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Rectal cancer has become an increasingly common disease in Western countries,
largely because of lifestyle and nutritional factors. While mortality has fallen since
the 1980s owing to earlier diagnosis and improved therapy, the disease not only
continues to pose a threat to survival but also impacts markedly on quality of life.
Greater understanding of all aspects of the disease and a full appreciation of the still
evolving role of surgery will be essential in achieving further progress.

This volume, by Nicolò de Manzini and his collaborators, will without doubt
make a superb contribution in communicating state of the art knowledge on this
serious disease and in particular in explaining clearly current surgical strategy and
techniques. In so doing, it will not only fulfil the aim of the Società Italiana di
Chirurgia (Italian Society of Surgery) to disseminate such knowledge but also
showcase the excellent standards of Italian surgery.

The authors take great pains to describe the various available surgical tech-
niques in the meticulous detail required by surgeons in training, and fully address
important related aspects such as salvage situations, accidents, complications, and
their treatment. This is not, however, simply a book on surgery. Diagnosis and stag-
ing, pathology, molecular evaluation, and follow-up are all covered clearly and
convincingly, with helpful explanation of the links to the therapeutic options.

Professor de Manzini is to be congratulated on the high quality that he has suc-
cessfully striven to achieve throughout the work. In ensuring that all aspects of rec-
tal cancer and its surgical treatment are covered in an interrelated and fully up to
date manner, he has produced a most instructive book that will prove an invaluable
asset for the surgical community.

Rome, September 2012 Gianluigi Melotti
President, Italian Society of Surgery
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In economically developed countries, improvements in the standard of living
have increased life expectancy, mainly due to high-quality healthcare.
Nonetheless, the other side of the coin is that progress achieved in public health
has been challenged by new threats such as cancer, commonly including malig-
nancies involving the lower bowel. Rectal cancer, in particular, accounts for
more than one third of colorectal cancers. These patients suffer severe side
effects of the disease and have a poor prognosis. Moreover, they are frequently
confronted with a very painful infirmity, often necessitating the creation of a
digestive stoma with all its physical and psychological implications.

At the same time, due to tireless research efforts and worldwide sharing of
best practices over the last 20 years, there have been several therapeutic break-
throughs, bringing about some bright patches in a despairingly dark sky. Thus,
today we can state that in three out of four patients with rectal cancers who
undergo surgery the integrity of the sphincter system can be preserved, thus
reversing the situation most common 30 years ago.

This extraordinary result reflects, on the one hand, improvements in radio-
logical investigations prior to therapy, allowing better definition of cancer
staging and the selection of patients who might require neo adjuvant
radiochemotherapy, and, on the other hand, the tremendous evolution in surgi-
cal techniques, including ultra-low colo-anal anastomoses. This procedure is
usually considered as major surgery because of the difficult postoperative period.
Therefore, in the last 10 years, surgeons have made enormous endeavors to
reduce the postoperative impact by using minimally invasive techniques as
often as possible, mostly laparoscopy but also trans-anal endoscopic exeresis.
This approach, which represents significant advances in surgical know-how,
demands great skill and considerable experience. 

As a step forward in one area depends on and leads to improvements in
many others, contributions by other disciplines have become an essential
aspect, both anatomically and pathologically, with respect to refinements in
cancer-staging procedures and thus a better forecast of outcomes. These devel-
opments have been accompanied by discoveries in the oncologic genetics and
molecular biology of tumor resistance to chemotherapeutic agents. 
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These topics and many others are comprehensively discussed in this out-
standing volume. The information is presented in clearly written chapters sup-
ported by high-quality figures and tables as well as up-to-date references
derived from the world literature. 

This monograph, edited and co-authored by Professor Nicolò de Manzini,
Head of the Surgical Department of the University of Trieste, has been written
in close cooperation with experts in related disciplines and testifies to the
energy of the Trieste school of surgery. Thus, the volume is not merely a the-
oretical analysis sustained by the literature, it also draws on the strong clinical
knowledge and experience of the authors.

This impressive volume deserves to be widely diffused and certainly mer-
its a place of honor on the bookshelf of every surgeon and oncologist, who in
treating these patients will benefit from its state-of-the-art approach.

Strasbourg, September 2012 
Christian Meyer

Emeritus Professor
Strasbourg University Hospital
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Rectal cancer is a frequent neoplasm in Western countries, mainly due to
dietary and environmental factors. Its serious impact derives not only from the
poor prognosis, but also from the important sequelae potentially provoked by
its treatment. Over the last three decades, the management of rectal cancer has
changed, reflecting better knowledge of the anatomy of the pelvis, a refine-
ment of surgical technique to yield improved oncological and functional
results, and advances in neoadjuvant and adjuvant therapy. In fact, current
therapeutic strategy takes into account the tumor's response to neoadjuvant
therapy and the status of pelvic functions. The concepts of oncological radical-
ity and sphincter-saving have led to a strong emphasis on sphincter preserva-
tion through intersphincteric resections, such that the pathological response
may allow a shift towards rectal-saving procedures. Translating these consid-
erations into practice will most likely call for a multidisciplinary approach in
order to define the optimal strategy, which in frequent cases will be tailored to
the patient.

This volume provides an up-to-date discussion of several aspects of rectal
cancer, from a theoretical as well as a practical point of view.

The first part begins with an analysis of the epidemiology of rectal cancer
and then moves on to address imaging of this disease, its pathology, and its
molecular markers, concluding with the roles of the various imaging modali-
ties and the results obtained with radiochemotherapy.

The second part focuses on therapeutically aimed surgical procedures,
including perioperative management and the different steps of the various
operations, especially laparoscopic access. Reconstruction, nerve-sparing
options, the role of stomas, and intra-and postoperative problems are reviewed
in separate chapters. 

There is also a chapter devoted to multimodal strategies, and another in
which current problems in the follow-up of patients with rectal cancer and the
strategies for the treatment of local relapse are investigated.

We hope that this broad panorama is able to convey the knowledge required
for the proper diagnosis and management of rectal cancer. 
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Finally, we thank Laura Zicari for the anatomical drawings, Giancarlo
Pengo for the photographic processing and Malcolm Clark for the English
translation.

Trieste, September 2012 Nicolò de Manzini
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Epidemiology

Michela Giuricin, Alessandra Lucchetta, Greta Giacomel 
and Nicolò de Manzini

1
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Trieste, Italy 
e-mail: michelagiuricin@libero.it

1.1 Introduction

This chapter analyzes the epidemiology of rectal cancer, first of all on a glob-
al scale, then concentrating on the situation in the USA, with reference to the
great number of publications available, and finally looking at the situation in
Italy, which the authors are most familiar with.

1.2 World

Colorectal cancer is one of the most frequent neoplastic diseases on a world-
wide scale. Seventy-two per cent of these carcinomas arise in the colon and
only 28% are rectal; however, from an epidemiological viewpoint the two
neoplasms are usually considered together [1, 2]. Of all the neoplasms, col-
orectal cancer is the third most frequent in men (10%) and in women (9.4%);
it is the fourth most common cause of death in males (7.6%) and the third
most common in women (8.6%).

Incidence rises with an increase in age in both sexes: in males the mean
age of diagnosis is slightly lower than that of women (60-65 years vs. 65-70
years).

It follows the same trend in terms of associated mortality, with an earlier
peak in men (65-70 years) compared to women (70-75 years); however, mor-
tality has dropped since the beginning of the 1980s, probably due to earlier
diagnosis of the disease as well as to improvements in therapy [1, 3].



Colorectal cancer is more common in developed than in developing countries:
13.1% vs. 7.1%; in the latter area, this carcinoma is only the seventh most com-
mon of all neoplasms. Moreover, the death rate from colorectal cancer rises
from 11.7% in industrialized countries to 6.3% in developing countries [1]. 

An analysis of the data on the recto-anal region reported in the 2002 data-
base of the IARC (International Agency for Research on Cancer) shows that as
regards women New Zealand occupies first place in the classification, fol-
lowed by Australia, Israel, Germany, Japan, and Singapore, while with regard
to men the same database shows the Czech Republic at the top, followed by
Japan, Slovakia, Germany, Australia, France and Slovenia.

For both sexes, Italy is in the bottom half of the classification, and is one
of the last of the industrialized countries [4].

1.2.1 USA

In the USA, colorectal cancer is the third most common cancer in both sexes,
with a reduction in the last 20 years: from 66.3 cases per 100,000 subjects in
1985 to 45.3 in 2007. The decline accelerated from 1998 to 2007 (2.9% a year
for men and 2.2% a year for women), probably thanks to improvements in
diagnosis, which allowed an increasing number of polyps to be eradicated ear-
lier than before. A total of 39,870 new cases of rectal cancer was forecast for
2011 [3, 5].

In the period 2004-2008 the average age of diagnosis was 70 years; the rate
of incidence was 55 per 100,000 males and 41 per 100,000 women, with a
greater incidence in Afro-Americans of both sexes compared to the other
races. In the same period, the mortality was 20.7 per 100,000 men and 14.5 per
100,000 women, here too with a preponderance for Afro-Americans [5].

Cancer-related survival at 5 years (2001-2007) was on average 64.3%:
65.5% for males (55% Afro-Americans) and 64.5% for females (56.9% Afro-
Americans) [5].

According to the SEER database, in the USA 1 in 20 people are at risk of
developing colorectal cancer during their lifetime [6].

In contrast with the global reduction of incidence and mortality, an increase
in the incidence of rectal cancer has been found in subjects aged less than 40.
The Meyer et al. study published in 2010 shows how 1,922 patients diagnosed
with rectal carcinoma between 1973 and 2005 were less than 40 years old; of
these 52% were male, 52% were between 35 and 39 years old and 75% were
Caucasians. In this period the incidence was 0.42 per 100,000 people, and in
time it increased significantly (APC, Annual Percentage Change, 2.6%
p<.0001), while to the incidence of cancer of the colon remained unchanged
(APC -0.2% p=0.50). An increase was also found for cancer of the rectosig-
moid junction: an incidence of 0.13 per 100,000 subjects, APC 2.2.% p<.0001.
Sex and age do not affect these data. Subjects younger than 40 in this study
also showed higher lymphatic and vascular invasion and a pattern of infiltra-
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tive growth, with a consequent more advanced stage and a lower global sur-
vival rate than that of older patients. This is probably connected to a slight
delay in diagnosis, considering that none of these symptoms alone will neces-
sarily trigger the patient’s physician to include malignancy in the differential
diagnosis. On the other hand, a study by Schellerer et al. in 2011 revealed how
the prognosis in these subjects is comparable to that in over 40 year olds, since
multimodal therapy is applicable with an acceptable risk. Furthermore, as
under-40s tend to be in better health conditions, they have a lower anesthesio-
logical risk, suffer fewer postoperative complications and tolerate the toxicity
of chemotherapy better [7, 8]. 

1.2.2 Italy

In Italy rectal cancer is the seventh most common neoplasia in both men (3.7%
of all cancers) and women (3.3% of the total). These data come from popula-
tion-based tumor registers (AIRT 1998-2002), which currently cover around a
quarter of the Italian population. 

Along with true rectal cancer, lesions of the rectosigmoid junction, the anus
and the anal canal are included with rectal tumors.

This neoplasia represents 3.1% of all cancer deaths among men and 3.3%
among women.

Estimates show a total of 20,457 colorectal tumors among the male popu-
lation and 17,276 diagnosed annually among women, with a mortality for col-
orectal cancer in the year 2002 of 2,504 male subjects and 2,052 females. 

In the population considered in the Italian registers, an average of 28.6
cases per 100,000 males and 20 per 100,000 females are diagnosed annually,
thus showing a significant prevalence among males.

The cumulative lifetime risk of developing rectal cancer (between 0 and 74
years old) is 17.2‰ among men and 9.3‰ among women, while the cumula-
tive mortality risk is 5.3‰ for men and 2.7‰ for women.

Over time colorectal cancer has shown a slight increase in incidence among
men, whereas it has remained more or less stable among the female popula-
tion; mortality has decreased in both sexes.

Adenocarcinomas (67-74%) or malignant tumors NOS (10-11%) are more
frequent, while histological diagnosis rarely reveals adenocarcinomas in villous
adenomas (4-5%), in adenomatous polyps (2-3%) or mucinous forms (3-5%). 

As regards relative survival, the 5-year rate is 54% for men and 56% for
women, decreasing with age for men, while in women it is stable or sometimes
better up to 64 years of age, subsequently decreasing in percentages compara-
ble with the data for males after 65 years of age.

There is a slight geographical variation in the rectal tumor rate in Italy, with
a higher incidence in the northern regions; however, survival is greater in the
centre-north regions (53-55%) compared to those of the south (45%). Five-year
survival improved from 1985-87 to 2000-2002, from about 43% to 58% [9].
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1.2.3 Conclusions

• Colorectal cancer is the third most common neoplasia globally, but is more
frequent in industrialized countries or those with growing economies.

• Mortality decreased over the last 20 years, probably thanks to the early era-
dication of polyps as well as to therapeutic progress.

• In the USA an increase has been found in rectal carcinomas and in subjects
under the age of 40.

• In Italy the incidence is increasing slightly in males, whereas mortality is
decreasing in both sexes. There is a certain geographical variability, with a
greater incidence in the north compared to the centre-south, but mortality
is greater in southern regions.

1.3 Risk Factors

Factors increasing the risk of developing colorectal cancer can be  modifiable
or nonmodifiable.

The latter include hereditary and genetic factors, including familial adeno-
matous polyposis of the colon, the Lynch syndrome, chronic intestinal inflam-
matory illnesses, and a previous history of colorectal neoplasia or a family his-
tory of it.

Patients with these conditions have almost twice the chance of developing
colorectal cancer than the rest of the population, and the earlier the family
member developed the tumor, or if several family members have been diag-
nosed with colorectal neoplasia, the greater the risk [10, 11]. These people are
therefore advised to start an endoscopic screening programme at least 10 years
earlier than those not at risk. 

Non-modifiable factors must also include the “age parameter”, as the inci-
dence of rectal cancer increases with age. According to the annual report
regarding colorectal cancer trends in the United States from 1975 to 2006 by
Edwards et al., more than 90% of cases of colorectal neoplasia are diagnosed
in subjects aged over 50, but often when the diagnosis is made in subjects
aged less than 50, the neoplasia is at an advanced stage. The incidence of neo-
plasia at an age of under fifty is higher in black people than in Hispanics,
though an increase has been observed amongst American Indians and natives
of Alaska [10]. 

The so-called modifiable risk factors are those involving a habit that can be
changed. 

Diet seems to have an impact on the probability of developing colorectal
cancer. Eating large quantities of red meat and processed meat seems to
increase the occurrence of neoplasia. In fact, these foods are full of fats, pro-
teins and heme iron, factors which can promote cancerogenesis; furthermore,
processed meat can produce heterocyclic amines and nitrous compounds
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which are mutagenic agents and carcinogenic substances in animal models
[12].

The regular consumption of large amounts of alcohol is reported to be one
of the risk factors for the development of neoplasia, rectal cancer in particular,
and the risk seems to be directly correlated to the amount consumed [13]. 

Obesity also seems to be one of the risk factors for rectal neoplasia. A
meta-analysis by Larsson and Wolk indicates a correlation between BMI and
the incidence of colorectal cancer, which varies according to sex and age: the
risk of colon cancer increases with increasing BMI, particularly with android
obesity, and especially in males, while the risk of rectal cancer increases with
increasing BMI in men, but not in women [14]. 

A meta-analysis by Harris et al. of 29 studies reviewed also agrees with the
above observations regarding the negative relation between BMI and an
increased risk of colon cancer in both sexes, and of rectal neoplasia in men
alone [15].

The exact mechanism of the correlation between obesity and colorectal
cancer is not entirely clear, but hormonal alterations, particularly insulin and
insulin-like growth factor (IGF) seem to play a significant role; the hyperinsu-
linemia present in obese patients determines an increase in free IGF with a
consequent modification of the cellular environment in terms of mitogenesis
and antiapoptosis, promoting the formation of tumor cells [14, 15].

The last habit linked to an increased risk of developing colorectal carcino-
ma is smoking. A meta-analysis by Botteri et al. of 106 observational studies
highlighted a significant association of smoking with colorectal cancer, both in
terms of incidence and in terms of the associated mortality [16]. Paskett et al.
compared their own observational study to three clinical trials regarding
female smokers, pointing out an increase in the risk of colorectal cancer and
particularly rectal cancer; the same study reports that cutting down on smok-
ing may reduce the risk of this disease [17]. 

Along with the risk factors, those defined as protective factors should also
be recalled.

As described in the MISCAN-Colon model, which is also cited in the study
by Cuzick et al., the regular use of aspirin seems to be a protective factor in
the prevention of some tumors, including colorectal cancer [18]. Different eat-
ing habits have been referred to as protective factors, including the consump-
tion of folates, which according to Jaszewski et al. also protect against the
recurrence of colorectal adenomas [19, 20]. Alongside folates, the regular
intake of other micronutrients in the diet, including calcium and vitamins, are
among the factors protecting against the development of colorectal neoplasia,
without a precise distinction between colon and rectal neoplasia [10]. 

Finally, there is an inverse correlation between moderate but regular phys-
ical activity and cancer of the colon in both men and women, as evidenced in
the review by Harriss et al., but this association was not observed for cancer
of the rectum [21]. 
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1.3.1 Conclusions

• There is not always a distinction in literature between the risk factors of
colon and of rectal cancer: they are often grouped together. 

• Risk factors can be modifiable or non-modifiable. The latter include age
and hereditary factors, for which the only form of protection may be to per-
form genetic studies, or at least early endoscopic examinations.

• On the other hand, risk factors like eating, negative lifestyle habits and
physical exercise can be controlled and modified, and are those over which
we have some power to prevent the disease. However, no studies have
shown a direct correlation between a modifiable factor and colorectal can-
cer incidence.
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2.1 Introduction

The incidence of colorectal cancer has been rising dramatically following eco-
nomic development. Currently, colorectal cancer is the third leading cause of
cancer deaths in the United States and the second in Europe.
Adenocarcinomas comprise the vast majority (98%) of colon and rectal can-
cers. Other rare rectal cancers include carcinoid (0.4%), lymphoma (1.3%),
and sarcoma (0.3%). Squamous cell carcinomas may develop in the transition
area from the rectum to the anal verge and are considered anal carcinoma. 

Rectal cancer is defined as a malignant tumoral lesion which develops
within 16 cm from the anal margin. Rectal cancer presents a higher incidence
in males (M/F=2/1) and in the north and west of Europe [1], with a global
number of 138,000 new cases per year [2]. Rectal cancer is associated with a
poor prognosis because of the risk of both metastases and local recurrence [3].
Histologic variants of rectal adenocarcinoma, such as signet ring, mucinous,
medullary, adenosquamous (including glassy cell), undifferentiated, spindle
cell, clear cell, hepatoid, and oncocytic, are associated with different clinical
outcomes, and almost always with a worse prognosis compared with that of
adenocarcinoma at the same disease stage. Mucinous adenocarcinoma is char-
acterized by excess mucin production. It is more aggressive than usual nonva-
riant adenocarcinomas. Mucinous adenocarcinoma is characterized as affect-
ing younger patients and having a high frequency of lymph node metastases,
local recurrence, and advanced stage at presentation.

Total mesorectal excision (TME) is widely accepted as standard surgical



practice for rectal cancer [4], and provides the best chance of a tumor-free cir-
cumferential resection margin [5]. In TME, the entire mesorectal compartment
is removed, including its fascia; this minimizes the chance of tumor being left
behind. With this surgical technique, the overall recurrence rate has been
reported to be well below 10%, without the help of radiation therapy [6]. Local
recurrence is directly related to incomplete resection of the tumor [7, 8] and
the most important parameter related to local recurrence is the distance
between the tumor and the mesorectal fascia [6, 9]. Locally advanced rectal
cancer with extramural spread (T3 tumor) has a high frequency of local recur-
rence and metastasis. Nowadays, the standard treatment for locally advanced
rectal cancer consists of preoperative neoadjuvant concomitant radiation and
chemotherapy (CRT) followed by standard resection of the rectum, and resec-
tion of the surrounding organs [10, 11].

Nowadays rectal endoscopy is the most accurate diagnostic tool for the pre-
operative diagnosis of rectal cancer. Preoperative staging and restaging after
CRT may be defined by endoluminal ultrasound and magnetic resonance (MR)
imaging. There have been many reports on rectal cancer imaging with
endorectal ultrasound (US), computed tomography (CT), or magnetic reso-
nance (MR) imaging [3, 12, 13], but most studies focused only on determina-
tion of T and N stages rather than on the more important mesorectal fascia. 

2.2 The Role of the Different Imaging Techniques in the
Staging of Rectal Cancer 

2.2.1 Endoluminal Ultrasound

Endoluminal US is an established modality for evaluation of the integrity of
the rectal wall layers. Its advantages include convenient accessibility, as in
many instances it is part of the initial assessment performed by the colorectal
surgeon in conjunction with the digital rectal examination (DRE) [12].
Endoluminal US is performed by using high frequency (>7.5 MHz) endolumi-
nal transducers. The rectal wall is depicted in four layers (excluding the bal-
loon interface) from the hypoechoic mucosa, through the hyperechoic submus-
cosa, to the hypoechoic muscular layer and the hyperechoic serosal layer. With
accuracies for T staging varying between 69% and 97%, endoluminal US is
presently the most accurate imaging modality for the assessment of tumor
ingrowth into rectal wall layers [13, 14]. In a meta-analysis [15] of 11 studies,
sensitivity was shown to be affected by T stage. Endoluminal US is very accu-
rate for staging superficial rectal tumors but is not as useful for staging
advanced rectal cancer [16], where the overall staging accuracy is 69%,
because the limited depth of acoustic penetration prevents accurate assessment
of local tumor extent in bulky T3 and advanced rectal cancers. Although endo-
luminal US is very accurate in staging superficial rectal cancer, it is less suit-
able for evaluation of the mesorectal excision plane. Moreover, endoluminal
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US is limited in differentiating the T2 from the initial T3 stage [17]. On the
other hand, the overall accuracy of endoluminal US in N staging ranges from
64% to 83% [17].

2.2.2 Computed Tomography 

In a recently published meta-analysis [18] of 78 studies conducted between
1980 and 1998 in 4,897 patients with rectal cancer, CT showed an accuracy of
73% for T staging. The overall accuracy of N staging ranges from 22% to 80%,
considering as metastatic lymph nodes ≥ 1 cm or rounded lymph nodes ≥ 8
mm. The low spatial and contrast resolution of conventional CT protocols does
not allow a detailed evaluation of the rectal wall and may have contributed to
the low performance of CT for staging superficial tumors. Recent years have
seen the development of multidetector CT with sub-millimeter voxel size
achievable on modern machines. The high spatial resolution achieved is not
accompanied by a similarly high contrast resolution, and it thus remains
doubtful whether the high spatial resolution in itself will improve accuracy,
since the inherent contrast resolution is poor [12]. 

2.2.3 Magnetic Resonance Imaging 

MR imaging has emerged as the dominant method of pelvic imaging in rectal
cancer [19]. The successful introduction of MR imaging for pelvic diseases,
due to its superb contrast resolution between tumor and soft tissues, has led to
the gradual replacement of CT by MR imaging for local and regional rectal
cancer staging. Nowadays superficial phased-array multichannel coils or
endoluminal coils are employed. 

2.3 MR Imaging – Technical Aspects

In our imaging department the usual MR imaging protocol employed for rec-
tal cancer assessment includes a 1.5-T unit with a minimal gradient intensity
of 30 mT/m and a 150 mT/m/msec slew rate, a surface pelvic phased-array
coil, and a small field of view. Our usual protocol includes T2-weighted fast
spin-echo (TR/TE, 4947/130 ms, turbo factor, 25; slice thickness, 3-4 mm;
gap, 0.4 mm; matrix, 512 x 512; voxel dimensions, 0.8 mm3; field of view,
240-250 mm; acquisitions, 4; total acquisition time, 2 minutes and 23 seconds)
MR imaging sequences in the transverse, coronal, and sagittal planes [20]. The
axial and coronal oblique images should be obtained orthogonal and parallel
to the long axis of the tumor. A 20 mg dose of the intravenous antiperistaltic
agent hyoscine-N butylbromide should be administered before starting the MR
examination. Gadolinium-enhanced T1-weighted MRI could be omitted in the
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MR protocol for preoperative assessment of primary rectal cancer [21].
Recently, we implemented a T1-weighted spectral fat saturation inversion
recovery (SPIR) (TR/TE, 598/27 ms; turbo factor, 6; slice thickness, 4 mm;
gap, 0.4 mm; matrix, 512 x 512; voxel dimensions, 0,6 mm3; field of view,
240-250 mm; averages, 2; total acquisition time, 4 minutes and 50 seconds)
MR imaging sequence after gadolinium injection (0.1 mmol/kg) to differenti-
ate enhancing tumor infiltration from desmoplastic tissue reaction or reactive
fibrosis, after concomitant chemoradiation therapy within the nonenhancing
mesorectal fat [22]. 

2.4 Anatomy of the Rectum for Interpretation of MR Images

The surgical anal canal extends about 3-4 cm, is shorter in women (2-3 cm),
and terminates superiorly at the anorectal ring or at the upper portion of the
puborectal muscle [19]. The lower limit of the anal canal corresponds to the
anal verge and corresponds to the transition between the skin and the anal
mucosa [19]. 

The muscular wall of the anal canal consists of the internal and external
sphincter. The internal sphincter represents the continuation of the circular
layer of the rectal muscolaris propria while the outer muscular wall is com-
posed by the puborectal muscle and exernal sphincter. The dentate line, corre-
sponding approximately to the upper portion of the external sphincter muscle,
is located from 1.5 to 2 cm above the anal verge and is not usually visible on
MR imaging, even though it can be ideally located in the lowermost portion of
the anal columns.

The rectum extends from the upper limit of the anal canal up to the rectosig-
moid junction, with a length of 15 cm. The proximal limit of the rectum is the
rectosigmoid junction, 15 cm above the anal verge, while the distal limit corre-
sponds to the anorectal junction at the level of the muscular anorectal ring. On
MR imaging, the rectosigmoid junction corresponds to the visceral tract where
the rectum is completely covered by the peritoneal layer [19]. The rectum is
anatomically divided into three segments: the lower third, middle third, and
upper third. The mesorectum consists of the rectum and the surrounding
mesorectal or perirectal fat with the perirectal lymph nodes. The mesorectum is
covered posteriorly and laterally by a postero-lateral fibrous envelope belong-
ing to the pelvic visceral fascia or mesorectal fascia (MRF), distinct from the
parietal pelvic fascia, and anteriorly by the “Denonvilliers’ fascia”, which cov-
ers the posterior surface of the prostate and seminal vesicles in men.

The MRF represents a very important structure to be evaluated in the sur-
gical planning of rectal cancer, particularly if TME is the selected surgical pro-
cedure. The MRF can be identified as a thin, low-signal-intensity structure that
envelops the mesorectum on MR images. The MRF is more difficult to recog-
nize in the distal and anterior regions of the rectum due to the small amount of
fat tissue.
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2.5 MRI in the Primary Staging of Rectal Cancer

2.5.1 T-staging

T-staging in rectal cancer is classified as: TX: not determined; T0: no visible
tumor; Tis: carcinoma in situ; T1: submucosal tumor only; T2: growth into the
muscularis propria; T3: growth into the mesorectal fat; T4: growth into neigh-
bouring organs, or peritoneal infiltration or perforation.

MR imaging or endoscopic ultrasound are the imaging techniques
employed to define the T stage of the rectal tumor; they may lead to staging
failures in the differentiation of T2 and borderline T3 tumors. Endoluminal US
allows a superior image contrast and spatial resolution with a clear depiction
of the different layers of the rectal wall [23]. This also allows a more accurate
T staging, especially in the differentiation of the T2 and T3 stages with accu-
racy ranging between 71% and 91% [23, 24]. Endorectal MR imaging has the
same accuracy as endorectal US for the staging of superficial tumors[14].
However, the endoluminal coil presents a limited field of view, and the MRF
and the surrounding pelvic structures are difficult to visualize owing to the MR
signal drop-off at a short distance from the coil. Moreover, the endoluminal
coil can be difficult or impossible to insert in patients with rectal stenosis, and
failed insertion rates of as high as 40% have been reported in patients with rec-
tal cancer. 

Phased-array external coils present a larger field of view and are suitable
for the staging of both superficial and advanced rectal tumors [25, 26]. In par-
ticular, most staging failures with MR imaging occur in the differentiation of
T2-stage and borderline T3-stage lesions (Figs. 2.1, 2.2), with possible under-
staging (Fig. 2.3) or overstaging. Overstaging is often caused by desmoplastic
reactions adjacent to the tumor [27], while it is difficult on MR images to dif-
ferentiate spiculation in the perirectal fat caused only by fibrosis (stage pT2)
from spiculation caused by fibrosis containing tumor cells (stage pT3). 

For patients with T3- and/or N1-stage tumors, adjuvant CRT has been the
standard in the United States, while neoadjuvant CRT is used in Europe [28].
MR imaging provides an accurate measurement of the depth of extramural
tumor spread which makes it possible to put forward a reliable preoperative
prognosis (Figs. 2.4, 2.5) [29]. Accurate and detailed anatomic information on
tumor extent is essential not only for the selection of patients for neoadjuvant
chemotherapy and radiation therapy to achieve tumor shrinkage, but also for
planning the optimal surgical procedure.

However, the present T-staging system presents some overt limitations,
including the lack of discrimination between tumors distant from the circum-
ferential resection margin (CRM) and tumors close to or with involvement of
the CRM [3]. Although most of these tumors are classified as stage T3, they
have a different risk of local recurrence. It has been shown that the distance
from the rectal tumor to the CRM is the real predictor of the local recurrence
rate (see below) [30, 31]. MR imaging should be used to identify tumors that
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will have a close or involved CRM so that they can be selected for more exten-
sive (neoadjuvant) treatment.

The major reason for rectal tumor overstaging by MR imaging is diffuse
hypointense tissue infiltration into the mesorectal fat [32], due to the difficulty
of differentiating reactive fibrosis from residual tumor after neoadjuvant irradi-
ation. Recently, SPIR MR sequence after gadolinium injection was proposed to
differentiate enhancing tumor infiltration from desmoplastic tissue reaction or
reactive fibrosis after CRT within the nonenhancing mesorectal fat [22]. 

