfi cial ulcer, irregularity, even in the 

presence of only mucosal ulceration.   
   3.    Any palpable nodule, defi ned by digital rectal 

examination, even in the presence of mucosal 
complete integrity.     
 In any of these situations, a surgical action is 

warranted, at least for diagnostic purposes. A 
non-surgical approach in this scenario is not rec-
ommended (Fig.  56.2 ).  

 One recent study has investigated the impact 
of the use of these stringent criteria in selecting 
patients likely to have a complete pathological 
response. In this study, simply by looking at 
specimen photographs, surgeons were asked to 
indicate complete pathological responders. 
Curiously, these criteria led to positive and nega-
tive predictive values ≥90 % for the identifi cation 

of complete responders without any tactile infor-
mation obtained from DRE, biopsies or radio-
logical imaging [ 18 ].  

56.4     Imaging Studies 

 Radiological assessment of response is of para-
mount importance for the appropriate selection 
of patients for an alternative treatment strategy 
such as the “Watch & Wait” approach following 
a complete clinical response. Not only they pro-
vide assessment of the primary tumor (within the 
rectal wall) but also of the mesorectal lymph 
nodes that are not accessible to clinical examina-
tion alone and a possible site for metastatic dis-
ease even in the presence of complete primary 
tumor regression (ypT0). 

 Basically, the same imaging modalities used 
for initial staging can be used for tumor response 
assessment. Endorectal Ultrasound (ERUS), has 
been studied for this purpose and in a recent report 
with 60 patients, the overall accuracy of the 
method for T staging was less than 40 % when 
assessment was performed after 45 days from 
CRT completion [ 19 ]. Assessment at 6–8 weeks 
may have improved accuracy to 75 %. However, 
identifi cation of ypT0 was particularly poor [ 20 ]. 

 Magnetic resonance imaging (MRI) is now 
considered standard for primary tumor staging 

  Fig. 56.1    Endoscopic view of a complete clinical 
response         Fig. 56.2    Surgical specimen resected with TEM 

(Transanal Endoscopic Microsurgery) showing an incom-
plete response       
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and assessment of response after CRT. Findings 
of areas with low signal intensity replacing the 
area of the previous tumor or even no detectable 
abnormalities in MRI are consistent with radio-
logical features of a complete clinical response. 
Three different patterns of low-signal intensity 
have been described in patients with complete 
clinical response: minimal fi brosis, transmural 
fi brosis and irregular fi brosis [ 21 ]. Also, histo-
logical tumor regression is currently estimated by 
MRI imaging with a classifi cation inspired by 
tumor regression grading systems. This MRI 
“tumor regression grade” classifi cation proved to 
correlate well with survival [ 22 ]. 

 Diffusion-weighted MRI (DWI) is a func-
tional MR imaging technique that uses differ-
ences in the extracellular movement of water 
protons to discriminate between tissues of vary-
ing cellularity. In tissues with increased cellular-
ity (neoplasia), the diffusion of water is restricted, 
resulting in remaining high signal intensity on 
DWI-MR. In recent studies, the diagnostic 
 performance for predicting a pathologic com-
plete tumor response was improved with DWI 
MRI compared with standard MRI in nearly 
20 %, reaching ≥90 % overall accuracy [ 23 ]. 

 Positron-emission tomography (PET) with 
computed tomography (CT) may provide addi-
tional information regarding metabolic activity 
in tumors after neoadjuvant CRT. In addition to 
the visual identifi cation of FDG uptake within 
the area of the rectal wall harboring the tumor 
or within the mesorectum, PET/CT allows the 
estimation of the metabolism profi le. Standard 
uptake values (SUV) are direct estimations of 
tissue metabolism and may be used for the dis-
tinction of residual infl ammatory changes and 
residual cancer. Measurement of SUV in two 
different intervals from FDG injection is rou-
tinely performed (1 and 3 h) and allows two 
distinct patterns (dual time) of metabolism. 
Increase in SUV (between 1 and 3 h) sug-
gests the presence of residual cancer whereas 
decrease suggests infl ammatory or fi brotic 
changes [ 24 ]. 

 Several studies have suggested the use of 
PET/CT in assessing tumor response to CRT 
with confl icting results.[ 25 – 28 ]. In our experi-
ence, PET/CT when performed 12 weeks after 
chemoradiation completion was able to predict 
Complete Response with an accuracy of 85 % 
[ 29 ] (Fig.  56.3 ).   

  Fig. 56.3    PET/CT of a complete clinical response patient before and after CRT       
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56.5     CEA 

 The determination of CEA levels before and after 
CRT may be useful during assessment of tumor 
response. In one retrospective report of patients 
undergoing different CRT regimens it was 
showed that a pre treatment CEA level <2.5 ng/dl 
was predictor of ypCR [ 30 ]. 

 An increase in CEA levels or persistence of at 
least 70 % from baseline has been suggested as 
predictor of worse outcome in patients with CEA 
levels >6 ng/ml at baseline [ 31 ]. Also, different 
cutoff values have been considered for patients 
undergoing CRT when compared to standard 
colorectal cancer patients. A retrospective analy-
sis of 109 patients undergoing neoadjuvant ther-
apy, identifi ed a cutoff value for CEA <2.7 ng/ml 
at 4 weeks from RT completion to be predictor of 
tumor regression [ 32 ]. 

 In our experience, no correlation with both 
pre-treatment CEA and variation between pre 
and post treatment CEA levels and tumor 
response or oncological outcomes was detected. 
On the other hand, a post-CRT level <5 ng/ml 
after at least 8 weeks from CRT completion was 
associated with increased rates of earlier disease 
stage and complete tumor regression [ 33 ].  

56.6     Endoscopic Biopsies 
After CRT 

 During endoscopic evaluation of a residual 
lesion, forcep’s biopsies are frequently performed 
and considered by many to be useful in assess-
ment of tumor response. Even though a positive 
result implies obvious persistence of residual 
tumor, negative results may warrant cautious 
interpretation. 

 In a retrospective review of patients undergo-
ing neoadjuvant CRT and signifi cant tumor 
downsizing, post-CRT biopsies resulted in a neg-
ative predictive value of 21 %. In other words, a 
negative biopsy truly identifi ed a pCR in only 
21 % of cases [ 34 ]. 

 Nevertheless, endoscopic biopsies may have a 
role in the management of these patients since a 
positive biopsy is sometimes a useful argument 

to convince patients who refuse radical surgery to 
accept treatment in the presence of residual can-
cer despite signifi cant symptom relief.  

56.7     Factors Associated 
with Tumor Response 
After CRT 

 Tumor response to CRT is not uniform and many 
factors may play a role. The specifi c CRT regi-
men and interval between CRT completion and 
assessment of response seem to be as important 
as tumor and patient-related characteristics.  

56.8     Chemoradiation Regimen 

 Fractionated long course chemoradiation fol-
lowed by surgery after 6–8 weeks or pelvic short- 
course irradiation with 25 Gy in fi ve fractions 
followed by immediate surgery are the two most 
used regimens in the preoperative treatment of 
patients with resectable T3–4 rectal cancer. 
Benefi ts in local disease control seem to be 
equivalent between them, but there are signifi cant 
differences in terms of tumor downstaging [ 35 ]. 

 The rates of pCR are signifi cantly lower in 
patients undergoing short-course RT, when com-
pared with those undergoing long-course. At fi rst 
glance, the long-course regimen includes chemo-
therapy and this could be determinant for that dif-
ference. It should also be considered that 
damaged cancer cells need time to undergo 
necrosis after radiotherapy and usually patients 
undergoing short-course RT, surgery is per-
formed 1 week after RT completion whereas 
long-course CRT is followed by radical surgery 
after at least 6–8 weeks. In fact, one randomized 
study has demonstrated that pathological regres-
sion is more pronounced in the presence of com-
bination of chemo and radiation therapy when 
compared to radiation therapy alone [ 36 ]. A very 
recent systematic revision from Cochrane, 
including fi ve randomized controlled trials com-
paring CRT vs RT alone for resectable stage II or 
III rectal cancer, showed that the fi rst approach 
was associated with a higher rates of ypCR [ 37 ]. 
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 A review of phase II and III studies using dif-
ferent neoadjuvant CRT regimens for rectal can-
cer including >4,000 patients in 71 studies with 
different regimens, reported a ypT0 rate that var-
ied from 0 to 42 %. In this review, pCR was sig-
nifi cantly associated with the delivery of radiation 
doses higher than 45-Gy, 5-FU regimens with 
continuous infusion and the use of a second drug 
(being oxaliplatin the most frequent additional 
drug) [ 38 ]. 

 The association of higher rates of pCR and the 
addition oxaliplatin to the traditional scheme of 
5-FU has been strongly questioned in light of the 
results of a recent prospective randomized trial 
that showed that this addition was not associated 
with better rates of pCR. Instead, patients treated 
with oxaliplatin experienced signifi cantly more 
treatment-related toxicities [ 39 ]. 

 Targeted biological drugs used for metastatic 
disease, such as bevazicumab and cetuximab, 
were included in phase I and II studies in combi-
nation with other drugs aiming to increase 
response rates. Results, however, were disap-
pointing. A review of these trials also suggested a 
sub-additive interaction between capecitabine, 
oxaliplatin, and cetuximab as refl ected by 
decreased rate of pCR (9 vs. 16 %) and signifi -
cant decrease in tumor regression grades (more 
than 50 % of tumor regression) among surgical 
specimens from these patients when compared 
with patients undergoing treatment with 
capecitabine and oxaliplatin alone CRT regimens 
[ 40 ]. It is not clear whether the inclusion of 
patients according to the K-ras status could have 
any infl uence in response to neoadjuvant CRT 
with this triple approach [ 41 ].  

56.9     Timing for Tumor Response 
Assessment 

 The optimal interval between CRT and surgery 
has not yet been identifi ed for rectal cancer. The 
Lyon R90–01 study is so far the only randomized 
trial that evaluated the time interval between the 
completion of CRT therapy and surgery (2 weeks 
vs 6 weeks), and demonstrated improved T and N 
downshift with the longer interval (6 weeks) [ 42 ]. 

In addition, retrospective studies echo the fi nding 
that a longer interval to surgery may actually 
increase pCR rates [ 43 ]. In a recent review of the 
Cleveland Clinic experience, there was a steep 
increase in the pCR rate after 7 weeks from CRT 
completion; this increase reached a plateau only 
after 12 weeks [ 7 ]. 

 A longer interval to surgery may confer 
another benefi t. A review of patients treated with 
different intervals after neoadjuvant therapy sug-
gested that delayed surgical resection was associ-
ated with decreased perioperative morbidity and 
no oncologic compromise [ 44 ]. In fact, prelimi-
nary results from a prospective non-randomized 
trial showed that in presence of tumor response to 
CRT (5FU + RT) the addition of two cycles of 
FOLFOX-6 scheme and delaying surgery for 
12 weeks resulted in a modest increase of ypT0 
rate without increasing postoperative complica-
tions [ 45 ]. Altogether, these results may suggest 
that 12-week intervals are perhaps ideal prior to 
assessment of tumor response following CRT 
completion. There are currently ongoing ran-
domized trials addressing the question of 6 or 
12-week intervals following CRT completion in 
rectal cancer that are likely to lead to more defi ni-
tive conclusions in the near future [ 46 ]. 

 Still, there is a possibility that not all patients 
would benefi t from waiting more than 6 weeks, 
as suggested by a recent study using PET/CT to 
evaluate tumor metabolism [ 47 ]. Some patients 
may actually develop increase in tumor metabo-
lism between 6 and 12 weeks suggesting no 
actual benefi t. However, it is not clear whether 
this increment in metabolism is detrimental and 
that interruption (surgery) at 6 weeks provides 
any benefi t for these patients.  

56.10     Tumor Features and Biology 

 Several aspects of the primary rectal cancer such 
as tumor height, extension and initial disease 
staging, have been considered to be predictors of 
tumor response or complete pathological 
response to neoadjuvant treatment. Even though 
very few studies have included patients with 
cT2N0 rectal cancer treated by neoadjuvant CRT, 
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these tumors seem to be more likely to develop 
complete clinical response [ 29 ]. The ACOSOG 
trial that included cT2N0 for neoadjuvant CRT 
followed by local excision resulted in a surpris-
ingly high pCR (ypT0) rate of 44 % [ 48 ]. 

 In one retrospective study of over 500 patients 
tumor extension was an independent predictive 
factor of pCR after neoadjuvant CRT. In this 
study, circumferential tumor extent of <60 % was 
a signifi cant predictor of pCR. Even though 
tumor distance from the anal verge was not a pre-
dictor of pCR, tumors located in the distal 5 cm 
of the rectum were more likely to develop greater 
tumor downstaging [ 49 ]. More recently, another 
study identifi ed that high pre-treatment CEA lev-
els and tumors located in the distal 5 cm of the 
rectum were less likely to develop pCR [ 50 ]. 

 In the near future, molecular biology will help 
the identifi cation of tumors that will respond 
completely to CRT. Currently available studies in 
this regard however have failed to demonstrate a 
useful gene signature capable of predicting 
response to CRT and signifi cant limitations have 
been identifi ed. First, studies have used different 
endpoints of response (complete response in 
some and “good” response in others). Second, 
different platforms for gene expression are cur-
rently available and were actually used. Finally, 
there was no overlap in terms of genes predicting 
response in each of these studies [ 51 – 54 ].  

56.11     The Watch-and-Wait 
Protocol 

 Patients with complete tumor regression, either 
after clinical assessment (cCR) or after transanal 
local excision (ypT0), have been enrolled in a 
strict follow- up program with no immediate sur-
gery (Fig.  56.4 ). It is critical the adherence to the 
program because distinguishing between com-
plete and near-complete responses may be diffi -
cult in some situations and fi nal decision is only 
possible after a few follow-up visits. This is why 
an empirical 12-month probation period has been 
suggested where only patients that sustain a com-
plete clinical response are considered as true 
cCR’s [ 55 ].  

 The algorithm includes monthly follow-up vis-
its with digital rectal examination and rigid proc-
toscopy in every visit for the fi rst 3 months and 
every 2–3 months during the rest of the fi rst year. 
CEA levels are determined every 2 months. 
Radiological studies, including MRI or PET/CT 
are performed at the time of initial tumor response 
assessment and every 6 months if there are no 
signs of tumor recurrence. Patients are aware that 
complete clinical regression of their primary 
tumor may be temporary and tumor regrowth may 
occur at any time during follow-up. Small nodules 
or scars may develop over time and can be man-
aged by full-thickness transanal excision (either 
by standard or Transanal Endoscopic Microsurgery 
techniques), primarily as a diagnostic approach. 
Patients with complete primary tumor response 
after FTLE (ypT0) are also considered as cCR 
and are not recommended to further resection. 

 In the case of obvious recurrence, radical sur-
gery is strongly recommended. 

 After 1 year of sustained, complete clinical 
response, patients are recommended for follow-
 up visits every 3 months. 

 This treatment strategy has evolved since the 
beginning of our experience in 1991. Our accu-
racy in clinical assessment of tumor response has 
probably improved signifi cantly with growing 
experience. At the beginning, patients were more 
frequently followed without immediate surgery 
when a near-complete clinical response was con-
sidered and expecting that time would lead to a 
complete clinical response. More recently, these 
patients have been more frequently assessed 
using full-thickness local excision (FTLE) as a 
diagnostic procedure, and according to the patho-
logic report managed by strict observation or 
referred to immediate radical surgery.  