2.5.2 Locally Advanced Rectal Cancer

Locally advanced rectal cancer has a poor prognosis because of the high fre-
quency of metastasis and local recurrence; a wide surgical resection is needed
to remove the tumor with a clear margin. From 10% to 20% of rectal tumors
also show infiltration of the surrounding pelvic structures. In these cases, the
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Fig. 2.1 55-year-old woman with a rectal cancer. (a-d) Turbo spin-echo T2 weighted sequence
(TR/TE, 4947/130) on the longitudinal (a), coronal (b), and transverse plane (c), and spectral pre-
saturation by inversion recovery T1-weighted sequence (TR/TE, 598/27) after gadolinium injec-
tion on the transverse plane (d). The tumor (arrows) is limited to the rectal wall without mesorec-
tal fat infiltration



patient’s best chance for cure is a radical en bloc resection of the tumor and
the surrounding invaded organs [33]. MR imaging was found to be more accu-
rate than CT in the prediction of organ invasion, pelvic wall invasion, and sub-
tle bone marrow invasion [34]. 

2.5.3 N - staging 

For tumors of the upper portion of the rectum, the route of lymphatic spread is
upward along the superior vessels to the inferior mesenteric vessels. Tumors
of the lower portion of the rectum show an additional lateral lymphatic route
along the middle rectal vessels to the internal iliac vessels. In advanced rectal
tumors involving the anal canal there may be a downward spread along the
inferior rectal vessels to the groin. 
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Fig. 2.2 60-year-old man with a rectal cancer treated by radiation therapy with concomitant
chemotherapy. (a-d) Turbo spin-echo T2 weighted sequence (TR/TE, 4947/130) on the longitu-
dinal (a), coronal (b), and transverse plane (c), and spectral presaturation by inversion recovery
T1-weighted sequence (TR/TE, 598/27) after gadolinium injection on the transverse plane (d).
Tumor (arrow) with mesorectal fat infiltration. Reticular enhancing strands (arrowheads) within
the mesorectal fat associated with concomitant enhancing nodules projecting from the rectal wall
towards the mesorectal fat



Half of the metastatic nodes are within 3 cm of the primary tumor and are
smaller than 5 mm in size [35]. With standard TME, the perirectal nodes are
removed with the primary tumor, excluding the internal iliac nodes. Since the
internal iliac nodes are mainly involved in lower rectal cancer, there is a poten-
tial risk that involved internal iliac nodes will be left behind, with the chance
of local recurrence. About 28% of lymph node–positive distal rectal cancers
have involvement of lateral nodes, and 6% of cases those lateral nodes were
the only lymph nodes involved [36]. Some surgeons, mainly from Japan, sug-
gest adding extended pelvic lymphadenectomy to rectal resection. This
approach is not favored by most surgeons because of the additional urologic
and sexual morbidity, while the benefit is unclear. Probably, a presurgical
selection of those patients with the highest risk for lateral lymph node metas-
tases could be useful in centers where pelvic lymphadenectomy is practiced. 

The large Dutch TME trial confirmed that nodal disease is a prognostic
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Fig. 2.3 65-year-old man with a rectal cancer. (a-d) Turbo spin-echo T2 weighted sequence
(TR/TE, 4947/130) on the longitudinal (a), coronal (b), and transverse plane (c), and spectral pre-
saturation by inversion recovery T1-weighted sequence (TR/TE, 598/27) after gadolinium injec-
tion on the transverse plane (d). Tumor (arrows) with mesorectal fat infiltration on analysis of the
histologic specimen but considered as limited to the rectal wall without mesorectal fat infiltration
on MR imaging



indicator both for distant metastases and local recurrence [11]. In this study,
patients with stage III (TxN1) a rectal tumor had a 10-fold higher risk for local
recurrence than those with stage I (T1–2N0 stage) tumor, and a threefold high-
er risk than those with a stage II (T3N0 stage) tumor. 

The radiologic assessment of nodal involvement generally relies on mor-
phologic criteria such as the size and shape of the node. However, despite the
identification of lymph nodes as small as 2–3 mm on high-spatial-resolution
MR images, reliable detection of nodal metastases is presently not possible.
Enlarged lymph nodes may be reactive or metastatic, while in small nodes
micrometastases are easily missed. In fact, as in other pelvic tumors, rectal
cancer is characterized by the high frequency of micrometastases in normal-
sized nodes [37]. Large variations in accuracy (62%–83%) for nodal detection
can be found for endorectal US [38, 39], as well as for CT (22%–73%) [38,
40]. Accuracy rates for nodal detection with unenhanced MR imaging vary
between 39% and 95% [41-43]. Unenhanced MR imaging is not absolutely
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Fig. 2.4 50-year-old man with a rectal cancer treated by radiation therapy with concomitant
chemotherapy. (a-d) Turbo spin-echo T2 weighted sequence (TR/TE, 4947/130) on the longitu-
dinal (a), coronal (b), and transverse plane (c), and spectral presaturation by inversion recovery
T1-weighted sequence (TR/TE, 598/27) after gadolinium injection on the transverse plane (d).
Tumor with infiltration of the anterior mesorectal fascia and of an ileal loop (arrows)



accurate in distinguishing between inflammatory and metastatic nodes on the
basis of signal intensity criteria, even with the use of nonspecific MR contrast
agents.

An alternative method would be metabolic imaging by fluorodeoxyglucose
positron emission tomography (PET), even though the sensitivity of this method
was found to be very low (29%) [44]. The reason for this low sensitivity may be
that the proximity of the primary tumor to the urinary bladder obscures small
nodal metastases. Recently, high-resolution pelvic MRI has proved more accu-
rate than PET/CT for the prediction of regional nodal status [45].

MR imaging with the use of ultrasmall superparamagnetic iron oxide
(USPIO) contrast agents has recently shown promising results for staging
nodal metastases. USPIO is a contrast agent that undergoes phagocytosis by
the reticuloendothelial system (macrophages in normal lymph nodes). The
use of USPIO results in a shortening of the T2* relaxation time and in a
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Fig. 2.5 60-year-old man with a rectal cancer treated by radiation therapy with concomitant
chemotherapy. (a-d) Turbo spin-echo T2 weighted sequence (TR/TE, 4947/130) on the longitu-
dinal (a), coronal (b), and transverse plane (c), and spectral presaturation by inversion recovery
T1-weighted sequence (TR/TE, 598/27) after gadolinium injection on the transverse plane (d).
Tumor (arrow) with infiltration of visceral peritoneum on the histologic analysis of the tumoral
specimen



decrease in signal intensity on gradient-echo images of normal lymph nodes,
owing to increased susceptibility artifacts. These MR properties were used to
aid the detection of micrometastases in small lymph nodes. In metastatic
nodes, the reticuloendothelial system is displaced by tumor deposits and
shows deficits in the uptake of USPIO. Using the pattern of USPIO enhance-
ment had higher diagnostic specificity than, but the same sensitivity as, mor-
phologic findings in pathologically matched mesorectal lymph nodes [46].
Unfortunately, USPIO agents have recently been withdrawn from the market.
Recently, gadofosveset-enhanced MR imaging was shown to be an accurate
imaging modality for nodal staging and restaging in rectal cancer [47].
Gadofosveset is the first intravascular contrast agent approved for use with
magnetic resonance angiography in the European Union. Gadofosveset
reversibly binds to albumin, providing extended intravascular enhancement.
The metastatic involvement of the node appear as a defect in the uptake of
gadofosveset. 

2.5.4 Circumferential Resection Margin

According to multiple randomized clinical trials, both preoperative and adju-
vant CRT diminish the risk of local recurrence; TME is a surgical technique
that removes the rectal tumor and all local draining nodes in an intact package.
One of the most important factors determining the success of TME surgery is
the relationship of the tumor to the CRM [12]. The measurement of tumor
extent relative to the MRF and the prediction of tumor-free CRM on the basis
of MR imaging may be more feasible than defining the T stage [27]. 

Because several studies have shown that neoadjuvant CRT is more efficient
and less toxic than postoperative therapy, it has become increasingly important
to evaluate the risk of CRM before the operation. 

MR imaging is the imaging modality that can most accurately evaluate the
risk of tumoral recurrence. The potential CRM or the relationship of the tumor
to the MRF has emerged as one of the most powerful predictors of the risk of
tumoral recurrence. Surgical dissection outside the MRF has become central in
the efforts to achieve CRM negativity and is possible in many cases. In this
field terminology is crucial. The term CRM has repeatedly been used in trial
protocols, consensus documents, and scientific articles to refer to proximity to
the MRF. Preoperatively the most appropriate term is MRF, while postopera-
tively CRM is the appropriate term [48]. If the MRF is involved or if the tumor
extends to a point that is within 1 mm from the MRF, there is a clear risk that
CRM will be involved if only a TME is performed. In particularly low rectal
tumors, the anal sphincters constitute the corresponding significant border,
because the MRF does not extend beyond the puborectal muscle.

Tumor restaging by MR imaging after chemoradiation has moderate accu-
racy for predicting tumor invasion of the MRF, related to the limitation in dif-
ferentiating between fibrosis with or without small tumor foci [49].
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Adding diffusion-weighted imaging to T2-weighted imaging can improve the
prediction of tumor clearance in the MRF after neoadjuvant CRT compared with
T2-weighted imaging alone in patients with locally advanced rectal cancer [50].

2.6 MRI after Neoadjuvant Chemoradiation Therapy

Extramural tumor spread influences both long-term survival and the risk of
local recurrence in patients with rectal cancer. Locally advanced rectal cancer
with extramural spread (T3 tumor) has a high frequency of local recurrence
and metastasis. Nowadays, the standard treatment for locally advanced rectal
cancer consists of preoperative neoadjuvant CRT followed by standard resec-
tion of the rectum, and resection of the surrounding organs that are infiltrated
by the rectal tumor [10, 11].

The rationale behind preoperative CRT is first to downstage and downsize
locally advanced rectal cancer. Tumor shrinkage due to neoadjuvant CRT is
frequently observed (Fig. 2.6), also with pathologically complete responses
[51]. The benefits of downstaging and downsizing locally advanced rectal can-
cer include improvement in resectability, better local control, sphincter preser-
vation, decreased rates of local recurrence, and, most important, improved
overall survival. 

Radiation therapy is usually performed with a total dose of 5040 cGY over
6 weeks. The radiation field includes the tumor and pelvis. Chemotherapy is
usually performed with 425 mg/m2/d of 5-fluorouracil and 20 mg/m2/d of leu-
covorin during weeks 1 and 5 of radiation therapy, whilesurgical resection is
mainly performed 6 weeks after the completion of neoadjuvant CRT. Before
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Fig. 2.6 55-year-old man with a rectal cancer before (a) and after (b) treatment by neoadjuvant
radiation therapy with concomitant chemotherapy. Turbo spin-echo T2 weighted sequence
(TR/TE, 4947/130) on the transverse plane. Tumor (arrow) shows a clear shrinkage after neoad-
juvant therapy



the surgery, repeated high-resolution pelvic MR imaging is performed using
the same method as for pre-CRT MR imaging.

Imaging studies, especially high-resolution pelvic MR imaging, play a key
role in staging rectal cancer before and after CRT. Preliminary results indicate
that diffusion-weighted MR imaging, especially at high b values, would be
effective for predicting treatment outcome and for early detection of tumor
response [51, 52]. In particular, the early increase of mean tumor apparent dif-
fusion coefficient (ADC) and low pretherapy mean ADC in rectal carcinoma
correlates with good response to CRT [53, 54].

After CRT, the tumor response is classified as complete response (no resid-
ual tumor), partial response (tumor volume decreased > 50% or downstaging),
or no response after postoperative pathologic analysis of the tumor specimens.
In several studies, CRT has resulted in a 60%–70% tumor response rate, and
in particular a 10%–20% complete tumor response rate, leading to improved
resectability and local control. Both preoperative and postoperative CRT
diminish the risk of local recurrence [55, 56], and the morphologic evaluation
and volumetric reduction of the rectal tumor at MR imaging has a strong cor-
relation with response to CRT [57]. Early tumor volume reduction rate after 2
weeks of CRT may be an even better indicator than diffusion-weighted MR
imaging based on the mean ADC measurements for predicting CRT treatment
outcome [58]. Moreover, post-CRT diffusion-weighted MR volumetry provid-
ed high diagnostic performance in assessing complete response and was sig-
nificantly more accurate than T2-weighted MR volumetry [59]. 

According to multiple randomized clinical trials in patients with rectal can-
cer who have received neoadjuvant CRT, MR imaging has an accuracy of 66%
in predicting resection margin involvement during restaging of irradiated rec-
tal cancers (sensitivity, 100%; specificity, 35%; positive predictive value,
58%; negative predictive value, 100%) [49]. The reported overall accuracy of
MR imaging in predicting the pathologic stage of nonirradiated rectal cancer
is 71%–91% (mean, 85%) for T staging, and 43%–85% (75%) for N staging
[60-62]. However, the reported overall accuracy of MR imaging in the restag-
ing of irradiated rectal cancer is much lower: 47%–54% (50%) for T staging
and 64%–68% (65%) for N staging [10, 49], and is even worse for mucin-pro-
ducing tumors. 

The low accuracy of MR imaging in predicting the pathologic stage of irra-
diated rectal cancer appears to be related to both overstaging and understag-
ing. The major cause of understaging is nonvisualization of the tumor mass at
MR imaging due to viable tumor nets within fibrotic scars in the mesorectal
fat. The factors related to overstaging include fibrosis, desmoplastic reaction,
edema, and inflammation. CRT reduces the evidence of the peripheral
hypointense muscular layer of the rectal wall, and mesorectal fat infiltration
becomes difficult to identify. The differentiation of fibrotic scar tissue from
tumor infiltration after neoadjuvant CRT is the most important parameter in
the prognosis of rectal cancer. Consequently, post-CRT images must be care-
fully compared with pre-CRT images. 
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Alterations in the rectum after CRT - such as histopathologic changes in
the tumor, or replacement by fibrotic scar tissue with mucin pools [10, 63,
64] - make it difficult to detect viable tumor on unenhanced MR images. This
results in a limited accuracy of MR in rectal cancer restaging after CRT. The
limited accuracy of MR imaging in predicting mesorectal fat infiltration of
non-irradiated rectal cancer is due to the limited capability for differentia-
tion between viable tumor and desmoplastic tissue reaction. In irradiated
rectal cancer this limitation is much more important due to the limited capa-
bility of MR imaging to differentiate between viable tumor, residual desmo-
plastic fibrosis, and reactive fibrosis due to scar tissue [52, 57]. This is relat-
ed to the presence of single or multiple perirectal strands, appearing
hypointense on T2-weighted MR images, reaching or not reaching the MRF,
which may reflect both tumor infiltration and post-irradiation mesorectal fat
fibrosis.

Recent studies of prediction of CRM involvement during restaging of irra-
diated rectal cancers by using T2-weighted imaging along with gadolium-
enhanced T1-weighted imaging demonstrated high diagnostic accuracy (sensi-
tivity, 75%; specificity, 88%–98%; accuracy, 85%–92%; PPV, 66.7%–92.3%;
NPV, 91.5%–92.3%) in comparison with that of studies using only T2-weight-
ed imaging (sensitivity, 100%; specificity, 35%; accuracy, 66%; PPV, 58%;
NPV, 100%) [61].

Preoperative diagnosis of histologic variants of rectal adenocarcinoma,
especially mucinous adenocarcinoma, is important because these variants
tend to have a poor response to CRT, and surgical treatment is initially con-
sidered. In addition, the excess mucin results in high signal intensity on T2-
weighted images, since the lesion retains high signal intensity on T2-weight-
ed images, making it difficult to distinguish between a true mass or remain-
ing mucin.

For lymph node staging, pre-CRT MR imaging has moderate accuracy
when size criteria are used. It is difficult to differentiate a metastatic lymph
node and irradiated lymph node change with post-CRT MR imaging by using
morphologic criteria. In particular, a change in a lymph node with or without
metastasis after CRT is assumed to be associated with metastasis, resulting in
lymph node overstaging. Some reports have demonstrated the ability of
USPIO contrast agents to increase the specificity and accuracy in detecting
even small lymph node metastases [65]. Recently, gadofosveset-enhanced MR
imaging was shown to be an accurate imaging modality for nodal staging and
restaging in rectal cancer [47].

MR volumetry and functional MR imaging may be helpful in the prediction
and assessment of tumor response to CRT. Awareness of post-CRT changes
helps radiologists achieve appropriate restaging of irradiated rectal cancer
with MR imaging, and can lead to a reduction in understaging or overstaging;
it is important to obtain and compare both pre- and post-CRT images before
interpreting the post-CRT images. 
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Traditionally, assessment of CRT response with MR imaging was performed
with two-dimensional measurements of orthogonal tumor diameters. The disad-
vantages of this approach are that the measurement is inaccurate owing to the
irregular configuration of the colorectal tumor and is not reproducible. Advances
in MR imaging techniques and computer technology have led to a reliable cal-
culation of the tumor volume. The volume is reconstructed automatically and
calculated by summing each of the cross-sectioned volumes of the entire tumor
lesion on the workstation by using software. In comparison with two-dimension-
al measurement of orthogonal tumor diameters, three-dimensional volume
assessment with MR imaging is known to be a highly reliable and objective indi-
cator of actual tumor volume. Before and after CRT, three-dimensional MR vol-
umetry is useful to confirm the downstaging of a tumor in the form of decreased
tumor volume, and there is a good correlation between the tumor volume reduc-
tion after CRT on MR imaging and histopathologic analysis. 

However, MR volumetric evaluation cannot demonstrate any differences
between patients with complete histologic regression and those with residual
disease. 

Dynamic contrast-enhanced MR imaging with tracer kinetic modeling
could be useful; it consists in kinetic data analysis after bolus contrast injec-
tion with calculation of contrast agent concentration–time courses in tissue, as
well as arterial blood. Contrast agent concentrations are inferred from relative
signal intensity changes on dynamically acquired MR images. However, this
method is prone to errors due to nonlinear signal intensity behavior or tissue-
specific influences. The perfusion index (given in milliliters per minute per
100 g), corresponding to the maximum slope of the tissue concentration–time
curve divided by the maximum value of the arterial input function, is used to
quantify tumor microcirculation, and is measured for each pixel inside the
defined tumor region. 

The perfusion index is a measure of tissue perfusion and permeability and
has been previously used to determine tumor microcirculation. Regression of
tumor microcirculation, as shown by using the perfusion index, is considered
an important early prognostic factor for treatment response, before reductions
in tumor volume. Thus, perfusion MR imaging can be used for prediction of
CRT response and for primary tumor staging. 

At a high signal intensity, diffusion-weighted MR imaging (diffusion
restriction) reflects high cellular density which is suggestive of a malignant
lesion. Recent studies have already shown the potential value of high b value
diffusion-weighted MR imaging in detection of colorectal cancer [54]. 

At MR imaging, a high ADC value measured before CRT, reflecting rapid
water diffusion into the necrotic area in rectal cancer, is considered a predictor
of a poor response to CRT [66]. After CRT, the reduction of tumor cellularity
and the increased cell membrane permeability to water molecules determine an
increase in water diffusivity and in the ADC, while the increased interstitial
fibrosis in previous tumor areas further reduces the restriction of diffusion [52]. 
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3.1 Introduction

The anatomical peculiarities of the rectum justify the care that pathologists
must take in handling the surgical specimen, because of the rectum’s
extraperitoneal topography, along with scientific evidence that indicates fas-
cial resection margin (or circumferential margin) [1] and nodal status as major
factors impacting on the risk of relapse.

In addition, new possibilities of treatment (neoadjuvant combined comple-
mentary therapy and transanal microsurgery) require a multidisciplinary
assessment for each patient. Only if all the professionals involved in patient
care work together to exchange expertise and knowledge can excellence in
quality of care be achieved.

3.2 Role of the Surgeon

The surgical specimen should be submitted to the Anatomic Pathology
Laboratory intact as surgically removed, either without fixative (within 1 hour
of devascularization) or in appropriate containers with a suitable quantity of
buffered formalin (the ideal ratio between specimen weight and formalin vol-
ume should be at least equal to 1:2).

The specimen must be accompanied by a request form completely filled in
with all the patient’s records. However, to allow the pathologist to make a correct
and complete diagnosis, the following clinical data must always be included: 



1. the most important data to be communicated to the pathology laboratory is
what if any neoadjuvant treatment has been given to the patient (it is also
useful to specify the type, dosage and date of the end of treatment);

2. clinical staging: particularly pre- and post- neoadjuvant therapy CT and/or
MR staging (preferably including medical report);

3. any difficulties during surgery (attach a schematic diagram to facilitate
recognition of the topography and help the pathologist in subsequent sam-
pling);

4. any anamnesis of correlated clinical conditions: inflammatory bowel dis-
ease (IBD); familial adenomatous polyposis (FAP) and hereditary nonpoly-
posis syndrome (HNPCC);

5. date and results of any preoperative diagnostic biopsy performed.

3.3 Role of the Pathologist (Grossing Phase)

The description below refers to colorectal resections and abdominoperineal
(Miles) amputations for rectal carcinomas.

Macroscopic examination is of extreme importance for the correct selec-
tion of definitive histological specimens, and has been shown to be essential
for a correct prognostic stratification of the patient and as an external quality
control for assessing surgical procedures. This phase, once considered a mar-
ginal part of the pathologist’s work, is now an essential instrument for inter-
disciplinary auditing. The guidelines accepted in Europe by the Consensus
Conference EURECA-CC2 of 2009 [2] on the handling of surgical specimens
are those proposed by the Royal College of Pathologists (RCP) [3].

When the pathologist has evaluated all the documents available (preferably
enclosed with the request), the surgical specimen is measured and its external
appearance assessed to evaluate the integrity of the nonperitonealized resec-
tion margin (complete, partial or incomplete), the surgical resection plane
(mesorectal, intramesorectal or muscular), and the presence or absence of any
perforations (spontaneous or iatrogenic) (Fig. 3.1). 

In the next step, before any other handling, the non-peritonealized resec-
tion margin is carefully inked; the specimen is then opened with an entero-
tome, starting from the proximal end and proceeding along the antimesen-
teric side of the bowel (following the line defined by the tenia coli). Extreme
care must be taken in determining the position of the neoplasia (particularly
if there has been prior neoadjuvant therapy)*. Before the specimen is com-
pletely opened, the lumen in the proximity of the tumor should be explored
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*It is strongly recommended that, in the diagnostic phase, the endoscope operator should mark
the external perimeter of the lesion with biomarker, to make it easy to detect the neoplastic area
in the event of a complete post-therapy tumor regression and facilitate sampling. 



digitally to exclude any circumferential extension of the lesion; if the lesion
does not extend circumferentially, the bowel can be completely opened,
respecting the integrity of the lesion. The best way to fix the specimen cor-
rectly is to stretch it, pinning it on a cork board (at least the part correspon-
ding to the lesion) and leaving it to fix for 24 hours. The sample is then
removed from the support, the formalin replaced, and fixation extended for a
further 24 hours.

If the neoplasia involves the whole circumference wall, stop the opening
process, insert sponges or tissue paper at the level of the unopened portion and
put the whole sample in buffered formalin for 24 hours. It is advisable to
extend the fixation for a further 24 hours and then directly perform circumfer-
ential serial sections of the bowel. 

In both cases the overall fixation time must not be less than 48 hours.
On completion of the fixation phase, the lesion is measured (Fig. 3.2) and

its macroscopic appearance described (vegetating, ulcerative, stenosing, linitis
plastica-like); the distance from all the resection margins (distal, proximal,
including the distance from the peritoneal reflection) is also measured.

In the case of noncircumferential lesions, it is important to indicate the top-
ographical location of the lesion (anterior, posterior, right or left side).

Continue with serial sections orthogonal to the longest axis extending
through the entire wall (nonperitonealized margin and/or serosa and mesorec-
tal lymph nodes), including the whole lesion up to 2 cm up- and downstream
of its macroscopic limit. On completing this phase, measure the minimum
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Fig. 3.1 Optimal surgical specimen with complete CRM without incisions or breaks



macroscopic distance of the lesion from the nonperitonealized resection mar-
gin (Figs. 3.3, 3.4, 3.5).

Finally, describe any additional lesions found (polyps, diverticula,
ischemic areas, adherence to the viscera, etc).

Each phase should be accompanied by photographs showing:
• quality of the nonperitonealized resection margin;
• appearance of the lesion;
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Fig. 3.2 Residual ulcer-
ated lesion after neoad-
juvant therapy

Fig. 3.3 Minimum dis-
tance between lesion
and CRM (diagram) 



• topographic relations to any adherent viscera;
• images including all the serial sections, with high magnification of the

maximum point of macroscopic infiltration; they should especially docu-
ment any fibrous striae in the perirectal fat. These images, in our opinion,
are extremely useful for subsequent microscopic assessment, and particu-
larly in the case of neoadjuvant therapy, for correlation with MRI and pre-
operative clinical staging [4].
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Fig. 3.4 Fibrous striae
projecting into mesorec-
tal fat. This patient had
been assessed as ycT3
by MRI performed after
neoadjuvant therapy.
Microscopic examina-
tion showed the pres-
ence of regression-like
fibrous streaks in the
absence of viable neo-
plastic elements

Fig. 3.5 CRM macro-
scopically involved in
the neoplastic process



The following minimum samples are recommended:
• at least four samples of the tumor to demonstrate:

- the maximum infiltration of the tumor in the intestinal wall;
- any involvement of the serosa (the surface of the serosa near the tumor

should always be inked, especially if it is bumpy, rough or hemorrhagic);
- the invasion of extramural vascular structures;
- the relation of the neoplasia with normal-appearing mucosa;
- the possible involvement of adjacent organs.

• at least one sample representing the nonperitonealized “critical” resection
margin in correspondence to the lesion;

• if the lesion is less than 30 mm from the proximal or distal resection mar-
gin (rectal or anal), an appropriate section of the “critical” resection mar-
gin is required. Total sampling of the resection ring of the surgical stapler
should be performed:
- the resection margins must always be documented in the event of preopera-

tory diagnosis of undifferentiated lesions or signet ring cell carcinomas,
even if the macroscopic limit of the lesion is over 30 mm from the margin;

• a sample of macroscopically intact intestinal wall;
• any other lesions or macroscopic abnormalities:

- in particular, all the polypoid lesions should be described in terms of
dimensions and distance either from the nearest margin or from the
main lesion, and suitably documented in the sampling phase.

Lymph node sampling deserves a separate mention because it is one of the
most critical phases and has the greatest impact on the subsequent therapeutic
course of the patient. It has now been established in literature that the total
number of lymph nodes found is an essential parameter for the correct strati-
fication of the risk of progression; in fact, both in the sixth and the current edi-
tion of its Staging Manual [5], the AJCC, suggests isolating at least 12 lymph
nodes in an adequate surgical specimen. This recommendation derives from
the observation in several centres that stages I and II include two prognostic
sub-groups; the group with the worse prognosis is the one with a low number
of total lymph nodes detected. A recent observational study which analysed
more than 80,000 colon resections for cancer showed how the mean number of
lymph nodes found for each case has increased, but this has not been followed
by an increase of high-stage cases [6].

However, our experience, although agreeing with what has been proposed
by the RCP, suggests that it is not advisable to stop when the minimum num-
ber of lymph nodes is reached: the gold standard for the pathologist in the sam-
pling phase should be to find all the macroscopically recognisable nodes. It
has been highlighted that the problem of the total number of lymph nodes not
only has a significant effect on III-II downstaging, but represents a further
instrument for risk stratification. Indeed, as has been described for gastric car-
cinoma [7], and for gastrointestinal carcinomas in general, the relation
between positive lymph nodes and total lymph nodes found is an independent
risk factor for global and disease-free survival [8, 9].
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The sections where the lesion is located may already include appropriately
documented lymph nodes with non-peritonealized resection margins; the
pathologist’s job is to scrupulously investigate the remaining adipous perivis-
ceral tissue, searching for further possible nodules attributable to lymph
nodes, distinguishing the mesorectal from the mesocolic nodes and possibly
putting the apical nodule (located in proximity to the main vascular ligature in
correspondence to the lower mesenteric vessels) into a separate specimen cas-
sette. In some cases, especially after neoadjuvant therapy, the search for lymph
nodes is extremely challenging and frustrating, and often the first investigation
does not even reach the minimum objective. Whether neoadjuvant therapy has
been given or not, and only when the first search has proved unsatisfactory, the
recommendation in these cases is to put the adipous perivisceral tissue into
clarifying liquid (Carnoy’s solution, acetone, Bouin liquid) for 24 hours and
carry out a second search for any residual lymph nodes [10].

The following part describes the handling of specimens obtained by
transanal microsurgery. 

The specimen must be submitted to the pathologist laid out and pinned to a
cork board (or similar); at least two anatomical landmarks should be indicated.

The pathologist measures the specimen and describes and measures the
lesion; the specimen will then be inked and sectioned, respecting the surgical
landmarks. The sampling must be modulated according to the characteristics
of the specimen, and especially to the relation between the lesion and resec-
tion margins. If the sectioning of one of the margins does not allow this rela-
tion to be assessed correctly, a wide section orthogonal to the long axis should
be performed; it will also be useful subsequently to perform sections perpen-
dicular to the previous one, including the whole margin with serial parallel
sections (Fig. 3.6).
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Fig. 3.6 Technique for
sampling microsurgi-
cal specimen



3.4 Role of the Pathologist (Microscopic Phase)

The accuracy of the final pathological report will depend on the accuracy of
the pre-analytical and macroscopic phases. The more precise and reliable they
are, the more accurate and complete the final report will be. The need for sci-
entific evidence requires pathologists to add to the report not only the histo-
type but also other histoprognostic parameters that may help in stratifying the
risk of progression of the disease.