56.12     Results 

 In order to understand if there was any oncologi-
cal benefi t of radical surgery in the setting of 
complete tumor regression, a retrospective study 
was carried out at our Institution where patients 
with complete pathological response (pCR) man-
aged by radical surgery were compared to 
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Patients with distal
rectal cancer

(<7 cm from anal verge)

5-FU + LV
    First 3 consecutive RT days and last
    3 consecutive RT days
5040 cGy
    (180 cGy/day 5 days/week. 6 weeks)

Digital rectal examination
Rigid proctoscopy
Biopsy of suspicious lesion
CEA level
ERUS or AbdCT or PET-CT or MRI

Digital rectal examination
Rigid proctoscopy
Biopsy of suspicious lesion
CEA level

Digital rectal examination
Rigid proctoscopy
CEA level

At 6 and 12 mo. CXR AbdCT

Every 3 mo. first yr
Every 6 mo. 2nd yr
Yearly thereafter
CXR. AbdCT: yearty

Neoadjuvant CRT

8 week hiatus

Response assessment

Persisten tumor

Small nodule/
lesion

Small nodule/
lesion

Follow-up visits
(every 1-2 mo for 1 yr)

After 1 yr follow-up

Radical surgery
Any sign of
recurrence

Complete clinical
response group

(Regular follow-up)

Positive biopsy

Full excisional biopsy
(Local excision)

Negative biopsy

Watch and Wait
protocol

Incomplete clinical
response group
Radical surgery

No lesion

  Fig. 56.4    The watch-and-wait algorithm       
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patients with cCR managed non-operatively [ 56 ]. 
Patients managed by observation alone had simi-
lar outcomes to those managed by radical surgery 
in terms of long-term survival. Local recurrences 
were higher in the observation group. However, 
all recurrences were confi ned to the rectal wall 
and amenable to surgical salvage [ 57 ]. No exclu-
sive pelvic relapses without endorectal compo-
nent was observed. 

 A very similar study has recently been 
reported from another Institution revealing iden-
tical oncological outcomes with no survival ben-
efi t among patients with pCR managed by radical 
TME over patients with cCR managed by obser-
vation alone. Curiously, this study suggested a 
worse functional outcome among patients in the 
resection group (pCR) when compared to the 
“watch and wait” group [ 58 ]. 

 Up to now, most of local recurrences in patients 
with cCR after neoadjuvant CRT were amenable 
to salvage therapy [ 59 ]. These recurrences and 
their salvage procedures were performed at 
 considerably long intervals after CRT completion 
(mean >50 months). In almost half of the cases an 
abdominoperineal resection (APR) was per-
formed. Also, a third of these patients presented 
with low and superfi cial recurrences, amenable to 
full thickness transanal excision [ 57 ]. 

 A signifi cant subgroup of patients presented 
early tumor regrowth (within 12 months from 
CRT completion). These patients were most 
commonly misdiagnosed as cCR and had their 
defi nitive surgical treatment postponed for vari-
able periods of time. This raised the question 
whether these patients could have been harmed 

from an oncologic point of view by delaying 
defi nitive surgical treatment. Long-term data 
revealed that they fared no worse than patients 
with incomplete clinical response managed by 
radical surgery after 8 weeks from CRT comple-
tion. Noteworthy, fi nal pathology in this group 
revealed signifi cant tumor downstaging and even 
lower rates of lymph node metastases, supporting 
the idea that downstaging is a time-dependent 
phenomenon [ 60 ]. 

 In an effort to increase the rates of tumor 
response, the delivery of chemotherapy during 
the waiting or resting period between radiation 
completion and tumor response assessment has 
been implemented in our Institution (Fig.  56.5 ). 
In a preliminary report of our series including T2/
T3 distal rectal cancers, the sustained complete 
clinical response rate (>12 months) was 51 % 
with no signifi cant increase in chemotherapy- 
related toxicity rates [ 61 ,  62 ]. It should be noticed 
that only 8 % of our series required APR, allow-
ing a sphincter preserving strategy in 92 % of the 
series.   

    Conclusions 

 Complete clinical response may be observed 
in up to 50 % of patients with rectal cancer 
following neoadjuvant chemoradiation. The 
actual percentage of patients that will develop 
complete response may vary according to 
baseline staging, type of chemoradiation regi-
men and timing of assessment of response. 
Specifi c clinical, endoscopic and radiological 
features may identify patients likely to have a 
complete pathological response. Management 

  Fig. 56.5    The extended 
protocol       
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of these highly selected patients without 
immediate radical surgery and strict surveil-
lance (“Watch & Wait”) may provide an inter-
esting alternative avoiding signifi cant 
morbidity and mortality associated with radi-
cal surgery without compromising oncologi-
cal outcomes. As understanding of molecular 
biology aspects associated with these tumors 
grow and additional tools may further improve 
selection of appropriate candidates for this 
organ-sparing procedure in patients with dis-
tal rectal cancer.      
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57.1             Introduction 

 As part of the large intestine, the rectum is inevi-
tably involved in all the syndromes of hereditary 
colorectal cancer. As part of the mechanism for 
defecation and continence, it is also inevitably 
involved in considerations of bowel function, 
quality of life and body image. The drive to mini-
mize the threat of colorectal cancer in these syn-
dromes has led to the frequent replacement of the 
rectum by an ileal pouch, especially in familial 
adenomatous polyposis. However retaining the 
natural rectum offers several advantages includ-
ing simpler index surgery, a signifi cantly lower 
rate of surgical complications, avoidance of a 
temporary stoma, and better bowel function. A 
debate has ensued and continues to this day 
regarding the fate of the rectum in patients with 
syndromes of hereditary colorectal cancer. In this 
chapter the threat and the management of the rec-
tum in the two major syndromes will be discussed 
and a balanced consideration of each side of the 
argument presented. Finally, desmoid disease, a 
biologically benign but sometimes clinically 
malignant manifestation of the germline  APC  
mutation of familial adenomatous polyposis will 
be discussed in as much as it infl uences surgical 
strategy in affected patients.  

57.2     The Syndromes 

 There are three relatively common syndromes of 
hereditary colorectal cancer that call for surgical 
decisions affecting the rectum: Lynch syndrome 
(LS), familial adenomatous polyposis (FAP) and 
 MYH -associated polyposis (MAP). 

    Lynch Syndrome 

 Lynch syndrome is a dominantly inherited syn-
drome of colorectal cancer predisposition due to 
a germline mutation in a gene involved with 
DNA mismatch repair. There are fi ve genes that 
could be mutated in LS, in descending order of 
frequency  MSH2, MLH1, MSH6, PMS2  and 
 EPCAM . The effect of an inactivating germline 
mutation any one of these genes is to produce a 
“mutator phenotype”, where errors occurring 
during DNA replication go unrepaired and pro-
duce mutations in other susceptible genes [ 1 ]. 
This is seen in tumor tissue from LS patients, 
manifest as microsatellite instability (MSI-H). 
When affected tumor is stained for the proteins 
produced by the mismatch repair genes (immu-
nohistochemistry, IHC), the absent protein indi-
cates which is the mutated gene. Germline testing 
can then be focused accordingly. 

 Clinically, patients affected with LS can be 
suspected based on family history [ 2 – 4 ] and also 
by various appearances in tumor histology (tumor 
infi ltrating lymphocytes, Crohn’s-like reaction, 
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mucinous differentiation and signet ring cells) 
[ 5 ]. Sixty percent of LS cancers are right sided 
but 20 % are in the rectum. There is overlap 
between LS and hereditary non-polyposis 
colorectal cancer (HNPCC), defi ned clinically by 
the Amsterdam Criteria (Table  57.1 ).

   About 50 % of LS families meet Amsterdam 
Criteria [ 6 ], but the combination of a MSI-H tumor 
in a patient with an Amsterdam positive family is 
quite compelling. Amsterdam positive families 
should be referred for genetic counseling and test-
ing. Amsterdam positive families with a patient 
who has a microsatellite stable tumor are said to 
be Familial Colon Cancer Type X, and have not 
been genetically characterized [ 7 ]. Thus, not all 
Amsterdam positive families have LS, and not all 
LS families fulfi ll Amsterdam criteria. Clinicians 
must be alert to a strong family history and a sug-
gestive tumor phenotype, use genetic testing of 
tumors where this is available, and have a low 
threshold for referral for genetic counseling. 

 One caveat has arisen regarding IHC in rectal 
cancers. Some staining may be weaker as a result 
of neo-adjuvant radiation, especially for MSH6. 
This can confuse interpretation of the result. In 
addition some tumors disappear altogether after 
neo-adjuvant therapy, so that biopsies should be 
taken before chemoradiation begins [ 8 ].  

    Familial Adenomatous 
Polyposis (FAP) 

 FAP is an autosomal dominantly inherited syn-
drome of tumor predisposition due to a germline 
mutation in the tumor suppressor gene  APC. APC  
is a key “gatekeeper” gene that controls  β[beta]  
catenin degradation and so the activation status of 

multiple genes stimulating cell growth and dif-
ferentiation. It is one of the fi rst genes inactivated 
in the chromosomal instability mechanism lead-
ing to sporadic colorectal cancer and in FAP loss 
of APC from a germline mutation and a second 
sporadic “hit” leads to extensive tumor formation 
in multiple organs. The large bowel is primarily 
affected and multiple adenomas start to form, 
usually in the second decade of life. Untreated, 
colorectal cancer develops usually about age 39. 
The severity of the expression of the germline 
mutation varies from one patient and one family 
to another, with the locus of the mutation being 
one determinant. Extracolonic manifestations of 
FAP include gastroduodenal polyps and desmoid 
disease [ 9 ]. Desmoid disease is the second most 
common cause of death in patients with FAP. It is 
a proliferations of fi broblasts with a spectrum of 
presentations, either as tumors or sheets, often 
within the abdomen where they kink and distort 
bowel [ 10 ]. Desmoid disease sometimes affects 
operative strategy in FAP, in particular plans for 
the rectum.  

    Myh-Associated Polyposis (MAP)  

 MAP is an autosomal recessively inherited syn-
drome of colorectal cancer predisposition due to 
biallelic inheritance of mutations in  MYH,  a gene 
involved in DNA base excision repair. Loss of 
MYH means that oxidized DNA replicates 
falsely. Oxidized guanine will bond with thymine 
instead of cytosine, creating a G=C to T=A trans-
version in the next generation of cells. This trans-
version is a mutation that can alter the function of 
susceptible genes. Both  APC  and  KRAS  are sus-
ceptible genes, and adenomas as well as serrated 

   Table 57.1    Amsterdam criteria for defi ning HNPCC [ 2 – 4 ]   

 Amsterdam I  Amsterdam II  Amsterdam-like 

 Family history  3 relatives with colorectal 
cancer 

 3 relatives with LS 
associated cancers 

 2 relatives with LS associated 
cancers and one with an advanced 
adenoma 

 Age of onset  One cancer under age 50  One cancer under age 50  One cancer under age 50 
 Relationships  2 relatives are fi rst degree of 

the third 
 2 relatives are fi rst degree 
of the third 

 2 relatives are fi rst degree of the third 

 Excluding  FAP/MAP  FAP/MAP  FAP/MAP 
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polyps are part of the MAP phenotype. Clinically 
MAP most often presents as a sort of “mini” 
FAP. The family history is often different how-
ever, refl ecting recessive inheritance, but MAP 
can mimic LS, classical FAP, sporadic colorectal 
cancer, young age of onset colorectal cancer and 
even serrated polyposis [ 11 ].   

57.3     The Rectum, the Pouch, 
and the Patient 

    The Rectum 

 The rectum is a unique organ anatomically and 
physiologically. This uniqueness demands care-
ful consideration when planning a surgical strat-
egy in patients with syndromes of hereditary 
colorectal cancer. Anatomically, the rectum lies 
within the bony pelvis, surrounded by critical 
vascular, neural, urinary and reproductive struc-
tures. Resection is often complicated, and 
demands a high level of appreciation of the anat-
omy and physiology and the likely effects of sur-
gery on them. Technical excellence in surgery is 
demanded so that good outcomes may be 
achieved. Secondly the function of the rectum is 
as a conduit for defecation. Its ability to accom-
modate allows for deferment of the call to stool, 
while the integrity of the anal sphincters and their 
refl ex arcs provides for discrimination of gas 
from liquid and solid, and control of passage of 
stool and gas. Removal of part of the rectum 
decreases accommodation and increases stool 
frequency while replacement of the rectum com-
pletely introduces a new physiology to the 
patient: the ileal pouch [ 12 ].  

    The Ileal Pouch 

 An ileal pouch works because a pro-peristaltic 
limb is stapled to an anti-peristaltic limb, creat-
ing an a-peristaltic segment of bowel. This 
allows the pouch to act as a reservoir and mini-
mizes urgency, but in practical terms increases 
frequency of defecation. Frequency of defeca-
tion depends on the effi ciency of pouch  emptying, 

and because the a-peristaltic pouch empties by 
gravity, patients have to sit for longer. Because 
the stool empties best when it is liquid, seepage 
can be an issue. A hand-sewn pouch-anal anasto-
mosis removes the anal transition zone but pro-
motes more seepage, anastomotic stenosis, and 
can be more diffi cult to survey. All these consid-
erations play into strategies for dealing with 
colorectal cancer risk secondary to a hereditary 
colorectal cancer syndrome [ 13 ,  14 ].  

    The Patient 

 Patients coming to surgery for a syndrome of 
hereditary colorectal cancer are often young, and 
at least in the polyposis syndromes are often 
asymptomatic. Prophylactic colectomy or proc-
tocolectomy is routine in FAP, while colectomy 
in LS is often at least partially prophylactic. 
Balanced against the desire to minimize cancer 
risk must be the need to preserve the lifestyle of 
these asymptomatic or minimally symptomatic 
patients. Teenage patients are at the start of their 
social, academic and physical lives. To create dis-
abling diarrhea, incontinence, anal irritation, 
let alone a permanent ileostomy, retrograde ejac-
ulation, impotence and female sterility is disas-
trous. The effects of serious complications of 
prophylactic surgery in patients with hereditary 
colorectal cancer are not limited to the patient. 
The repercussions ripple throughout the family 
as at-risk siblings and children become apprehen-
sive about their own fate. Compliance may suffer 
as they defer testing, surveillance and treatment, 
and leave themselves open to developing cancer. 
There are so many issues involved in the surgical 
strategy for patients with hereditary colorectal 
cancer that a center of excellence featuring an 
experienced, multidisciplinary team is the opti-
mal environment for care [ 15 ]. 

 Patients with LS are different to those with 
FAP in that they are older at time of surgery and 
consequently have more co-morbidities and less 
functional reserve. Complications of surgery tend 
to be more consequential and functional out-
comes worse. The surgical strategies used in FAP 
do not necessarily apply to LS.   
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57.4     The Rectum and Lynch 
Syndrome 

 LS syndrome presents with a primary rectal can-
cer about 20 % of the time; slightly more often 
when there is a germline  MSH6  mutation. A 
MSI-H rectal cancer is very likely to be associ-
ated with LS, as sporadic, hypermethylation 
MSI-H tumors are almost never found there [ 16 ]. 
Biopsy of a rectal cancer for microsatellite insta-
bility and immunohistochemistry is a good way 
of screening for LS, as long as it is done prior to 
neo-adjuvant chemoradiation. 