Accordingly, as a minimum requirement, the report must describe the fol-
lowing features: 
• histotype:

- adenocarcinoma, NAS
- mucinous adenocarcinoma
- signet ring cell carcinoma
- squamous/adenosquamous carcinoma
- medullary carcinoma
- undifferentiated carcinoma
- neuroendocrine neoplasms
- other

• grading (according to the WHO): assessed on the basis of the percentage of
neoplasms forming well-recognizable glands. It is well known that large
lesions especially have different degrees of differentiation, so the main and
the less differentiated patterns must be pointed out in the report, ensuring
that the worst one is highlighted in the final epicrisis.
The report should also contain further prognostic parameters:

• infiltration pattern: it should be defined whether the lesion’s growth pattern
is expansive with pushing margins, or infiltrative with intramural finger-
like projections;

• desmoplasia: the extent of intra- and perilesional fibrous reaction must be
defined; if present, this factor seems to be correlated to a better prognosis
[11]. In patients treated with neoadjuvant radiotherapy, the desmoplastic
reaction may be an effect of the therapy itself rather than a neoplastic fea-
ture [12];

• necrosis: the necrosis rate is graded by trying to exclude the common
“dirty” intraglandular necrosis from true tumor necrosis;

• inflammatory cells: the amount of the perilesional lymphocyte cells should
be graded (on the periphery of the invasion border);

• angioinvasion: the presence or absence of features suggesting lymphatic or
hematic angioinvasion must be defined along with the site (intramural
and/or extramural). The seventh edition of TNM suggests not specifying
the type of vessels involved (lymphatic vs. hematic, often difficult to dis-
tinguish on histological sections), but only LVI (Lympho-Vascular
Invasion) will be reported in the epicrisis;

• another important element, assessed as an independent risk factor of lymph
node involvement [13] and of recurrence [14] (especially in patients treat-
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ed with neoadjuvant therapy [15]) is the presence of perineural sheath infil-
tration;

• some pathologists evaluate the extent of tumoral budding (isolated neo-
plastic elements beyond the growth border of the tumoral lesion [16]) in
surgical specimens as well as in degenerated polyps [17, 18], but as yet
there is no significant evidence of the clinical utility of this additional
information.
In the case of lesions treated with neoadjuvant therapy, it is essential to

assess the extent of the tumor regression, which can be evaluated on the basis
of the presence of microcalcifications, fibrous streaks, giant cells, acellular
mucin lakes, etc. Different classification methods have been proposed to
assess the degree of response to the neoadjuvant therapy, but currently there is
still no shared consensus as to which classification has the greatest impact on
the prognosis [19]. The main classifications used are:
• Mandard classification: Mandard’s original work assessed the response to

neoadjuvant therapy of carcinomas of the oesophagus; only subsequently
was this classification introduced for rectal carcinoma [20];

• Dworak classification [21];
• CAP (College of American Pathologists) classification system; 
• RCP (Royal College of Pathologists) classification system.

As these classifications have all demonstrated good inter- and intraobserv-
er reproducibility, they may be regarded as having equal validity. In the
absence of consensus, the choice of one or the other should be left to the
pathologist, who must, however, specify the classification used to avoid a
wrong interpretation by the clinician (e.g. for Mandard: 0= complete patholog-
ical response, for Dworak: 0= absence of response) (Fig. 3.7).

For staging, the AJCC manual, 2010 edition [5] (Table 3.1) must be used.
The staging of cases subjected to neoadjuvant therapy is preceded (in accor-
dance with the AJCC indications) by the prefix y; cases with complete patho-
logical response (absence of residual neoplasia on histological specimens)
must be staged as ypT0.

Since a pT staging, pre-neoadjuvant therapy is not by definition possible,
the extent of the response should be gathered from the correlation with the
clinical staging (TC and/or MRI), pre- vs. post-neoadjuvant therapy (cT vs.
ycT), the latter integrated with what was determined by the final pathological
staging performed on the surgical specimen (see Fig. 3.4).

The literature indicates that with the same N and M, the pT3 stage has a
different stratification of risk of progression in relation to the depth of inva-
sion beyond the muscolaris propria [22]; a pT3 substaging (a,b,c,d) has conse-
quently been proposed that includes the measurement in millimetres of the
extension of the neoplasia beyond the muscolaris propria [23].

The epicrisis of the pathological report should always specify not only any
involvement of the proximal or distal margins (suffix R of the AJCC), but also
the involvement or not of the non-peritonealized resection margin (CRM:
Circumferential Resection Margin or MRF: MesoRectal Fascia [24]), indicat-

3 Pathology 35



ing the classification used, because there is no consensus on the positivity cut-
off level of the margin (e.g. according to RCP and ADASP [25]: 2 mm, accord-
ing to AIOM and CAP [5]: 1 mm). It has been suggested that the minimum dis-
tance in millimetres of the lesion from the non-peritonealized resection margin
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Fig. 3.7 Tumor regression grading (TRG)
according to Dworak [21]. a TRG0, no
response. b TRG1, predominance of 
neoplasia associated with fibrosis. c TRG2,
predominantly fibrosis in association with
well-recognizable tumor. d TRG3, marked
fibrosis with rare cancer clusters. e TRG4,
complete pathological response

a b

c d

e



should be inserted to avoid any doubt, especially if this distance is between 1
and 2 mm.

In one of our retrospective studies within an audit project at the University
Hospital of Trieste in the period 2005-2008, CRM negativity (according to
RCP criteria) was observed in 93.5% of patients undergoing TME surgery at
the General Surgery Unit of the hospital (de Manzini et al., unpublished data).

For large sessile polyps treated with transanal microsurgery, in which a
submucosal invasion is discovered, we suggest using the Kikuchi classifica-
tion [26], which is useful in risk stratification of lymph node metastases [27]
and the subsequent choice of therapy [28]. It is also common practice for this
additional information to be given for endoscopic polypectomies, but in our
opinion Kikuchi’s classification should be used only when the muscolaris pro-
pria is present on the sample and in correspondence with the lesion. This is the
reference point for a correct evaluation of the extent of the neoplasm in the
submucosa (Table 3.2).

The quality of the pathological report depends on several factors:
1. Pre-analytical activity, starting from the information provided by the sur-

geon, who should never omit fundamental clinical information (first of all
any neoadjuvant treatment given) and accuracy in landmarking surgical
specimens;

2. Correct handling of the surgical specimen by the pathologist in the sam-
pling phase, which must be aimed at assessing the maximum level of infil-
tration of the neoplasia, the circumferential resection margin status and the
detailed research of all the lymph nodes to provide the most precise pN
status;

3. Strict adherence to the guidelines in writing the histopathological report,
which must contain not only all the histoprognostic factors useful for strat-
ifying the risk of recurrence of the disease and/or death, but also a concise
epicrisis, including histotype, stage (and the extent of postneoadjuvant
therapy tumor regression), grading, and margin status. For cases in which
metastasis is already present at the moment of the operation, or for those
with a high metastatic risk, it is necessary to be able to assess the main
molecular markers predicting a response to the targeted molecular thera-
pies. KRAS mutations in exons 12 and 13 are currently the most useful
ones. In this case the pathologist is required to take particular care in
selecting the area of the neoplasia which is most suitable for molecular
investigations, either because of an abundance of well-preserved tumor
cells or due to specific morphological characteristics in the case of tumors
displaying heterogeneous features.
If there is multidisciplinary collaboration among the various experts with a

constant daily exchange of ideas, and also through the instrument of internal
auditing, the quality of the treatment can be monitored satisfactorily. This
means that any problems that arise during the different steps in the diagnosis
and therapy of individual patients can be promptly identified and corrected.
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Table 3.1 TNM Rectal staging according to the AJCC Classification, 7th edn. [5] 

Primary tumor (T)

TX Primary tumor cannot be evaluated

T0 No evidence of primary tumor

Tis Carcinoma in situ: intraepithelial carcinoma or lamina propria invasion 
not beyond muscularis mucosae

T1 Tumor invades submucosa

T2 Tumor invades muscularis propria

T3 Tumor invades through the muscularis propria into pericolorectal tissue

T4 Tumor invades other adjacent organs or structures and/or perforates visceral peritoneum

T4a Tumor penetrates to the surface of visceral peritoneum

T4b Tumor directly invades or is adherent to other adjacent organs or structures

Regional Lymph Node (N)

NX Regional lymph nodes cannot be assessed

N0 No regional lymph nodes metastasis

N1 Metastasis in 1 to 3 regional lymph nodes

N1a Metastasis in 1 regional lymph nodes

N1b Metastasis in 2-3 regional lymph nodes

N1c Tumor deposits (so-called satellites1) in the subserosa, or in non peritonealized 
pericolic/perirectal soft tissue without metastases to regional lymph nodes

N2 Metastasis in 4 or more regional lymph nodes

N2a Metastasis in 4-6 regional lymph nodes

N2b Metastasis in 7 o more regional lymph nodes

Distant Metastasis (M)

M0 No evidence of distant metastasis (no pathological M0; use clinical M to complete 
stage group)

M1 Distant metastasis

M1a Metastasis confined to one organ or site (e.g., liver, lung, ovary, non-regional node)

M1b Metastasis in more than one organ/site or peritoneum (carcinosis)

1Tumor deposits (satellites) in nests or nodules, macroscopic or microscopic, in pericolorectal
adipose tissue (lymph drainage area of a primary carcinoma), without evidence of residual
lymph node in the nodule, may be an expression of venous invasion (V1/2).

Table 3.2 Kikuchi classification of submucosal invasion [26]

Sm1 Superior third of the mucosa

Sm1a Submucosal invasion under ¼ of the tumoral width

Sm1b Submucosal invasion between ¼ and ½ of the tumoral width

Sm1c Horizontal affection of the superior third of the submucosa over ½ of the tumoral width

Sm2 Medium third of the submucosa

Sm3 Inferior third of the submucosa
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4.1 Introduction

Over the last several years, a large amount of information has been obtained on
the molecular and genetic characteristics of colorectal cancer, especially relat-
ed to the mechanisms of cancer development, invasion, metastasis and
response to therapy. Part of this information can be translated into useful
molecular testing, which might assist the clinician in classifying patients more
effectively and developing personalized therapies. Here we review the molec-
ular characteristics of colorectal cancer, with the specific purpose of highlight-
ing those features currently known to possess prognostic or predictive value. 

Colorectal cancer (CRC) is the third most commonly diagnosed type of can-
cer worldwide and continues to be one of the most fatal [1]. The pace of genet-
ic and molecular discovery in the field of CRC development, progression and
metastasis has been impressively rapid over the last few years. Seminal discov-
eries in the field of hereditary CRC genetics, and later the analysis of global
gene expression by microarrays or deep sequencing technologies have gener-
ated an impressive amount of information. In turn, this has inevitably raised
high expectations that the knowledge gained might permit the identification of
molecular markers able to assist the clinician and the surgeon in optimizing
and tailoring treatment. This has not necessarily occurred in most cases, and
several of the published findings still appear contradictory or redundant. The
purpose of this chapter is to summarize the current knowledge on CRC, with



the specific purpose of highlighting the molecular information that has actual-
ly turned out to be important for prognostic and predictive purposes.

4.2 Molecular Genetics of Colorectal Cancer

Colorectal carcinogenesis represents a paradigm for cancer development due to
the successive accumulation of mutations in genes that control epithelial cell
growth, differentiation and cell proliferation [2, 3]. Starting from the original
hypothesis of multistep carcinogenesis (the so called adenoma-carcinoma
sequence [4], involving the subsequent mutations of only a few genes [5]), the
most recent determination of cancer genomes has revealed that at least 15 can-
cer-associated genes may play a role in transformation, and that no less than 80
somatic mutations in exons characterize the genetic landscape of the trans-
formed cells [6, 7]. Some of the detected mutations are inherited and underlie
a genetic predisposition to cancer development; most others arise as a constel-
lation of genetic defects in somatic cells and are also present in sporadic CRCs. 

It is currently estimated that 15-30% of CRCs have a major hereditary
component; of these cases, approximately one-quarter (<5% of all CRC cases)
have a Mendelian inheritance due to mutations in single genes [4].
Identification of the mutated alleles in these hereditary tumors have immense-
ly increased our understanding of the genetic defects which also underlie spo-
radic cancers. The majority of the hereditary cases are attributable to heredi-
tary nonpolyposis colorectal cancer (HNPCC) and the familial adenomatous
polyposis (FAP) syndromes.

The genes mutated in HNPCC (Lynch syndrome, which accounts for ~2-
5% of all CRCs), are part of a series of genes involved in DNA mismatch
repair (MMR), which include MSH2 and MLH1 (70% of cases) and, less fre-
quently, PMS1, PMS2 and GTBP/MSH6 [8]. MMR is a highly conserved -
from bacteria to man - strand-specific form of DNA repair that recognizes and
repairs base mismatches due to misincorporation, insertion or deletion of
nucleotides occurring during DNA replication and recombination or ensuing
upon DNA damage [9]. Mutations of the MMR genes account for a peculiar
mutator phenotype, which is revealed by marked length variations in
microsatellite DNA (microsatellite instability, MSI). HNPCC patients, having
inherited a defective MMR gene allele, have a much higher probability of
undergoing mutation of the other allele in somatic cells, and manifest the MSI
phenotype. As a consequence, the adenoma-carcinoma transition may take 3-5
years in an HNPCC patient, compared to 20-40 years estimated for most spo-
radic CRCs [4].

A high frequency MSI (MSI-H) phenotype also characterizes approximate-
ly 15% of apparently sporadic CRCs [10, 11]. Rather than being due to de
novo germline mutations or somatic mutations in MMR genes, this appears to
be consequent to the loss of MLH1 gene expression via promoter DNA hyper-
methylation [8, 12]. 
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On the other hand, FAP accounts for less than 1% of familial CRCs. It is an
autosomal dominant syndrome characterized by hundreds to thousands of ade-
nomas that develop in the colon and rectum, with a lifetime probability of
malignant transformation approaching 100% [13]. The disease is caused by
germline mutations in the adenomatous polyposis coli (APC) gene, a tumor
suppressor gene that becomes inactivated by frame-shift or nonsense muta-
tions. APC encodes a ~300 kDa protein involved in the regulation of the
Wnt/β-catenin pathway. In particular, APC takes part, together with other cel-
lular proteins such as GSK3β, Axin and CK1α, in the formation of a so-called
“destruction complex”, which induces proteasomal degradation of β-catenin.
Upon Wnt stimulation, this complex is inhibited, and free β-catenin enters the
nucleus and activates transcription of several genes, including those coding for
factors involved in cell-cell adhesion, cell migration, chromosomal segrega-
tion and apoptosis [14]. Thus, the bi-allelic mutation of APC mimics constitu-
tive Wnt signaling in the colon crypt cells.

Deregulation of the Wnt/β-catenin pathway is also a major determinant of
sporadic CRC development. Somatic mutation of both APC alleles is an early
step in the development of most adenomas; truncations of the gene are
detectable in 70-80% of adenomas and carcinomas. 

Over the last several years, analysis of sporadic cases of CRC, in addition
to the above-described mutations that were originally identified in hereditary
CRC, has also highlighted the existence of common mutations in a vast series
of other cellular genes. Like many human cancers, three members of the Ras
family of the small-G proteins (KRAS, HRAS and NRAS), which are involved
in signal transduction from different growth factor receptors (in particular, the
epidermal growth factor receptor, EGFR), are mutated in approximately 40%
of CRCs [7]. Other common alterations are mutations of the PIK3CA catalyt-
ic subunit of the class I PI3Ks (15-25% of cases) and of BRAF, a protein
kinase directly activated by RAS, which in turn activates the MAPKs MEK1
and MEK2 (5-10% of CRCs) (Fig. 4.1). 

Inactivating mutations and loss of herozygosity (LOH) in tumor suppressor
genes are also very frequent. The most common involve the PTEN phos-
phatase (which is also mutated in the germline of Cowden patients; 10% of
CRCs), various members of the TGF-β signaling pathway, including the TGF
type II receptor and the SMAD2 and SMAD4 genes, and the FBXW7 gene,
which encodes an F-box protein that normally drives degradation of Cyclin E,
a cofactor for the CDK2 kinase, which is essential for the transition from the
G1 to the S phase of the cell cycle. Finally, approximately 70% of CRCs show
LOH for the region of chromosome 17 that encodes the p53 protein, while, in
most of these cases, the other allele of the gene is affected by somatic point
mutations [3, 4, 8].

A characteristic common to approximately 85% of CRCs is the presence of
chromosomal abnormalities, frequently associated with LOH for specific
genomic regions. This characteristic chromosome instability (CIN) appears to be
a distinctive trait of cancers that do not show MSI-H. The cellular and molecu-
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lar events that determine CIN are still elusive, and are possibly the sum of mul-
tiple independent changes, possibly arising as a consequence of the biallelic loss
of the APC tumor-suppressor gene, which eventually results in mutations of
genes that control mitotic spindle formation or karyokinesis [15, 16]. A surro-
gate marker of CIN appears to be the partial aneuploidy of the long arm of chro-
mosome 18 (18qLOH), observed in approximately 70% of CRCs and 50% of
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Fig. 4.1 Schematic representation of the EGFR pathway



large, late-stage adenomas. This chromosomal region, among several other
genes, encodes for the SMAD2, SMAD4 and SMAD7 factors operating in the
TGF-β pathway and for the DCC (Deleted in Colorectal Carcinoma) gene [4].

Finally, approximately 15% of CRCs show a characteristic epigenetic abnor-
mality consisting in hypermethylation of CpG islands at gene promoters. In mam-
malian genomes, more than 80% of cytosines at the CpG dinucleotide are modi-
fied by methylation, with the exception of highly CpG-dense islands, mainly
located in the promoters of approximately 50% of the genes. In CRC cells, there
is a generalized decrease in the total level of methylation of the genome, in any
case accompanied by the selective methylation of several CpG islands and the
consequent epigenetic silencing of the neighboring genes [17]. Modification of
the normal DNA methylation pattern defines the so-called CpG island hyperme-
thylation phenotype (CIMP), which ultimately modifies the expression of various
genes essential for cell differentiation and cell-fate determination [18]. The CIMP
phenotype contributes to the global deregulation of the gene expression profile
that is commonly observed by analyzing the CRC transcriptome.

4.3 Molecular Markers for Early Cancer Detection

While colonscopy is the most accurate procedure for CRC screening, it is
expensive, has poor patient compliance and can be associated with procedure-
related complications. In contrast, fecal occult blood testing (FOBT) is inex-
pensive but has low sensitivity and specificity. Instead, detection of the specif-
ic genomic changes due to DNA hypermethylation could be used for specific,
sensitive and noninvasive testing for early cancer detection, especially
because CIMP already shows development in early polyp lesions. Assays start
from genomic DNA extracted from stool or plasma samples and detect the
presence of methylated CpGs upon quantitative PCR amplification of the pro-
moter regions of specific genes. Among the genes considered so far are those
coding for Vimentin, Septin, AKAP12, TFPI2 or SPG20 [17, 19]. Of these,
stool-based methylated Vimentin detection is now an early detection, clinical-
ly validated test for colorectal cancer, commercially available in the U.S
(ColoSureTM) [20]. This assay is reported to have a sensitivity of 83% and a
specificity of 82%, with approximately equal sensitivity in patients with stage
I to III colorectal cancer [21]. 

4.4 Molecular Markers for Prognostic Assessment

A vast number of studies have addressed the possibility of exploiting the exis-
tence of common genetic and molecular features in CRC patients (presence of
MSI, CIN, CIMP, LOH at defined loci and existence of specific DNA muta-
tions) for prognostic purposes. The overall outcome of these studies is
schematically summarized in Table 4.I. 

4 Molecular Parameters for Prognostic and Predictive Assessment in Colorectal Cancer 45



46 M. Giacca et al. 

Ta
b

le
 4

.1
Sy

no
pt

ic
 v

ie
w

 o
f 

th
e 

m
os

t f
re

qu
en

t m
ol

ec
ul

ar
 a

nd
 g

en
et

ic
 a

lte
ra

tio
ns

 f
ou

nd
 in

 C
R

C
 a

nd
 th

ei
r 

us
e 

as
 p

ro
gn

os
tic

 o
r 

pr
ed

ic
tiv

e 
m

ar
ke

rs

M
ol

ec
ul

ar
 c

ha
ra

ct
er

is
tic

s
Pr

og
no

st
ic

 v
al

ue
Pr

ed
ic

tiv
e 

va
lu

e

G
en

et
ic

 a
nd

 e
pi

ge
ne

tic
 a

lte
ra

tio
ns

M
ut

at
io

n 
of

 M
M

R
 g

en
es

 (
M

SI
-H

 p
he

no
ty

pe
)

Fa
vo

ra
bl

e 
- 

st
ro

ng
 e

vi
de

nc
e

U
nf

av
or

ab
le

 f
or

 5
-F

U
; u

nc
er

ta
in

 f
or

 ir
in

ot
ec

an

C
IN

U
nf

av
or

ab
le

 -
 s

tr
on

g 
ev

id
en

ce

18
qL

O
H

 (
po

si
tiv

e 
co

rr
el

at
io

n 
w

ith
 C

IN
 

U
nf

av
or

ab
le

 -
 m

od
er

at
e 

ev
id

en
ce

Po
ss

ib
ly

 u
nf

av
or

ab
le

an
d 

ne
ga

tiv
e 

w
ith

 M
SI

)

C
IM

P 
(c

or
re

la
te

s 
w

ith
 p

re
se

nc
e 

of
 

U
nf

av
or

ab
le

 -
 v

al
ue

 a
s 

an
 in

de
pe

nd
en

t 
B

R
A

F 
an

d 
K

R
A

S 
m

ut
at

io
ns

)
m

ar
ke

r 
un

ce
rt

ai
n

M
ut

at
io

ns
 o

f 
sp

ec
if

ic
 g

en
es

M
ut

at
io

n 
of

 A
PC

M
ut

at
io

n 
of

 K
R

A
S

U
nf

av
or

ab
le

 in
 a

dv
an

ce
d 

di
se

as
e 

- 
St

ro
ng

 p
re

di
ct

or
 o

f 
in

ef
fi

ca
cy

 o
f 

an
ti-

E
G

FR
 th

er
ap

ie
s

cl
in

ic
al

 u
se

 u
nc

er
ta

in

M
ut

at
io

n 
of

 P
I3

C
A

U
nf

av
or

ab
le

 -
 c

lin
ic

al
 u

se
 u

nc
er

ta
in

M
ut

at
io

n 
of

 B
R

A
F

U
nf

av
or

ab
le

 -
 c

lin
ic

al
 u

se
 u

nc
er

ta
in

M
ut

at
io

n 
V

60
0E

 p
re

di
ct

s 
re

si
st

an
ce

 to
 a

nt
i-

E
G

FR
 th

er
ap

ie
s

M
ut

at
io

n 
of

 P
T

E
N

M
ut

at
io

n 
pr

ed
ic

ts
 r

es
is

ta
nc

e 
to

 a
nt

i-
E

G
FR

 th
er

ap
ie

s

A
m

pl
if

ic
at

io
n 

of
 E

G
FR

, C
D

K
8 

or
 c

-M
Y

C
C

lin
ic

al
 v

al
ue

 u
nc

er
ta

in

17
qL

O
H

 a
nd

/o
r 

p5
3 

m
ut

at
io

n
V

ar
ia

nt
 P

ro
72

 s
en

si
tiz

es
 c

el
ls

 to
 5

-F
U

; c
lin

ic
al

 
va

lu
e 

un
ce

rt
ai

n

L
ev

el
s 

of
 g

en
e 

ex
pr

es
si

on

O
nc

ot
yp

e 
D

X
 C

ol
on

 C
an

ce
r 

Te
st

 (
7 

ge
ne

s)
 

Pr
ed

ic
t r

is
k 

of
 r

ec
ur

re
nc

e
C

lin
ic

al
 v

al
ue

 u
nc

er
ta

in
an

d 
C

ol
oP

ri
nt

 (
8 

ge
ne

s)

m
iR

N
A

 e
xp

re
ss

io
n 

pa
tte

rn
R

es
ea

rc
h 

st
ag

e 
on

ly
Pr

og
no

st
ic

 s
ig

ni
fi

ca
nc

e 
un

ce
rt

ai
n

T
FA

P2
ε

L
ow

 e
xp

re
ss

io
n 

pr
ed

ic
tiv

e 
of

 u
nr

es
po

ns
iv

en
es

s 
to

 5
-F

U

E
G

FR
O

ve
re

xp
re

ss
io

n 
pr

ed
ic

tiv
e 

of
 u

nr
es

po
ns

iv
en

es
s 

to
 c

et
ux

im
ab

V
E

G
F-

A
, L

D
H

5
O

ve
re

xp
re

ss
io

n 
pr

ed
ic

tiv
e 

of
 p

oo
r 

re
sp

on
se

 to
 b

ev
ac

iz
um

ab
 

an
d 

va
ta

la
ni

b

(c
on

t.)
 ‚



4 Molecular Parameters for Prognostic and Predictive Assessment in Colorectal Cancer 47

G
en

et
ic

 p
ol

ym
or

ph
is

m
s

D
PD

, M
T

H
FR

Po
ly

m
or

ph
is

m
s 

pr
ed

ic
t s

en
si

tiv
ity

 to
 5

-F
U

G
ST

-P
1

Po
ly

m
or

ph
is

m
s 

pr
ed

ic
t s

en
si

tiv
ity

 to
 o

xa
lip

la
tin

U
G

T
1A

1
Pr

es
en

ce
 o

f 
U

G
T

1A
1*

28
 a

ss
oc

ia
te

d 
w

ith
 d

ru
g-

in
du

ce
d 

ne
ut

ro
pe

ni
a

T
hy

m
id

yl
at

e 
sy

nt
ha

se
 (

T
S)

Po
ly

m
or

ph
is

m
s 

in
 th

e 
no

n-
co

di
ng

 r
eg

io
ns

 a
ss

oc
ia

te
d 

w
ith

 
de

cr
ea

se
d 

re
sp

on
se

 to
 5

-F
U

E
R

C
C

-1
Po

ly
m

or
ph

is
m

s 
pr

ed
ic

t s
en

si
tiv

ity
 to

 o
xa

lip
la

tin

V
E

G
F-

A
Po

ly
m

or
ph

is
m

s 
in

 th
e 

pr
om

ot
er

 r
eg

io
n 

af
fe

ct
 le

ve
ls

 o
f 

ex
pr

es
si

on
 a

nd
 r

es
po

ns
e 

to
 b

ev
ac

iz
um

ab

In
fi

ltr
at

io
n 

by
 c

ir
cu

la
tin

g 
ce

lls

C
T

L
s 

(e
xt

en
t o

f 
C

T
L

 in
fi

ltr
at

io
n 

co
rr

el
at

es
 

C
T

L
 in

fi
ltr

at
io

n 
fa

vo
ra

bl
e 

- 
ne

ga
tiv

el
y 

w
ith

 M
SI

 s
ta

tu
s)

co
rr

el
at

ed
 w

ith
 ly

m
ph

 n
od

e 
m

et
as

ta
si

s

T-
re

gs
Pr

es
en

ce
 o

f 
T-

re
gs

 u
nf

av
or

ab
le

M
ye

lo
id

 c
el

ls
E

xt
en

t o
f 

tu
m

or
 in

fi
ltr

at
io

n 
ne

ga
tiv

e 
co

rr
el

at
es

 w
ith

 e
ff

ic
ac

y 
of

 a
nt

i-
an

gi
og

en
ic

 th
er

ap
y

O
th

er
 c

ha
ra

ct
er

is
tic

s

In
tr

at
um

or
al

 h
yp

ox
ia

Pr
ed

ic
ts

 r
es

is
ta

nc
e 

to
 5

-F
U

 a
nd

 o
xa

lip
la

tin

Im
m

at
ur

e 
an

d 
ab

er
ra

nt
 tu

m
or

 v
as

cu
la

tu
re

Pr
ed

ic
ts

 re
si

st
an

ce
 to

 c
he

m
ot

he
ra

py
 - 

D
iff

ic
ul

t t
o 

as
se

ss
 in

 v
iv

o



4.4.1 Prognostic Value of Genetic and Epigenetic
Tumor Characteristics

The most common, mutually exclusive, specific genetic features at the basis of
colon carcinogenesis are MSI and CIN. MSI has a frequency of 15% and is
defined by the presence of at least 30% unstable loci in a panel of 5-10 loci
consisting of mono- and dinucleotide tracts [22]. CIN on the other hand is
found in as many as 85% CRCs and is defined as the presence of numerical
chromosome changes and structural aberrations; it is typically assessed by
flow cytometry [23].

These two characteristics readily distinguish normal from transformed
colonic epithelium and are discriminant in the prognosis of CRC, since sever-
al clinical studies and their meta-analyses have extensively documented that
CIN-positive tumors carry a worse prognosis than MSI-positive ones [24, 25].
The hazard ratio for overall survival was estimated to be 0.65 for MSI CRCs
vs. 1.45 for CIN CRC [23]. Despite the association of MSI and CIN with prog-
nosis, however, these determinations have not yet entered routine testing for
clinical decision making [26, 27]. 

Another prognostic marker is the deletion of the long arm of chromosome 18
(18qLOH). CRC patients with 18qLOH have a worse prognosis compared with
patients with tumors without 18qLOH [26, 27]. There is a strict correlation of
18qLOH with CIN and an inverse correlation with MSI. As a consequence, it is
still unclear whether 18qLOH is a truly independent maker for prognostic
assessment or rather a surrogate marker for CIN/MSI assessment [23].

A third epigenetic instability marker, after CIN and MSI, is CIMP, com-
monly defined as the CpG methylation of at least three loci from a selected
panel of five CpG islands [23]. Retrospective studies have indicated that
CIMP is a negative marker for CRC progression and survival; however, its
prognostic value as an independent marker is uncertain at the moment, espe-
cially because patients with CIMP also carry BRAF or KRAS mutations [26]. 