 One of the hallmarks of LS is a high incidence 
of both synchronous and metachronous colon neo-
plasia. It is essential that LS patients with a rectal 
cancer undergo high quality colonoscopy. 
Proximal neoplasms must be removed and if they 
are advanced, total proctocolectomy with ileal 
pouch-anal anastomosis or end ileostomy is indi-
cated. If there is no synchronous proximal neo-
plasm, consideration turns to the chances of a 
metachronous neoplasm. There are few data 
addressing the risk of a metachronous colon can-
cer in a patient whose rectum has been removed 
for a primary cancer. Kalady et al. reported on 33 
patients with HNPCC who underwent rectal resec-
tion for cancer [ 17 ]. Thirteen patients (39.4 %) 
developed a metachronous high-risk colonic ade-
noma and fi ve patients (15.2 %) developed meta-
chronous colonic cancer, three of them advanced. 
In all, 17 of 33 patients (51.5 %) developed high-
risk adenoma or cancer, over a 6 year follow-up 
after proctectomy. Whether this risk is high enough 
to indicate routine proctocolectomy is question-
able. These patients were an average of 61 years 
old, an age where pouch function may not be good 
[ 18 ]. The increased magnitude of the surgery and 
the need for a temporary stoma in patients with 
co-morbidities is also daunting and fi nally the use 
of neo-adjuvant radiation and chemotherapy is 
another cause for pause in taking up the radical 
option. If a standard anterior resection is done 
however, then prevention of metachronous neopla-
sia falls on colonoscopists’ shoulders. 

 Colonoscopic surveillance after anterior 
resection in a patient with LS must be meticulous 
and uncompromising. Stoffel et al. reported an 

adenoma miss rate in HNPCC of 55 % [ 19 ], and 
interval cancers can develop in a 1 year from a 
“negative” examination [ 20 ]. Good compliance 
with surveillance recommendations is essential 
and should be emphasized during the decision- 
making process at initial presentation. 

 Oncologic results after resection of rectal can-
cers in patients with LS are not well documented 
in the literature. Samowitz et al. reported on 990 
rectal cancers and found that survival was signifi -
cantly worse in MSI-H tumors [ 21 ]. This was 
surprising as sporadic MSI-H colorectal cancers 
and LS colon cancers have a better than expected 
prognosis. In the Samowitz et al. series there 
were 22 MSI-H rectal cancers, 1 with a BRAF 
mutation, 2 with MLH1 promoter methylation 
and 4 expressing CIMP. Most, therefore, were 
likely LS. Approximately half of their patients 
received neo-adjuvant therapy, which may have 
affected prognosis adversely, although the infl u-
ence of 5 fl ouroacil-based chemotherapy on 
prognosis in MSI-H colorectal cancer is contro-
versial. In the absence of fi rm data indicating that 
LS rectal cancers should be managed differently 
to sporadic MSI-H tumors or MSS tumors, stan-
dard approaches to staging, neo-adjuvant therapy 
and resection should be followed.  

57.5     The Rectum and Familial 
Adenomatous Polyposis 

 Patients with FAP are almost guaranteed to 
develop colorectal cancer if the colorectal polyps 
are not removed. In general there are too many 
adenomas to be managed endoscopically and so 
prophylactic colectomy has become routine. The 
issues are the timing of the surgery and the extent 
of the resection. 

 Timing generally revolves around the risk of 
cancer, which is determined by the number, size, 
histology (presence of high grade dysplasia) and 
rapidity of growth of the adenomas. Patients with 
symptoms attributable to the polyps are operated 
without delay, as are those with large, severely 
dysplastic or rapidly developing adenomas. In 
patients with small, infrequent and stable 
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 adenomas without high-grade dysplasia, surgery 
may be deferred until convenient. 

 The extent of surgery in patients with FAP 
comes down to a choice between colectomy and 
ileorectal anastomosis and proctocolectomy with 
ileostomy or ileal pouch-anal anastomosis. This is 
a choice between keeping the rectum or removing 
the rectum; keeping the organ of defecation with 
the associated risk of metachronous rectal cancer 
but a defi nite advantage in bowel function, or los-
ing the organ of defecation and making do with a 
non-physiological replacement in the interest of 
minimizing cancer risk. Some centers recom-
mend universal pouch anal anastomosis for all 
patients with FAP [ 22 ], while others triage 
patients according to rectal cancer risk. Data show 
quite conclusively that rectal cancer risk is deter-
mined by the colorectal polyp counts [ 23 ]. When 
there are <5 rectal adenomas and <1,000 colonic 
adenomas, proctectomy for rectal cancer or 
advanced neoplasia is extremely uncommon. 
With 5–20 rectal adenomas at colectomy, proctec-
tomy may be required in about a third of patients 
but when there are >20 rectal adenomas, later 
proctectomy is likely in over half of cases. In 
many studies describing rectal cancer risk after 
IRA, data were at least partially derived from a 
time prior to 1983, when the ileal pouch anasto-
mosis became widely adopted as an alternative to 
IRA and ileostomy in patients with FAP. In this 
“pre pouch” era, rectums severely affected by pol-
yposis that would now be resected were retained, 
leading to artifi cially raised rectal cancer rates in 
subsequent years [ 24 ]. Current management tri-
ages patients into IRA or IPAA depending on the 
rectal polyp count. Such a policy has resulted in 
very low rates of proctectomy and cancer. 

    Technical Considerations: Ileorectal 
Anastomosis 

    Length of Rectum 
 For optimal function, a 15 cm length of rectum 
should be retained. If less than 10 cm of rectum is 
left, stool frequency may be disabling, even in the 
young. For more elderly patients, the rectosig-
moid junction may be included and an  ileosigmoid 

anastomosis performed. This may minimize stool 
frequency and incontinence in patients with tir-
ing sphincters.  

    Anastomosis 
 The ileorectal anastomosis has a bad reputation 
for leaking and stenosing. It involves union of 
two ends of bowel of different sizes and thick-
nesses, and has been approached in many ways. 
The author, using a Cheatle slit if necessary, pre-
fers a handsewn end-to-end anastomosis. Others 
have used an end of rectum to side of ileum, an 
end of ileum to side of rectum, or a side of ileum 
to side of rectum anastomosis. The more dis-
torted and complex the anastomosis, the higher 
the chance of suboptimal function, stenosis and 
leak. Crossing staple lines, different bowel thick-
ness and blood supply are also concerns. Blood 
supply must be preserved in the face of a poten-
tial gap between the last sigmoid branch of the 
inferior mesenteric artery and the upper branch 
of the superior rectal artery.  

    Mesenteric Defect 
 The mesenteric defect created by the ileorectal 
anastomosis is a potential site for small bowel 
torsion through the internal hernia. In my prac-
tice it is closed.  

    Surveillance 
 Yearly proctoscopy is important after IRA. The 
examination is usually performed in the offi ce 
without sedation. Two sodium phosphate enemas 
are enough for preparation but should be given 
within 30 min of the examination. A fl exible 
endoscope gives a much better view of all the 
mucosa than a rigid proctoscope. The terminal 
ileum is checked for about 10–15 cm, the anasto-
mosis itself is viewed and then the rectum is 
checked systematically. Polyps less than 5 mm 
diameter can be counted but not removed. Larger 
polyps are all removed. If the patient is taking a 
non-steroidal anti-infl ammatory drug, adenomas 
may be suppressed, although the outline of pol-
yps (polyp ghosts) can often be seen. If it has 
been a long time since the original colectomy, 
and especially if the rectal mucosa is scarred 
from prior polypectomies, cancer can be very 
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subtle. Any fl at, erythematous area should be 
biopsied. Doubtful areas can be re-examined in 
6 months.   

    Technical Considerations: 
Proctectomy and IPAA 

    Rectal Dissection 
 Preoperative evaluation should try to exclude rec-
tal cancer. Large rectal polyps should be excised 
or biopsied because if there is a rectal cancer stag-
ing must be done and neo-adjuvant chemoradia-
tion may be indicated. A total mesorectal excision 
is performed with close attention to planes, mini-
mizing the chance of damage to nervi erigentes in 
men. Rectal dissection may be diffi cult in patients 
who have had an ileorectal anastomosis, as 
repeated fulguration of rectal polyps promotes 
perirectal fi brosis that destroys planes.  

    The Anastomosis 
 Choices are a stapled pouch anal anastomosis or 
a handsewn anastomosis. The stapled anastomo-
sis allows better function and is easier to examine 
and survey. A handsewn anastomosis creates a 
little more mesenteric tension, sometimes steno-
sis, and is associated with worse anal control of 
mucus or stool. It clears most of the anal transi-
tion zone but does not guarantee freedom from 
cancer. It is more diffi cult to survey [ 25 ]. 

 If a patient presents with profuse polyposis 
and adenomas exist in the anal transition zone, 
mucosal stripping and handsewn anastomosis is 
needed. If the anal transition zone is free a sta-
pled anastomosis is preferred.  

    Keep It Straight 
 Twists in the IPAA may occur if the pouch is 
allowed to slide around the stapler anvil. While 
this may seem minor at the time it can create 
shelves in the pouch that interfere with emptying 
and disturb pouch function.  

    Pelvic Adhesions 
 Pelvic adhesions may be promoted by the pelvic 
dissection preceding pouch anal anastomosis. 
There is a suspicion that FAP patients are more 

prone to severe adhesions than usual, because of 
the  APC  mutation and its effect on fi broblasts 
already evident in desmoid disease. Pelvic adhe-
sions affect the neo terminal ileum, which can be 
kinked into the presacral space causing an affer-
ent loop syndrome. They also affect the ovaries 
and tubes, reducing fecundity. Options to mini-
mize adhesions include performance of clean, 
technically precise surgery, the use of anti- 
adhesion sheets and the use of minimally inva-
sive surgical approaches.  

   Surveillance 
 Yearly surveillance of an ileal pouch anastomosed 
to the anus is a crucial part of cancer prevention. 
First the pouch is prepared with two sodium phos-
phate enemas. Then inspection is performed with 
a fl exible endoscope. This is usually easily done 
in the offi ce in patients with a stapled IPAA but 
those with a handsewn IPAA may have a tender, 
excoriated anus. Lidocaine jelly may help mini-
mize discomfort during the examination, as does 
the use of a pediatric gastroscope. The pouch is 
then systematically examined, beginning with the 
afferent limb. The oversewn blind end of the J 
pouch is also inspected and then the body of the 
pouch. Superfi cial ulcerations along suture lines, 
especially around the entrance of the afferent limb 
of the pouch, are common and clinically insignifi -
cant. Polyps should be biopsied and small excres-
cences are often lymphoid follicles. The anal 
transition zone and pouch anal anastomosis is 
closely examined, by retrofl exion if possible. 
Sometimes the only opportunity to see this area is 
when the scope slowly exits the anus. Anal transi-
tion zone polyps are best dealt with in the 
 operating room with the patient anesthetized [ 26 ].    

57.6     Rectal Cancer in FAP 

 We have analyzed rectal cancers in FAP and 
found that they present in three ways: symptom-
atic rectal cancers at presentation; asymptomatic, 
unsuspected rectal cancers found at proctocolec-
tomy: rectal cancers found after IRA, during sur-
veillance or by symptoms [ 27 ]. Table  57.2  shows 
unpublished data about these three presentations 
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of rectal cancer in FAP. The majority of patients 
presented with rectal cancer at diagnosis, and 
most of these were diagnosed before surgery; 
only 5/39 were not. The 19 rectal cancers diag-
nosed during surveillance of an IRA were mostly 
early stage although poor compliance led to some 
advanced lesions. Data on surgery performed 
show that some patients with upper rectal cancer 
can still have an ileorectal anastomosis. Some of 
the cases of proctocolectomy and ileostomy were 
due to an ultra-low rectal cancer that required an 
abdomino-perineal resection, and some were due 
to the timing of the surgery being before the 
pouch era. Overall, 5 year survival of patients 
with primary rectal cancer was 72.4 %, with inci-
dental cancer was 100 % and with secondary rec-
tal cancer was 69.7 %.

57.7        The Rectum and Desmoid 
Disease 

 Desmoid disease is an extracolonic manifestation 
of a germline mutation in  APC  that is due to 
uncontrolled growth of fi broblasts. This produces 
a spectrum of lesions ranging from white sheets 
on the mesentery of the small bowel, to three- 
dimensional tumors in the abdomen or abdomi-
nal wall. These tumors can grow rapidly, necrose, 
and erode into the bowel causing abscess and 

 fi stula [ 28 ,  29 ]. Desmoid sheets (desmoid reac-
tion) tend to pucker and distort adjacent tissue 
and can cause intestinal and ureteric obstruction. 
Desmoid disease can force a change in surgical 
strategy in FAP by making IPAA impossible 
[ 30 ]. The fi stulas and obstructions it causes can 
require more surgery and lead to stomas and total 
parenteral nutrition. Desmoid disease is the sec-
ond most common cause of death in FAP [ 31 ]. It 
is much better to avoid desmoid disease than to 
have to treat it, as there is no predictably effective 
agent that acts against it, and resection is fraught 
with complications and beset with a high recur-
rence rate. The exceptions are abdominal wall 
desmoids (45 % of all desmoids in FAP), which 
can usually be resected without diffi culty and for 
which the recurrence rate is a little over 1 in 3. As 
desmoid disease is usually precipitated by 
abdominal surgery, avoiding surgery in a high 
risk patient is a reasonable strategy to pursue. 
Risk factors include gender (women > men), a 
family history of desmoid disease, other extraco-
lonic manifestations of Gardner’s syndrome and 
an APC mutation 3′ of codon 1400 [ 32 ]. 

 While some small studies did not show any 
relationship between type of surgery and occur-
rence of desmoid disease, the Cleveland Clinic 
has data incriminating pouch surgery [ 33 ]. 
Table  57.3  shows that IRA is less “desmoido-
genic” than IPAA. It also shows that for an 

   Table 57.2    Rectal cancer in patients with familial adenomatous polyposis   

 Primary rectal 
cancer (n = 34) 

 Incidental rectal 
cancer (n = 5) 

 Rectal cancer on 
surveillance (n = 19)  Total (n = 58) 

  AJCC stage  
 I  12  4  8  24 
 II  5  0  4  9 
 III  13  1  5  19 
 IV  3  0  1  4 
  Surgery  
 IPAA  14  2  6  22 
 Ileostomy  15  0  12  27 
 Ileo-rectal anastomosis  3  3  1  7 
  Chemoradiation  
 Pre-op  0  0  2  2 
 Post-op  5  1  2  8 
 Both  2  0  2  4 
 Total  7  1  6  14 
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IRA, laparoscopic surgery seems to minimize 
desmoid disease but for an IPAA, laparoscopy 
magnifi es desmoid risk. This seems counter-
intuitive but may be related to increased tension 
in the small bowel mesentery in pouches done 
laparoscopically. A defi ned etiology remains 
unclear.

   A patient who’s proposed surgery is most 
affected by desmoid disease is the one undergo-
ing secondary proctectomy with plans for an 
IPAA. In our experience, 39 % of such patients 
had desmoid disease and in 19 % of patients it 
infl uenced surgical plans. In 13 % it prevented an 
IPAA [ 34 ]. However in no patient did it prevent 
proctectomy, minimizing a concern that had been 
raised by others and that had formed the rationale 
for prophylactic proctectomy in patients at risk 
for desmoid disease [ 35 ]. Such a strategy is 
unnecessary. Treatment of patients with intra- 
abdominal desmoid disease can be based on a 
desmoid staging system published by the 
Collaborative Group of the Americas on Inherited 
Colorectal Cancer [ 36 ]. Table  57.4  gives details 
of suggested treatment bases on stage. Desmoid 
disease can be monitored by physical examina-
tion, abdominal CT or MRI. It tends to be more 
benign as patients age.

       Conclusion 

 This chapter has covered the main ways in 
which hereditary colorectal cancer affects the 
rectum. Syndromes of hereditary colorectal 
cancer make management of the patient and 
family crucial, but the principles established 
to maximize cure of any rectal cancer apply 
just as much in patients with a hereditary syn-
drome as in patients with sporadic disease.      

   Table 57.3    Postoperative desmoid incidence according to type of surgery and technique   

 Open IRA  Laparoscopic IRA  Open IPAA  Laparoscopic IPAA  Total 

 N  44  66  69  19  198 
 N Patients with 
desmoids tumors 

 4  5  10  8  27 

 %  9.1  7.6  15.9  42.1*  14 

   IRA  ileorectal anastomosis,  IPAA  ileal pouch anal anastomosis 

 *P < 0.01, open IPAA vs. Laparoscopic IPAA  

   Table 57.4    Treatment for intra-abdominal fap-associated desmoid disease according to stage   

 Stage 
 No 
treatment 

 Sulindac 
150–200 mg bid 

 Tamoxifen (120 mg 
daily) or raloxifene, 
(120–240 mg daily) 

 Methotrexate 
and vinorelbine 

 Adriamycin/
doxorubicin  Resection a  

 I  ++  +  −  −  −  ± 
 II  +++  +  −  −  + 
 III  +  ++  +++  ++ 
 IV  +  +  +++  +++ 

   a If this can be accomplished without resection of a functionally signifi cant length of small bowel  

 Key Points 

•     The rectum is potentially involved in all 
syndromes of hereditary colorectal cancer  

•   Rectal polyp counts in FAP are used to 
triage patients to the operative alterna-
tives: <5 ileorectal anastomosis, >20, 
ileal pouch anal anastomosis, 5–20, 
either  

•   Lynch syndrome patients with a rectal 
cancer can be offered either total procto-
colectomy and ileal pouch anal anasto-
mosis, or anterior resection, depending 
on age and comorbidity.  

•   When performing an IRA, 15 cm of rec-
tum are needed for optima, function  

J.M. Church
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58.1             Introduction 

 In a typical economic system, there are relation-
ships between multiple stakeholders who alter-
nately play the role of vendor and customer. The 
future of US healthcare under the Affordable 
Care Act remains to be defi ned, however under 
any reasonable set of assumptions clinical perfor-
mance of an Accountable Care Entity will require 
far greater attention to both clinical outcomes and 
cost of care delivery. This new beast will replace 
the highly fragmented economic structure in the 
US where: individuals purchase insurance but 
play little role as consumers of their health care; 
insurers have little stake in quality outcomes and 
chose to purchase services as a commodity for 
their benefi ciaries; hospitals and physicians are 
generally reimbursed by separate pools of capi-
tal; and physicians are asked to be the gatekeep-
ers in resource consumption only to experience 
no reward but all the risks associated with deny-
ing access. This discussion will attempt to defi ne 
the opportunities to understand cost of care and 
variances in resource consumption by providers 
during the episode of care for the patient under-
going colorectal resection. The specifi c costs 

around oncologic staging, adjuvant treatment, 
and oncologic specifi c outcome will not be 
addressed as this discussion is worthy of its own 
independent analysis.  

58.2     Episode of Care 

 The Medicare prospective payment system 
(PPS) was implemented in 1983 for the purpose 
of insuring access to care for the benefi ciaries 
and to provide some means of cost control, under 
the assumption that clinicians would employ 
medically appropriate treatment across a bell 
shaped spectrum of disease complexity. This 
program has been managed by the Centers for 
Medicare and Medicaid Services (CMS). Since 
the original implementation of this program the 
current defi nition of the episode of care has 
evolved into the 30 day period beginning with 
the day of surgery. The resources consumed dur-
ing this classic time frame includes any preop-
erative testing within 72 h of admission, OR 
costs (types and numbers of instrumentation, 
consumables, operative duration), hospital days 
(includes nursing time, room use, etc.), postop-
erative diagnostics, and pharmaceuticals. These 
costs have historically been bundled” into 
Diagnosis Related Groups (DRG) under 
CMS. The assumption has been that current 
CMS (MS-DRG) methodology accurately 
adjusts for both preoperative and procedural 
 specifi c risks for colectomy. The current system 
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for colectomy consists of MS-DRG 331 ($9,275), 
MS-DRG 330 ($14,587), and MS-DRG 329 
($29,819) based upon the data published for 
2013. This system however potentially rewards 
certain hospital-acquired complications of surgi-
cal care, while simultaneously punishing certain 
costs associated with processes of care that actu-
ally reduce complications [ 1 ]. Ideally, this pro-
cess should be refi ned using evidence based 
defi nitions of the optimal cost structure of the 
“perfect outcome” (i.e. short length of stay, 
appropriate resource consumption, and no com-
plications or readmission), and defi ne statisti-
cally achievable results and true outlier 
defi nition. This refi ned risk adjustment should 
provide specifi c defi nitions of complications and 
the related cost structure for both cost effective 
mitigation and treatment strategies, including 
the impact of readmission. This level of detail 
does not currently exist in the actual or ACA pro-
posed world of reimbursement leaving the pro-
vider to survive by more fully understanding 
their own unique circumstances of resource con-
sumption and reimbursement. Unfortunately, an 
additional limitation of the current system is a 
complete absence of a specifi c and consistent 
methodology for intra-institutional and cross 
institution cost and quality comparisons [ 2 ,  3 ]. 
Reports comparing the ACS-NSQIP system to 
either the University Health Consortium or the 
Solucient® risk adjustment methodologies have 
demonstrated potentially different assessments 
within the same institution [ 2 ,  3 ]. Despite all of 
these limitations, the current discussion will 
attempt to defi ne processes of care that appear 
capable of supporting cost effi cient care of the 
colorectal surgical patient.  

58.3     Preoperative Testing 

 The preoperative assessment for colorectal surgery 
should be patient-centric based upon an accurate 
history and physical examination, with particular 
emphasis of the risk of cardiac, pulmonary and 
infectious complications. Because so many more 
patients are elderly today it is also wise to consider 

the functional capacity of the patient determined 
by pre-admission activity level. The Duke Activity 
Status Index (Table  58.1 ) is one example of a tool 
to defi ne physical vigor [ 4 ].

   An alternative approach is the 6 min walk, 
which has been suggested as both an assessment 
of preoperative activity of daily living as well as 
a standard postoperative recovery score [ 5 ]. 

 Aside for a complete blood count and com-
plete metabolic profi le, routine laboratory studies 
are rarely useful in the absence of specifi c patient 
risk factors [ 6 ]. There is considerable data sup-
porting the contention that preoperative testing is 
expensive, with current estimates suggesting that 
this area alone accounts for 10 % of the more 
than $30 billion spent on laboratory testing annu-
ally [ 7 ]. Korvin et al. 13 reviewed the screening 
test results of almost 20,000 tests performed on 
1,000 and determined that of the almost 20,000 
tests 2,223 abnormal results were identifi ed [ 8 ]. 
However, 675 had been predicted on clinical 
assessment, 1,325 abnormalities did not yield 
new diagnoses, and 223 led to 83 new diagnoses 
in 77 patients (none of which were deemed clini-
cally signifi cant) [ 8 ]. A similar analysis of 2,000 
patients selected randomly from a database of 
patients screened for elective surgery determined 
that of 2,785 preoperative admissions tests stud-
ied (1,828 not indicated), only 96 were abnormal 
(10 unanticipated; 4 clinically signifi cant) [ 9 ]. 
The same concern exists regarding the role of 
screening chest x-rays in patients without cancer 
or clinical risk factors. Rucker et al. assessed 872 

   Table 58.1    Functional Status Assessment      

 Functional 
class 

 Metabolic 
equivalents  Activity 

 I  >8  Run, swim, play 
tennis, ski 

 II  4–5  Yardwork, climb stairs, 
walk up a hill 

 III  <4  Light housework, 
grocery shopping, 
walking 

 IV  <4  Bebound, limited 
activities of daily 
living 

  From Hlatky et al. [ 13 ]. Reprinted with permission from 
Elsevier  
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patients with screen chest x-ray, and found 
 serious abnormalities in only 1/368 patients with-
out risk factors compared to 22 % of patients 
with risk factors (all predicted based on history) 
[ 10 ]. Michota, recommended a patient-centric 
strategy for additional testing and this reference 
is strongly recommended to the reader [ 11 ]. The 
available data suggests that each institution 
assess its cost- effective strategy for assessing 
patient risk and potential preoperative risk reduc-
tion to avoid unnecessary cost.  

58.4     Preoperative Prophylaxis 
Strategies 

 The two complications following colectomy 
currently addressed by mandated prophylaxis 
strategies are surgical site infection (SSI) and 
deep venous thrombosis/pulmonary embolus 
(DVT). The complications have been associ-
ated with signifi cantly increased risk of cost 
of care and therefore have been deemed to be 
largely avoidable complications. As a result, 
CMS mandated implementation of the Surgical 
Care Improvement Program consisting of strat-
egies designed to reduce the rate of SSI after 
colectomy [ 12 ,  13 ]. These SSI related strate-
gies include: administration of antibiotics within 
60 min of incision; specifi cally recommended 
antibiotics; termination of prophylaxis within 
24 h; use of clippers for hair removal; prophy-
laxis strategies has shown mixed results, partic-
ularly in relation to colectomy [ 12 ,  13 ]. Hawn 
et al. assessed the temporal relationship between 
SCIP implementation and surgical site infec-
tion rates and failed to identify any change in 
infection rates (11.3 %) for colectomy despite 
signifi cant improvement in the adoption of care 
components [ 14 ]. Stulberg et al. performed a 
similar analysis of the Premiere Database which 
represents an all-payers US dataset and deter-
mined that a high level of adoption of all the 
components of SCIP was associated with a lower 
institutional risk of SSI. However, no individual 
component of the care plan could be identifi ed as 
individually important to the outcome [ 15 ]. 

 The two additional SCIP measures are related 
to the timely administration of DVT prophylaxis 
with the principal support being provided by the 
Canadian multicenter trial which demonstrated 
equal effi cacy for standard or low molecular 
weight heparin [ 16 ]. A comprehensive analysis of 
the Michigan Surgical Quality Consortium 
Database suggested similar benefi t for any combi-
nation of DVT prophylaxis for colectomy patients 
with either open or laparoscopic resection [ 17 ]. 

    Surgical Technique 
and Perioperative Care 

 The body of data is clearly supportive of the mul-
tiple benefi ts associated with the implementation 
of laparoscopic colectomy versus open colec-
tomy [ 18 – 22 ]. The benefi ts include reduced 
length of stay, reduced complication rates, and 
superior performance with regards to discharge 
to home rather than subacute care facilities [ 18 –
 22 ]. In addition to the short term clinical benefi ts, 
the data also strongly support a reduced total cost 
of care when the procedure is performed by 
trained laparoscopic surgeons [ 23 – 27 ]. Review 
of all of these data demonstrates consistent ben-
efi ts related to reduction in both hotel cost and 
nursing costs related directly to the shortened 
length of stay. In addition, the faster return to nor-
mal diet creates less need for parenteral support 
with fl uids and medication further reducing the 
cost. Finally, the reduction in complications 
reduces the burden of both length of stay and 
diagnostics and therapeutics required to manage 
the complications. Therefore, it would be very 
diffi cult for a completely open team to compete 
with a team appropriately utilizing laparoscopic 
techniques for both quality and cost. 

 The data also clearly support the adoption 
of enhanced recovery protocols for the optimal 
management of the colectomy patient. In the four 
armed trial by the LAFA group, it was clear that 
implementation of an enhanced recovery proto-
col could improve the outcomes with open colec-
tomy compared to standard care [ 27 ]. However, 
the addition of laparoscopic surgery dramati-
cally improved the outcome still further [ 27 ]. 
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While the various components of the plans may 
vary, the consistent variables seem to be effec-
tive multi-modal analgesia to reduce narcotic 
 exposure, early ambulation, and early feeding 
[ 28 – 31 ]. The data are also helpful in demonstrat-
ing that breaching the care plan by either failure 
of the patient to progress as scheduled or from 
deviations of the care team can predictably lead 
to failure to achieve the important outcomes of 
ERAS [ 28 ,  32 ,  33 ]. Finally, two separate analy-
ses of 1,000 consecutive cases performed at two 
separate facilities but sharing a very similar care 
plan confi rmed consistent outcomes related to 
OR duration, length stay, complications, and 
readmission rates [ 34 ,  35 ]. Therefore, the care 
plan can be consistently applied across facilities 
if the care team is dedicated to full implemen-
tation. demonstrated signifi cant advantages in 
favor of the former.   

    Conclusions 

 The data clearly demonstrate that costs related 
to the performance of colorectal resections 
can be effectively managed if the care team is 
fully aware of the current state of resource 
consumption and outcomes. An outline for 
attacking and successfully reducing the cost 
of care has been outlined with attention across 
the continuum of care from preadmission to 
discharge. While in the case of laparoscopic 
surgery there is the need for specifi c surgical 
skills, much of the remaining quality improve-
ment and reduction in cost of care is related to 
the adoption of a structured care plan with 
minimal variation. There will need to be 
enhancements to the risk adjustment tools 
before effective and fair comparisons can be 
drawn between providers, however almost any 
system can achieve signifi cant improvement 
in their cost structure by simple introspection 
and adoption of evidence based strategies of 
care. The continued implementation of the 
Affordable Care Act will drive greater degrees 
of innovation of care as the system demands 
higher quality at a lower cost. As the ancient 
Chinese proverb states “may you live in inter-
esting times”; well I think we have collec-
tively fulfi lled the charge.      
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59.1             Introduction 

 Fecal incontinence (FI) after pelvic surgery is a 
poorly understood phenomenon that occurs in a 
large, heterogeneous populations of patients 
undergoing both surgical resection and pelvic 
radiotherapy. FI can be a disabling complication 
that may or may not improve over time and has a 
profoundly negative effect on a patient’s quality 
of life. Colorectal surgery, especially rectal resec-
tion for carcinoma, urological surgery for bladder 
and prostate cancer, and gynecological surgery, 
including hysterectomy, all have the potential to 
cause variable degrees of FI and rectal urgency in 
the postoperative period and beyond. Despite the 
fact that FI is a well known possibility after pel-
vic surgery leading to several studies to evaluate 
the pathophysiology of the disorder, no unifi ed 
theory as to the exact etiology is agreed upon. 
Furthermore, the treatment of FI after pelvic sur-
gery is purely empirical in nature with little or no 
randomized controlled trials to support any one 
treatment over another. This chapter will focus 
on the many possible etiologies of FI after pelvic 
cancer surgery and discuss the current and future 
treatment options available.  