4.4.2 Prognostic Value of Individual Genetic Mutations

Among the specific genetic mutations detected in CRC patients, those of the
genes coding for proteins involved in signal transduction from the receptor
tyrosine kinases and the EGFR in particular, have been extensively investigat-
ed. These include mutations in KRAS, BRAF and PIK3CA [28-30] (Fig. 4.1).
There is now limited evidence that the presence of mutations in KRAS codons
12 and 13 (which are validated predictive markers for treatment with EGFR
inhibitors; cf. below), PIK3CA and BRAF are prognostically unfavorable,
especially in advanced diseases; however, the clinical usefulness of these find-
ings is uncertain at the moment [23]. 
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4.4.3 Prognostic Value of Gene Expression Profiling

Over the last few years, a vast series of studies have assessed global expres-
sion profiles of CRCs by microarrays or, more modernly, by deep RNA
sequencing, or have analyzed the levels of expression of various subsets of
individual genes, with the ultimate purpose of establishing possible correla-
tions between gene expression and prognosis. 

In particular, two gene expression profiling diagnostic tests have been the
object of important clinical studies. Both tests determine the risk of recurrence
and relapse-free survival of colorectal cancers in stage II and III after surgical
resection. This area of interest appears to be of particular importance, since
better risk stratification is needed in a phase of disease when the risk of recur-
rence exists and the indications for chemotherapy are controversial. The
Oncotype DX® Colon Cancer Test has been commercially available since
January 2010, while the ColoPrint® assay was clinically and technically vali-
dated in 2012. 

The Oncotype DX® Colon Cancer Test, similar to the by now clinically
validated Oncotype DX® Breast Cancer Assay, uses fixed, paraffin-embedded
primary tumor tissues and analyses, using RT-PCR, seven cancer-related genes
selected from a panel of 761 genes recurring in CRCs. Of these seven genes,
three are involved in cell proliferation (MK167, MYBL2 and MYC), three are
associated with activated stroma (BGN, INHBA and FAP), and one is part of
the DNA damage response (GADD45B). Expression values for these seven
genes are normalized according to the levels of five reference genes, and the
values are then elaborated to provide an individualized recurrence risk score
[31, 32]. The ColoPrint® test, devised to follow the validated breast cancer
test MammaPrint®, is a microarray assay which analyses the levels of expres-
sion of 18 unique genes associated with prognostic significance for tumor
recurrence in patients who have undergone surgical resection for stage II or III
colorectal cancer. Patients are divided into high and low risk of recurrence.
ColoPrint® facilitates the identification of patients with stage II disease who
may be safely managed without use of chemotherapy [32, 33]. 

As far as the expression of specific subsets of genes is concerned, different
studies have aimed at identifying markers that could predict the metastatic
potential, especially since deaths caused by CRC can mostly be attributed to
visceral metastasis. One study identified PCSK7, which codes for the propro-
tein convertase subtilisin/kexin type 7, as the top upregulated gene in metasta-
tic tumors [34]. In contrast, the expression of several genes appears to be
deregulated in node involvement, including tumor suppressor genes (ST7,
BAP1), OAS1 and NTRK2, PRSS8 (encoding for the prostasin serine pro-
tease) and PSMA, which was also related to node metastasis in prostate can-
cer [34, 35]. The expression of FOXC2, instead, was reported to be directly
proportional to the aggressiveness of node metastasis in CRCs [36]. Finally,
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one study also analyzed the levels of expression of approximately 30 genes
involved in angiogenesis and lymphangiogenesis, and identified the levels of
Plexin-A1 and stromal cell-derived factor 1 (SDF-1) as predictors to discrim-
inate between tumor and paired normal mucosa, the former being overex-
pressed and the latter downregulated in tumors [37]. Collectively, these stud-
ies have provided important insights into the mechanisms of tumor develop-
ment and metastatic spread. For example, it is now clear that gene expression
in primitive tumors, visceral metastasis and lymph node metastasis is largely
dissimilar, indicating that the two metastatic processes are biologically differ-
ent and that the metastatic cells are affected by the microenvironment where
they become established [38]. However, the very high inter-patient, intra-study
and inter-study variability prevents the use of individual gene expression for
prognostic purposes at the moment. 

An essential level of gene regulation, the importance of which has been
increasingly appreciated over the last few years, is the control of mRNA lev-
els by the cellular microRNA (miRNA) network. MiRNAs as small (20-22 nt
long), noncoding RNAs, produced by processing the primary transcripts of
over 1,000 cellular genes. The miRNA network impacts on all aspects of mam-
malian biology, including cancer development and spread [39]. MiRNAs may
also represent a novel class of prognostic and possible predictive biomarkers,
especially because a few of them are released, and can be detected, in blood
and feces [40, 41]. Although several miRNAs have been reported to be differ-
entially expressed in specimens from CRC patients, very limited validation is
currently available. As a consequence, it is too early to draw conclusions as to
the extent to which some miRNAs might actually translate into specific bio-
markers useful in clinical practice.  

4.4.4 Prognostic Value of Immune Cell Infiltration

Human solid cancers are invariably infiltrated by various lymphoid cell popu-
lations. A direct relationship between the intratumoral presence of cytotoxic T
lymphocytes (CTLs) and CRC patient survival has been detected in several
analyses; interestingly, CTL infiltration appears to be more marked in MSI-H
tumors [42] and is inversely proportional to lymph node metastasis [26]. 

Another lymphoid cell population that has been widely investigated in
recent years are the CD4+ CD25+ T-regulatory (T-reg) cells. The presence of
infiltrating Forkhead Box P3-Positive (FOXP3) T-regs has been associated
with a worse prognosis in CRC patients, probably due to their function in sup-
pressing antitumor immunity. Different studies have indicate that T-regs are
markers of shorter patient survival and predictors of recurrence when associ-
ated with decreased levels of CD8+ CTLs [43-45]. 
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4.5 Molecular Markers Predicting Response to Therapy

Adjuvant and neoadjuvant chemotherapy using 5-FluoroUracil (5-FU)-based
regimens is often indicated for patients with stage II or stage III disease
(www.asco.gov; www.cancer.gov). Clinical and biochemical parameters, such
as perforation, obstruction, local and lymph node invasion, or circulating lev-
els of carcinoembryonic antigen (CEA) have clear prognostic value, but they
do not predict which patients are likely to benefit from chemotherapy [10]. In
particular, approximately 25 to 30% of newly diagnosed CRC cases have
node-negative (stage II) disease; with surgery alone, the overall survival at 5
years of these patients is about 80% [46]. Adjuvant chemotherapy offers most
of these phase II patients a minimal incremental benefit, with improvement in
survival being less than 5% [32]. Thus, defining the genetic or molecular char-
acteristics of the subset of patients with high-risk stage II disease who benefit
from adjuvant regimens appears particularly important. The most important
results of the studies so far conducted are summarized in Table 4.1 and report-
ed below. 

4.5.1 Predictive Value of Genetic and Epigenetic 
Tumor Characteristics

Both prospective [47-49] and retrospective [50, 51] studies performed in stage
II CRC patients have suggested that MSI-H is a negative predictor of 5-FU
response. Furthermore, there is also evidence that 5-FU-based therapies might
even be detrimental for some MSI-H stage II individuals [47]. Therefore,
although neither ASCO nor the European Group on Tumor Markers currently
recommends MSI testing to guide treatment selection, it might reasonably be
expected that such a recommendation will be included in the guidelines in the
near future. Fortunately, however, the presence of MSI-H itself has a good
prognostic value for stage II patients, such as not to justify the administration
of adjuvant chemotherapy. In terms of the specific response to Irinotecan, on
the other hand, there is still controversy on the role of MSI-H determination
[52-54].

As far as 18qLOH is concerned, this marker appears to be a powerful pre-
dictor of patients with adverse response to 5-FU-based therapy [55]. The
observation that reduced levels of SMAD4, a gene located within the 18q
region, are associated with a worse response to 5-FU is consistent with this
conclusion [56].

4.5.2 Predictive Value of Specific Genetic Variations

As already discussed above, the EGFR pathway is often constitutively activat-
ed in advanced CRC, often correlating with more aggressive tumor pheno-
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types, and is thus a well-conceived target for anti-cancer therapies. To date,
two monoclonal antibodies (cetuximab – Erbitux®– and panitumumab –
Vectibix®–) have been approved for use in combinatorial regimens (Fig. 4.1)
[57, 58]. Their effectiveness, however, seems clear in only a small subset of
stage IV CRC patients [59]. Some evidence has suggested that EGFR gene
copy number might correlate with improved response to both monoclonal anti-
bodies [60], but major technical issues hamper the clinical application of this
determination.

In patients resistant to cetuximab and panitumumab, point mutations in
EGFR are uncommon, unlike the situation with other types of cancers. In con-
trast, mutations in KRAS account for approximately 50-60% of these resist-
ances [26]. Genetic testing for KRAS is now currently required by both the
FDA and the European Medicines Agency (EMEA) to select CRC patients who
would benefit from anti-EGFR therapies, and clearly stands as one the bright-
est examples of the potential usefulness of a biomarker to predict drug respon-
siveness [61]. In spite of the clear predictive value of KRAS mutations, how-
ever, no more than 50% of wild-type KRAS patients objectively respond to
anti-EGFR therapies, possibly as a consequence of alterations in other mem-
bers of the EGFR pathway [61]. 

Like KRAS, BRAF is a protein kinase frequently mutated in many cancer
types. The vast majority of BRAF mutations occur at a single hotspot at posi-
tion 1799, resulting in a Valine to Glutamic acid substitution (commonly
referred to as V600E) [62]; as a consequence, the BRAF mutation is an ideal
biomarker for routine clinical use. Both retrospective and prospective studies
have in fact confirmed an association between V600E and poor response to
anti-EGFR therapies [63-65]. BRAF genotyping has recently been included in
the major guidelines for the selection of patients scheduled to undergo anti-
EGFR therapies.

Preclinical evidence suggests that PTEN deficiency also determines resist-
ance to anti-EGFR drugs [66, 67]. Analysis of PTEN status by tissue immuno-
histochemistry has indeed indicated that almost half of CRCs have impaired
PTEN expression [68, 69]. Interestingly, however, only PTEN status at the
level of metastasis appeared to correlate with efficacy of cetuximab treatment. 

Finally, although not unequivocally, there is evidence that response to 5-
FU is associated to retention of wild-type p53 status, at least for stage III
patients [70]. In the p53 protein, a common polymorphism at codon 72 distin-
guishes two protein variants (Arg72 or Pro72), which have different biochem-
ical properties [71]. The presence of the Pro72 variant might contribute to sen-
sitize tumor cells to 5-FU [72]. Despite decades of work assessing the predom-
inant role of p53 in tumor biology, however, the establishment of this protein
as a biomarker is seriously hampered by major technical issues that can be
overcome only with systematic gene sequencing, an approach still far from
clinical routine. 
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4.5.3 Predictive Value of Gene Expression Profiling

Over the last few years, several small studies have profiled gene expression in
CRC surgical specimens to identify possible gene combinations that might
have prognostic or predictive value [37, 73-77]. Overall, these studies have led
to inconclusive results, possibly due their relatively small scale, except for the
fact that they indicate that there is very wide patient-to-patient variation in the
levels of expression of most of the analysed genes, which essentially prevents
the identification of potentially universal predictive markers. Unlike the com-
mercially available OncoType DX® Breast Cancer, or the MammaPrint®
assays, which provide both prognostic and predictive information for women
with breast cancer, the above-described OncoType DX® Colon Cancer and
ColoPrint® tests for gene expression profiling in CRC provide prognostic
information, but their capacity to predict response to therapy appears highly
uncertain at the moment [32].

As far as the analysis of individual genes is concerned, a particularly prom-
ising   observation was that low expression of SMAD4 (a gene located in the
long arm of chromosome 18) was associated with poor responsiveness to 5-
FU-based adjuvant chemotherapy [55], especially since this observation was
in line with previous data linking drug efficacy to 18qLOH [78]. However,
neither low expression of SMAD4 nor 18qLOH has been consistently con-
firmed in subsequent studies. Enthusiasm for gene expression as a predictive
biomarker has very recently been revitalized by a study showing that the low
expression of Transcription Factor AP-2 epsilon (TFAP2ε), possibly conse-
quent to promoter hypermethylation, was predictive of unresponsiveness to 5-
FU [79]. 

Interestingly, analysis of gene expression appears rather to have an
exploitable value to predict the effectiveness of a series of new generation
drugs, essentially EGFR and VEGF inhibitors. As already discussed, respon-
siveness to anti-EGFR monoclonal antibodies (i.e., cetuximab) is well predict-
ed by mutations in effector genes in the EGF pathway, mainly KRAS and
BRAF. As a general rule, mutations that activate these genes curtail the effect
of EGFR inhibitors [27]. However, there is a subset of tumors that are not sen-
sitive to EGFR therapies despite the apparent lack of mutations of KRAS or
BRAF. A few studies have indicated that, in these cases, resistance might be
the consequence of overexpression of EGFR or EGFR ligands [80, 81].
Similarly, high expression of VEGF-A or LDH5 (lactate de-hydrogenase)
might account for the poor response to the angiogenesis inhibitors bevacizum-
ab and vatalanib, respectively [82, 83]. The clinical usefulness of these obser-
vations remains undefined at the moment. 
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4.5.4 Genetic Polymorphisms Affecting Drug Efficacy

The vast majority of chemotherapy regimens are designed as 5-FU-based ther-
apies, hence its associated toxicity is a relevant matter in clinical management.
Nearly the entire 5-FU content in the organism is catabolized by the enzyme
dehydro-pyrimidine dehydrogenase (DPD). Expression of this enzyme varies
significantly within the population, with a small fraction (less than 5%) being
partially or totally deficient [84]. Since impairment of DPD function can lead
to life-threatening 5-FU toxicity [85], it appears important to determine DPD
status. Clinical application of this concept, however, is rendered difficult by
the fact that about 30 different SNPs have been associated to DPD deficiency.

The role of methylene-tetrahydrofolate reductase (MTHFR) in indirectly
increasing sensitivity to 5-FU is on the other hand less clear [27]. In this case,
two common polymorphisms that affect MTHFR activity (C677T and
A1298C) have been shown to increase responsiveness to 5-FU [86]. Despite
the obvious interest in predicting 5-FU toxicity, none of these findings has so
far been translated into the clinic.

Oxaliplatin, like other platinum derivatives, undergoes hepatic detoxifica-
tion, through various enzymes mainly belonging to the glutathione-S-trans-
ferase (GST) family. Among these isoenzymes, GST-P1 is the most prominent
in oxaliplatin catabolism. Two well-characterized polymorphisms in the cod-
ing region of the protein have been shown to significantly decrease GST-P1
activity [87]. These substitutions, which occur in approximately 15% of the
entire population, severely impair drug metabolism [88], eventually resulting
in oxaliplatin-induced neuropathy. Toxicity, however, appears to have impor-
tance only at high drug dosage [89]. 

The active metabolite of irinotecan, SN-38, is mainly detoxified by UDP-
glucuronosyl-transferase-1-A1 (UGT1A1). Several studies have reported an
association between a particular polymorphism (UGT1A1*28) and drug-
induced neutropenia, due to reduced enzyme activity resulting in insufficient
drug clearance [90]. In 2005, the American Food and Drug Administration
(FDA) approved a commercial test for UGT1A1, to assist in the correct choice
of irinotecan dosage [23]; the practical usefulness of this test, however, is lim-
ited by the fact that the irinotecan doses administered in combination regimens
(such as standard FOLFIRI) have negligible toxicity.

Besides drug metabolism, another set of genetic polymorphisms affect the
levels of expression or the function of the factors targeted by the drugs. The
main target of the 5-FU active metabolite (5-FdUMP) is the enzyme thymidy-
late synthase (TS). A few polymorphisms located in the promoter region or in
the 3’ untranslated portion of the mRNA are known to modify the levels of
expression of the TS gene and have been variously associated to increased or
decreased response to 5-FU [91]. Multiple clinical trials are currently ongoing
to further define the clinical usefulness of these findings.

Oxaliplatin mainly exerts its activity through the formation of DNA
adducts, that eventually impede DNA replication but are tentatively repaired
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by the cellular DNA repair proteins. Expression of one of these proteins,
ERCC-1, was suggested to be predictive of drug response [92, 93], a possibil-
ity that is now being explored by an ongoing clinical trial (OPTIMOX2) [94]. 

Finally, bevacizumab is a monoclonal antibody that specifically targets the
Vascular Endothelial Growth Factor (VEGF), approved for the combinatorial
treatment of advanced, refractory CRC, in which it has so far shown a modest
and rather disappointing performance [49]. A polymorphism in the promoter
region of VEGF (C to T change at position -1498) appears to modulate host
VEGF levels, with the C/C allelic combination significantly correlating with
amelioration of the clinical outcome when bevacizumab is administered along
with standard FOLFIRI regimen [95].

Collectively, these findings unveil the importance of SNP determination as
an important tool to predict response to therapy. It is still early days, but it can
easily be predicted that, like other malignancies, SNP genotyping will become
an integral part of the clinical management of CRC patients in the near future. 

4.5.5 The Tumor Microenvironment and its Predictive Potential

Formation of an abnormal vasculature and presence of white blood cells are
two features that invariably accompany the development of many types of
solid cancers. In particular, tumors are invariably infiltrated by a set of mono-
cytic cells of myeloid origin, among them the tumor-associated macrophages,
TAMs, which exert a pro-angiogenic function, or the myeloid-derived suppres-
sor cells (MDSCs), which suppress the host immune response [96]. In mouse
pre-clinical models, the extent of this myeloid cell infiltration correlates with
poor responsiveness to anti-VEGF treatment [97]. In keeping with the poor
clinical success of bevacizumab, colorectal tumors are known to abundantly
mobilize these cells through the secretion of GM-CSF [98]. Thus, the extent of
myeloid cell infiltration, or the circulating levels of GM-CSF, or those of other
angiogenic factors that might overcome VEGF inhibition, are currently being
assessed as possible markers to guide patient selection for anti-VEGF treat-
ments.

Another common characteristics of solid tumors, particularly including
CRC, is the presence of intratumoral hypoxia. Chronic low oxygen tensions
activate a variegated molecular program, crucially orchestrated by the hypox-
ia-inducible factor 1alpha (HIF-1α), which eventually leads to chemoresis-
tance, radioresistance, angiogenesis and invasiveness of malignant cells. The
first evidence that hypoxic conditioning desensitizes tumor cells to 5-FU was
produced more than two decades ago [99], and there is now ample pre-clinical
evidence that hypoxia predicts both 5-FU and oxaliplatin chemoresistance.
The actual translation of these findings to the clinic is however more problem-
atic, especially because of significant inconsistencies among the different
methodologies used to quantify hypoxia in tissues. 

The establishment of a chronic tumor-associated hypoxic state is directly
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linked to the status of the tumor vasculature, which is characterized by a poor
association with perivascular mural cells (smooth muscle cells or pericytes),
increased ramification and stagnant blood flow [100]. Such an inefficient and
leaky vasculature represents a major obstacle to drug penetration, and its “nor-
malization” therefore is now regarded as an important strategy to increase drug
responsiveness. This is of particular relevance in the case of CRC, where beva-
cizumab has been demonstrated to induce vessel normalization in some set-
tings, possibly expressing its effectiveness only in combinatorial regimens
[101]. In this respect, however, the quantitative determination of vessel nor-
malization appears difficult, as all the proposed techniques (MRI, PET, ultra-
sound, CT, immunostaining) still suffer from significant limitations [101].

4.6 Peculiarity of Rectal Cancer

In clinical practice, locally advanced rectal cancer is commonly considered
biologically very similar to CRC, as it has a comparable molecular evolution
and often carries overlapping molecular alterations [23]. However, there is no
demonstration that the events leading to cancer development are superimpos-
able in every colorectal region. In addition, pathological and molecular evi-
dence demonstrating how colon and rectal cancers carry different characteris-
tics is increasing. 

A large randomized trial has recently started to validate the most important
CRC molecular markers specifically in rectal cancer (www.clinicaltrials.gov;
ID:NCT00835055). So far, the available evidence indicates that both MSI and
BRAF mutations are significantly more frequent in colon cancer, but only if
we compare the right-sided ones to rectal neoplasms [102-104]. While CIMP+
status can reach 40% in proximal colon tumors, approximately only 10% dis-
tal colorectal cancers are CIMP+ [102, 103, 105]. On the other hand, there is
controversy concerning the presence of KRAS mutations [102-104]. The fre-
quency of p53 mutations is higher in rectal and left colon cancer (40-60%)
than in proximal CRC (25-40%), and has independent prognostic value; the
types of mutations, however, appear superimposable [106, 107].

A number of studies have also analyzed the expression profiles of cancers
from the distal and proximal parts of the colon, and from the rectum. These
studies have reinforced the recognition that colon cancer and rectal cancer can
develop through different oncogenic events, especially comparing right-sided
CRCs to left-sided and rectal CRCs. Over 60 genes have been found, the
expression of which is different between left- and right-sided CRCs [108,
109]. Whether some of the genes specifically expressed in rectal cancer might
used as prognostic or predictive markers in the future, is a matter that must
await further investigation.
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5.1 Introduction

The last two decades have witnessed the integration of a multimodality
approach to locally advanced (≥ cT3 any N or any T N+) rectal cancers. 

Improvements in preoperative staging with endorectal ultrasound and
magnetic resonance imaging, the use of more accurate surgical techniques
(total mesorectal excision) (TME), the wide use of preoperative or postopera-
tive chemoradiation (CRT) have optimized local treatment and led to local
failure rates of less than 10%. 

The optimal sequence of surgery and chemoradiation has been addressed
in several randomized trials, and preoperative modality has been shown to be
superior to postoperative treatment. 

The major advantages of preoperative treatment are: 1) tumor down-stag-
ing, with increased resectability, higher probability of obtaining tumor-free
circumferential resection margins (CRM) and, in some cases, sphincter
preservation; 2) reduced incidence of acute and chronic toxicity; 3) improved
systemic control on micrometastases.

Table 5.1 shows a selection of published and ongoing “paradigm chang-
ing” trials in the treatment of rectal cancer. 

In 1997 the Swedish Rectal Cancer Trial produced evidence that preopera-
tive short-course radiotherapy (RT) (25 Gy in 5 daily/fractions, followed by sur-
gery after 1-week rest) reduces the risk of local recurrence (11% vs. 27% with
surgery alone). Unfortunately the improvement in median overall survival (OS)
observed in this study has not been confirmed in subsequent trials [1, 2].
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The introduction in clinical practice of standard TME in 2001 reduced the
risk of local relapse. The benefits of TME are increased by the preoperative
use of short-course radiotherapy (RT): local relapse rates are 8.2% with TME
alone vs. 2.4% with TME +RT, (p <0.001). These results emphasize the impor-
tance of obtaining negative CRM and the effect of preoperative treatments on
T4 tumor down-staging, enhancing surgeon performance [3].

Along the same lines, fluoropyrimidine-based chemotherapy in addition to
preoperative or postoperative long-course RT (45-50.4 Gy administered over
5-6 weeks, followed by surgery after a period of 6-8 weeks rest) was explored
in two large randomized trials: the “German study” and the NSABP-R03.

The German study (CAO/ARO/AIO-94 ) shows, with an accrual of 799
eligible patients, that the preoperative approach is superior to the postopera-
tive one in terms of: 1) local control (6% vs. 13%, p=0.006); 2) acute toxic
effects (27 vs. 40% , p=0.001), 3) chronic toxic effects (14 vs. 24%, p=0.012).
Sphincter preservation, in patients judged by the surgeon to require an
abdominoperineal approach, is also improved with preoperative CRT (39 vs.
19%, p=0.005) [4]. At the ASCO meeting last year the 10-year follow-up data
were presented (Table 5.1), and confirmed that local control is better with the
preoperative approach. Unfortunately, this result did not translate into an OS
advantage [5].

The NSABP R-03 trial was closed prematurely because of poor patient
accrual, but the results have been recently reported for 254 (of 900 scheduled)
patients after a median follow-up of 8.4 years. The 5-year disease-free sur-
vival (DFS) in this trial was significantly improved for patients treated with
preoperative rather than postoperative therapy (65% vs. 53% p=0.011). The
increase in 5-year OS, although not statistically significant, was 75% vs. 66%
for patients treated pre- and postoperatively, respectively (p=0.065). Both
regimens were effective in terms of reduction of local recurrence (10.7 % in
both arms) [6]. 

An important issue, regarding the optimal schedule of RT and the interval
between the end of treatment and surgery, is under investigation by the
Stockholm III study. In this trial patients with resectable rectal cancers were
randomized to receive neoadjuvant short-course RT, followed by immediate or
delayed (4-8 weeks later) surgery, vs. neoadjuvant long-course RT followed
by surgery, 4-8 weeks later. The interim analysis, published in 2010, showed
similar results for the three arms in terms of feasibility, acute toxicity and
perioperative complications. Delayed surgery increases the down-staging
effect in both short- and long-course RT [7]. These data are particularly inter-
esting for their future implications in some clinical conditions e.g., elderly
patients with operable locally advanced rectal tumors, unable to tolerate long-
course treatment. 

In addition, two large, randomized trials published in recent years (not
reported in Table 5.1) explored whether CRT is more convenient than RT alone
in the preoperative setting and the role of postoperative chemotherapy (4
cycles) in patients with T3-T4 or N+ rectal cancer.
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The European Organization for Research and Treatment of Cancer 22921 is
a four arm trial comparing preoperative RT (45Gy) with or without bolus flu-
orouracil/leucovorin, followed by surgery, with or without 4 cycles of adjuvant
chemotherapy. A significant decrease in local recurrence was observed in the
three chemotherapy groups: 8.8%, 9.6%, 8.0% with either preoperative CRT,
postoperative CT or both, respectively, compared with 17.1% with RT alone.

The addition of chemotherapy did not affect the 5-year OS at a median fol-
low-up of 5.4 years (65.6% vs. 64.8% p=0.79) for CRT vs. RT alone, and 67%
vs. 63% for adjuvant CT vs. no adjuvant treatment [8].

The second trial was conducted by the Féderation Francophone de
Cancérologie Digestive (FFCD) 9203, comparing preoperative RT (45Gy)
with or without bolus fluorouracil/leucovorin. All patients received four cycles
of chemotherapy with the same regimen in the postoperative setting. In this
trial the rate of pathological complete responses (pCR) (11.4% vs. 3.6%
p=0.0001), and the lower percentage of local recurrences (8.1% vs. 16.5%,
p=0.004) are in favor of preoperative CRT. No differences in 5-yr OS were
observed between arms [9].

Given all these data, fluoropyrimidine-based (bolus or continuous infusion)
preoperative CRT followed by four cycles of adjuvant fluorouracil-based
chemotherapy is the preferred treatment for patients with locally advanced
rectal cancer. A total of approximately six months of perioperative treatment is
preferred. 

The oral fluorouracil pro-drug Capecitabine is nowadays largely accepted
as a substitute for fluorouracil in the neoadjuvant setting due to its advanta-
geous safety profile, improved nodal down-staging and favorable survival
data [10]. 

Postoperative treatment for a total of 6 months combining chemo (fluo-
rouracil-based) and radiotherapy should always be given in the case of up-
front surgery in patients with:1) involved CRM; 2) perforation in the tumor
area; and 3) pT ≥3 and/ or pN+ tumors. 

The interval between surgery and the start of adjuvant chemotherapy is
very important. A recent meta-analysis of 10 studies involving more than
15,000 patients with colorectal cancer showed that each 4-week delay results
in a 14% decrease in OS, indicating that chemotherapy should be started as
soon as the patient is medically able to tolerate it [11]. 

5.2 Integrating New Drugs in Combined Modality of Neo-
adjuvant and Adjuvant Treatment of Rectal Cancer

5.2.1 Chemotherapy

The positive correlation between pathologic stage and disease free-survival
after neoadjuvant CRT, and the knowledge that development of distant metas-
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tases is the predominant mode of failure in rectal cancer (30 to 35%), justify
the attempt to use more active agents in combination with RT, in order to
increase the percentage of response rates, prolong DFS and, possibly, OS.

A combination of newer chemotherapy drugs, such as oral fluropyrim-
idines, oxaliplatin and irinotecan, has been incorporated in phase I and II tri-
als. Most of these studies result in higher pCR rates at the cost of higher, but
manageable, toxicity. 

Table 5.2 reports the published phase III studies exploring the effect of oral
fluoropyrimidines and oxaliplatin in the neo-adjuvant setting. So far no data
are available on DFS and OS, but pathologic complete responses are not sta-
tistically different between experimental and control arm in both trials, where-
as the co-administration of fluoropyrimidine and oxaliplatin results in
increased acute grade 3-4 toxicity [12, 13]. Aschele and co-authors conclude
that “these data argue against the use of oxaliplatin/fluorouracil/RT as a plat-
form for the incorporation of biologic agents in the treatment of this disease in
order to ameliorate the results of pre-operative CRT”. 

Table 5.3 lists the ongoing phase III trials exploring different doses of RT,
different schedules of fluoropyrimidine ( oral, prolonged i.v. or bolus) and less
or more intensive adjuvant treatments (fluroropyrimidine ±oxaliplatin ± bio-
logic agents). The results of these studies could mean an improvement over the
next few years of the optimal combined treatment for locally advanced rectal
cancer.

5.2.2 Biological Agents

According to results obtained in the treatment of advanced colorectal cancers,
both Avastin (an anti-vascular endothelial growth-factor) and Erbitux (an
inhibitor of the epidermal growth factor receptor) have been employed in com-
bination with CRT in phase I and II studies. Despite positive preclinical data
the results obtained with Erbitux have been disappointing, in phase II studies,
in terms of low pCR rates [14-16]. 

The data observed with Avastin are more intriguing: higher pCR rates with
Avastin, fluorouracil and RT, but a word of caution is mandatory for the toxi-
city pattern (radiation induced enteritis, perforations) and surgical complica-
tions (wound healing, fistula, bleeding) [17].

For these reasons there is no indication for their use in clinical practice. 
The real challenge, for the near future, is patient selection according to

molecular markers (EGFR gene copy number, mutational status of K-RAS, B-
RAF, etc). The possibility of identifying patients with responsive tumors at the
time of diagnosis should lead to a selective, personalized approach, avoiding
toxicity and, in selected cases, more radical surgery. 
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5.3 Palliative Therapy (Stage IV at Diagnosis)

Approximately 20% of patients with rectal cancer have metastases at diagno-
sis. The approach to these patients is always multidisciplinary and is guided
by: 1) tumor burden, local and at distance; 2) presence of rectal symptoms
(bleeding, obstruction, pain); 3) age and comorbidities; 4) molecular determi-
nants (K-RAS and B-RAF mutational status). Figure 5.1 outlines possible sce-
narios and offers some indications for this subset of patients. 
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Fig. 5.1 Doublets: FOLFIRI, FOLFOX, XELOX; triplets: FOLFOXIRI; BSC, best supportive
care; T, primary tumor; M, metastases
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6.1 Introduction

Perioperative management in patients who are to undergo a surgical operation
is extremely important to achieve the optimum outcome of surgery. 