59.2     Incidence, Prevalence, 
and Quality of Life 

 Fecal incontinence after pelvic surgery is diffi cult 
to quantify as there as many facets included in the 
term FI. These include urgency, leakage of mucous, 
leakage of liquid stool, diffi culty with control 
of solid stool and frank loss of an entire bowel 
motion. Additionally disturbances in frequency 
of defecation including multiple small stools in a 
short span of time are sometimes included in this 
defi nition by researchers. This lack of clarity leads 
to the wide range reported in the literature. FI after 
rectal cancer resection is reported to range from 0 
to 71 % [ 1 – 4 ]. This also includes patients that have 
undergone radiotherapy, and the contribution for 
that element of the treatment plan also is unclear. 
FI has also been reported in a signifi cant number 
of gynecological and urological cancer patients 
after they have undergone pelvic surgery with or 
without radiation. 

 Previously, it was believed that FI after pel-
vic surgery, especially after rectal cancer resec-
tion, was a transient phenomenon, where patients 
reverted back to “normal” or at least accept-
able defecation by 6–12 months after surgery 
[ 5 – 7 ]. However, several long-term studies have 
reported the sustained presence of FI and other 
disabling defecatory symptoms well beyond 
12 months [ 1 – 3 ]. This data supports the concept 
that FI after pelvic surgery likely results from 
permanent changes rather than just temporary 
dysfunction in the early postoperative period. 

        M.  A.   Valente ,  DO, FACS, FASCRS      (*) 
   T.  L.   Hull ,  MD    
  Department of Colon and Rectal Surgery , 
 Cleveland Clinic ,   Cleveland ,  OH ,  USA   
 e-mail: valentm2@ccf.org  

  59      Approaches to Management 
of Fecal Incontinence 

           Michael     A.     Valente       and     Tracy     L.     Hull    

mailto: valentm2@ccf.org


654

Permanent  defecation dysfunction imparts a pro-
foundly negative impact on patient’s lives with a 
signifi cant decrease in measures of quality of life 
and overall mental health status [ 4 ,  8 ]. Initially 
research efforts focused on cancer cure without 
appreciable attention to quality of life factors. 
With the widespread availability of validated 
tools to quantify and document effects of surgi-
cal treatment on quality of life, these tools should 
be routinely administered and incorporated into 
the treatment regime of these complex surgical 
patients [ 4 ,  9 ].  

59.3     Etiologies 

 As awareness grew that FI could be a permanent 
problem after surgical treatment of pelvic malig-
nancies, considerable investigational research to 
elicit the mechanism leading to this problem have 
been conducted over the past several decades [ 1 –
 7 ]. Several anatomical and physiological abnor-
malities have been defi ned. However since the act 
of defecation is so complex, in-depth understand-
ing of the multifactorial nature of this problems is 
not completely understood [ 4 ,  10 ]. Many factors 
have been shown to contribute to FI such as anal 
sphincter damage, loss of a rectal reservoir, dam-
age to the autonomic nerves, as well as the possi-
ble negative consequences of radiotherapy. As a 
result of this multifaceted etiological picture, no 
single treatment exists to manage and treat FI 
after pelvic cancer surgery and thus, a tailored 
approach for each patient is mandated.  

59.4     Rectal Resection 

 Over the past several decades, the technical abil-
ity to perform sphincter-saving operations has 
become increasingly utilized for treating low 
rectal cancers. It has been estimated that approxi-
mately 80 % of rectal cancer patients can undergo 
a sphincter-sparing operation [ 4 ]. Advances in 
surgical technique such as awareness of the impor-
tance of total mesorectal excision (TME) for low 
rectal cancers have helped improve survival from 
rectal cancer. Improvement in survival has also 

been aided by factors beyond surgical technique 
such as campaigns targeting earlier diagnosis 
along with advances in radiotherapy. However, 
with the increased ability to perform very low 
colorectal or coloanal anastomoses coupled with 
increased survival, the risk of FI after surgery is 
increasingly evident. It is now accepted that up 
to 90 % of these patients will subsequently have 
a change in bowel habits, ranging from increased 
bowel frequency and evacuatory dysfunction to FI 
[ 4 ,  11 – 13 ]. These dysfunctional symptoms after 
low rectal resection vary considerably between 
patients and have been collectively termed the 
 anterior resection syndrome . The anterior resec-
tion syndrome can be characterized by increased 
bowel frequency, erratic defecatory patterns, 
rectal urgency, clustering of stools (multiple 
small stools in a short span of time), tenesmus, 
obstructed defecation and FI [ 3 ,  6 ,  11 ]. More sim-
ply stated—anterior resection syndrome is disor-
dered bowel function after rectal resection leading 
to a decreased quality of life [ 4 ]. This syndrome 
is incompletely understood, and is attributed to 
a loss of the rectal reservoir. There may also be 
additional effects from direct damage to the anal 
sphincters and injury to the autonomic nerves. For 
example, neurological or direct physical damage 
to internal anal sphincter can result in decreased 
anal resting pressure, which may or may not 
recover over time [ 2 ,  8 ] with a resultant loss of 
the rectoanal inhibitory refl ex (RAIR) in over 
60 % of patients [ 14 ]. It is speculated that this 
could contribute to passive incontinence of stool. 
Damage to the striated external sphincter muscle 
can be manifested by decreased squeeze pressures 
and this could be mediated by nerve plexus injury 
during pelvic dissection and rectal mobilization. 
Additionally, during mobilization of the sigmoid 
and rectum, especially when dissecting around 
the inferior mesenteric artery, the parasympa-
thetic pelvic splanchnic nerves may become dam-
aged. This could result in a denervated colonic 
segment with an increased transit time and a 
greater number of nonpropagating contractions. 
This combination could lead to increased transit 
of the fecal bolus in the remaining left colon with 
in turn could cause severe fecal urgency and pos-
sibly incontinence [ 15 ]. 
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 By defi nition, various amounts of rectum are 
removed during a low anterior resection with a 
subsequent loss of rectal capacity. There is an 
intuitive belief that the more rectum left in situ, 
the better the postoperative bowel function. 
Studies have been designed to look at the resul-
tant effect that rectal stump length has on func-
tion. Many have shown that a low anastomosis, 
6–8 cm from the anal verge, gives patients sig-
nifi cantly more problems with FI postoperatively 
[ 16 ,  17 ]. Not all studies found this conclusion. 
Jehle et al. reported on a series of 55 patients 
where they found that the level of the colorectal 
or coloanal anastomosis had no correlation with 
post operative continence. Their data showed that 
FI was directly related to sphincter damage and 
autonomic nerve injury [ 18 ]. 

 However there are still surgeons who feel that 
a decreased rectal reservoir is an important con-
tributing factor for rectal urgency and inconti-
nence. This has led these researchers to examine 
ways to develop an alternative neorectal con-
struction, such as the colonic J pouch, transverse 
coloplasty, and a side-to-end anastomosis. 
Studies looking at the colonic J pouch have 
shown that it decreases bowel frequency up to 
1 year after surgery. However comparing this to a 
traditional straight anastomosis, at 2 years stool 
frequency was the same in both groups [ 19 – 22 ]. 
A natural further question is whether the antici-
pated improvement in quality of life for the fi rst 
and possibly 2 years after reconstruction with a 
colonic J pouch should make surgeons consider 
constructing a colonic J pouch when feasible for 
all low pelvic anastomosis. This also remains an 
unsettled question. 

 Construction of a colonic J pouch can lead to 
new problems with expulsion of stool. The only 
settled controversy is that the limbs of the colonic 
J pouch should be from 6 to 8 cm. Outside of this, 
the effect that volume of the neorectum has on 
infl uencing fecal continence and urgency and the 
way it should be constructed remains unclear. No 
overwhelming benefi t between colonic J pouch 
and a side-to-end (side of proximal colon to end 
of rectal stump) anastomosis has shown superior 
results [ 4 ,  23 ]. Our institution currently has ongo-
ing studies to determine if either the colonic J or 

side-to -end anastomosis is superior. We know 
that about 25 % of patients cannot have a colonic 
J pouch due to problems with reach or a fatty 
pouch that will not fi t into a narrow (particularly 
male) pelvis [ 24 ]. We still feel there is benefi t to 
a neo reservoir and therefore attempt to construct 
either a colonic J pouch or side-to-end anastomo-
sis when feasible in patients not enrolled in this 
study. 

 In conclusion, any of these changes mentioned 
above either in combination or as a sole contribu-
tor could lead to signifi cant defecatory dysfunc-
tion. The exact role played by nerve disturbance, 
sphincter damage, or decreased rectal reservoir 
will require further study.  

59.5     Gynecological Surgery 

 Hysterectomy for both benign and malignant 
conditions is the most widely performed major 
gynecological operation in the United States with 
up to 40 % of the female population undergoing 
this operation by the sixth decade of life [ 25 ]. 
Both bladder and bowel abnormalities have been 
reported after this operation with long-term blad-
der impairment occurring in 30–75 % of patients 
[ 26 ,  27 ]. Bowel dysfunction, on the other hand, 
has mostly been reported to be constipation and 
irritable bowel-like symptoms [ 25 ,  28 – 33 ]. The 
bladder and bowel dysfunction after hysterec-
tomy may be related to the disruption of the auto-
nomic nerve fi bers that are carried in the pelvic 
plexus. These sympathetic and parasympathetic 
nerve fi bers run in the cardinal and uterosacral 
ligaments. During dissection of parametrial tis-
sue and division of the uterosacral ligaments, 
injury may occur. 

 Very few studies have looked at FI and anorec-
tal dysfunction after hysterectomy [ 28 ,  34 ]. Sood 
et al. studied anorectal dysfunction after radial 
hysterectomy for cervical cancer in 11 patients 
[ 34 ]. They performed manometry, balloon defe-
cation, and pudendal nerve latency testing in both 
the preoperative period and 6-months 
 postoperatively. They found signifi cantly lower 
resting and squeeze pressures at 6 months after 
surgery, bilaterally impaired pudendal nerve 
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latency as well as decreased self reported quality 
of life. Similarly, Altman and colleagues reported 
on 76 patients undergoing hysterectomy and con-
cluded that patients had an increased risk of mild 
to moderate anal incontinence after hysterectomy 
and that adding a bilateral salpingo- oophorectomy 
substantially increased such risk [ 28 ]. Therefore, 
gynecological surgeons should be mindful of this 
possibility when counseling patients for both 
benign and cancer related hysterectomy.  

59.6     Urological Surgery 

 Prostatectomy, whether performed though the 
perineum or through a retropubic approach, car-
ries a risk of bowel-related symptoms, including 
FI, as shown in several studies [ 35 – 38 ]. Bishoff 
and colleagues [ 35 ] reported on their experience 
with perineal and retropubic prostatectomy and 
found FI rates between 15 and 18 %. Likewise, 
Ruiz-Deya et al. [ 38 ] reported a 7 % rate of new 
FI after perineal prostatectomy. The etiology of 
FI from a perineal approach may include direct 
damage to the rectum and anal sphincters while 
the retropubic approach likely causes damage to 
the autonomic nerves. Again urological surgeons 
need to be aware of this possible postoperative 
problem in order to give accurate preoperative 
counseling.  

59.7     Pelvic Radiotherapy 

 Radiotherapy for anal, rectal, cervical, uterine, 
bladder and prostate cancers is often used as pri-
mary or adjuvant therapy. Whether the delivery 
method is internal or external beam or brachy-
therapy, all radiation has possible destructive 
effects on anorectal structures as well as the 
potential to cause neuropathy to the autonomic 
pelvic nerves. Multiple studies have demon-
strated direct anorectal dysfunction from radia-
tion therapy which in turn leads to the possibility 
of FI, especially if administered after a low 
 anterior resection [ 39 – 44 ]. In a cadaveric study, 
Wallner and colleagues studied the effects of 

radiation after low anterior resection with TME 
and found that radiation decreased the compli-
ance of the residual rectal remnant due to fi bro-
sis. There also was likely disruption of the 
myenteric plexus of the internal anal sphincter, 
compromising the RAIR and affecting anal 
pressures [ 40 ]. 

 Currently there is limited modern prospec-
tive data on the effect radiation therapy may 
have on FI, especially in regards to rectal resec-
tion. Interestingly, most of the published series 
use data from previous decades when enhanced 
radiotherapy techniques were not available/uti-
lized. Further research utilizing modern radia-
tion therapy techniques is needed. Ideally these 
studies would utilize tools to evaluate bowel and 
anal function before and after radiation is 
administered. The additive effects of rectal 
resection would also need to be factored into a 
study such as this.  

59.8     Treatment 

 Currently, there are no standard treatment algo-
rithms for helping patients that suffer with FI 
after pelvic cancer surgery. Any therapeutic 
approach should be based on the suspicion of a 
sphincter lesion, confi rmed or suspected nerve 
lesions, or the infl uence of any radiotherapy. 
Concurrent urinary incontinence should also be 
taken into consideration as well. All treatments 
that are currently available are purely empirical 
and symptom-based [ 4 ]. These various therapies 
are similar to the existing treatments that are uti-
lized for fecal incontinence and other rectal 
evacuatory disorders. Treatments modalities can 
be broadly divided into nonoperative and opera-
tive management. Treatment should be individu-
alized and based on the severity of the patient’s 
symptoms, the patient’s overall condition, his-
tory of radiotherapy and the degree to which the 
incontinence is affecting the patient’s quality of 
life [ 44 ]. It should be emphasized again that 
most of these treatments are lacking any ran-
domized, placebo-controlled trials and are still 
 investigational with needed and anticipated 
ongoing research.  
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59.9     Nonoperative Management 

    Medical Therapy 

 Fiber supplementation, which focuses on opti-
mizing stool frequency and consistency, has long 
been a cornerstone in the treatment of minor 
FI. Whether synthetic or natural, fi ber has the 
capacity to absorb fl uid and add bulk, which 
solidifi es the stool in the presence of diarrhea and 
FI. In a study by Bliss et al. a 50 % reduction in 
incontinence episodes were demonstrated with 
addition of daily fi ber supplementation versus 
placebo in all patients with incontinence to liquid 
or loose stool [ 45 ]. Increasing dietary and adding 
supplemental fi ber is an inexpensive an easy 
maneuver and should be considered as a fi rst line 
therapy. It should be remembered that many 
forms of natural fi ber such as fruits and vegeta-
bles may augment FI if stools become looser with 
consumption of these foods. At our institution we 
focus on exogenous fi ber such as Metamucil®, 
Citracel®, and other similar products. We fi nd 
that this also must be individualized as some 
products may not improve stool consistency 
while others may work better for the individual 
patient. We start with a teaspoon usually at night 
and gradually increase the amount to 1–3 tea-
spoons, two to three times daily over several 
weeks. Gradual increases are required to lessen 
the side effects of increased gas and bloating. 
Also pectin which is used to thicken jelly can be 
purchased at the grocery store and is another 
agent that can be used to thicken stool. 

 The judicial use of constipating agents in 
patients with loose stools and FI has been used 
for several decades. These “bowel stopping” 
medications include drugs such as loperamide 
(Imodium®), diphenoxylate with atropine 
(Lomotil®), codeine, tincture of opium, parego-
ric, and amitriptyline. Loperamide, a synthetic 
opioid, elicits its effect by inhibiting large and 
small bowel motility through activation of the 
Mu receptors of the circular and longitudinal 
muscles in the bowel wall. Loperamide solidifi es 
the stool and increases rectal compliance, there-
fore theoretically decreasing urgency. Specifi cally 
to controlling FI after restorative proctectomy, 

Hallgren et al. showed that loperamide increased 
resting anal pressures and thus improved anal 
sphincter function and continence [ 46 ]. 
Loperamide has also been shown to improve rec-
tal sensation, retention of fl uid load, and also 
increases the rectal anal inhibitory refl ex [ 47 ]. 