The effective reduction of postoperative mortality and postoperative mor-
bidity for all age classes is connected to improvements in surgical and anes-
thesiology techniques as well as in advanced perioperative management (Fast-
Track) [1].

Perioperative activity can be broken down into procedures carried out:
- before the operation (intestinal preparation, pre-operative nutrition, antibi-

otic prophylaxis, antithrombotic prophylaxis, bladder catheter);
- during the operation (insertion of nasogastric probe (NGP), fluid therapy,

abdominal drainage);
- after the operation (early oral feeding, NRS pain control (Numeric Pain

Intensity Scale), early mobilization).
Improvements in perioperative activity have meant a reduction of hospital-

ization and with it an improvement in the outcome of the patient, guaranteeing
a lower degree of operative and preoperative stress, excellent pain control, and
a reduction in organ dysfunction, as well as a saving of hospital resources [2].

In this connection, a single “Fast Track” surgery programme called ERAS
(Enhanced Recovery After Surgery) has recently been drawn up, combining
several protocols for patients undergoing colorectal surgery [3]. The protocol
envisages: no intestinal preparation or pre-medication, the use of epidural



anesthesia for perioperative analgesia, carbohydrate-rich liquids up to 2-3
hours prior to the operation, postoperative oxygen therapy, restriction of the
infusion of fluids in the immediate postoperative period (6 ml/kg/h), non-rou-
tine use of NGP and abdominal drainage, early feeding and mobilization, res-
piratory physiotherapy [4, 5].

All this is designed to reduce complications (medical and surgical), bring
forward oral food consumption, reduce the duration of ileus and early motor
restoration, and as a consequence, reduce hospital stay and costs.

6.2 Intestinal Preparation

The classical approach to a colorectal operation envisages cleaning the intes-
tine as completely as possible by using Mechanical Bowel Preparation (MBP).
The total removal of the contents of the intestine, which is full of bacteria, is
achieved by eliminating the feces.

One of the purposes of this manoeuvre is to reduce the possible complica-
tions involving infection (anastomotic leakage, peritonitis, septic shock, wall
abscess, evisceration) [6].

Other theoretical advantages are: reducing contamination of the abdominal
cavity and wall in the event of voluntary or accidental opening of the digestive
tract; allowing easy manipulation of the emptied small intestine or colon;
avoiding distension of a colic or colorectal anastomosis with passage of
formed stool; allowing a quicker restoration of transit, because an empty colon
contracts better than a colon and rectum full of feces; and limiting contamina-
tion in the event of leakage [7].

The patient is therefore informed about the procedure of the mechanical
preparation (MBP), which is often difficult to perform because of concomitant
collateral effects (nausea, vomit and dehydration), about the need for the help
of health professionals or family members, and about the fact that it is not
always possible to complete the procedure [6].

The MBP consists of taking: osmotic laxatives (Polyethylene Glycol, sodi-
um dihydregen phosphate), which are the most used; saline laxatives (Sodium
phosphate bisacodyl); stimulating laxatives; and anthracene purgatives
(Sennoside B); mannitol and lactated Ringer’s solution are also used (some
protocols may require a combined approach). 

Most of the studies performed in the last few decades suggest polyethylene
glycol (PEG), 4 litres, as the best classic preparation for flushing the colon,
both as regards cleaning and in terms of infective complications [7]. However,
it has been observed that this kind of preparation may cause greater distension
of the ileal loops, making it more difficult to see the colon-rectum during
laparoscopy.

Recent studies have demonstrated that patients not subjected to mechanical
preparation have a faster resumption of intestinal functions than those under-
going MBP; however, mechanical preparation is considered necessary in
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selected cases requiring intraoperative colonoscopy [3].
MBP does not reduce any complications due to colic surgery; it may even

be the cause of inflammation of the mucosa, with a consequent progressive
lesion and increase in mucus production, with resulting dysfunction of the
intestinal wall [6].

A recent trial, GRECCAR III, carried out by a French multi-centre group
(Bretagnol F, Panis Y et al.), compared 178 patients subjected to rectal resec-
tion: 89 prepared with the use of oral laxatives and enemas and 89 without any
MBP. This study highlighted that the patients with MBP had a significantly
lower rate of infection than those without preparation (27% vs. 44%, 
p=0.018). The differences in terms of anastomotic leakage, greater morbidity,
postoperative hospitalization or mortality between the groups were not signif-
icant. The group therefore concluded by recommending mechanical prepara-
tion for rectal surgery [8]. 

A review by Cochrane in 2011 analysed 18 different trials, for a total of
5,805 patients put forward for elective colorectal surgery, divided into 2,906
subjected to MBP and 2,899 with no preparation. 

This study revealed no statistically significant advantage between pre-
pared patients and non-prepared patients in terms of morbidity, infections,
anastomotic leakage and mortality [9].

It also confirmed that mechanical preparation is essential in patients requir-
ing intraoperative colonoscopy, or to localise very small lesions in doubtful
places [9, 10]. 

In our personal experience, all patients elected for rectal surgery are pre-
scribed a low-residue diet for 7 days before the operation, along with probi-
otics and two low-pressure enemas performed the afternoon and the evening
before surgery. 

6.3 Anesthesia

Peri- and post-operative anesthesia and analgesia are essential for the early
recovery of a patient undergoing an anterior resection of the rectum for cancer.

6.3.1 Pre-anesthetic Medication

Negative consequences deriving from the long-lasting effect of the premedica-
tion drugs used (opioids, sedatives with a long biological half-life, hypnotics)
can hinder the recovery of the patient and prolong hospitalization. In this con-
nection, the new anesthetic protocols do not envisage pre-anesthesia, but only
an association between general and epidural anesthesia (there is no evidence
that intraoperative epidural catheter analgesia can improve postoperative
recovery, but its use has been observed to reduce the dosage of anesthetic used
in general anesthesia). This eliminates the need to administer medicine like
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benzodiazepine, hitherto regarded as essential to sedate the patient before sur-
gery .

Short duration anesthesia by inhalation was shown to be an excellent alter-
native for reducing the use of intravenous anesthesia and ensure a better post-
operative course [3].

6.3.2 Managing Infusion Therapy in the Perioperative Period

In recent years the intravenous infusion of volumes of liquid greater than those
effectively lost during the perioperative period has become standard practice.

The management of liquids in the perioperative period is still a controver-
sial matter.

Traditional perioperative intravenous fluid regimens in abdominal surgery
can lead to patients receiving 3.5 to 7 l of fluid on the day of surgery and more
than 3 l/d for the following 3 to 4 days.

These rates can delay the return of normal gastrointestinal functioning,
jeopardize healing of wounds or colorectal anastomosis, alter the effect of tis-
sue oxygenation, or change heart and kidney function due to liquids leaking
from vessels, with a consequent extension of the hospital stay. Some random-
ized controlled studies have demonstrated a reduction of morbidity and hospi-
talization in patients undergoing major surgery when the liquid infusion was
set to achieve the optimum volume on the basis of a trans-esophageal echocar-
diogram (goal-directed fluid therapy) performed before or during the surgical
operation.

Therefore, the best way to limit intravenous administration of liquids in the
postoperative period is to stop intravenous infusions, with an early return to
oral fluids, if possible as early as the first day after the operation [3].

6.3.3 Postoperative Analgesia

Good pain control after anterior resection of the rectum allows early mobiliza-
tion of the patient.

Current pain treatment regimens consist of a combination of opioids or
non-steroid inflammatory medication administered via epidural catheter.
Furthermore, in the last ten years administration of local anesthetic in the
wound has contributed to good pain control. In an elective anterior resection
operation of the rectum, the epidural catheter is inserted into the thorax
between T9-10, in the operating theatre and with the patient awake to avoid
neurological complications. It is kept in place for 48-72 hours and permits a
continual infusion of pain killers (local anesthetics). Studies have demonstrat-
ed that its use is correlated to a lower complication rate for the respiratory sys-
tem and a quicker recovery of intestinal transit.

In the postoperative period, the use of opioids should be restricted due to
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their significant collateral effects, including nausea, vomiting and slowing of
intestinal transit. Supportive therapies (e.g. antiemetics) to relieve the side
effects of these drugs are in fact often required.

The use of non-steroid anti-inflammatory medication, or paracetamol,
which has been seen to be effective in pain control, should be preferred [3].
However, a recent study published in the British Journal of Clinical
Pharmacology highlights the hidden risks of using this pain killer. The team,
made up of experts from the University of Edinburgh and the Scottish unit for
liver transplants in Edinburgh, United Kingdom, stated that taking more parac-
etamol than necessary in the event of pain can cause an overdose. The conclu-
sions of the team are based on an analysis of the data from 663 patients who
had been hospitalized at the Royal Infirmary of Edinburgh between 1992 and
2008 with liver damage caused by paracetamol; 161 had taken an overdose.
This means that almost one in four patients hospitalized with liver failure
caused by paracetamol had accidentally taken an overdose of the medicine.
This medication should therefore be used with great care, avoiding useless or
even damaging overdoses [11].

The body’s response to pain consists of the sum of the changes to the
endocrine and metabolic system which can cause a slowing of the patient’s
recovery; if we add an anxiety-inducing element to this, the clinical picture
will be rendered more complex, with a consequent further delay in the dis-
charge of the patient . 

6.4 Antithrombotic Prophylaxis

In abdominal surgery, the greatest risk of distal venous thrombosis assessed by
paraclinical examination varies between 20 and 40%, and that of proximal
venous thrombosis between 3 and 8%. The incidence of pulmonary embolism
is 1.5-4% and in between 0.4 and 1% of cases it can lead to death.

In oncological surgery, the global risk of thrombotic events assessed
through diagnostic exams is 30%, reaching 35% in colorectal surgery and 45%
in cancer surgery of the small pelvis [7].

The thrombotic risk factors typical of these patients are: 
• immobility, confinement to bed and paralysis of limbs;
• neoplasia and treatment of neoplasia (hormonal, chemotherapy, radiothera-

py);
• previous thromboembolic events;
• age above 40;
• oral contraception with estrogens or hormone replacement therapy;
• heart and lung failure;
• inflammatory diseases of the intestine;
• myeloproliferative syndrome;
• obesity (BMI > 30);
• smoking;
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• CVC (central venous catheter);
• acquired congenital thrombophilia.

Antithrombotic prophylaxis in colorectal surgery is performed with low
molecular weight heparin administered subcutaneously (aspirin and K antivit-
amins are not recommended in this case). Studies have demonstrated that the
duration of prevention is seven-ten days after digestive surgery, but longer-
lasting treatment has been studied and recommended for major cancer surgery;
in fact, by extending the prophylaxis to four weeks, paraclinical thrombosis is
reduced by 50% without increasing the risk of hemorrhage [7, 12].

Elastic compression is recommended in the event of there being contra-
indications to anticoagulant treatment and in association with pharmacological
treatment, because it reduces the occurrence of paraclinical thromboembolic
events by 66% in general surgery compared to no compression, and by 72%
when used along with heparin compared to heparin alone.

Intermittent pneumatic compression complements pharmacological pro-
phylaxis.

Prophylaxis with low molecular weight heparin must not be performed or must
be suspended 12 hours before inserting or removing the epidural catheter [3]. 

6.5 Antibiotic Prophylaxis

Surgery of the digestive tract and/or its annexes may be clean (Altemeier class
1), if the digestive tract is not opened, or, as is usually the case, clean-contam-
inated (class 2), when the digestive tract is opened.

Rectal surgery therefore requires antibiotic-prophylaxis directed to a spe-
cific bacterial target, which is usually acknowledged as the main cause of post-
surgery infections (e.g., Gram negative, Escherichia coli, Enterococcus and
anaerobic bacteria) [7].

Antibiotic prophylaxis of elective rectal surgery usually consists of
endovenous administration of second-generation cefalosporin (88% of cases)
or amoxicillin with clavulanic acid (10% of cases); often either antibiotic may
be associated with metronidazole. These therapies must be infused 30-60 min-
utes before the surgical incision (according to recent studies this occurs in
70% of cases) and continued for 24 hours after the operation [13].

The first dose administered is normally twice the usual one, because it is
essential to maintain effective tissue rates or dosages indicated by the MIC,
until the moment of closure. If surgery lasts longer than expected, re-infusions
must be given during the operation at half the dose of the primary one. 

The purpose of antibiotic prophylaxis is that of reducing wound infections,
which usually represent 38% of the complications caused by colorectal surgery
(and 17% of hospital-acquired infections), and of reducing general infections,
if the contents of the digestive tract are disseminated. In the event of general-
ized infection, the prophylaxis may be changed to antibiotic therapy, in this
case naturally by changing the antibiotic. The categories of patients at risk of
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wound infection, who may require a higher dose of antibiotic, are those affect-
ed by diabetes mellitus, those with stomy, or the elderly [14].

Protocols of antibiotic prophylaxis are established locally on the basis of
the local bacterial epidemiology and of the cost/benefit ratio. Their effective-
ness must be periodically reassessed and the protocols diversified according to
the operation and the physiopathological characteristics of the patient under-
going surgery. Alternatives to antibiotic treatment must also be considered if
the patient is allergic to the first choice molecule.

6.6 Nutrition

Under-nourishment is an important factor in morbidity and mortality, directly
related to the duration of the hospital stay [12]. Early re-feeding makes it pos-
sible to limit postoperative under-nourishment, to improve immune functions,
to reduce inflammatory response and to limit the permeability of the digestive
wall, the source of bacterial translocation [7]. 

There are two different guidelines which can be referred to for a correct
assessment of the nutritional state of the patient at the moment of hospitaliza-
tion: ESPEN (European Clinical Nutrition and Metabolism) or ASPEN
(American Society for Parenteral and Enteral Nutrition) [15, 16].

6.6.1 Preoperative Nutrition 

Standard artificial preoperative nutrition is useless in those patients who are
“slightly undernourished” and who can follow a nourishment programme that
covers 60% of their needs.

Malnutrition particularly affects patients with neoplasia of the suprameso-
colic organs (esophagus, stomach) rather than the submesocolic ones.

In spite of this, patients with rectal neoplasia have a greater risk of malnu-
trition after neoadjuvant therapy, so it is recommended to carry out nutrition-
al screening before the operation. Indeed, in the event of severe preoperative
malnutrition, total parenteral nutrition is necessary to increase the protein
intake, maintain muscle tone and preserve the cognitive and immune functions
that are essential for a better patient outcome [5, 16].

6.6.2 Postoperative Nutrition

In the past, after major surgery, a long period of fasting was indicated followed
by the administration of a liquid diet which did not change until a complete
return to normal bowel function (only after the bowel opened to feces was a
solid diet restored). Many surgeons agree that a liquid diet should be started
24 hours after surgery, whereas a return to feeding should begin after 48 hours
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or after the bowel has opened to gases and feces; this is due to the risk of anas-
tomotic dehiscence or the onset of nausea and vomit, which would require the
repositioning of an NGP for fear of Mendelson’s syndrome.

Randomized prospective studies have demonstrated that early feeding
reduces the onset of postoperative ileus and improves the immune functions,
leading to a decrease in mortality and morbidity. However, to guarantee a
quick return to feeding, there must be good control of postoperative nausea
and vomiting , which often cause a delay in resuming oral intake.

The use of the following types of medication is therefore justified: 1) pro-
kinetic agents, which stimulate gastrointestinal motility (e.g. Metoclo-
pramide); 2) opiate antagonists (e.g. Naloxone) for bones, useful for restoring
peristalsis; 3) antiemetics (e.g. Ondansetron), which reduce the onset of nau-
sea and vomiting.

In conclusion, restoring early feeding does not significantly increase anas-
tomotic dehiscence, infections or mortality rates. 

Studies carried out on animal and human models have demonstrated that
postoperative hyperglycemia is the cause of insulin resistance, which occurs as
a reaction to various kinds of surgical aggression or stress, and does not help
postoperative recovery.

Glucose passes from the blood to the hepatic cells by a difference in con-
centration, which is maintained by the transformation of the glucose into glu-
cose-6-phosphate; in normoglycemia conditions this transformation is cat-
alyzed by hexokinase, which is a slow enzyme, and by glucokinase, a fast
enzyme which is activated when the insulin increases. The transformation into
glycogen through other metabolic stages means that the reactions are not inter-
rupted, thus allowing a further passage of glucose from the blood to the liver.
An alteration of this complex biological system, called the Krebs cycle, may
cause insulin resistance. This resistance may be reduced if preoperative fast-
ing is replaced by an overload of carbohydrates taken orally or endovenously,
and may be improved by providing a greater intake of glucose in the postop-
erative period [15]. 

Artificial postoperative nutrition is recommended in patients who:
• have received artificial preoperative nutrition;
• have not received artificial preoperative nutrition and who suffer from seri-

ous malnutrition;
• are incapable of taking food which covers 60% of their nutritional require-

ments within a week of the operation;
• present early postoperative complications responsible for an increase in

metabolism and a longer period of fasting [7].

6.7 Nasogastric Probe (NGP)

Abdominal surgeons have used digestive aspiration with NGP as a form of pal-
liation of the consequences of postoperative functional ileus (gastric disten-
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sion, nausea and vomiting) for years. The probe is inserted beforehand to pro-
tect the digestive anastomosis and reduce the anastomotic dehiscence rate. It
was thought that this endoluminal device could reduce the incidence of com-
plications of the surgical wound, like eviscerations, infections and incisional
hernias [16].

The use of NGP does, however, present its own morbility, which includes
fever, atelectasis, pneumopathy, vomiting, gastroesophageal reflux and peptic
stenosis of the oesophagus, as well as inhalation [7].

Many studies (Bauer et al.) have demonstrated that routine use of NGP is
not necessary; many patients find it uncomfortable, and almost the same com-
plications can be seen with or without its use [17].

Colvin and others compared the use and non-use of NGP during surgery
and noted that there were no statistical differences, particularly in reducing the
occurrence of anastomotic leakage.

Another prospective randomized study by Racette et al. in patients under-
going elective colorectal surgery found that morbidity and postoperative stay
matched in both groups [18].

These studies revealed that only 7% of patients undergoing rectal surgery
experienced gastric distension and vomiting, requiring the re-positioning of
the NGP.

The clear conclusion to be drawn is that the use of NGP in the postopera-
tive course of colorectal surgery must be selective and not habitual, since early
feeding is tolerated well and is a benefit; furthermore, the evidence in meta-
analysis and in prospective randomized studies demonstrates that the NGP:
- does not prevent postoperative ileus;
- does not prevent complications of the surgical wound (evisceration, infec-

tion, incisional hernia);
- causes nasopharyngeal complications and increases breathing difficulties

caused by inhalation. 
In conclusion, it may be added that the use of NGP has the logical function

during a surgical operation of allowing aspiration of the air that accidentally
entered the stomach at the moment of intubation, but at the same time it should
be removed before the patient wakes from the anesthesia, to improve respira-
tory efficiency and a quick return to feeding [16].

6.8 Bladder Catheter

Urinary drainage consists in inserting a transurethral or percutaneous probe
(sovrapubic catheter or epicystostomy).

In rectal surgery the bladder catheter is used: preventively to control diure-
sis during the surgical operation, to reduce the volume of the bladder (consid-
ering that its anatomical position hinders surgery), and for healing purposes in
the event of acute urine retention (affecting 24% of men and 15% of women).

Inserting a bladder catheter creates complications like the following: 
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- infections of the urinary tract which range from 2 to 3 % (the commonest
hospital infection) and which depend on how long the catheter remains in
place, on the colonization of the collection bag, on the presence of diabetes
mellitus, on the absence of antibiotic therapy, and on sex;

- formation of false tracts (primarily in male patients).
The use of a sovrapublic catheter reduces the risk of urinary infection and

is more comfortable for men compared to the urinary catheter in the event of
drainage lasting more than five days (long duration), even if there may be
more bleeding. The risk of acute urine retention is similar for the two tech-
niques, but the sovrapubic catheter reduces postcatheter urine disorders; in
spite of this, however, it is less commonly used.

A short catheterization period, meaning 1 day, can suffice for most patients,
but longer catheterization (2-3 days) is recommended in patients with low rec-
tal cancer or previous urinary disorders [7].

Studies have demonstrated the importance of monitoring diuresis after
anterior resection of the rectum in patients with epidural anesthesia. However,
keeping the bladder catheter in place for more than a day seems to be counter-
productive to quick mobilization [19]. 

6.9 Abdominal Drainage

Anastomotic leakage remains the major cause of morbidity and mortality in
rectal surgery, particularly in patients with intraperitoneal anastomosis.

Studies have demonstrated that mortality from anastomotic leakage after
anterior resection of the rectum stands at 12%. 

The factors which make this complication more likely are : 1) neoadjuvant
treatment using pelvic radiotherapy, 2) the degree of difficulty in performing
the anastomosis, 3) the site of the anastomosis (the lower it is the greater the
possibility of a leak), 4) total mesorectal excision, 5) the presence of intraop-
erative septic conditions [20].

A prospective study of 978 patients demonstrated that the appearance of an
anastomotic leakage after anterior rectal resection varies from 2.9% to 12%;
furthermore, it has been observed that the use of pelvic drainage, whether it be
used in aspiration or in irrigation, may reduce morbidity in patients undergo-
ing lower anterior resection of the rectum, in that the presence of this instru-
ment allows an early removal of the material present in the abdomen (whether
it be pus, hematic or enteric) [20].

On the other hand, two clinical trials have highlighted how the prophylac-
tic use of pelvic drainage does not improve anastomotic leakage and in some
cases may be damaging. 

It has recently been demonstrated that no benefits derive from positioning
a drainage tube because: 1) the liquid present in the abdominal cavity cannot
be drained; 2) the prophylactic use of drainage after elective resection surgery
neither improves the outcome nor affects the severity of the complications; 3)

82 B. Casagranda et al.



early diagnosis of anastomotic leakage cannot necessarily be taken for grant-
ed when drainage is present; 4) it may be painful for the patient and thus may
delay discharge from hospital. 

In spite of this data, highlighted in a small number of patients, there is a
tendency to position a pelvic drainage tube in the perianastomotic area, partic-
ularly when the operation is particularly difficult or to prevent a pelvic
hematoma; however, it merely wastes time in colon surgery.

There are different kinds of drainage: 1) drainage with irrigation-aspiration,
2) silastic drainage (silicone Penrose drainage tubes); 3) Jackson-Pratt type
drainage (silicone connected to a vacuum). Suction-irrigation drainage is made
up of a silicone pipe covered by a latex sheath, where the irrigation fluid (lac-
tated Ringer’s solution) is usually inserted at 60 ml per hour for 5 days after the
operation, while the aspiration pressure varies from 20 to 30 cm H2O [21].

6.10 Quick Mobilization

It has been demonstrated that an extended stay in bed increases insulin resist-
ance, reduces strength and muscle tone, reduces lung function as a conse-
quence oxygenation of the tissues, and in addition increases the risk of throm-
boembolism.

Good pain control is the key to rapid mobilization, because it is the pres-
ence of pain that often slows out-of-bed time; it follows that a pre-established
assistance plan may be useful for this purpose. The presence of abdominal
drainage or a urinary catheter may also slow down mobilization, so that it is
important that these instruments are removed as early as possible.

Early mobilization may be useful for inducing intestinal activity and thus
reducing postoperative ileus; as a consequence there is earlier recovery of
peristalsis and along with it defecation.

In patients undergoing surgical operations of elective anterior resection of
the rectum the objective is therefore to get them out of bed for 2 hours on the
day of the operation itself and for 6 hours on the subsequent days until they
are discharged [3].

This regime helps the patient to improve not only physically but also psy-
chologically, with a consequent reduction of hospitalization.

6.11 Conclusions

The reduction of postoperative mortality and morbidity in operations of ante-
rior resection of the rectum is linked to surgical and anesthetic techniques, as
well as to an improvement in perioperative management, which has changed
radically in the last few years.

A cornerstone element is the correct preparation of the intestine before sur-
gery, which shows a tendency to be standardized in less drastic forms; feeding
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both before and after the operation is also of crucial importance.
Anesthesia plays an important role not only during induction, but also in

postoperative analgesic treatment, which is often essential for a quick recov-
ery of the patient and with it short hospitalization.

Early removal of the various instruments (nasogastric tube, bladder
catheter, abdominal drainage) used during the hospital stay is aimed at reduc-
ing the onset of complications, aiding a quick recovery and improving the out-
come.
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7.1 Introduction

In this chapter we analyze the surgical technique of rectal resections, focusing
on describing the laparoscopic approach and our usual technique.

The laparoscopic surgical set includes the usual instruments, which means
atraumatic grasping forceps, dissector, clip applier, and a suction-irrigation
system. Furthermore each surgeon should use the dissection-coagulation sys-
tem that he or she is most familiar with (bipolar, ultrasounds, radiofrequency),
as there is no particular standard set of instruments. Linear, angular or circu-
lar staplers for transanal mechanical anastomosis can also be chosen.

7.2 Position of the Patient and the Surgical Team

The position of the patient and the surgical team in the operating room are
now standardized. Our practice is to use a non-slip gel mattress on the oper-
ating table, avoiding any restraints that may lead to a risk of lesions to the
brachial plexus. The patient is placed supine in a gynecological position using
Allen stirrups as a support for the lower limbs, which are divaricated and
raised, especially during the perineal phase. The left arm is placed at right
angles to allow positioning of and access to an A-V line and the pulse oxime-
ter. A vesical catheter is always inserted, and if there are problems of catheter-
ization due to prostate disease, it is advisable to wait and position an epicys-



tostomy under visual control, once the operation has started. A naso-gastric
tube is not positioned routinely, but may be specifically requested by the sur-
geon if gastric distension is found on exploring the abdomen.

The surgeon and the cameraman stand on the right side of the patient, the
third assistant between the patient’s legs and the scrub nurse to the right of the
surgeon (Fig. 7.1). The laparoscopic column is positioned on the left side and
the high definition monitor at the patient’s feet at the height of the patient’s
left flank, opposite the surgeon. A second monitor may be useful. During the
first phase of the operation, the vascular phase, the operating table remains
horizontal but is rotated towards the right, whereas during the pelvic phase the
right rotation is maintained but a Trendelenburg position of at least 30° is
required.

The standard positioning of the 5 trocars used for anterior resection is illus-
trated in Figure 7.2. The 10 mm optic trocar is introduced 4 cm above the
umbilicus in a median position using an open technique. Pneumoperitoneum is
induced at 14 mmHg and then two 5 mm trocars are positioned under visual
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Fig. 7.1 Position of the operating table and surgical team. The patient is placed in a flat supine
position with the lower extremities in Dan Allen stirrups, with open legs, and only minimally ele-
vated above the abdomen. Both the surgeon and the camera holder stand on the patient’s right side,
a third optional operator between the legs. The main monitor is located in front of the surgeon, on
the left side of the patient



control, respectively in the epigastric region and in the right hypochondrium
along the emiclavear line. A 12 mm trocar is then inserted 2 cm above and
medially to the anterior superior iliac spine, and a 12 mm port in the sovrapu-
bic region. At this point a minilaparotomy incision is made to extract the sur-
gical specimen. However, there are many variants of the position of the trocars
as well as of the choice of minilaparotomy. These variants do not differ signif-
icantly from what we have described above [1]. 

As during any laparoscopic procedure, there must always be the possibili-
ty of conversion at any time during the operation. An instrument table with the
basic instruments needed for a laparotomy should therefore be kept ready.

7.3 Surgical Anatomy

The treatment of rectal cancer has undergone a significant evolution over the
last ten years, with progressive improvements in terms of surgical technique,
technology and oncological results.

Two different situations must be distinguished in rectal cancer: that of neo-
plasms situated in the high rectum (HR), roughly located above the Douglas
pouch, conventionally between 10 and 15 cm from the anal margin; and that
of middle and low rectal cancers, located below 10 cm from the anal verge,
which corresponds to the extraperitoneal rectum. This division appears to be
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Fig. 7.2 Trocar positions for
laparoscopic Total Mesorectal
Excision of rectal cancer. 
The position of the camera trocar
is 4 cm above the umbilicus, two
5-mm trocars are located below
the xiphoid and in the right upper
quadrant, a 12-mm port is placed
in the right lower quadrant and
the 12-mm suprapubic trocar is
placed where the Pfannenstiel
incision will be made



fully justified both by the different immediate postoperative course, with twice
as many complications for low rectal cancer, and by the different oncological
results at 5 years: in fact, low rectal tumors have a 1.9 times higher incidence
of local relapse and cancer-related mortality than HR neoplasms [2].

A comparison of the long-term disease-free survival data also demonstrates
how HR cancer does not differ significantly from what has been observed in
sigmoid cancer [3], and shows how the two types of cancer are similar both in
terms of therapeutic strategy, excluding neoadjuvant radiotherapy, and in
terms of oncological results. 

There follows a brief description of the basic features of rectal anatomy,
which will be helpful in describing the surgical techniques.

The rectum has two curves: the first goes forwards and downwards, to the
levator complex, following the sacral concavity; the second curve goes back-
wards and downwards, to the level of the anal-rectal junction.

The rectum can be divided into the pelvic rectum, or rectal ampulla, and the
perineal rectum, or anal canal. 

The pelvic rectum is further divided into intraperitoneal and subperitoneal
portions. In the first, the rectum is covered in the anterior and lateral part by
the peritoneum; posteriorly the peritoneal reflection leaves a short, thick
mesorectum containing the upper rectal or hemorrhoidal pedicle. 

The extra-peritoneal rectum is surrounded by the pelvic fascia, made up of
two membranes: the visceral membrane, or mesorectal fascia, which surrounds
the rectum, and the parietal sheet of the pelvic fascia. In males, from the ante-
rior face of the rectum the peritoneum reflects onto the posterior surface of the
seminal vesicles, of the vas deferens and of the bladder, forming the Douglas
rectovesical pouch and the rectoprostatic Denonvilliers’ fascia; in females, it
reflects onto the posterior surface of the vagina and of the uterus, creating the
rectovaginal septum. The end of the rectovaginal septum is positioned lower
than the rectovesical pouch: the distance between the blind end and the anus is
5.5 cm in women and 7.5 cm in men. Posteriorly, the rectum comes into rela-
tion with the anterior face of the sacrum, covered by the parietal membrane
(also known as the presacral fascia or Waldeyer’s fascia) and by its reinforce-
ment called the rectosacral ligament. This fascia provides posterior support to
the rectum and contributes to maintaining its sacrococcygeal angle. Laterally
the peritoneal reflection creates pararectal recesses. The lateral pararectal
space contains the ureters, the hypogastric vessels and their branches, as well
as the nerve structures related to the sacro-rectal-genito-pubic ligaments. From
here the lateral ligaments become detached in a frontal plane, representing a
means of fixing the mesorectum to the lateral walls of the pelvis; the lateral
ligaments are not actually an anatomic entity but “structures” created by the
tension connected to the upward traction on the rectum during surgical dissec-
tion. The median rectal artery runs inside the lateral ligaments in less than a
third of cases, and is more often present only on one side, whereas the pres-
ence of rectal nerve branches coming from the lateral pelvic plexus is much
more constant. 
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The mesorectum, described for the first time by Heald [4] in 1982, is made
up of cellular fatty tissue, which surrounds the subperitoneal rectum, more
abundantly on the posterior-lateral sides and thinner along the anterior face. It
is surrounded by a thin, connective, dense lamina, called Jonnesco’s fibrous
sheath of the rectum or Waldeyer’s fascia (mesorectal fascia), a visceral reflec-
tion on the pelvic fascia. This fascia gets progressively thinner towards the
most distal portion of the viscera in proximity to the levator muscles, leaving
a segment of 2 cm completely without mesorectum. 

The mesorectum contains the branches of vessel and nerve divisions des-
tined to the rectum and the perirectal lymph nodes, of fundamental importance
in the regional spread of neoplasms of the middle and lower rectum. 

There is an avascular dissection space (Heald’s holy plane) between the
parietal and visceral sheets of the pelvic fascia in the connective cellular fatty
tissue of the presacral space, which should be followed during surgical resec-
tion, respecting the integrity of the mesorectal fascia and guaranteeing a com-
plete exeresis of the mesorectum.

The perineal rectum or anal canal, about 4 cm long, passes through the
pelvic diaphragm, made up of the puborectal sling of the levator muscle of the
anus, whose fibers reach those of the deep part of the external sphincter. At
this level there is no spontaneously cleavable perirectal plane. In men the anal
canal relates anteriorly to the tendinous centre of the perineum, the urogenital
diaphragm which contains the membranous portion of the urethra; in women
it relates to the perineal middle and posterior vaginal wall. Laterally the anal
canal is in relation to the ischioanal fossa. The sphincteric apparatus is made
up of two rings of muscle: the internal and the external sphincters, separated
by an intermediate layer of vertical fibers. The internal sphincter is made up
of smooth fibers and forms a muscular sleeve, which surrounds the upper three
quarters of the anal canal for about 3 cm and guarantees involuntary conti-
nence with its tone. The external sphincter is made up of striated muscle fibers
and surrounds the internal sphincter, ensuring voluntary continence. It is made
up of three bundles: the deep one surrounds the upper portion of the anal canal;
the upper fibers continue with the puborectal fascia of the levator muscle of
the anus, from which it cannot be distinguished; finally, its surface bundle has
an elliptic form and surrounds the lower half of the internal sphincter up to the
anocutaneous line. The complex longitudinal layer is made up of smooth fibers
coming from the longitudinal muscle layer of the rectum, of striated fibers
coming from the levator of the anus and other tendinous fibers deriving from
the pelvic aponeurosis. This muscle-tendon structure extends downwards into
the intersphincteric space. The lower portion of the internal sphincter is sur-
rounded by these fibers, which form the Parks ligament.

The arterial supply of the rectum derives from the superior rectal artery, the
terminal branch of the lower mesenteric artery and of the middle and lower
rectal arteries. The upper rectal artery, after entering the mesorectum at the
level of the third sacral vertebra, divides into two branches, right and left, and
is the most important source of blood supply, vascularizing all the pelvic rec-
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tum and the mucosa of the anal canal. The middle rectal artery comes from the
hypogastric artery and moves transversely to the levator muscle below the lat-
eral ligament, vascularising the extraperitoneal portion of the rectum. As
already seen, its presence is not constant, 22% monolateral, and of modest cal-
ibre. The lower rectal artery comes from the pudendal artery, goes towards the
ischiorectal fossa and vascularises the internal and external anal sphincter, the
levator muscle of the anus and the submucosa of the anal canal. Finally, the
sacral artery comes from the aortic bifurcation, and goes down along the medi-
an line in front of the sacral but behind the presacral fascia.

Venous blood is conveyed to the mesenteric-portal system mainly through
the IMV, but is also, to a lesser extent, a tributary of the caval system through
the hypogastric veins. In the posterior mobilization of the rectum, great care
must be taken to avoid lesion (disinsertion) to the presacral venous plexus trib-
utary of the inferior caval system, connected by means of the basivertebral
veins with the internal vertebral venous plexus.

Lymphatic drainage of the rectum moves cranially, starting parallel to the
arterial vessels.

The lymphatic vessels are organized in an intramural (submucous, inter-
muscular and mesorectal) and an extramural plexus. The upper portion of the
extramural plexus drains the intraperitoneal rectum and only partially the
extraperitoneal rectum, following the course of the superior rectal artery
towards the inferior mesenteric lymph nodes (Bacon axilla, the origin of the
IMA), and from here towards the preaortic nodes. The lymphatic vessels of the
middle and low rectum and the anal canal drain laterally towards the perineal
structures through the sphincters and the levator muscles, but also upwards
outside the mesorectal fascia and only rarely towards the internal iliac vessels.
The lower pedicle drains the pelvic distal rectum and the anal canal above the
pectinate line and, following the inferior rectal vessels, reaches the obturator
iliac lymph nodes, while below the pectinate line the lymph is conveyed in the
direction of the superficial inguinal nodes.

The innervation of the rectum is made up of a sympathetic component com-
ing from the roots of L1, L2 and L3, which constitutes the pre-aortic or inter-
mesenteric plexus, located in front of the aorta, which connects to the superi-
or hypogastric plexus: the left one comes extremely close to the inferior
mesenteric vessels, whereas the right one is positioned further behind the level
of the aorto-caval corner. The presacral plexus divides immediately under the
promontory of the sacrum into two pelvic or hypogastic nerves, which run par-
allel and medially to the ureters. These nerves come into contact with the pos-
tero-superior surface of the mesorectum, outside the peri-rectal fascia, ending
in the inferior or pelvic hypogastric plexus. The lowest portion of this plexus
approaches the mesorectum and is located anterior and inferior to the lateral
ligament of the rectum, which contains the rectal branches. Male ejaculation
and female vaginal lubrication depend on the pelvic plexus.

The parasympathetic roots originating from S2, S3 and S4 are, however,
responsible for erection. They run across the front face of the pyramidal mus-
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cles under the pelvic aponeurosis, and can be highlighted in the presacral
space by moving the mesorectum forwards. The erector nerves come from the
sacral parasympathetic system, joining the fibers of the sympathetic system at
the lateral pelvic plexus, and from here send terminations to the pelvic organs.

7.4 An Important Issue: Margins

The anatomopathological status of resection margins is with no doubt one of
the most important prognostic factors in rectal neoplasm surgery . 

In the 1960s Grinnell found an extended distal intramural spread in 12% of
rectal and recto-sigmoid cancers, sometimes up to 4 cm from the lower mar-
gin of the neoplasia; he recommended extending the resection to 5 cm below
the inferior macroscopic margin [2]. This recommendation became a rule, to
the extent that 70% of rectal cancers were treated with abdominoperineal
amputation (APR), which at the time represented the gold standard for middle
and low rectal tumors. 

The revision of the 5 cm rule and the introduction of staplers, which made
low or ultra-low colorectal anastomosis almost always technically possible,
meant that this “sphincter saving” surgery could be extended.

The finding of a submucous intramural distal diffusion in up to 40% of
cases of rectal carcinoma, but with an extension greater than 1 cm only in 4-
6% of cases, led to a redefinition of a distal resection margin of only 2 cm as
more oncologically correct. Thus APR was indicated only for carcinomas less
than 5 cm from the anal verge or less than 2 cm from the anal ring. 

In 1995 Scott pointed out the presence of neoplastic deposits in the
mesorectum, discontinuous with respect to rectal carcinoma, up to 5 cm below
the neoplasia [2]; accordingly, a new resection margin was defined, the “distal
margin of the mesorectum”, whose optimal extension meant a systematic total
excision of the mesorectum (TME) in low rectum cancer (Fig. 7.3). The wide-
spread adoption of TME, proposed by Heald in 1982 [4], led to the identifica-
tion of a third resection margin, the “circumferential margin” (CRM), deter-
mined by the millimetric distance between the mesorectal fascia and the most
lateral margin of the tumor or any metastatic lymphadenopathy (Fig. 7.4). This
has played a fundamental prognostic role in terms of local recurrence (from 2%
to 11% at 5 years in the event of positivity), as well as being a factor of primary
choice, as regards both the decision to use neoadjuvant radiochemiotherapy and
its duration. Thus today a correct histological study of the operative specimen
must also be performed on transversal sections, to analyze the radial clearance
and not to miss an infiltration of the circumferential section which has the same
negative prognostic value as an infiltrated distal section.

The multimodal treatment of locally advanced low rectum carcinoma
improved the local control of the disease and allowed a further increase in
sphincter-saving procedures: today, by associating neoadjuvant radiochemio-
therapy (RCT) to TME, sphincter conservation can be achieved in 70% of
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Fig. 7.3 Distal intramural margin and mesorectal distal spread

Fig. 7.4 Mesorectal fascia
in black, allowing the
measurement of distance
from lateral tumor spread



cases of low rectal carcinomas [5]. In these cases the distal resection margin
can be reduced to 1 cm [6], and still be considered as oncologically safe, thus
allowing procedures like partial or total intersphincteric resection (as proposed
by Rullier), even for carcinomas located less than 4.5 cm from the anal mar-
gin or with the lower margin less than 2 cm from the dentate line [7].

The tumor shrinkage effect, the result of the response of the neoplasia to
neoadjuvant treatment, is at the basis of this further lowering of the distal
resection margin [8], and makes it necessary to reconsider the choice of the
most appropriate surgery 4-6 weeks from the end of RCT, when tumor regres-
sion seems more important, although at that date it is disputable.

The latest data from the Dutch TME Trial show how neoadjuvant RCT can
lead to a reduction of local relapses, even with a distal margin just above 5 mm
[3, 9-12]. 

7.5 Vascular Phase

During this phase the operating table is rotated to the right side of the patient,
to make the Treitz ligament easier to see. The forceps inserted into the epigas-
tric trocar lifts the lower face of the transverse mesocolon, while the hypogas-
tric forceps grasps the vascular pedicle, which can be viewed by lifting the
sigma, straining the lower mesenteric vein . This type of exposure allows a
clear, stable vision of the vascular elements, and in our opinion is the basic
position for those starting this kind of surgery.

The first jejunal portion needs to be lifted from the retroperitoneum in
order to correctly expose the aortic plane and the emergence of the IMV.

An incision of the peritoneum is then made below the IMV, and Toldt’s fas-
cia is lifted up to the lower margin of the pancreas (cranially) and up to the lat-
eral descending colon; in this phase the left ureter, the gonadic vessels and the
lower edge of the tail of the pancreas can be recognized.

The IMV is then bound and cut below the pancreas, while the artery is pre-
pared subadventitially and may be cut either at its origin (high tie) or after the
emergence of the left colic artery (low tie); ever since Miles and Moynihan
respectively proposed the techniques of low and high tie of the IMA, there has
been significant debate regarding which of the two techniques is preferable.

No randomized controlled study has tried to clear up the dilemma, but even
the several non-randomized or retrospective studies analyzed in two recent
reviews [13, 14] do not demonstrate a clear advantage of either technique in
terms of global and disease-free survival or complications (anastomotic leaks
or stenosis, sexual or urinary dysfunctions).

The supporters of the “low tie” technique highlight the uselessness of a
more invasive and more destructive operation without any oncologic benefit
[15], especially in the less advanced stages, exposing the patient to greater risk
of hypoperfusion to the proximal colic stump [16] and possible damage to the
structures of the autonomous nervous systems [13]. 
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On the other hand, if the high tie is performed at the origin of the IMA, it
should be safer for the hypogastric plexus, which never meets the arterial axis
[17] at this level, and pose a smaller risk of tension to the anastomosis caused
by the left colic artery (LCA)/IMA axis, as well as permitting a better lym-
phadenectomy [7]. Although it has been demonstrated that harvesting 12 nodes
is sufficient to guarantee the correct oncological radicality and disease-free
survival [14, 18], a number of patients could benefit from lymphadenectomy
up to the origin of the IMA, in terms of radicality and complete staging [14].

However, it is well known that the localization of the lymph-nodes at the
origin of the IMA is related, in most cases, to systemic dissemination of the
disease (which would explain why the high tie does not give any statistically
significant survival advantage) [19, 20]. 

Furthermore, awareness of the possible pathological effects of these lymph
node stations does not currently involve the application of different or addi-
tional therapeutic strategies but at the most a more careful follow-up [19].

Our experience leads us to prefer a high-tie approach, not only for the
undoubted advantages that this provides in laparoscopy (absence of tension to
the anastomosis, easier approach to posterior dissection), but also so that even
the very small percentage of patients with tumoral localization at the apical
stations without systemic dissemination either present or latent can benefit
from a radical oncological operation. 

Furthermore, in our experience (which is supported by literature citations)
patients are not exposed to a greater risk of anastomotic complications or auto-
nomic nerve plexus lesions.

After the vascular phase, an incision is performed in the left parieto-colic
gutter with splenic flexure mobilization; a gauze above Gerota’s fascia during
dissection of Toldt’s fascia may help to protect the ureters and the gonadic ves-
sels from mechanical or thermal injury, as well as highlighting the right cleav-
age plane during dissection of the paracolic gutter. The mobilization of the dis-
tal third of the transverse colon is advisable in any case, but especially in
laparoscopy, where the tension of the lowered colon can only be assessed visu-
ally. This manoeuvre can be performed either cranially or caudally; sometimes
it is necessary to open the gastrocolic ligament. Basically, all the different pos-
sibilities must be known to adapt the procedure to each individual case.

It should be pointed out that in laparotomy, and for some authors in
laparoscopy, a lateromedial approach is normally preferred, starting from an
incision along Monk’s line and continuing medially until the mesenteric ves-
sels are reached.

7.6 Pelvic Phase

During this phase the operating table is placed in the Trendelenburg position
with an inclination close to 30°.

The pelvic phase starts with an incision of the peritoneum laterally to the
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rectum and anteriorly to the right iliac vessels and then continues anteriorly to
the anterior wall of the rectouterine pouch, about 2 cm above its reflection
(this allows a solid point of traction for dissecting the mesorectal fascia from
the posterior wall of the vagina or from the vesico-prostatic plane). Posteriorly
the mesorectal fascia is dissected from Waldeyer’s presacral fascia, helped by
the traction on the inferior mesenteric artery stump, being careful to preserve
the nerve structures, which run anterior to the promontory. 

The rectosacral fascia has significant surgical importance: when not
respected, its section can lead to perforation of the rectum or hemorrhage of
the presacral venous plexus, as can a dissection carried out too close to the vis-
ceral or sacral wall. Secondly, the complete mobilization of the mesorectum is
not possible without the transversal division of the rectosacral fascia, reaching
in this way the levator muscle plane. 

Respecting the mesorectal fascia and Heald’s plan is no longer a matter of
debate in terms of oncological safety, survival and relapse rates [4, 21].

Considering the role of the margins and technical progress in reconstruc-
tion, the Miles’ abdominoperineal amputation is today restricted to cases of
infiltration of the external sphincter and/or levator muscle or to patients affect-
ed by incontinence.

7.7 PME and TME

Since, as we said before, the mesorectum must be cut at least 5 cm distally to
the tumor, it is clear that partial mesorectal excision (PME) is only applicable
to high rectal tumors; in all other cases a total mesorectal excision (TME) must
be performed. In both cases the technique is almost the same, differing as
regards the level of depth. After the incision of the peritoneum as described
above, we deepen the distal dissection respecting the integrity of the mesorec-
tal fascia, progressively exposed by the traction and countertraction move-
ments of the rectum and of the extraperitoneal fibroadipose tissue; anteriorly
the peritoneal reflection portion should be used as a solid traction point 
(Figs. 7.5, 7.6). In this phase it is essential never to grasp the rectum at the
level of the neoplasia, respecting the no-touch technique, but above all to
expose the surgical field. In that way the mesorectal fascia remains uninter-
rupted, guaranteeing the oncological value of the dissection (Fig. 7.7).

The tying of the superior and middle rectal vessels is also performed dur-
ing mesorectal excision; clips, slow resorption thread, ultrasound scalpels or
bipolar forceps may be used.

Once a suitable level of depth has been reached, or, in the case of TME, the
level of the pelvic floor, the section is continued in the direction of the rectal
wall; at this point the distal section can be performed using a mechanical lin-
ear stapler (Fig. 7.8). This manoeuvre may be difficult in the event of bulky
tumors in narrow pelvis. In these cases there may be a temptation to section
the rectum even lower, transanally, thus lowering the section line beyond the
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formal oncological limit and increasing the risk of sequelae: this grey zone,
situated in the submesorectal rectum, should, however, be preserved if possi-
ble. However, there are significant technical possibilities, like inserting the
linear stapler in the hypogastric trocar [22] or using open-surgery angled or
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Fig. 7.5 Anterior opening of the peritoneum, taking care to stay on the vesical/vaginal side, in
order to have a solid point of traction and to respect the integrity of the anterior part of mesorec-
tal fascia

Fig. 7.6 The double movement of traction (straight arrow) by a proximal grasper, and counter-
traction (curved arrow) allows widening of the lateral part of the mesorectum, which is easily
dissected



curved staplers after a Pfannenstiel minilaparotomy [23, 24]. More recently
the use of the transanal endoscopic technique (the same as that used for TEM)
has been proposed, even though there is not yet sufficient evidence in litera-
ture for its use in this approach [25].
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Fig. 7.7 Once mesorectal dissection is complete, the submesorectal part of the rectum becomes
visible (after dashed line)

Fig. 7.8 Final view after TME resection: the linear stapled line is visible and the left levator mus-
cle is completely visible, confirming complete TME



Recent series [22, 26] associate the number of firings to a higher number
of anastomotic dehiscences. 

In particular two studies recently demonstrated a reduction of the incidence
from 15% to 3% (p=0.02) [22] if less than three firings are used. This result is
also confirmed in the work of Kim et al. [26] in which, furthermore, the inci-
dence drops to 1.1% if a single firing is used (8.9% in the event of two firings),
but with a borderline statistical significance (p=0.08).

Our experience suggests that the use of a 45 mm stapler is advisable,
because this very often involves two firings. In contrast, the 60 mm stapler can
be difficult to manage, especially in a narrow pelvis, in overweight patients or
in case of bulky tumors: its poor handling exposes to the risk of oblique sec-
tions with both oncological and vascular consequences. 

This is not the case in open surgery, where the use of a single 60 mm fir-
ing is almost always possible, as well as the use of the above-mentioned ded-
icated staplers. 

Once the resection of the rectum has been performed, the surgical specimen
is removed via a protected minilaparotomy. It is then possible to proceed to the
proximal section of the colon, and choose the reconstruction method. 

Once the pneumoperitoneum has been reintroduced, intestinal continuity is
re-established by means of the transanal mechanical circular stapler.

Again, the choice of the calibre must be specific for the patient, consider-
ing that a firing diameter between 25 and 29 mm is responsible for a greater
number of stenoses, whereas a stapler diameter between 31 and 33 causes a
greater number of anastomotic leaks, probably due to the greater distension of
the distal stump [22]. 

7.8 Intersphincteric Resection

This operation, devised by Rullier [7], is indicated in tumors of the ultra-low
rectum (surgical anal canal), which exceed the muscolaris mucosae and involve
the muscular layer, which thickens at this level to form the internal sphincter,
sparing the striated muscle (external sphincter and anus levator muscle).

This type of resection follows that of TME as regards the pelvic phase
(described above), but also envisages a perineal phase divided into two stages:
• Circular dissection: the anal canal mucosa is cut circularly 1-2 cm below

the lower pole of the neoplasia (in the case of patients eligible for neoad-
juvant therapy, this level should be determined before beginning the thera-
py ); the incision must include the whole thickness of the internal sphinc-
ter, and the dissection plane between the internal and external sphincters
should be recognized first posterolaterally (where it is more evident) and
then anteriorly. At this point the rectum is closed transanally;

• Longitudinal dissection: this proceeds cranially along the avascular plan
between the two sphincters until it reaches the level of the postero-lateral
pelvic floor at the level of the superior pole of the external sphincter ante-
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riorly; at this point, following the superior fascia of the pelvic floor and
Waldeyer’s presacral fascia, it reaches the dissection limit obtained during
the abdominal phase.
During this operation the creation of a neoampulla is always recommend-

ed, using one of the techniques described in the 9th chapter, while the extrac-
tion of the surgical specimen is carried out transanally. This manoeuvre is safe
when the tumor is not locally advanced (thus in all patients eligible for inter-
sphincteric resection), while if the tumor is greater than or equal to T3, it is as
yet not clear whether the risk of neoplastic dissemination increases during the
passage through the pelvic diaphragm.

7.9 Abdomino-perineal Amputation

This surgical technique, introduced by Miles more than a hundred years ago,
involves removing the whole rectum, the anus and the sphincteric apparatus.
As mentioned, this operation is currently recommended in ultra-low rectal
cancer ineligible for trans-sphincteric resection, either because it involves the
external sphincter even after neoadjuvant therapy, or due to a pre-existing
patient’s incontinence. The operating technique consists in an abdominal
phase very similar to anterior resection with TME, and a perineal phase. The
latter, in the classic technique, is performed with the patient in the lithotomy
position, and starts with a rhombus- or cup-shaped incision circumscribing the
anus and without involving the urethral bulb in males. This is continued into
the ischiorectal fossa up to the levator plane; this muscle is sectioned just out-
side the striated sphincter, reaching the abdominal dissection limit. In this way
the surgical specimen takes on a characteristic “egg-timer” shape due to the
narrowing of the visceral passage through the pelvic floor.

Despite the TME, local relapse did not fall significantly with APR, remain-
ing around 25-30% [27], associated to a high percentage of positivity of the
CRM. This is more likely due to the changed indications, which are now more
selective, involving only tumors located in close proximity to the sphincter,
just where the specimen narrows. In the past, APR was also performed for
higher tumors, with no or low risk of sphincter involvement.

This has led to a more extensive operation called “cylindrical or extraleva-
tor abdominoperineal amputation” [28], which has the specific purpose of
increasing the amplitude of the CRM at the levator ani muscle. During the per-
ineal phase of this operation, the patient should be put in a prone position and
the incision, larger posterolaterally, may also include the coccyx posteriorly,
which will be disarticulated; anteriorly it follows the same plane as the classic
technique, as it must preserve the urethra in males and the posterior vaginal
wall in females (unless the removal of these structures is recommended for
oncological radicality). 

The dissection proceeds as far as the muscular plane, which is cut very
close to the obturator muscle [29].
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This technique, which results in a surgical specimen of a cylindrical shape,
has demonstrated a lower incidence of local relapses and a better disease-free
and overall survival rate [27, 30]; however, it often requires gluteal flaps or
biological meshes for the reconstruction of the perineal region, steps which
complicate the procedure and postoperative morbidity [28, 29] (Fig. 7.9). 

If we look at the results in terms of survival, the percentage of positive
CRM (dropping from 40% to 15 %) and of intraoperatory visceral perforation
(from 23% to 4%), we believe that a cylindrical amputation should be consid-
ered the surgical standard [27], in spite of the possible increase in morbidity.
However, the amplitude of the surgical specimen and the structures involved
may be assessed case by case on the basis of the oncological stage (the
approach will be different if striated muscles are involved or if a patient with
a slightly higher tumor is incontinent) and of the clinical condition of the
patient. 

7.10 TEM

Progressively earlier diagnosis and neoadjuvant therapy have increased the
number of small rectal carcinomas that surgeons have had to deal with over the
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Fig. 7.9 The two different 
dissection planes in standard
(left dashed line) and extended
extralevator (right dashed line)
abdominoperineal resection



years. Transanal resection is gradually being replaced by Transanal Endoscopic
Microsurgery (TEM), introduced by Buess in 1985 [31]. This technique con-
sists in inserting a single device with an optical channel and two/three operat-
ing channels through the anus. Pneumatic expansion of the rectum is carried
out by CO2insufflation . The surgical technique consists in removing the whole
rectum wall affected by the carcinoma while maintaining a healthy mucosa
margin of at least 5 mm. At the end of removal the rectal wall is sutured [32].
The suture is mandatory in intraperitoneal tumors, where any perforation rap-
idly transforms into peritonitis, while it is debateable in cases of subperitoneal
localization.

Currently this technique is indicated for carcinomas that at the end of clin-
ical-instrumental staging are less than 3 cm in diameter, not ulcerated, Tis or
T1 N0 stage and not at “high risk” [33, 34]; in these cases, TEM is safe, with
oncological results comparable to those of classic surgery (with five year sur-
vival around 85% and a near-zero relapse rate in some studies [34]), and more-
over with all the advantages of less invasive surgery.

The type of carcinoma which best suits this type of surgical exeresis is a
small, polypoid carcinoma localized in the posterior wall of the subperitoneal
rectum, Tis or T1 sm1. Carcinomas considered as “high risk” (in which the
relapse rate reaches 23-30% [34]) include all those with one or more of these
clinical or histopathological characteristics: submucosa invasion > sm1, grad-
ing G3, lymphovascular invasion, mucinous histotype, localization at the last
3 cm of the rectum, resection margins Rx or R1 [33]. 

In all these cases the evidence-based literature suggests an immediate or
delayed (i.e., after the definitive histological exam has been obtained) opera-
tion that allows a total excision of the mesorectum.

However, neoadjuvant therapy is increasingly extending the indications of
this kind of surgical approach; some early results on carcinomas at a stage
greater than T1 are encouraging [25, 34], and it is easy to imagine that the
effect of radiotherapy on the primitive tumor and on any lymph-node stations
involved can only improve patient outcome, as in radical operations. When we
have the results of wider studies currently in progress (UK-TREK) we will be
able to better define any expansion of the indications, associating TEM to
radiotherapy. 

Currently, TEM seems to be a reasonable and safe (in the above-mentioned
cases) compromise between resection and the watch and wait approach [35]
(devised and experimented by Habr-Gama in carcinomas of the rectum with
complete regression after neoadjuvant radiochemiotherapy), feasible in low-
stage tumors of the rectum. The microsurgical procedure has the undoubted
advantage of permitting a correct staging of the T and a complete exeresis
without creating major long-term modifications of the Wexner score or the
patient’s quality of life [36]. The impossibility of a correct staging of lymph-
node involvement currently remains the real weak point in this surgical
approach; however, in order to solve this problem studies in progress are
assessing the possibility of searching for the sentinel lymphnode inside the
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mesorectum, by means of scintigraphic marking or vital staining. If the carci-
noma removed by TEM should be revealed as being at high risk, the marker
will be injected into the scar and the sentinel lymph-node(s) searched for
laparoscopically; this will show whether TME is still indicated , once the his-
tological exam has been performed [25]. 

Even more recent, as we mentioned before, is the appearance of the first
study on the transanal approach to rectocolic resection (NOTES), of which
TEM is considered the launchpad (from a technical viewpoint and in terms of
the instruments required) [37]. The first studies [38] have demonstrated that
this technique does not worsen the surgical result in terms of respecting the
margins and the number of lymph-nodes. However, in the few cases reported,
it is often mandatory to use the classic technique or a laparotomy to permit
mobilization of the viscera. Further studies (with short, medium and long term
results) and also some technical progress will obviously be necessary to offi-
cially consider NOTES as one of the alternatives available in the surgical
treatment of rectal cancer.

7.11 Hartmann

We should mention here the famous operation pioneered by Henry Hartmann,
remembering that it is currently indicated in treating cancer of the rectum only
in cases in which a TME must be performed in seriously incontinent patients,
but who are not eligible for abdominoperineal amputation [39].
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8.1 Introduction

Attention to nerve identification in rectal cancer surgery began in Japan in the
1970s, but it was an American surgeon [1, 2] between the 1970s and 1980s
who proposed a combination of the nerve-sparing principle with the TME
technique. The result was the preservation of urogenital function in 90% of
the patients treated, without affecting the oncological outcome. Subsequently,
the effectiveness, implementation and safety of the technique were confirmed
by Moriya’s group [3], and the long-term functional results were documented
by the famous Dutch TME trial.

The urinary and sexual functions are controlled by nerve endings of the
sympathetic system, which originates from the superior hypogastric plexus
and from the parasympathetic nerve fibers (the erectile nerves, the pelvic
plexus and its branches). The fibers of the sympathetic system are recognized
more easily than the parasympathetic component, because it is located much
further inside the pelvis. These structures may be damaged during dissection
of the mesorectum between the visceral pelvic fascia and the parietal fascia
(known as “Heald’s holy plane”) [4].

Iatrogenous nerve damage during rectal surgery causes urinary and sexual
sequelae, which in a recent revision were estimated respectively at between 21
and 44% [5]. Internationally some scores have been recognized as objective-
ly estimating the weight of this kind of complication: the International
Prostate Symptom Score (IPSS), the International Index of Erectile Function
(IIEF) and the Female Sexual Function Index (FSFI).



Major contributions to this study have been published in the last few
years. Sartori´s group demonstrated retrospectively that severe urinary dys-
functions are rare compared to sexual ones, which still represent a problem
in terms of reduction of sex drive and spontaneous erectile function,
although in 70% of cases adequate orgasmic capacity, penetration and ejac-
ulation are maintained [6].