 The anticholinergic drug atropine is a potent 
inhibitor of gastrointestinal motility and works 
very effectively to control loose stools but may 
have some disconcerning side effects, such as dry 
mucous membranes and drowsiness [ 48 ]. 
Similarly, the opioid derivatives (codeine, tinc-
ture of opium, paregoric) also work extremely 
well in inhibiting intestinal motility. They are 
considered as a treatment options typically if all 
other bowel stoppers have failed to improve a 
symptomatic patient. 

 Amitriptyline, a tricyclic antidepressant that 
has anticholinergic properties, has also been 
studied as treatment for FI and bowel dysfunc-
tion. Santoro et al. [ 47 ] showed an 89 % decrease 
in fecal incontinence symptoms in patients with 
idiopathic FI and a reduction in the frequency 
and amplitude of rectal motor complexes. Its 
effect on patients that have had pelvic cancer sur-
gery has not been studied. 

 The use of rectal irrigation and enemas has 
been advocated in patient’s that suffer from fecal 
incontinence, rectal urgency, and constipation 
with generally good results [ 49 ]. Koch and col-
leagues reported on their use of retrograde 
colonic irrigation to treat fecal incontinence after 
low anterior resection [ 50 ]. In their study of 26 
patients, they reported a decrease in episodes of 
incontinence, improvement in overall inconti-
nence scores, along with improvement in quality 
of life scores after low rectal resection. 

 At our institution, we carefully evaluate the 
symptoms that distress patients. For patients with 
multiple small stools in a short period of time 
(typically in the morning) we advise they use a 
tap water enema to clean out the left colon, 
attempting to administer the enema at the same 
time each morning after breakfast. The goal is to 
expel stool in the entire left colon at one time in 
order to decrease the trips to the bathroom. We 
also use loperamide and advise patients to start 
with one pill (2 mg) each morning if they have 
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soft stools. If this amount leads to constipation, 
the liquid form can be used to decrease the dos-
age. Sometimes one dose every other morning is 
suffi cient to improve their defecation issues. 
Typically a combination of medical treatments 
with or without enemas is recommended. We 
keep in regular contact with patients in an effort 
to individualize their treatment to improve their 
bowel issues.  

    Biofeedback 

 Biofeedback therapy is a long established treat-
ment for FI since Engel et al. pioneered the tech-
nique in 1974 [ 51 ]. Biofeedback’s utilizes a 
combination of auditory, visual, and other sen-
sory information to improve patient’s awareness 
of rectal sensation and reinforce appropriate syn-
chronized anal sphincter contractions to improve 
both FI and constipation [ 52 ]. 

 Several studies, including randomized con-
trolled trials, have demonstrated that biofeedback 
improves FI in 44–100 % of patients [ 53 ,  54 ]. In 
a recent retrospective review of 513 patients, 
Byrne, et al. demonstrated that biofeedback for 
non-surgical related FI had a 70 % improvement 
in incontinence scores, maximum sphincter pres-
sures, and subsequent improvement in quality of 
life variables [ 55 ]. 

 The use of biofeedback to treat FI for anterior 
resection syndrome has also been studied [ 56 ,  57 ]. 
In a retrospective, non-randomized review of 70 
patients, Kim et al. showed a signifi cant improve-
ment in bowel frequency and FI scores, and a 
decrease in the use of antidiarrheal medications [ 57 ]. 

 Despite the multiple studies showing biofeed-
back’s utility in FI, an analysis of 11 randomized 
studies on biofeedback to treat FI concluded that 
biofeedback is not more effi cacious than conser-
vative measures [ 58 ] but this was focusing on FI 
not associated overall with pelvic cancer surgery. 
Regardless of this data, biofeedback should still 
be strongly considered as a non-invasive therapy 
for highly motivated patients [ 51 ]. It can be used 
in combination with medical therapy as a “multi-
modal rehabilitation program” to treat the nega-
tive effects of anterior resection syndrome 

[ 59 – 61 ]. Pucciani et al. [ 60 ] established such a 
program for patients with bowel dysfunction from 
all types of etiologies that consisted of pelviperi-
neal kinesiology, biofeedback, volumetric reha-
bilitation, and anal electostimulation. The authors 
studied 88 patients after low rectal resection with 
pre-treatment and post-treatment incontinence 
scoring tools. They concluded that after a mean of 
121 days of treatment, 24 % of the patients 
became symptom free and 34 % experienced 
improvement in their symptoms. They reported 
that patients with pelvic fl oor prolapse, a history 
of radiotherapy, and previous anorectal or pelvic 
surgery have the worst outcomes. Again with the 
signifi cant negative effect on quality of life result-
ing from anterior resection syndrome, any 
improvement is welcome and should be pursued.  

    Injectables 

 The injection of biocompatible intra-anal bulking 
agents has increasingly gained acceptance and 
recent FDA approval to treat FI. The main indica-
tion for these agents is minor FI due to anal sphinc-
ter dysfunction [ 61 ,  62 ]. This would be a possible 
option for the treatment of minor FI in patients after 
low anterior resection [ 21 ]. Clinical studies with 
appropriate long-term follow-up are needed before 
any recommendations can be fi rmly endorsed.   

59.10     Operative Management 

    Sacral Nerve Stimulation 

 Neuromodulation of the sacral nerves was fi rst 
developed for the management of urinary inconti-
nence over two decades ago. Subsequently, sacral 
nerve stimulation (SNS) for urinary  incontinence 
was noted to also improve concurrent FI in many 
of these patients. Over the last decade, SNS has 
become FDA approved and a widely accepted 
option for patients plagued with fecal inconti-
nence secondary to both neurogenic and/or 
sphincter muscle abnormalities. SNS has subse-
quently been validated in multiple studies over 
this time period as well [ 63 – 65 ] and the range of 
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indications for SNS in FI is steadily evolving [ 66 ]. 
Initially, the mechanism of directly stimulating 
the sacral nerves to recruit inactive motor units 
was thought to have a direct effect on the anal 
sphincters by improving muscle strength (resting 
and squeeze pressures) [ 67 ,  68 ]. Subsequent 
investigations have included studies which dem-
onstrate that SNS results in improved rectal sen-
sory threshold and balloon expulsion time [ 69 ] 
and also decreasing antegrade and increasing ret-
rograde colonic activity [ 70 ]. 

 There has been promising results in a small 
number of patients undergoing SNS for FI after 
rectal resection for cancer [ 10 ,  14 ,  15 ,  71 ]. Matzel 
and colleagues reported the fi rst attempt using 
SNS for FI after low anterior resection with a 
straight coloanal anastomosis, after all conserva-
tive measures failed. After bilateral sacral lead 
placement, the patient experienced perfect anal 
continence and greatly improved quality of life 
scores [ 71 ]. Subsequent work has shown similar 
promising results in a limited number of addi-
tional patients [ 10 ,  14 ,  72 ]. The concept of SNS 
to treat FI after pelvic cancer surgery is attractive. 
Its place in the overall treatment algorithm will 
be the focus of future research. 

 Recently, percutaneous tibial nerve stimulation 
has been used successfully for urinary inconti-
nence and has shown improvement for a limited 
number of patients with FI as well [ 73 – 75 ]. It is 
speculated to work in a similar manner to SNS via 
retrograde stimulation of the pelvic nerves through 
the posterior tibial nerve [ 73 ]. Tibial nerve stimu-
lation is not approved for FI in the US. Many fac-
ets of this treatment remain unknown even for 
mainstream FI patients. Therefore further research 
is needed in patients with FI  not  associated with 
pelvic cancer surgery before it can be translated 
into treatment for the group of patients we are 
focusing on in this chapter.  

    Anterior Overlapping 
Sphincter Repair 

 The overlapping sphincter repair (OSR) is a tra-
ditional treatment for FI in patients with a known 
external sphincter defect. Initial results after 

repair are quite satisfactory [ 76 ,  77 ], but several 
studies have shown decreasing effi cacy over time 
[ 78 – 80 ]. There are no reports of OSR performed 
for FI after pelvic surgery in the literature. It is 
conceivable that after a low anterior resection in 
a patient with an occult preoperative external 
sphincter injury, repair may improve FI. If 
patients had radiation therapy, the condition of 
the anal skin would need to be carefully assessed 
as healing may be negatively affected and a non-
healing wound could result. Overall however, the 
place of OSR in the era of increased use of SNS 
is being debated for all patients with FI. Therefore, 
it seems unlikely, except in very limited circum-
stances, that OSR would be used to treat patients 
with FI after pelvic cancer surgery.  

    Postanal Sphincter Repair 

 Historically, for patients with FI due to neurogenic 
or idiopathic reasons, the Park’s postanal repair 
was devised as a treatment. The goal was to 
lengthen the anal canal and correct the anorectal 
angle [ 81 ]. In the United States, the posterior 
repair has not gained widespread support, likely 
due to the poor long-term continence rates of 33 % 
at 5 years [ 82 ]. However, FI after rectal resection 
for cancer has been treated successfully by post-
anal sphincter repair in a small series of patients 
[ 83 ]. Ho and colleagues used endoanal ultrasound 
and manometry while evaluating FI in patients 
after low anterior resection. They found mostly 
internal anal sphincter injuries, presumably due to 
the transanal insertion of the stapling instrument, 
which can occur in up to 18 % of patients [ 21 ,  83 , 
 84 ]. Treating patients with a postanal sphincter 
repair in this group, they showed a decrease in 
overall incontinence episodes and stool frequency 
after mean follow-up of 3.2 years.  

    Neosphincter Techniques 

 The artifi cial bowel sphincter (ABS) and dynamic 
stimulated graciloplasty (DG) are treatment 
modalities that may be benefi cial in some patients 
with FI, and could be considered before fecal 
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diversion is undertaken. There is currently mini-
mal data on either of these two modalities to treat 
FI after pelvic surgery. Since the stimulator is no 
longer available in the US, the DG is typically not 
considered as a treatment option for any patient 
with FI. Melenhorst and colleagues reported suc-
cessfully using an ABS in 43 patients, where one 
had FI after a low anterior resection for an early 
stage rectal cancer [ 85 ]. We have used the ABS to 
treat patients after rectal resection led to FI. Again 
caution is advised if there has been radiation ther-
apy administered to the anal skin as healing is 
typically compromised. Problems with healing 
even in patients with nonradiated skin are signifi -
cant, so again caution in assessing the anal skin is 
advised. Additionally, the plane around the distal 
rectum is breeched with rectal mobilization for a 
low anastomosis. Development of the plane to 
place the ABS can be extremely diffi cult in these 
patients and lead to inadvertent colostomies 
which may not heal or fi stulize. While ABS is an 
option, it should only be performed by centers 
with sizeable experience that will be alert to all 
these possible pitfalls.  

    Fecal Diversion 

 When all other reasonable therapeutic options 
have been exhausted, diversion of the fecal 
stream with either a colostomy or ileostomy can 
be performed. Despite the construction of a 
stoma, a patient’s quality of life may be signifi -
cantly improved versus their pre-stoma defeca-
tory situation. With fecal diversion, an 
uncontrolled perineal colostomy can essentially 
be turned into a more predictable and manage-
able situation for the patient. In a study by Otto 
and colleagues, they reported that up to 5 % of 
patients after a low anterior resection will need a 
subsequent second operation for a colostomy due 
to severe FI [ 86 ]. A colostomy for FI will con-
tinue to remain a good alternative for the severely 
incontinent patient that has failed all standard and 
salvage therapies. A word of caution in perform-
ing a distal colostomy after a rectal resection and 
anastomosis. The marginal artery which will sup-
ply the distal colon must be respected. Any injury 

will lead to ischemia of the distal segment. That 
bowel is located deep in the pelvis and extraction 
will be diffi cult.   

59.11     Summary 

 Fecal incontinence after pelvic cancer surgery is 
a poorly understood condition potentially affect-
ing large numbers of patients with resultant nega-
tive effects on quality of life. The true overall 
incidence and severity of symptoms is largely 
underreported in the literature. Knowledge of 
the etiological factors is still evolving but this 
is largely a multifactorial problem. With an 
increased understanding of the possible mecha-
nisms that cause FI after pelvic cancer surgery, 
potential targeted therapies for treatment are 
emerging. Ongoing, prospective research proto-
cols with standardized fecal incontinence scoring 
systems are warranted.      

 Key Points 

•     Fecal incontinence (FI) after pelvic sur-
gery for colorectal, gynecological and 
urologic cancers is common  

•   The symptoms of FI after pelvic surgery 
may partially or fully recover over time 
or may be permanent  

•   The precise mechanism of FI after pelvic 
surgery is not completely understood 
and is thought to be multifactorial  

•   Potential etiological factors include: dis-
ruption to the pelvic autonomic nerves, 
loss of rectal reservoir, anal sphincter 
damage, and effects of radiotherapy  

•   FI after pelvic surgery has a profound 
negative impact on quality of life and 
mental health status  

•   Treatment modalities are currently 
empirical and largely symptom-based 
and lack prospective, randomized con-
trolled trials to support any one treat-
ment over another  

•   Treatments consist of nonoperative, conser-
vative therapy versus operative interventions  
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 cytoreductive surgery , 445  
 EORTC 55971 trial , 445, 446  
 intraperitoneal chemotherapy , 446–447  
 time to initiate chemotherapy , 446  

 novel biological agents , 447  

 PARP inhibitors , 449  
 PI3 kinase/AKT/mTOR pathway , 450  
 RAS/Raf/MEK pathway , 450  

   American College of Surgeon (ACS) , 25  
   5-aminolevulinic acid (5-ALA) , 148  
   Anal cancer 

 anal canal tumors 
 diagnosis , 557–558  
 staging , 557, 558  
 types , 557  

 anal margin tumors , 557  
 anatomy , 556  
 incidence of , 555  
 pelvic reconstruction , 562  
 precursor lesions , 556  
 recurrence patterns , 560  
 risk factors , 555–556  
 salvage therapy 

 distant metastatic recurrence , 561  
 local recurrence , 560–561  
 lymph node recurrence , 561  

 survival rates , 555  
 treatment 

 abdominoperineal resection , 558  
 cisplatin-based chemotherapy , 559  
 induction chemotherapy , 559  
 radiotherapy , 558–559  
 toxicities , 559–560  

   Anal intraepithelial neoplasia (AIN) , 520  
   Anastomosis , 412–414  
   Anastomotic leak 

 anastomotic disruption , 589, 590, 592  
 extraperitoneal leak management , 589, 591  
 incidence , 587  
 intraperitoneal leak management , 589, 590  
 patient presentation , 589  
 risk factors , 587–588  
 techniques and adjuncts , 588–589  

   Anus , 461–462  
   Aorta bifurcates , 458  
   Argon plasma coagulation , 528  
   Associating Liver Partition and Portal Vein Ligation 

for Staged Hepatectomy (ALPPS) , 
621, 622  

   Autonomic nervous systems , 459  
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    B 
  Bevacizumab , 393, 448  
   Bipolar TURBT (BP-TURBT) , 136  
   Bladder cancer 