The male genital function is affected by many factors. Kim and colleagues
identified some of these factors, including age above 60 years, low location of
rectal cancer, and a follow-up of less than 6 months, as independent risk fac-
tors for postoperative sexual dysfunction [7]. 

An important study on erectile capacity conducted by Song et al. was
based on 112 patients treated with TME and nerve preservation. The patients
were divided into two groups: one undergoing neoadjuvant radiotherapy fol-
lowed by surgical treatment (RTS group), and the other treated with surgery
alone (Surg group). The IIEF global score had gone down significantly at the
post treatment follow-up compared to the initial one in both groups, but the
differences were significantly greater in the RTS compared to the Surg group
(p=0.028). Furthermore, within the RTS group, a statistically significant dif-
ference was reported according to the type of surgical operation performed: in
patients who had undergone abdominoperineal amputation the erectile func-
tion was worse than in those who had had low anterior resection (p=0.023). 

It has also been demonstrated that radiotherapy has a negative effect on the
peripheral nerve fibers, probably due to neurovascular injury, which may also
cause muscular atony and atrophy, widespread fibrosis and mucous irritation [8].

The Stamopoulos group also reported other risk factors of nerve damage.
Advanced tumors and chemotherapy have resulted in worse IIEF scores, and
patient psychology is not the least important aspect of the situation. The mere
presence of a colostomy, for instance, may cause a person to feel ashamed of
his/her own body, with consequent repercussions on sex life and relationships [9].

8.2 Neuroanatomy and Neurophysiology

8.2.1 Sympathetic System

The sympathetic roots come out of L1, L2 and L3 and make up the superior
hypogastric plexus located in front of the aorta. They have a left trunk very
close to the inferior mesenteric vessels and a deeper right trunk, in the aorto-
caval plane (Fig. 8.1). The left trunk runs along the left side of the aorta and
towards the end of its route goes past the anterior aortic wall and joins with the
right trunk.

The presacral plexus at the level of the promontory divides into the right
and left pelvic or hypogastric nerves, which run parallel and 1-2 cm medially
to the ureters (Fig. 8.2).  

108 S. Masaro et al.



The pelvic nerves run along the postero-superior portion of the mesorec-
tum, externally to the visceral portion of the pelvic fascia and end on each side
to form the inferior hypogastric plexus or pelvic plexus. It is covered and sur-
rounded by the parietal portion of the pelvic fascia. 

8.2.2 Parasympathetic System

This is made up of the branches of S2, S3 and S4. The nervi erigentes or cav-
ernous nerves, in both males and females, run together to the sympathetic
branches, externally at the Denonvilliers aponeurosis, behind the anterolateral
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Fig. 8.1 Schematic view of the anatomy of hypogastric nerves along the aorta and crossing the IMA
(Inferior Mesenteric Artery)

Fig. 8.2 Hypogastric nerves after posterior dissection of fascia recti, pulled forward by the retrac-
tor



face of the distal rectum at the seminal vesicles (Walsh neurovascular bundle).
The nerves of the sympathetic system are responsible for urinary conti-

nence, and in males they are essential for ejaculation. From a neurophysical
viewpoint the internal urethral orifice is innervated by sympathetic signals and
has two functions, guaranteeing urinary continence and preventing reflux of
sperm during ejaculation. In fact, urinary incontinence and retrograde ejacula-
tion are the results of a failure to preserve the hypogastric nerves bilaterally.
The same reason causes an absence of vaginal lubrication in females. 

The roots of the parasympathetic nerves at the level of the II-III sacral fora-
men are responsible for bladder detrusor muscle contraction and for erection.
Lesions, according to the number of branches involved, lead to impotence or
urinary disturbances, which may reach the denerved bladder [10]. 

Some nerve fibers originate from ganglion cells of the inferior hypogastric plexus,
running from the subperitoneal rectum to the genitourinary organs (Fig. 8.3). 

8.3 Sites at Risk

There are four key areas where attention can be focused during this kind of
surgery: one in the abdomen and three in the pelvis.
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Fig. 8.3 Schematic view of the anatomy of the pelvic nerves and plexi



1. The Origin of the Inferior Mesenteric Artery (IMA): The sympathetic
hypogastric nerves are at risk during artery ligature at this point. Damage
to the hypogastric plexus or to the hypogastric nerves may cause reduced
vesicle compliance, which may lead to emergency incontinence and a
lower bladder volume. On the other hand, it has been seen that preserv-
ing one side of the plexus clinically results in acceptable urinary conti-
nence [11-12]. Furthermore, section of the paraortic trunk may cause
erection without ejaculation and/or retrograde ejaculation (the so-called
“dry orgasm”) [13]. 

2. Posterior Dissection of the Mesorectum: The nerve endings lie along the deep
fascia on the level followed during surgical manoeuvre of presacral dissec-
tion. The nerve fibers are easily damaged when the correct plane is not
respected. At this level the damage is purely sympathetic (Fig. 8.4). 

3. Lateral dissection: This may involve the pelvic plexus and some parasympa-
thetic branches running parallel to it. Radical lymphadenectomy proce-
dures may lead to nerve damage in this area, resulting in sympathetic and
parasympathetic complications.

4. Anterior Dissection: During deep dissection of the extraperitoneal rectum
anteriorly, behind the prostate and the seminal vesicles, or during hemosta-
sis, the cavernous nerves are at risk. This is where most of parasympathetic
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Fig. 8.4 A deeper view of hypogastric nerves crossing the sacrorectal ligament



damage occurs, which explains the incidence of greater erectile dysfunc-
tion in patients undergoing low pelvic dissection [5].
It has been demonstrated that both fecal and urinary incontinence after

treatment for rectal carcinoma are caused by inappropriate movement of the
pelvic pavement, or by an inadequate change in the anorectal angle due to a
dysfunction of the elevator muscle of the anus, which is not innerved by
pudendal nerves, but receives motor fibers from endings which run along its
surface. These endings can be destroyed during deep surgical dissection in the
pelvis, especially in the case of tumors situated in the low rectum [14].

8.4 Nerve-sparing Technique

It is still an open question as to what is the safest point of the ligature of the infe-
rior mesenteric artery (IMA) and the left paraortic trunk, and the distance
between the latter and the origin of the left colic artery. Despite the great vari-
ability of the site of the meeting point of the nerve along the IMA, it has been
shown that the left paraortic trunk never crosses the artery at its original level.
Our conclusion is therefore that the safest point to perform the vascular ligature
is within 0.5 cm of the origin of the lower mesenteric artery [13] (Fig. 8.5).

In dissection at the level of the pelvis, if the TME principle is rigorously
followed it is possible to minimize the risk of iatrogenous lesions of the pelvic
nerve endings of the autonomous system, including the innervation of the anal
elevator muscle (Fig. 8.6).

In spite of the fact that dissection in front of Denonvilliers’ fascia was
described by Heald as the best oncological procedure [15], other authors have
preferred a dissection behind this fascia as the best way of guaranteeing the
safety of the nerves of the autonomous system, and consequently the urogeni-
tal functions [16]. On the other hand, the Lindsey group recommends an
approach tailored to individual patients, performing dissection in front of
Denonvilliers’ fascia only in the event of anterior carcinomas [17].

An instrument for intraoperative nerve identification has recently been
introduced. The effectiveness of a nerve stimulator to identify nerves recurring
bilaterally is already known in the field of thyroid surgery. The same concept
has been applied to rectal surgery, with the use of the Cavermap® to identify
or confirm nerve structures in the pelvis in the event of uncertainty. The Da
Silva group enrolled 29 sexually active male patients subjected to elective
TME for rectal cancer, and applied to them the nerve stimulator and a sensor
of erectile response for intraoperative use. The study showed good results in
terms of determination of both the hypogastric and the cavernous nerves, with
their preservation in 93% of cases and without reported adverse effects con-
nected to the use of this instrument [18].
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Fig. 8.6 After specimen removal, ureter, hypogastric nerve and rectal stump are visible in the empty
pelvis 

Fig. 8.5 Left hypogastric nerve as it appears after section of the IMA at its origin



8.5 Role of Laparoscopy

Laparoscopic rectal surgery offers a significant advantage as regards safe-
guarding postoperative sexual functions. This advantage may be attributed to
the improvement in intraoperative vision provided by optical magnification,
and the use of the 30° view, which characterizes this approach. In fact, it has
been demonstrated that since the introduction of laparoscopic surgery, there
has been no increase either in sexual dysfunctions or vesicle functions
acquired after surgery [19-20].

As regards the incidence of sexual dysfunctions after treatment for rectal
carcinoma, we can cite a prospective study carried out by a Greek group. This
compares the effects of laparoscopy and traditional open surgery. Stamopoulos
and his colleagues studied 56 patients, all of whom were male and underwent
rectal surgery for cancer, demonstrating that the IIEF went down significantly
in the postoperative period (p<0.01) in both groups. They did not observe any
significant differences between the group undergoing laparoscopic surgery and
the one undergoing open surgery, but there was a trend favoring laparoscopy
at the 6-month follow up. The IIEF score in the immediate postoperative peri-
od, at 3 and at 6 months, was better in patients subjected to anterior low resec-
tion compared to the group undergoing abdominoperineal amputation. Tumors
T3 and T4 registered lower scores (p=0.001) [9].

The retrospective study by Morino’s group shows that laparoscopic TME
does not lead to better outcomes than good surgery performed with open tech-
nique, in terms of sexual and urinary functions. A transient urinary dysfunc-
tion is recorded in 14% of patients, all treated with medical therapy alone.
Patients who underwent anterior resection developed a significant deficit of
erection in 23.7%, while in 71.4% (p=0.039) after abdomino-perineal amputa-
tion [21].

8.6 Conclusions

To conclude, postsurgical nerve damage and, to a lesser extent, radiotherapy
are the main factors in the etiology of the dysfunction of the pelvic organs
after rectal cancer treatment. Systematically identifying and safeguarding the
nerves during surgery are therefore essential. Ligature at the origin of the
lower mesenteric artery and rigorous adherence to the TME technique mini-
mize the risk of iatrogenous nerve lesions.

It is important to highlight how dysfunction of the pelvic organs impacts
negatively on the patient on several levels, physically as well as psychologi-
cally, affecting their social and emotive situation and their overall quality of
life [14].

114 S. Masaro et al.



References 

1. Hojo K, Vernava A (1991) Preservation of urine voiding and sexual function after rectal can-
cer surgery. Dis Colon Rectum 34:532-539

2. Enker WE (1992) Potency, cure, and local control in the operative treatment of rectal cancer.
Arch Surg 127:1396-1401

3. Maas CP, Moriya Y, Steup WH et al (2000) A prospective study on radical and nerve-preserv-
ing surgery for rectal cancer in the Netherlands. Eur J Surg Oncol 26:751-757

4. Celentano V et al (2010) Prospective study of sexual dysfunction in men with rectal cancer:
feasibility and results of nerve sparing surgery. Int J Colorectal Dis 25:1441-1445

5. Lindsey I (2000) Anatomy of Denonvilliers’ fascia and pelvic nerves, impotence, and impli-
cations for the colorectal surgeon. Br J Surg 87:1288-1299

6. Sartori C (2011) Urinary and sexual disorders after laparoscopic TME for rectal cancer in males.
J Gastrointest Surg 15:637-643

7. Kim et al (2002) Assessment of sexual and voiding function after total mesorectal excision
with pelvic autonomic nerve preservation in males with rectal cancer. Dis Colon Rectum
45:1178-1185

8. Song PH et al (2010) Comparison of the erectile function in male patients with rectal cancer
treated by preoperative radiotherapy followed by surgery and surgery alone. Int J Colorectal
Dis 25:619-624

9. Stamopoulos P et al (2009) Prospective evaluation of sexual function after open and laparo-
scopic surgery for rectal cancer. Surg Endosc 23:2665-2674

10. de Calan L, Gayet B, Bourlier P et al (2004) Cancer du rectum: anatomie chirurgicale, prepa-
ration à l’intervention, installation du patient. In: Encyclopédie Médico-Chirurgicale 40-606
Editions Scientifiques et Médicales Elseviers, Paris, pp 1-12

11. Matsuoka N, Moriya Y, Akasu T et al (2001) Long-term outcome of urinary function after ex-
tended lymphadenectomy in patients with distal rectal cancer. Eur J Surg Oncol 27:165-169

12. Moriya Y (2006) Function preservation in rectal cancer surgery. Int J Clin Oncol 11:339-343
13. Nano M et al (2004) Ligation of the Inferior Mesenteric Artery in the surgery of rectal can-

cer: anatomical considerations. Dig Surg 21:123-127
14. Lange MM, van de Valde CJH (2010) Long-term anorectal and urogenital dysfunction after

rectal cancer treatment. Semin Colon Rectal Surg 21:87-94
15. Heald RJ et al (2004) Optimal total mesorectal excision for rectal cancer is by dissection in

front of Denonvilliers’ fascia. Br J Surg 91:121-123
16. Kinugasa Y et al (2006) Operating behind Denonvilliers’ fascia for reliable preservation of

urogenital autonomic nerves in total mesorectal excision. A histologic study using cadaveric
specimens, including a surgical experiment using fresh cadaveric models. Dis Colon Rectum
49:1024-1032

17. Lindsey I et al (2005) Denonvilliers’ fascia lies anterior to the fascia propria and rectal dis-
section plane in total mesorectal excision. Dis Colon Rectum 48:37-42

18. Da Silva G (2004) The efficacy of a nerve stimulator (Cavermap®) to enhance autonomic nerve
identification and confirm nerve preservation during total mesorectal excision. Dis Colon Rec-
tum 47:2032-2038

19. Asoglu O et al (2009) Impact of laparoscopic surgery on bladder and sexual function after to-
tal mesorectal excision for rectal cancer. Surg Endosc 23:296-303

20. Breukink SO et al (2005) Laparoscopic versus open total mesorectal excision: a case-control
study. Int J colorectal Dis 20:428-433

21. Morino M, Parini U, Allaix ME et al (2009) Male sexual and urinary function after laparo-
scopic total mesorectal excision. Surg Endosc 23:1233-1240

8 Nerve-sparing Technique in Rectal Cancer 115



N. de Manzini (ed.), Rectal Cancer,
Updates in Surgery
DOI: 10.1007/978-88-470-2670-4_9, © Springer-Verlag Italia 2013

117

Reconstruction

Paola Tarchi, Elisa Moretti and Nicolò de Manzini

9

P. Tarchi (*)
Department of Medicine, Surgery and Health Sciences, General Surgery Unit, 
Cattinara University Hospital, 
Trieste, Italy
e-mail: paolatarchi@hotmail.com

9.1 Colorectal and Coloanal Anastomosis

At present, preservation of the anal sphincter is possible in the majority of low
rectal (LR) carcinomas; indeed, by associating neoadjuvant radiochemothera-
py (RCT) to TME, it is possible to preserve the sphincter in at least 70% of
cases [1]. However, it is obvious that proctectomy, followed by straight
coloanal or colorectal anastomosis (SCA), significantly modifies the mecha-
nisms of continence and defecation. The functional results after anterior
resection (AR) in low resections (LAR) with direct anastomosis (end-to-end),
located less than 10 cm from the anal margin and in absence of preoperative
radiotherapy, report good continence rates in just 20% of cases, against 100%
of high AR (Fig. 9.1) [2].

In fact, in LAR the rectum’s function as a storage tank is eliminated or sig-
nificantly reduced, and the activity of the sphincter is frequently impaired,
while changes to the external sphincter and the pelvic floor are less frequent
Thus 5% of patients present incontinence, 60% soiling or important modifica-
tions of the bowel movements, 16% require incontinence pads, 63.2% are
unable to discern gas from feces, and 18% are constipated. This state of affairs
has been given the name “anterior resection syndrome” (ARS), which can be
summarized by the presence of frequency, urgency, fragmentation and incon-
tinence to feces [3]. The result is a profound change in the quality of life, mak-
ing it impossible to carry on working and lead a normal social life. 

In an attempt to improve postoperative functionality, which is also affect-
ed by any neoadjuvant radiotherapy [4], three one-stage surgical reconstruc-



tion techniques have been proposed as an alternative to SC: colonic J-pouch,
coloplasty and side-to-end anastomosis. Debate is on-going about which
reconstruction technique is best in terms of functionality, low postoperative
morbidity and quality of life.

The creation of a reservoir would appear to be useful in terms of better
functional results for anastomoses less than 8 cm from the anal margin,
according to the comparative study by Hida [5], whereas in Montesani’s [6]
case study, the reference cut-off is 6 cm from the anal margin. In our Institute
we perform reconstruction with anastomotic reservoir for cancer located at
less than 5 cm from the anal margin and in coloanal anastomosis. The creation
of a colic reservoir during coloanal anastomosis for low rectal cancer is
undoubtedly a uniformly recommended standard in clinical practice [7].

The first reconstruction technique was the colonic J-pouch, proposed by
Lazorthes [8] and Parc [9] in 1986; the idea was to create a reservoir to make
up for the loss of the rectal compliance function by using the sigma folded and
anastomosed laterally on itself and latero-terminally, on its apex, at the anus
or at the residual portion of the rectum (Fig. 9.2) [10]. The optimum size of the
colonic J-pouch would seem to be 5-7 cm [11]. The volume of the neo-ampul-
la established in this way varies between 250 and 350 cc, and anastomosis to
the anus is performed manually with the most distal part of the pouch. In cases
of widespread sigmoid diverticulitis, the descending colon is generally used,
prior to ample mobilization of the left colonic flexure. 
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Fig. 9.1 Straight coloanal anastomosis



Electrophysiological studies carried out recently appear to indicate that the
pouch’s tank function, rather than its tank shape, is connected to the local seg-
mental denervation subsequent to the opening of the colonic wall, which deter-
mines a slowing of fecal transit in the immediately supra-anastomotic area.

A study performed by the Cleveland Clinic [12] demonstrated that the
reconstruction of intestinal continuity using the J-pouch is possible in the
majority of cases. It was not possible in 26.1% of patients for 5 technical rea-
sons: primarily the presence of a narrow pelvis (42.9%), followed by finding
a large pelvic muscular mass or the need for partial resection of the internal
sphincter and/or mucosectomy and/or manual anastomosis (32.2%), by con-
comitant diffused diverticular disease (10.7%), by insufficient length of the
colon to move down (7.1%), and finally by pregnancy (3.6%). 

Data from Heriot’s [13] meta-analysis illustrated the short-term complica-
tions between J-pouch and SCA: the average anastomotic leak rate was 13% in
SCA versus 9% in the J-pouch group; 7% of anastomotic strictures was
observed in both groups; the paper also reports 7% of wound infections and
2% of recto-vaginal fistula in both groups. Overall morbidity and mortality
were comparable, with no statistically significant difference between J-pouch
and SCA (0% vs. 1-2%). Several trials investigated the surgical outcome of
these two reconstruction techniques, especially in terms of fistula formation,
confirming no difference in postoperative complications (Table 9.1). The main
difference between SCA and J-pouch concerns the early functional results:
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Fig. 9.2 Colonic J-pouch



patients with J-pouch tend to have less frequency, urgency and difficulty in
evacuation immediately after surgery and up to 1 year after the operation. 

The use of an alternative technique such as coloplasty (Fig.9.3) has
reduced the number of cases in which SCA was necessary to 5.3% [12]. This
reconstruction technique, which is designed to interrupt the antegrade colonic
peristalsis, consists in performing a longitudinal section of approximately 7-10
cm along the anterior wall of the lowered colon approximately 4 cm from the
site of the manual or stapled direct colorectal or coloanal anastomosis, then
suturing it transversally, following the classic Heinecke-Mikulicz [26, 27]
pyloroplasty technique. Most of the studies published report complications
and similar early postoperative functional results between transversal colo-
plasty and J-pouch. The randomized clinical trial by Ulrich et al. [26] com-
pared 73 J-pouch to 76 coloplasty cases ( systemic loop ileostomy): the anas-
tomotic leak rate was 8% in both groups, with pelvic sepsis developing in 3%
of J-pouch vs. 1% of coloplasty cases. Postoperative mortality was null in both
groups. Another study [27] conducted on a smaller cohort of patients (12 colo-
plasty and 35 J-pouch, again all with loop ileostomy) reported no significant
difference in the outcome of the two groups; specifically, the early functional
results assessed through the Wexner score 1 year after surgery gave a score of
6 in the coloplasty and 7 in the J-pouch cases.

A further alternative technique, proposed as early as 1950, is the “side-to-
end anastomosis” (Fig. 9.4), created manually or mechanically about 3 cm
from the terminal suture of the colon [28]. This blind segment was devised to
act as a mini-pouch; in reality it seems to work simply by slowing the distal
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Table 9.1 Trials investigating the rates of anastomotic leaks and strictures in patients operated on
for J-pouch versus straight coloanal anastomosis (SCA)

Author Year Study No. of patients Anastomotic Anastomotic 
type J-Pouch/S.C.A. leak stricture

J-Pouch/SCA J-Pouch/SCA

Hallbook [14] 1996 RCT 45   52 1(2%)   8(15%) NS   NS

Dehni [15] 1998 R 122 136 10(8%)  21(15%) NS   NS

Prete [16] 2000 RCT 35   31 2(5%)    2(6%) 4(11%) 3(9%)

Willis [17] 2001 PRN 31   63 8(26%) 15(24%) NS   NS

Gotzinger [18] 2001 PRN 20   25 2(10%) 3(12%) NS   NS

Mantyh [19] 2001 PRN 16   17 1(6%)    1(6%) NS   NS

Furst [20] 2002 RCT 37   37 3(8%)    1(3%) NS   NS

Lin [21] 2002 PRN 40   41 4(10%) 4(10%) NS   NS

Sailer [22] 2002 RCT 32   32 3(9%)   4(12%) NS   NS

Machado [23, 24] 2003 (2005) RCT 50   50 4(8%)   5(10%) 1(2%) 2(4%)

Jiang [25] 2005 RCT 24   24 1(4%)    0(0%) 0(0%) 1(4%)

R, randomized; PRN, prospective non-randomized; RCT, randomized controlled trial.
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Fig.9.3 Coloplasty

Fig. 9.4 Side-to-end anastomosis



colic movement [23, 29, 30]. The side-to-end anastomosis solves major prob-
lems related to the different calibre between the colic and rectal stub, also by
minimising the size of the reservoir; it is easier to perform if the pelvis is nar-
row. Finally, it is strongly recommended instead of the J-pouch when there is
insufficient length of the colon to move down [23]. 

As previously demonstrated for the J-pouch, side-to-end anastomosis pro-
motes a lower incidence of anastomotic leaks and consequent re-operation
compared to SCA. A randomized controlled trial by Brisinda and his group
[29] compared 40 cases of side-to-end anastomosis to 37 cases of SCA (loop
ileostomy not performed): the anastomotic leak rate was 29.2% in the SCA vs.
5% in the end-to-end group (p=0.005). In the end-to-end group, 9 patients later
needed reintervention with colostomy creation. Postoperative mortality was
comparable.

On the other hand, once again there are no statistically significant differ-
ences in terms of the surgical outcomes of J-pouch and side-to-end anastomo-
sis. Machado [23] randomized two groups of 100 LR, of which 50 were
reconstructed with a side-to-end anastomosis and 50 with J-pouch. In the first
group the anastomotic leak rate was 10%, 16% of patients needed reinterven-
tion, wound infection and post-operative mortality were 0%. The outcome
was comparable in the J-pouch group: 8% of clinical leaks, 12% of reopera-
tions, 2% of wound infection and mortality. Among other trials investigating
anastomotic leak rates there was no significant heterogeneity: approximately
5% rate of leaks formation in the J-pouch and 2% in the side-to-end group
[31]; analyzing the rates of anastomotic stricture, a 5% rate was recorded in
the J-pouch versus 6% in the side-to-end group [31]. Similar results were
obtained even when a selective loop ileostomy was performed in association
with the LAR [25].

Apart from these results, there are very few data in the literature regarding
the outcome of side-to-end anastomosis, so that more comparative studies are
needed.

An old two-stage reconstructive operation has recently been reproposed:
the Turnbull-Cutait abdominoperineal pull-through (Fig. 9.5 a, b). The exteri-
orization of approximately 8 cm of colon through the anal canal and the sub-
sequent resection of the excess external segment, 5-10 days after the first oper-
ation, with manual end-to-end coloanal anastomosis, means that an anastomo-
sis can be created on two surfaces, the colic and the anal, which become adher-
ent and therefore have a lower risk of dehiscence [30]. Using this technique it
is possible to avoid or reduce the systematic use of a temporary “protective”
ileostomy. This is clearly not a first choice technique, but is recommended in
selected patients with extremely complex anorectal conditions which would
otherwise require a permanent fecal diversion. It should be considered in situ-
ations where it is technically difficult or impossible to perform an immediate
coloanal anastomosis, such as in the event of reoperation, irradiated pelvis
with chronic inflammation, or complications of the neoplasia itself (stenosis,
abscesses, rectovaginal fistulas); it can also be used in patients who categori-
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cally refuse an ostomy or in severely obese patients in whom the creation of
an ostomy is technically difficult due to the thickness of the abdominal wall.

A comparison of the postoperative and long-term results of immediate
direct coloanal anastomosis with results of deferred anastomosis on the basis
of pull-through operation time does not show any statistically significant dif-
ferences, except for the incidence of abscesses and anastomotic dehiscence,
which appears lower with the pull-through in a study by Remzi et al. [32]. In
this paper the authors compared 67 pull-through with 88 SCA cases, with a
median follow up of 5.6 years. Anastomotic leak was 7% and 5% (p=0.048)
respectively; anastomotic strictures 16% and 13%; intra-abdominal abscesses
0% and 5% (p=0.043); a trans-anal prolapsus was observed in 7% of pull-
through cases. Finally, the long-term median Wexner score was 10.6 in the
pull-through vs. 12.2 in the SCA group.

Analysis of the surgical outcome of these reconstruction techniques and
comparisons among them has been reviewed in several literature studies, with
an unanimous result in stating the absence of a significant difference between
incidences of anastomotic leaks between SCA, J-pouch and coloplasty.
However, 3 meta-analyses were performed to comparatively assess numerical-
ly important cases, and the immediate and long-term functional results of the
reconstruction techniques proposed after anterior resection for extraperitoneal
rectal carcinoma (medium and low) [13, 31, 33]. 
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a b

Fig. 9.5 a, b First and second steps of abdominal pull-through. The second step is delayed until 5-
10 days after the first operation



The first, by Heriot [13], considered 35 comparative studies published
between 1986 and 2005, for a total of 2,240 patients (1,066 SCA, 1,050 J-
pouch and 124 coloplasty). Only in 4.8% of the cases, and for a total of 7 stud-
ies, was it technically impossible to create a J-pouch; in the 3 groups of
patients, no difference was noted as regards the incidence of anastomotic leak
and other postoperative complications. On the other hand, there was a statisti-
cally significant difference in favor of the J-pouch over SCA in terms of fre-
quency of defecation/day and in terms of incidence of defecatory urgency at
both 6 months and at 1 year and at >2 years from the operation. Coloplasty
seemed to provide the same advantages as the J-pouch, but the author stated
that further studies would be necessary to confirm this impression.

Another famous meta-analysis, performed in 2008 by the Cochrane
Colorectal Cancer Group [33], considered 2,609 studies, including only 9 tri-
als for a total of 215 patients, which compared the results of SCA with the J-
pouch; 4 trials, for a total of 215 patients, compared the J-pouch with the side-
to-end anastomosis; and lastly 3 trials assessed the J-pouch vs. coloplasty. The
authors concluded that in different controlled randomized trials the J-pouch
was superior to SCA as regards intestinal function and for a period of at least
18 months after re-establishing intestinal continuity. Coloplasty and side-to-
end gave similar functional results to those of the J-pouch, but further studies
were required to determine the precise role of these alternative reconstructive
strategies. 

The last meta-analysis, published in 2010 by Siddiqui [31] focused on stud-
ies comparing the J-pouch with side-to-end anastomosis between 1980 and
2009, and included 4 randomized controlled trials, for a total of 273 patients
(138 J-pouch vs. 135 side-to-end anastomosis). No statistically significant dif-
ference emerged between the two techniques in terms of postoperative morbid-
ity and mortality. As regards functional results, statistically significant com-
parisons were represented by lower basal anal pressure 24 months after the
operation, with J-pouch, and lower defecatory incidence at 6 months, in the
same group of patients. The authors concluded by stating that both techniques
appear safe and have acceptable results, although a controlled randomized trial
including several patients would be necessary to highlight this evidence.

9.2 Anoperineal Reconstruction Methods

Over the last ten years, the diffusion of sphincter preservation techniques and
of total excision of the mesorectum [34], the application of neoadjuvant ther-
apy, and the clear definition of distal resection margins [35], have reduced the
need for abdominoperineal amputation according to Miles in favor of sphinc-
ter saving techniques. The Miles operation has a high complication rate, often
correlated to the perineal wound (recurrent perineal infection, pelvic abscess,
delay in healing, secondary dehiscence), and significantly changes the quality
of life of the patients, necessitating an iliac colostomy (IC).
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Perineal colostomy (PC) was used for years after Miles’ operation to re-
establish gastrointestinal continuity; the primary purpose of this technique was
to reduce the invalidity deriving from an iliac colostomy in selected and moti-
vated patients capable of managing often daily colonic irrigations. The func-
tional results and the quality of life of patients undergoing this type of recon-
struction are comparable to those obtained after IC or coloanal anastomosis
[36-39]; furthermore, the presence of a perineal colostomy reduces morbidity
at a perineal level as well as the healing time of the wound, especially in
patients undergoing neoadjuvant therapy [40]. 

In the past, numerous procedures were proposed for the reconstruction of
the perineal region after the Miles operation [41], which are now no longer
used. Initially, Schmidt [42] proposed continent colostomy, which consisted of
using a 10-15 cm ring of mucosa removed from the surgical specimen and
arranged as a sleeve around terminal portion of the colon. The same technique,
using smooth muscle for the perineal colostomy, was performed by Federov
[43] with good functional results. Gamagami et al. confirmed these results by
achieving continence of 59% of patients with perineal colostomy and free
colonic muscle graft after 12 months’ follow-up [39]. 