 DNA methylation , 87  
 epidemiology , 155–156  
 ERAS , 43–44  
 histological diagnoses 

 genetic markers , 86  
 microscopic diagnoses and classifi cation , 85–86  
 specimen preparation , 85  

 LPC , 160  
 miRNAs , 88  
 OPC , 160  
 PLND , 73–74  
 radical cystectomy   ( see  Radical cystectomy) 
 RPC , 160  
 staging of , 84–85  
 TCC , 83, 84  

   Bladder neck preservation , 107  
   Bladder preservation approaches 

 current treatment modalities , 148  
 factors , 147–148  
 macroscopic imaging techniques , 148  
 management , 147  
 microscopic real time imaging , 148  
 partial cystectomy 

 conventional voiding mechanism , 149  
 erectile function , 149  
 feasible approach , 149  
 gold standard treatment , 150  
 laparoscopic approach , 152–153  
 open surgical technique , 150  
 robotic approach , 151–152  
 transurethral prostatic biopsy , 149  

 perioperative complications , 147  
 post operative complications , 147  
 radical TURBT , 148–149  
 trimodal therapy , 153  

   Bladder tumors 
 cystoscopy , 133–134  
 molecular markers , 134  
 TURBT   ( see  Trans-Urethral Resection of a Bladder 

Tumor (TURBT)) 
   Body mass index (BMI) , 540  
   Bony pelvis , 457  
   Brachytherapy , 95, 98–99  
   Bristol TURP trainer , 21, 22  

    C 
  Carboplatin , 391  
   Carcinoma-in-situ (CIS) , 135  
   Cardiopulmonary exercise (CPEx) , 482  
   Cediranib , 449  
   Centers for Medicare and Medicaid Services 

(CMS) , 647  
   Cervical cancer 

 chemoradiation   ( see  Chemoradiation therapy) 
 data meta-analysis , 377  
 early staging 

 ART , 348, 350  
 complications , 349  
 elective hysterectomy , 349  
 FIGO staging , 344–345  
 IAI and IAII stages , 344  
 isthmic cerclage , 347  
 management , 348  
 MRI , 344  
 patient selection , 343–344  
 pelvic node dissection , 344, 346  
 post operative care , 347–348  
 pregnancy , 349–350  
 radical trachelectomy , 344, 346  
 recurrences , 349  
 reproductive outcomes , 349–350  
 RVT , 346–347, 350  
 vagino-isthmic anastomosis , 347–348  

 endoscopy 
 fertility sparing surgery , 296  
 management , 295–296  
 nerve-sparing surgery , 297  
 pelvic exenteration , 297–298  
 radical hysterectomy , 297  
 robotic surgery , 298  
 SPS , 298  
 surgical staging , 296  

 incidence , 267–268  
 NACT   ( see  Neoadjuvant chemotherapy (NACT)) 
 nodal stations (N-staging) 

 morphological feature , 243  
 nodal detection , 247  
 pelvic and para-aortic nodal disease , 247  
 pre-operative imaging assessment , 243, 246–247  
 tumor suggestion , 243  

 primary site (T-staging) , 237–239  
 radical hysterectomy   ( see  Radical hysterectomy) 
 screening program , 267–268  
 screening test 

 HPV testing , 268–270  
 LBC , 268  
 sampling and interpretation errors , 268  
 visual inspection tests , 268–269  

 SLN mapping   ( see  Sentinel lymph node (SLN) 
mapping) 

 vaccination , 270  
   Cetuximab , 393  
   Chemoradiation therapy 

 adjuvant chemotherapy , 391–392  
 bevacizumab , 393  
 carboplatin , 391  
 cetuximab , 393  
 cisplatin   ( see  Cisplatin-based chemotherapy) 
 GOG , 391  
 neoadjuvant chemotherapy , 385–386  
 tirapazamine , 392–393  

   Circumferential resection margin (CRM) , 505  
 MRI , 492, 493, 495–496  
 role of , 504  

   Cisplatin-based chemotherapy 
 IB disease , 389  
 locally advanced disease 
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 clinical trial , 390  
 5-fl uorouracil containing arm , 389, 390  
 meta-analysis , 391  
 PFS rates , 390  
 RTOG , 389  
 survival rate , 389  

 non-bulky disease 
 clinical trials , 386–388  
 pelvic lymphadenectomy , 386  
 radical hysterectomy , 386  
 risk factors , 388  

 survival rates , 386  
   Clinical target volumes (CTV) , 507  
   Cockcroft Gault equation , 444  
   ColoRectal POSSUM (CR-POSSUM) , 482  
   Colorectal reconstruction 

 anastomosis , 412–414  
 tumor cytoreduction , 412  

   Colorimetric technique , 368–369  
   Combined modality therapy (CMT) , 618–619  
   Combined oral contraceptive pill (COCP) , 291–292  
   Complete clinical response (cCR) 

 endoscopic view of , 626–627  
 PET/CT of , 628  

   Complete pathological response (pCR) , 625, 629–630  
   Computed tomography (CT) 

 gynecological cancer , 236, 237  
 liver lesion , 498–499  
 multiple lung lesions , 499  

   Continent diversion 
 appendiceal outlet , 180–181  
 in females 

 pouch-vaginal fi stula , 179  
 sling/Burch procedure , 179  
 urinary retention , 179–180  

 indications , 180  
 in male 

 age and motivation , 178  
 minimally-invasive surgery , 178–179  
 nerve and seminal vesicle , 178  
 reservoir confi guration , 178, 179  
 risk factors , 178  
 sphincter function , 178  

   Cryotherapy , 94–97  
   Currarino syndrome , 610  

    D 
  Deep vein thrombosis (DVT) , 167  
   Desmoid tumors , 643–644  
   Detrusor leak point pressure (DLPP) , 228  
   Diagnosis Related Groups (DRG) , 647  
   Diffusion-weighted (DW) MRI , 237, 628  
   Direct vision internal urethrotomy (DVIU) , 229  
   Dysfunction 

 de novo chronic pelvic pain , 51  
 multi and interdisciplinary approach 

 clinical audit , 54  
 complex patient problems , 51  
 disciplines and pelvic compartments , 51  
 medical specialities , 52  

 meetings , 52–53  
 organizational changes , 53  
 patient care lines , 52  
 scoring/evaluation tools , 53, 54  
 team , 52, 53  

 radical hysterectomy (RH) , 49–50  
 rectal cancer , 50  
 urinary incontinence , 50  

    E 
  Early epithelial ovarian cancer (eEOC) 

 adjuvant chemotherapy 
 ACTION trial , 422  
 carboplatin monotherapy , 423  
 goals , 423  
 ICON1 , 421–422  
 paclitaxel , 422, 423  
 treatment duration , 423  

 prognostic factors , 419  
 surgical treatment 

 FSS , 420, 421  
 literature data , 420, 421  
 lymph node evaluation , 420  
 SEER data , 420  

   EC.    See  Endometrial cancer (EC) 
   Economic system 

 ACS-NSQIP system , 648  
 CMS , 647  
 DRG , 647  
 MS-DRG , 647–648  
 PPS , 647  
 prophylaxis strategies , 649–650  
 testing , 648–649  

   eEOC.    See  Early epithelial ovarian cancer (eEOC) 
   (L)EER.    See  (Laterally) extended endopelvic resection 

((L)EER) 
   Endometrial cancer (EC) 

 adjuvant radiation therapy 
 chemotherapy , 318–319  
 GOG-99 trial , 317  
 intermediate-risk cancer , 316  
 isodose distribution , 318–319  
 issues , 322–323  
 pelvic radiation therapy , 319–322  
 PORTEC 1 trial , 316–317  
 PORTEC-2 trial , 318  
 progression-free survival rate , 322  
 recurrence patterns , 317–318  
 risk factors , 318  
 sandwich approach , 323  
 stage IIIC disease , 323  
 whole-abdominal radiation , 319–322  

 biological therapy , 329  
 chemotherapy , 328  
 clinicopathologic studies , 315  
 endocrine therapy , 328  
 endoscopy 

 bilateral salpingo-oophorectomy , 300  
 body mass index , 301  
 disease-free survival rate , 301  
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 Endometrial cancer (EC) ( cont. )
morbidity , 300  
 quality of life , 301  
 randomized trials , 300–301  
 recurrence rate , 301  
 robotic-assisted surgery , 301–302  
 single port surgery , 302  
 total hysterectomy , 300  

 logistic regression model , 275  
 lymphadenectomy 

 adjuvant treatment , 316  
 diagnostic tool , 316  
 FIGO staging system , 315  
 post-irradiation surgery , 316  
 pre-irradiation surgery , 316  
 risk-benefi t ratio , 316  

 molecular lesions , 327–328  
 nodal stations (N-staging) , 247–248  
 outcomes , 327–328  
 outpatient hysteroscopy , 275  
 pipelle endometrial biopsy , 275  
 primary site (T-staging) 

 affect post-menopausal age group , 238  
 gadolinium , 238  
 high temporal resolution image , 239  
 malignant endometrial lesions , 240  
 mean Negative Predictive Value , 239, 240  
 mean Positive Predictive Value , 239, 240  
 myometrial invasion , 240  
 sagittal plane , 240  
 spatial resolution , 240  
 tumor mass , 241  

 PTEN/PI3K/AKT/mTor pathway 
 aberrant signalling , 330  
 class IA PI3K heterodimers , 331  
 combination trials , 329, 333–334  
 EEC , 331  
 FGFR2 , 334  
 functional inactivation , 331  
 GOG phase II trial , 335  
 KRAS mutation , 334  
 limitations , 334  
 mTOR inhibitors , 329, 331–333  
 NEEC , 331  
 phosphorylation , 331  
 PI3K inhibitors , 329, 332–333  
 positive feedback loop , 331  
 somatic mutation , 331  
 targeted therapy , 330–331  
 therapeutic agents , 332  

 SLN mapping   ( see  Sentinel lymph node (SLN) 
mapping) 

 TVS screening , 274–275  
   Endometrioid endometrial cancer (EEC) , 331  
   Endoscopic Extraperitoneal Radical Prostatectomy 

(EERPE) 
 complication rates , 115–117  
 erectile function and potency , 114, 115  
 nerve-sparing technique , 111–112  
 postoperative continence , 113  

   Endoscopic mucosal resection (EMR) , 523–524  

   Endoscopic submucosal dissection (ESD) 
 delayed/missed perforations , 528  
 devices and material , 525  
 early gastric neoplasms , 524  
 mucosal neoplasia , 525–526  
 submucosal carcinoid tumor , 525, 527  

   Endoscopic ultrasound (EUS), rectal neoplasm , 521, 522  
   Enhanced Recovery After Surgery (ERAS) 

 bladder cancer , 43–44  
 complications , 477, 478  
 development of , 41  
 elements of , 477, 478  
 guidelines , 479–481  
 gynecological surgery , 43  
 hospital stay, length of , 477, 478  
 patho-physiology , 39–41  
 prostate cancer , 44–45  
 rectal surgery , 41–43  

   Epidermal growth factor receptor (EGFR) , 329, 393  
 cervical cancer , 393  
 inhibitors , 449–450  

   Epithelial-mesenchyme complexes , 398  
   Epithelial ovarian cancer (EOC) , 270  
   Erectile dysfunction (ED) 

 defi nition , 217  
 optimal evaluation , 218  
 optimal preservation , 220  
 pathophysiology 

 APA , 219  
  vs.  BCN , 219  
 gross morphometric changes , 219  
 immediate and post prostatectomy , 218  
 morphometric reports , 219  
 nerve sparing , 218  
 neuropraxia , 218  
 neuro-reparative processes , 218  
 penile measurements , 219–220  
 reduction/complete loss , 218  
 Sprague Dawley rat model , 218–219  

 prevalence , 217, 218  
 REACTT , 220–221  
 rehabilitation , 220  
 treatment 

 intracavernosal injections , 221  
 IPP , 222  
 IUA , 222  
 PDE5 inhibitors , 221, 222  
 VED , 221–222  

   Etarfolatide , 450  
   European Organisation for Research and Treatment of 

Cancer (EORTC) , 379, 445, 446  
   Exenterative surgery.    See  Pelvic exenteration 
   (Laterally) extended endopelvic resection ((L)EER) 

 ontogenetic anatomy 
 abdominoperineal procedure , 400–401  
 ectopelvic compartments , 397, 398, 400  
 endopelvic compartments , 397–399  
 epithelial-mesenchyme complexes , 398  
 evaluation and selection , 403  
 mapping , 397, 399  
 mesopelvic compartments , 397–399  
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 Müllerian compartment , 399–400  
 pelvic reconstruction , 403  
 tLND , 401–403  
 types , 400–402  
 uniform nomenclature system , 400  

   Extended lymphadenectomy (ELND) , 209, 210  
   External beam radiotherapy (EBRT) , 506  
   Extra levator abdominoperineal excision (ELAPE) , 536  
   Extramural venous invasion (EMVI) , 496  
   Extraperitoneal robot assisted radical prostatectomy 

 advantages and disadvantages , 129–130  
 bladder neck dissection , 125–126  
 endopelvic fascia incision , 124–125  
 extraperitoneal space , 122–123  
 neurovascular bundle dissection , 127  
 patient positioning , 121–122  
 posterior prostate dissection , 127  
 posterior reconstruction , 128  
 post-operative course , 129  
 prostatic apex and urethra dissection , 127–128  
 seminal vesicles dissection , 126–127  
 specimen delivery and completion , 129  
 trocar insertion , 123–124  
 vesico-urethral anastomosis , 128–129  

    F 
  Fallopian tube cancer.    See  Ovarian cancer 
   Familial adenomatous polyposis (FAP) , 638  

 ileorectal anastomosis , 641–642  
 proctectomy and IPAA , 642  

   Farletuzumab , 449  
   Fecal incontinence (FI) , 593–594  

 etiology , 654  
 gynecological surgery , 655–656  
 incidence , 653  
 nonoperative management 

 biofeedback , 658  
 injection , 658  
 medical therapy , 657–658  

 operative management 
 fecal diversion , 660  
 neosphincter techniques , 659–660  
 OSR , 659  
 postanal sphincter repair , 659  
 SNS , 658–659  

 pelvic radiotherapy , 656  
 prevalence and quality of life , 653–654  
 rectal resection , 654–655  
 treatment , 656  
 urological surgery , 656  

   Fecal occult blood test (FOBT) , 511  
   Femoral and obturator nerves , 460  
   Fertility-sparing surgery (FSS) , 420, 421  
   FI.    See  Fecal incontinence (FI) 
   Fibroblast growth factor (FGFR) , 448  
   Fibroblast growth factor receptor 2 (FGFR2) , 334  
   Flexible sigmoidoscopy (FS) , 511  
   5-fl uorouracil arm , 389–391  
   Focal therapy , 93, 94  
   ‘Freeze rupture’ , 95  

   FSS.    See  Fertility-sparing surgery (FSS) 
   Full-thickness local excision (FTLE) , 631  
   Fundamentals of laparoscopic surgery (FLS) , 21, 22, 469  

    G 
  Gleason grading system , 80–82  
   “Global Operative Assessment of Laparoscopic Skills,” 32 
   Goal directed fl uid therapy (GDT) , 484  
   GOG.    See  Gynecologic Oncology Group (GOG) 
   Gynecological cancer 

 cervical cancer   ( see  Cervical cancer) 
 COCP , 291–292  
 CT , 236, 237  
 decision-making , 290  
 disease assessment , 235  
 disease response , 248–249  
 endometrial cancer 

 logistic regression model , 275  
 outpatient hysteroscopy , 275  
 pipelle endometrial biopsy , 275  
 TVS screening , 274–275  

 HRT , 289–290  
 hysterectomy , 290–291  
 location , 235  
 management options , 284–287  
 metastatic spread (M-staging) , 248  
 MRI , 236–237  
 nodal stations (N-staging) 

 endometrial carcinoma , 247–248  
 ovarian carcinoma , 248  

 ovarian and fallopian tube cancer 
 CA125 screening , 271–272  
 early detection strategy , 272–274  
 EOC , 270  
 Japanese Shizuoka cohort Study of ovarian cancer 

screening , 272  
 PLCO cancer screening trial , 272–273  
 population , 270  
 risks , 270  
 STIC lesions , 274  
 TVS , 270–271  
 USPSTF , 272  

 patient-specifi c factors , 290  
 PET , 237  
 primary peritoneal cancer , 288  
 primary site (T-staging) 

 cervical cancer , 237–239  
 endometrial cancer   ( see  Endometrial cancer) 
 ovarian cancer , 241–245  

 recurrence , 249–251  
 risk determination 

 accurate documentation , 287  
 clinical genetics , 283, 287  
 gene mutations , 283–286  

 risk-reducing surgery 
 health-care professionals , 288  
 RR-HBSO , 288  
 RRSO , 284–288  

 SEE-FIM histopathology protocol , 288  
 surgery timing , 289  
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 Gynecological cancer ( cont. )
surgical planning , 235  
 thromboprophylaxis , 291  
 timing , 235  
 ultrasound , 236  

   Gynecologic cancer 
 ovarian, tubal and peritoneal neoplasms 

 borderline tumors , 256  
 characteristics , 255, 256  
 clear cell carcinoma , 255–256, 259  
 endometrioid carcinoma , 255–256, 260  
 germ cell tumors , 257  
 high-grade serous carcinoma , 255–256, 259  
 low-grade serous carcinoma , 255–256, 261  
 metastasis , 257  
 mucinous carcinoma , 255–256, 260  
 sex cord-stromal tumors , 257  

 uterine cervix , 262  
 uterine corpus   ( see  Uterine corpus) 
 vagina , 264  
 vulva 

 melanoma , 263, 265  
 Paget’s Disease , 263–265  
 SCC , 263–264  

   Gynecologic Oncology Group (GOG) , 378, 391  
 trial , 317, 441, 447–448  

    H 
  Hamburg nomogram , 70  
   Hautmann “W” neobladder , 168–169  
   Heme biosynthetic pathway , 135  
   Hepatic arterial infusion (HAI) , 619  
   Hereditary colorectal cancer.    See  Rectal cancer 
   Hexylaminolevulinate (HAL) , 135–36  
   High dose rate endorectal brachytherapy (HDREBT) , 

507–508  
   High grade prostatic intraepithelial neoplasia (HGPIN) , 83  
   High-grade squamous intraepithelial lesion (HSIL) , 

262, 264  
   High-intensity focused ultrasound (HIFU) , 95, 97  
   Holmium laser bladder tumor resection (HoLBRT) , 137  
   Hormone replacement therapy (HRT) , 289–290  
   Human papilloma virus (HPV) , 262–264, 268–270  
   Hypogastric artery branches , 458  

    I 
  Ileal conduit , 409, 410  
   Immunohistochemistry (IHC) , 82–83  
   Indocyanine green (ICG) , 306–308  
   Inferior hemorrhoidal arteries , 458  
   Inferior mesenteric artery (IMA) , 458, 532–533  
   Inferior mesenteric vein (IMV) , 532–533  
   Infl atable penile prosthesis (IPP) , 222  
   Intensity modulated radiation therapy (IMRT) , 507, 559, 

572  
   International Federation of Gynaecology and Obstetrics 

(FIGO) staging , 315, 344–345  
   Intersphincteric abdominoperineal excision (ISAPE) , 536  
   Intrafascial nerve-sparing EERPE , 112  

   Intraoperative radiation therapy (IORT) , 506–507, 572  
   Intra-peritoneal (IP) chemotherapy, ovarian cancer , 

446–447  
   Intraurethral alprostadil (IUA) , 222  
   Irinotecan , 615, 621  
   Irreversible electroporation , 95, 98  

    L 
  Laparoendoscopic single site surgery (LESS) 

 bladder surgery 
 bladder diverticulectomy , 193  
 radical cystectomy , 191, 193, 194  
 ureteroneocystotomy , 193, 195  
 VVF , 195  

 indications , 186  
 patient selection , 186  
 prostate surgery 

 radical prostatectomy   ( see  Radical prostatectomy) 
 simple prostatectomy , 186–187  

 sacralcolpopexy , 195  
   Laparoscopic nerve-sparing radical hysterectomy 

(LNSRH) , 297–298  
   Laparoscopic partial cystectomy (LPC) , 160  
   Laparoscopic radical hysterectomy (LRH) , 297  
   Laparoscopic radical prostatectomy (LRP) 

 complication rates , 115–117  
 Denonviller’s fascia , 112  
 erectile function and potency , 114  
 nerve-sparing technique , 111–112  
 NVB preservation technique , 112  
 oncological effi cacy , 114–115  
 postoperative continence , 113  
 RALP , 117  
 vesicourethral anastomosis , 113  

   Laparoscopic rectal surgery 
 fi ve-port procedure , 543  
 functional outcomes , 550  
 left colon and splenic fl exure, mobilization of , 

543–544  
 mesorectum dissection , 544–545  
 oncologic outcomes , 547, 549, 550  
 operative outcomes , 547, 548  
 patient positioning , 543  
 perioperative management , 542–543  
 postoperative outcomes , 547, 548  
 preoperative evaluation and treatment 

 chemotherapy , 541  
 distant metastases staging , 540–541  
 high and mid rectal tumors , 541  
 local tumor staging , 540  
 low rectal cancer, classifi cation of , 541–542  
 organ preservation , 542  
 patients' evaluation , 539–540  

 quality of , 547  
 rectal transection and reconstruction , 545–546  
 vascular ligation , 543  

   Lap Mentor , 23  
   Laser ablation therapy , 94, 96  
   Ligaments anatomy , 457–458  
   Liquid based cytology (LBC) , 268  
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   Liver fi rst approach , 620–621  
   Locally advanced rectal cancer (LARC).    See  Locally 

recurrent rectal cancer (LRRC) 
   Locally recurrent rectal cancer (LRRC) 

 magnitude of , 567–568  
 patient presentation , 568  
 pelvic exenteration 

 anterior compartment dissection , 575  
 compartmental approach , 572–574  
 complication rates , 576–577  
 cost effectiveness , 577  
 dissection planes , 572, 574  
 exploratory phase , 573  
 lateral neurovascular approach , 574–575  
 mortality rates , 567, 576  
 multi-disciplinary team approach , 571–572  
 posterior compartment dissection , 575–576  
 prognostic indicators , 577  
 quality of life , 577  
 reconstruction , 576  
 survival rate , 577, 578  
 terminology , 572  

 pre-operative assessment 
 clinical assessment , 568  
 colonoscopy and CEA , 569  
 CT/MR angiography , 569  
 imaging , 568  
 tissue diagnosis , 569  

 pre-operative chemoradiation , 572  
 resectability of , 569–571  

   Low anterior rectal resection (LAR) , 50  
   Low-anterior resection (LAR) , 584  
   Low anterior resection syndrome , 595  
   LRP.    See  Laparoscopic radical prostatectomy (LRP) 
   LRRC.    See  Locally recurrent rectal cancer (LRRC) 
   Lymphadenectomy 

 adjuvant treatment , 316  
 diagnostic tool , 316  
 FIGO staging system , 315  
 post-irradiation surgery , 316  
 pre-irradiation surgery , 316  
 risk-benefi t ratio , 316  

   Lymphatic drainage , 459  
   Lymph node involvement (LNI) , 70  
   Lymphoscintigraphy , 305–306  
   Lynch syndrome , 637–638, 640  

    M 
  Magnetic resonance imaging (MRI) 

 cervical cancer , 344  
 circumferential resection margin , 492, 493, 495–496  
 EMVI , 496  
 gynecological cancer , 236–237  
 low rectal cancers , 496–497  
 malignant mesorectal nodes , 494  
 tumor depth and mesorectal spread , 492–493  
 tumor response assessment , 627–628  

   MDTs.    See  Multidisciplinary teams (MDTs) 
   Mechanical bowel preparation (MBP) , 482–483  
   Mentor System by Simbionix , 23  

   Modern multi-detector computed tomography 
(MDCT) , 236  

   Moran's triple stapling technique , 534–536  
   Multi and interdisciplinary approach 

 pelvic dysfunction , 51–52  
 clinical audit , 54  
 complex patient problems , 51  
 disciplines and pelvic compartments , 51  
 medical specialities , 52  
 meetings , 52–53  
 organizational changes , 53  
 patient care lines , 52  
 scoring/evaluation tools , 53, 54  
 team , 52, 53  

   Multidisciplinary teams (MDTs) , 531  
 assessment and feedback , 9–10  
 benefi ts of , 3  
 decision-making 

  MODe  , 6  
 patient-centered information , 10  
  QuIC  , 7–8  
 scientifi c assessment of , 6  
 treatment decisions , 7  

 meeting checklist , 7–9  
 systems approach , 4–5  
 telemedicine , 34–35  

   Muscle invasive bladder cancer (MIBC) , 141  
   Myh-associated polyposis (MAP) , 638–639  

    N 
  NACT.    See  Neoadjuvant chemotherapy (NACT) 
   Narrow band imaging (NBI) , 139–140, 148  
   National Cryo On-Line Database (COLD) Registry , 96  
   Near infrared (NIR) 

 imaging, visualization , 309–310  
 laser ablation therapy , 94  

   Neoadjuvant chemoradiation (NCR) 
 advantage of , 625  
 in primary tumor and perirectal nodes , 625  
 RC-SLM , 618, 619  

   Neoadjuvant chemotherapy (NACT) 
 chemoradiation , 385–386  
 before radiotherapy 

 CXII trial , 381, 382  
 para-aortic lymph nodes , 381  
 trials investigation , 380, 381  
 trials survival rates , 380  

 before surgery 
 GOG , 378  
 PFS , 379  
 response rates , 378  
 TIP , 378  
 trials investigation , 379, 380  
 trials survival rates , 378, 379  

 tumor oxygenation , 377  
   Nodal stations (N-staging), ovarian carcinoma , 248  
   Non-endometrioid endometrial cancer (NEEC) , 331  
   Non-Human papilloma virus (non-HPV) , 264  
   Non steroidal anti-infl ammatory drug (NSAID) , 486  
   Non-technical skills (NTS) , 16–17  
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   Non-thermal ablations 
 brachytherapy , 95, 98–99  
 irreversible electroporation , 95, 98  
 PDT , 95, 99–100  

   Nucleic acid biomarkers 
 DNA methylation , 86–87  
 miRNA , 88  

    O 
  Objective structured assessment of technical skill 

(OSATS) , 472  
   Observational clinical human reliability assessment 

(OCHRA) , 473  
   Obturator foramen , 458  
   Omental fl ap , 416  
   Open partial cystectomy (OPC) , 160  
   Open radical cystectomy (ORC), bladder cancer 

 gold standard treatment , 156  
 mortality and complications rate , 156  
 outcomes , 156  
 overall survival (OS) outcomes , 159  
 pathologic outcomes , 157, 159  
 perioperative outcomes , 157, 158  
 recurrence-free survival (RFS) outcomes , 156, 159  

   Open radical hysterectomy (ORH) , 297  
   Optical coherence tomography (OCT) , 140  
   Orthotopic bladder substitution 

 anti-refl uxing ureteral anastomosis , 169  
 bowel segment , 167–168  
 complications , 171  
 Hautmann “W” neobladder , 168–169  
 Law of Laplace , 165–166  
 outcomes , 171–172  
 patient selection , 166–167  
 robotic approach , 172  
 studer neobladder , 169–171  
 surgical preparation , 167  
 T pouch neobladder , 169, 171  
 urethral dissection , 169  

   Orthotopic neobladder reconstruction , 409–411  
   Ovarian cancer 

 advanced   ( see  Advanced ovarian cancer) 
 CA125 screening , 271–272  
 early detection strategy , 272–274  
 eEOC   ( see  Early epithelial ovarian cancer (eEOC)) 
 endoscopy 

 advanced stage disease , 298–300  
 early stage disease , 299  
 post-operative incisional hernia , 299  
 recurrent disease , 300  

 EOC , 270  
 Japanese Shizuoka cohort Study of ovarian cancer 

screening , 272  
 nodal stations (N-staging) , 248  
 PLCO cancer screening trial , 272–273  
 population , 270  
 primary site (T-staging) , 241–245  
 risks , 270  
 STIC lesions , 274  
 TVS , 270–271  

 USPSTF , 272  
   Overlapping sphincter repair (OSR) , 659  
   Oxaliplatin , 615, 621  

    P 
  Paclitaxel/ifosfamide/cisplatin (TIP) , 379  
   Parasympathetic innervation , 460  
   Partial cystectomy, bladder preservation approaches 

 conventional voiding mechanism , 149  
 erectile function , 149  
 feasible approach , 149  
 gold standard treatment , 150  
 laparoscopic approach , 152–153  
 open surgical technique , 150  
 robotic approach , 151–152  
 transurethral prostatic biopsy , 149  

   Partin tables , 70  
   Patient controlled analgesia (PCA) , 484  
   Pelvic anatomy , 457  

 anterior abdominal wall , 59–60  
 female pelvis , 60  
 male pelvis , 60  
 neuroanatomy 

 cavernosal and pudendal nerves , 64  
 external urinary sphincter , 64–65  
 neurovascular bundles , 62–64  
 pelvic plexus , 61–62  

 pelvic diaphragm musculature , 60  
 prostatic gland , 61  
 urinary bladder , 60–61  

   Pelvic dysfunction.    See  Dysfunction 
   Pelvic exenteration 

 colorectal reconstruction 
 anastomosis , 412–414  
 tumor cytoreduction , 412  

 urinary reconstruction 
 continent diversion , 409  
 cystectomy , 407, 408  
 ileal conduit , 409, 410  
 orthotopic neobladder reconstruction , 409–411  
 ureterocutaneostomy , 409  
 urinary diversion , 408–409  

 vaginal reconstruction 
 omental fl ap , 416  
 radical resection , 414  
 RAM fl ap , 414–415  
 Singapore fl ap , 415  

   Pelvic fascia , 462  
   Pelvic fl oor , 458  
   Pelvic lymph node dissection (PLND) 

 bladder cancer , 73–74  
 prostate cancer 

 benefi ts , 72–73  
 LNI , 70  
 NCCN , 70  
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 non-thermal ablations   ( see  Non-thermal ablations) 
 thermal ablations   ( see  Thermal ablations) 
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 symptoms , 610  
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   RC-SLM.    See  Rectal cancer with synchronous liver 

metastases (RC-SLM) 
   Rectal cancer (RC) 

 advantages , 637  
 early postoperative complications 

 anastomotic leak   ( see  Anastomotic leak) 
 fecal incontinence , 593–594  
 low anterior resection syndrome , 595  

Index



675

 sexual dysfunction , 594–595  
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