The use of muscular transposition techniques came after this. These
involve autologous perineal plasty using the gluteus maximus muscle, or more
frequently the gracilis muscle, to construct a neosphincter. Single or double
graciloplasty, initially described by Pickrell for treating children affected by
neurogenic fecal incontinence, when associated to perineal colostomy
becomes an integral part of the total perineal reconstruction. The quality of the
results obtained after graciloplasty depends on the treatment the patient is
given in the postoperative rehabilitation process. The few case studies pub-
lished indicate an improvement of 50% in medium term patients, no matter
which muscular transposition is performed [44-46].

Experimental [47] and clinical [48] studies have demonstrated how the
result of muscular transpositions could be significantly improved by subject-
ing the transposed muscles to continual electric stimulation. When this proce-
dure is used, the striated muscles normally subject to fatigue and capable of
rapid but short contractions transform into permanent contraction muscles,
thanks to an implanted and programmable neurostimulator. In patients subject-
ed to dynamic graciloplasty a restoration of continence is described in 54-83%
of cases. Postoperative complications are, however, frequent (described in 40-
90% of cases) and explain the observed failures: transplant infection favored
by ischemia, ulceration of the anal canal due to excessive tension of the trans-
plant, disinsertion of the tendon implant on the ilium, secondary muscular
stimulation defect with rupture or movement of the electrodes [49-51]. The
failure of the technique may also be functional and not concern anal conti-
nence but rectal evacuation, with the impossibility of a complete emptying in
the absence of a daily evacuative enema [52-55]. 

The most recent option for creating a sphincteral mechanism after
abdominoperineal amputation and perineal colostomy consists in implanting
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(during the same operation or in a second one) an artificial sphincter around
the perineal stoma. This technique, initially proposed for treating fecal incon-
tinence in adults, has obtained encouraging results in total anorectal recon-
struction; the most recent cases are, however, heterogeneous and extremely
few. In particular, Romano et al. [56] describe the implantation of an artificial
anal sphincter in 8 patients (synchronous in 5 patients, in two stages in the
other 3) undergoing anoperineal reconstruction between 1999 and 2001,
reporting one wound infection and three patients with altered evacuation
amongst the complications. In the Marchal et al. [57] case studies, implanta-
tion of the artificial sphincter was carried out in two operations, in the absence
of local or remote recurrence of illness or local sequelae of radiotherapy; of
the three patients undergoing the implant, one had wound bruising. In both
studies, despite the fact that they were preliminary and numerically limited,
this technique showed reduced morbidity compared with graciloplasty, report-
ing good results in terms of fecal continence and quality of life.

Antegrade colonic irrigation techniques can be recommended only when
sphincter replacing techniques are not possible or have proved to be ineffec-
tive. The principle behind these techniques envisages a complete intestinal
emptying at regular intervals using enemas introduced by a proximal colosto-
my, which should also be continent, so as to avoid losses or require applica-
tion of a bag. Several accesses to the proximal colon have been described and
tested on a small series of patients: appendicostomy, cecal tube with antireflux
system [58], ileum or terminal [59], or even Roux-en-Y anastomosis with the
right colon, whose end is grafted to the skin [60].

Among these, appendicostomy, initially described by Malone [61] and rec-
ommended in cases of infantile incontinence caused by neurological conditions
like spina bifida, Hirschsprung disease or anorectal deformations, was subse-
quently used also for post-traumatic or neurological incontinence in adults. In
2005, Penninckx et al. [62] and Portier et al. [37] introduced an alternative to
total perineal reconstruction (TPR) by associating appendicostomy to perineal
colostomy in the absence of graciloplasty, with good results in terms of conti-
nence (the Wexner score achieved in the 18 patients of Portier’s case study is
6.5/20). The long-term total perineal reconstruction results with dynamic
graciloplasty associated to appendicostomy according to Malone have also
been encouraging in terms of restoring functionality and quality of life: in
Abbes Orabi’s [63] study of 10 patients undergoing this procedure and followed
up for 78 months, the mortality rate correlated to the procedure was 0, with
minimum postoperative morbidity. However, there was a significant rate of late
complications (mucosal prolapse and stenosis of the coloperineal anastomosis,
stenosis of the graciloplasty and of the appendicostomy, vaginal stenosis),
requiring local revision in 13 cases and abdominal re-operation in one case. 

Comparison of the functional results reported in literature for the various
perineal reconstruction techniques is made difficult by the great heterogeneity
exisiting in terms of surgical technique, execution time, number of samples
and assessment methods.
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9.3 Conclusions

In conclusion, the literature data show how reconstruction with good function-
al results can be obtained in at least 75% of cases [4] of extraperitoneal rectal
cancer. A reconstruction technique with colonic pouch seems to be the best
option for all low colorectal anastomoses, and is almost obligatory for
coloanal ones. The colonic J-pouch is the most widely tested technique,
although it does not seem to provide any different results from coloplasty and
from side-to-end anastomosis. The latter two techniques represent valid alter-
natives to the J-pouch if this is technically either difficult or impossible to per-
form. The pull-through technique, although used by some centres as the inter-
vention of choice, should be reserved primarily for cases involving complica-
tions subsequent to a pouch reconstruction; in this case it represents the last
option before a permanent ostomy [25, 30, 31]. 

The most recent option for reconstruction of the perineal region after a
Miles’ operation consists in implanting an artificial sphincter around the per-
ineal colostomy [56, 57], which has obtained encouraging results, but is actu-
ally performed only in very few centres. Antegrade colonic irrigation by prox-
imal stoma remains the last resort, if the other reconstruction techniques are
not successful.
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10.1 The Role of Diverting Stoma

The role of a protective stoma is to divert the flow of the feces externally, thus
protecting a low colorectal anastomosis which is potentially at risk.

The impact of the stoma on the incidence of anastomotic leakage and relat-
ed leak mortality is still the object of much debate in literature.

In deciding whether to create a derivative stoma or not, the surgeon must
consider that most unprotected patients who develop an anastomotic leakage
will require further urgent surgery to create such a stoma, which in 25% of
cases will become permanent. However, in the absence of complications, the
closure of a temporary stoma is performed in 87.7% of cases [1].

The first studies aimed at clarifying the role of diverting stomas that
appeared in literature were carried out on small samples of patients and thus
did not reach any definite conclusions [2, 3]. In 2002, a prospective multicen-
ter observational study conducted by the “Colon/Rectum Carcinoma”
Working Group (CRCWG) demonstrated that risk of anastomotic leakage
requiring surgical reoperation was significantly small thanks to the creation of
a protective stoma. The logistic regression analysis performed in this study
confirmed that a protective stoma was the strongest and most independent fac-
tor in avoiding an anastomotic leakage requiring reoperation (p=0.001) [1]. 

More recently, in 2007, Matthiessen et al. [4] carried out a randomized
multicenter clinical trial on a sample of 234 patients, demonstrating for the
first time that the presence of a derivative stoma not only mitigated the disas-
trous effects of an anastomotic leakage, but also reduced the percentage of



risk of a leak developing. In the past, other authors had reached the same con-
clusion, but with nonrandomized retrospective multicenter studies [5]. A sub-
sequent meta-analysis of randomized and nonrandomized studies has unequiv-
ocally confirmed that a protective stoma significantly reduces both the per-
centage of leakage and the percentage of reoperations [6].

At the moment, little is known about the effects of a stoma on anorectal
function. In 2011, using a questionnaire, a multicenter controlled clinical trial
by Lindgren et al. [7] assessed anorectal function in patients undergoing ante-
rior resection of the rectum with and without protective stoma. The question-
naire focused on analysing different parameters: frequency and any difficulties
in evacuation, the use of laxatives, incontinence or defecatory urgency, and the
impact of the stoma on daily life. Moreover, patients without stoma were asked
if they would prefer the creation of a stoma to reduce the impact of changes in
anorectal functions, where present. The conclusion of this study was that after
one year the presence of a diverting stoma did not cause significant alterations
of the anorectal function, and that in any case all the patients preferred reduced
anorectal function rather than the creation of a stoma. 

10.2 Loop Ileostomy (LI) vs. Loop Colostomy (LC)

The benefits of a stoma in reducing the percentage of anastomotic leakage and
in improving the postoperative recovery of patients developing an anastomot-
ic dehiscence must be compared to the percentage of morbidity of the stoma
itself and to the mortality related to its closure, which involves a further sur-
gical operation requiring a second hospital admission. A percentage of morbid-
ity up to 36.5% and of mortality up to 1.4% correlated to the closure of the
ostomy [1, 8, 9] has been estimated. Furthermore, it has been calculated that
the hospital stay of patients with protective stoma is longer than that of
patients without stoma, with a consequent increase in health costs. This longer
stay is probably due to the time necessary for the patient to get used to man-
aging the stoma [4].

In literature there is no preference as regards the type of protective stoma.
According to Law et al. [10] and Gooszen et al. [11], LC gives better results
than LI. In particular, according to these authors, the closure of the LI is asso-
ciated with a greater risk of anastomotic dehiscence and small bowel obstruc-
tion and with a mortality rate of 0.5%. 

Edwards et al. [12], on the other hand, have pointed out a number of con-
traindications to LC: a higher rate of parastomal hernias and prolapse, and a
greater incidence of post operational hernias, probably connected to an
increase in bacterial contamination at the moment of closure. These results
were confirmed in a study by Rullier, which demonstrated a percentage of
complications connected to the stoma of 35% for LC and 19% for LI, as well
as a higher percentage of complications after closure of LC (34%) compared
to LI (12%) [13].
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More recently, two meta-analyses analysed 5 randomized clinical trials by
comparing the efficacy and safety of LC and LI: both only found a smaller and
nonsignificant percentage of prolapse associated to LI without, however,
demonstrating any real advantage of one technique over the other [14, 15].

In their review of 3 randomized clinical studies and 4 cohort studies, Tilney
et al. [16] demonstrated a preference of LI over LC correlated to lower rates
of wall infection, global complications, and incisional hernias.

The most recent meta-analysis on the subject was performed by Rondelli et
al. [17]; though it analyses a large amount of data and parameters, the study
does not definitively show the superiority of one treatment over another,
requiring the publication of further controlled clinical trials with a greater
number of patients.

A new technique recently introduced to protect distal colorectal anastomo-
sis is Ghost Ileostomy (GI) [18]. The advantage of this technique is that it is
only undertaken when there is clinical evidence of anastomotic leakage. There
are 2 types: Ghost ileostomy without parietal split, and Ghost ileostomy with
parietal split. In both cases the next to last ileal loop is prepared in correspon-
dence to the right iliac fossa and freed from any adherences. In the procedure
without parietal split, a Prolene stitch is passed through the mesenteric edge of
the ileal loop and exteriorized at the cutaneous skin surface with a Reverdin
needle. In the technique with wall incision, a McBurney incision is made, and
a pediatric Robinson catheter, which was previously made to pass through the
meso of the second to last ileal loop, is exteriorized through this incision. In
both cases the ileal loop is suspended under the fascia ready to be exteriorized
in the event of anastomotic leakage. In the wall incision technique, the ileosto-
my may even be created in local anesthesia. If, on the other hand, the anasto-
mosis heals without complications, the Prolene thread and the pediatric
Robinson catheter are cut and the intestinal loop is abandoned in the abdomen.
The advantage of GI is that the stoma is only opened if an anastomotic leak
develops, thus reducing useless stoma, hospitalization for closing the stoma,
and health care costs. Furthermore, if the GI has to be opened, stoma-related
mortality and morbidity can be likened to that of a classic stoma.

A limitation of this procedure could be the risk of extended fecal contamina-
tion of the leakage due to the delayed opening of the stoma. Furthermore, the
number of patients undergoing this innovative procedure is extremely small.

To conclude, in literature ileostomy is the operation of choice for elective
colorectal surgery to protect the anastomosis, reduce the incidence of leakage,
and mitigate undesirable effects; colostomy on the other hand is preferred in
emergency operations or reoperations.

10.3 Closing the Stoma

Most derivative stomas are subsequently closed, but in some cases they are
transformed into permanent stomas. There may be many reasons for non-clo-
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sure: refusal by the patient, postoperative complications, clinical conditions of
nonoperability, tumor progression, anastomotic stricture, and alteration of
continence [19, 20]. It has been estimated that intestinal continuity is not
restored in 19.2% of cases [5]. 

In contrast, in most cases when there are no clinical signs referable to a col-
orectal leakage, patients with a derivative stoma are recommended for a clos-
ing operation. The absence of symptoms or clinical signs of anastomotic leak-
age is not, however, proof of healing, so that the colorectal anastomosis must
be studied before the operation to check its integrity.

In literature there is no unanimous consensus on the type of examination
recommended to test the suture, though historically, the examination of choice
is the transanal water-soluble contrast enema (WCE). Some authors, including
Lim et al. [21], have drawn up a radiological classification of anastomotic
leakage and have identified some predictive characteristics of healing or per-
sistence.

Other studies in literature, on the other hand, propose alternative clinical
and instrumental examinations to WCE: digital rectal examination and rec-
tosigmoidoscopy [22, 23]. Kaladay et al. [22] proposed a digital rectal exami-
nation 4-6 weeks after rectum resection, and a rectoscopy for patients who
showed no clinical signs of anastomotic leakage. In the absence of pathologi-
cal confirmation, closure of the ostomy was programmed two months later
without any radiological study of the anastomosis.

In our opinion the best examination for studying the anastomosis is WCE,
which should be performed just two weeks after rectal resection. In the event
of radiological leakage, another two serial WCEs should be planned at inter-
vals of a month to compare the radiological images. If the radiological images
of a leak persisting in clinically asymptomatic patients are stable, we advise
closing the ileostomy [24]. 

Another widely debated matter in literature concerns the most appropriate
moment to close the stoma. The closing operation is not usually performed less
than 8-12 weeks after the anastomosis has healed. This period should be long
enough for the complete reacquisition of the patient’s functions after the col-
orectal operation, for the intraoperative adhesions to become less tenacious,
and for the edema of the stoma to resolve. Perez et al. [25] determined a pre-
cise cutoff time of around 8.5 weeks after rectal resection , before which there
is a significant increase of postoperative complications. Our recently conduct-
ed study encourages us to believe that a protective ileostomy can be closed
early, about 2-3 weeks after its creation, if the anastomosis has completely
healed. We also suggest closing the stoma even when there is persistent radio-
logical leakage, as long as the serial radiological images of WCE are stable in
time and show certain features: a short fistula with a blind ending which emp-
ties spontaneously into the rectum, and the absence of clinical signs or symp-
toms of inflammation or generalized sepsis. Indeed, in the follow-up phase, no
patient has shown any clinical complication or any readmission to hospital
because of complications related to stoma closure [24].
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Early stoma closure was also proposed by Bakx et al. [26] in a pilot study.
This analysed 27 patients, 18 of whom underwent closure of the stoma during
the same hospital stay as that of their rectal operation. The patients who did not
show any complications after rectal resection had WCE approximately 7-8
days after the initial operation. In the absence of radiological leakage, the
patients were prepared for the stoma closure operation during the same stay,
which was, on average, 11 days after the creation of the stoma. The mean fol-
low-up period was 29 weeks, and during this period no complications occurred.

Early closure of the ileostomy was also recommended in other studies,
including that of Jordi-Galais et al. [27], with results in line with those report-
ed in Bakx’s study. In both cases the sample studied was small, while large
randomized studies would be necessary to reach definite conclusions. 

Finally, some studies have assessed the development of complications con-
nected to stoma closure in relation to adjuvant treatment. Thalheimer et al.
[28] demonstrated that the lowest percentage of complications correlated to
stoma closure occurred in the group of patients who underwent the closure
operation before the beginning of adjuvant chemo- and/or radiotherapy
(12.5%). At the end of the adjuvant therapy, on the other hand, the percentage
of complications was 21.2%, while if the stoma was closed during the adjuvant
therapy, the percentage of complications rose to 42.9%. A limitation of this
study was, however, the very small number of patients in each group.

10.4 Conclusions

A protective stoma reduces both the incidence of anastomotic leakage and the
percentage of re-operations. It also allows a conservative treatment of the leak
and reduces negative side effects. 

There is no unanimous consensus in literature on the type of stoma to per-
form. The most frequent complication associated to the closing of an LI is
small bowel obstruction; those of LC are parastomal hernias, prolapse, and
incisional hernias. However, in terms of complications, neither technique is at
present better than the other in a statistically significant manner. The trend is
to perform an LI in elective operations and an LC in emergency operations or
re-operations. Ghost Ileostomy represents an alternative, but its use is not suf-
ficiently widespread to offer significant data. 

Historically, the optimal closing time varied from 8 to12 weeks after col-
orectal resection. Any shorter period than this meant a greater probability of
complications. However, in literature various studies on the early closure of
the stoma are being compared, with promising results. Our opinion is that the
examination of choice for studying the anastomosis is WCE, and we propose
early stoma closure even in the presence of a radiological anastomotic leakage,
as long as it has a short linear track with a blind ending which spontaneously
empties into the rectum, and if there are no clinical signs or symptoms of
inflammation or generalized sepsis.
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Finally, in agreement with some studies, stoma closure should be pro-
grammed before any adjuvant therapy to minimize the risk of complications. 
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11.1 Introduction 

In spite of standardization and improvements in technique, colorectal surgery
remains subject to an intraoperative accident rate that has undergone a slight
increase with the advent of laparoscopy [1]. This fact can be correlated to the
technical limitations of laparoscopic access, which are its two-dimensional
imaging and the loss of tactile sensation [1]. The most updated studies report
a global incidence of intraoperative accidents of 10-13% [2, 3]; for rectal sur-
gery this incidence is significantly higher than for colonic surgery (13% vs.
7%) [3]. The most frequent intraoperative complications are hemorrhage,
lesions to the bowel, spleen, urethra and bladder, as well as technical difficul-
ties during anastomosis. The risk of technical difficulties during mini-invasive
operations for colorectal cancer is higher for surgeons in the learning phase, a
phase that is often longer for laparoscopy than for the same procedures car-
ried out in laparotomy; the learning curve for laparoscopic rectal surgery
seems to be about 35 operations [4-6]. In analyzing the learning curve of a
junior surgeon, the most significant data are the complication rate, the length
of the hospital stay and the incidence of re-hospitalization, and not the con-
version rate and the length of the operation; indeed, if the operating time does
not go down as the experience of the surgeon increases, this often reflects the
fact that the more complex individual cases are generally performed by expert
surgeons [7]. 

In our opinion, however, the term “learning curve” should be banned and
replaced with the term “tutorage curve”, meaning the number of operations, or



stages of them, during which, to maintain the same quality, a surgeon needs a
tutor.

If intraoperative accidents cannot be solved laparoscopically, they may
lead to the conversion of the procedure into laparotomy. Colorectal surgery has
a higher conversion rate than other laparoscopic operations; this fact is corre-
lated to factors connected to the patient, the illness, the complexity of the case,
and the experience of the surgical team [8]. 

As far as laparoscopic colorectal surgery is concerned, the following statis-
tically significant risk factors have been identified connected with the inci-
dence of intraoperative accidents which resulted in a need for conversion [9]:
• Obesity
• Males
• Low rectum
• Narrow pelvis

In literature the conversion rate is somewhat variable. In the most recent
randomized trials, the conversion rate is between 14 and 20% [10], and is
higher in rectal surgery than in colon surgery (18.7% rectum vs. 9.5% colon)
[11]. This figure can be explained by the intrinsic difficulty of operating in the
pelvic cavity.

It is also necessary to consider the impact that an intraoperative accident
with subsequent conversion may have on the postoperative course. Patients
undergoing conversion to laparotomy due to an intraoperative difficulty have
been shown to have a postoperative course more often than not complicated by
wound infections, by a delayed resumption of feeding, by a high need for
transfusions, and by a statistically higher mortality rate at 30 days [3, 12, 13].                

There follows an analysis of the different intraoperative complications bro-
ken down into:
• Difficulties during access to the abdominal cavity
• Spleen lesions
• Vascular lesions
• Lesions to the urinary tract
• Creating the anastomosis (Table 11.1)

11.2 Access to the Peritoneal Cavity and Induction of the
Pneumoperitoneum

This section only discusses laparoscopic operations, although laparotomic
access is not exempt from the possibility of accidents. The methods adopted to
induce pneumoperitoneum are either open or closed, with each of these tech-
niques having a minimum percentage possibility of complications. Late diag-
nosis of these complications may lead to an increase in global mortality. In lit-
erature the complications are broken down into:
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• Major (0.18%) [16]: 
- visceral lesions
- vascular lesions
- lesions of parenchymatous organs 

• Minor
- extraperitoneal insufflations
- subcutaneous emphysema

There is currently no consensus on the optimal procedure for gaining
access to the peritoneal cavity in the obese and nonobese population [17, 18].

The open techniques basically consist of open and semi-open laparoscopy,
while the closed ones include Veress needle insertion and gasless direct trocar
insertion, or DTI. The main causes of technical difficulty and thus of intraop-
erative accidents during induction of pneumoperitoneum are: marked obesity,
due to the thickness of the adipose tissue, which complicates the procedure
and the presence of prior abdominal surgical operations with consequent peri-
toneal adherences. The open technique (or Hasson technique) is extremely safe
in normal-weight patients, because it allows the first trocar to be inserted into
the abdomen under direct visual control. For this reason it is the technique pre-
ferred by many surgeons; in our experience, almost all colorectal laparoscop-
ic operations used this technique without any particular difficulties. However,
a complication incidence for this technique of more than 0.2% is described,
with a rate of 0.06% of intestinal lesions [19]. In patients affected by signifi-
cant obesity, this technique is not easy to perform; indeed, isolation and sus-
pension of the muscle layer in a thick wall is difficult to execute. The Hasson
technique also requires suture of the muscular layer to prevent the onset of
postlaparotomic hernia on trocar access; this procedure, performed through a
small cutaneous incision, has been shown to be complex in the presence of
abundant subcutaneous tissue [20]. 

The so-called closed techniques, mainly involving DTI and Veress needle
insertion, are in contrast with the Hasson technique. Induction of pneu-
moperitoneum by means of insertion is easier to perform in obese patients,
avoiding the limitations of open laparoscopy for these patients; it is  fairly
quick to perform and also avoids CO2 leakage. For this reason it is preferred
by many surgeons, even for normal-weight patients. The use of the Veress
needle may cause greater complications in 0.06-1.3% of cases (0.6% lesions
of parenchymatous organs; 0.3% visceral/vascular lesions; 0.3% other
lesions), and minor complications in 5.9% (3.4% subcutaneous emphysema;
2.5% extraperitoneal insufflations) [21, 22]. Major intraoperative complica-
tions can be reduced by respecting a few technical details: insertion in the left
hypochondriac in the event of umbilical hernia or suspected adherences in the
mesogaster; minimum movement of the needle while inserting; using insuf-
flation pressure lower than 10mmHg to indicate the correct positioning of the
device; needle insertion angle of 45° in nonobese patients and 90° in obese
ones.
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The gasless DTI technique has recently been described as an alternative to
the methods described above, although it was initially restricted to gynecologi-
cal procedures. The DTI technique, compared to Veress needle insertion in nor-
mal-weight patients, did not show significant differences in terms of visceral and
vascular lesions, air embolism or mortality [21], although few surgeons use it
and it does not seem to be recommended at all as a standard technique.

No matter which technique is used to access the abdomen, in most cases
intestinal or vesical lesions can be cleared up by direct suture in laparoscopy,
and only rarely and for extremely widespread lesions is it necessary to perform
conversion with resection of the intestinal tract affected. While vascular
lesions are somewhat rare, they are serious, and often require rapid conversion
into laparotomy and surgical repair after a temporary hemostasis has been per-
formed. 

To sum up, we can say that the choice of technique to access the abdomi-
nal cavity and to create pneumoperitoneum are not determined by the inci-
dence of intraoperative complications, which can be serious, though rare. It is
of fundamental importance that the intraoperative accident is promptly diag-
nosed and treated, also in laparoscopy, with a surgical gesture which is often
of modest technical difficulty. A small visceral or vascular lesion not recog-
nized during the operation will certainly require re-operation, and often a
major laparotomy.

11.3 Spleen Lesions

Lesions of the spleen during laparoscopic rectal surgery are extremely rare,
though underestimated due to the lack of literature on the topic. The occur-
rence rate of this event is lower than 1% [23]. Iatrogenic lesion of the spleen
generally occurs during the left coloparietal and coloepiploic detachment; the
cause is commonly excessive traction on the colon or on the epiploon. The
consequences of damage to the spleen during laparoscopic rectal surgery are
an increase in hematic leakage, an extension of hospital stay, an increase in
incidence of infections, and postoperative mortality at 30 days. Most (34%)
spleen lesions are to the lower part, and in most cases consist of a simple rup-
ture of the capsule (Grade 1-3 of the OIS Spleen Injury Grading Scale); spleen
rupture occurs only in a small percentage of cases (Grade 4-5) (4%) [23].
Lesions to the upper part, the posterior parts, and spleen rupture always
require splenectomy (100%) [23]. 

Lesions to the spleen can be reduced if the best possible exposure is
obtained, if the anatomic structures are not subjected to excessive traction,
and by performing an adequate dissection of the spleen ligaments and any
adherences between the spleen and adjoining structures. Many authors also
recommend an approach to splenic flexure starting from the posterolateral
side and moving towards the medial side, with the intent of reducing the risk
of lesions. 
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Preservation of the spleen in these situations is preferable and is technical-
ly feasible in around 25% of cases [23]. Techniques devised to preserve the
organ are based on electrocauterization and splenorrhaphy, and can make use
of material like oxidised cellulose hemostatic gauze, animal collagen gauze,
and fibrogenous and human thrombin-soaked sponges [24] . 

In about 7 % of cases, spleen lesions are still not recognized during the
operation, and require reoperation and emergency splenectomy [25].

Splenectomy following an intraoperative lesion of the spleen is also con-
sidered a negative prognostic factor as regards the oncological outcome of
these patients, who show a cancer-specific survival rate at five years dropping
with statistical significance from 70 to 47% [25]. 

11.4 Vascular Lesions

Lesions to abdominal or pelvic vessels in surgery for rectal cancer mainly
occur in patients undergoing reoperation where exposure is difficult (obese
patients and those with a narrow pelvis) or those undergoing preoperative
radiotherapy [26]. Widespread arteriopathy may also make the vessels more
susceptible to lesions, especially where there are important bifurcations (ori-
gin of the IMA, origin of the RSA); the formation of atheromatous plaques
here is characteristic, for hemodynamic reasons.

It is not easy to find articles in literature that report the specific incidence
of vascular lesions in rectal cancer surgery; a recent study reports a value of
venous lesions close to 1% in patients undergoing gastroenterological and col-
orectal surgery for malign tumors [27].

In surgical operations for rectal cancer, the procedures involving the
highest risk of vascular lesions are isolation and section of the lower mesen-
teric vessels, after tying; incision of the pelvic peritoneum anteriorly to the
ilium vessels; and detachment of the fascia recti from the Waldeyer’s fascia,
below which there are the presacral veins which, if cut, retract inside the
foramen, making hemostasis requiring wax or hemostatic staples a compli-
cated process.

Lesions to smaller size vessels are easy to control with ultrasonic or
radiofrequency scalpel or with bipolar forceps, which moreover seem to
limit hematic leakage during the operation better than monopolar instru-
ments [28-30].

Whatever vessel is damaged, the repair must be immediate, considering
the negative effects on patient outcome: major hematic loss and blood trans-
fusions [31].

Repairs can be made using a direct suture (or termino-terminal anastomo-
sis in the event of complete section) with nonabsorbable monofilament, liga-
ture, metal clips or, in rarer cases, reconstruction with patches (basically in the
event of lesions to the iliac vessels).

If there are major vascular lesions during the laparoscopic approach, the
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strategy does not change. If the lesion and the surgeon’s experience should
permit, it is preferable to avoid conversion, but if this should be impossible,
the change to the open technique must be made once the source of the bleed-
ing is found and when the hemorrhage has been controlled, with hemostasis by
compression. In three cases in our experience the lesion of the lower mesen-
teric artery at the origin was controlled in laparoscopy, in two with conversion
after temporary hemostasis. It is interesting to note how in two cases this
lesion was caused by the sharp edge of the hemostatic clips.

11.5 Lesions to the Urinary Tract

Iatrogenic lesions of the urinary tract complicate from 1 to 15% of operations
involving the pelvis and the retroperitoneum [32, 33]. They mainly affect the
ureter and to a lesser extent the bladder and urethra.

Lesions can be prevented by the experience of the surgeon and the system-
atic intraoperative recognition/protection of the structures (see the chapter on
Surgical Technique) [34]. On the other hand, to the unfavorable conditions
already described for vascular lesions we must add some anatomic anomalies:
ureteral duplication (1/125), retrocaval ureter, “horseshoe” kidney, and pelvic
kidney (1/400). These may increase the difficulty in recognising and respect-
ing the structures, especially if not found in the preoperative stage [35] .

The use of ureteral stents has long been recommended as a possible aid to
the surgeon, whereas more recently the use of endoluminal stents has been
introduced for the same purpose. The advantages of this procedure are
undoubtedly an easier and quicker (up to 45 minutes less) determination of the
ureters, against a slight increase in the operating time (approximately 12 min-
utes) required for positioning the stent, and no incidence of complications
regarding the procedure (if we exclude the appearance of hematuria, which is
spontaneously resolved). However, it should be said that the positioning of a
stent is not always possible and means an increase in costs [32, 36, 37]. In our
experience, the use of stents is justified in particular cases (reoperations,
extremely voluminous tumors, previous episodes of acute diverticulitis), and
should be indicated by the surgeon on the basis of his/her experience and of
the clinical and anatomical conditions of the patient. It is not actually a very
widely used method.

In rectal surgery, the urinary tract most at risk is the ureter, which may
undergo lesions at three key moments: during detachment of Toldt’s fascia, at
the moment of incision of the pelvic peritoneum anteriorly to the iliac vessels,
and during dissection of the lateral ligaments of the rectum. 

A lesion at the level of the ureter may occur by section, ligature, devascu-
larization or transmitted thermal damage. In the first two cases, recognition of
the lesion should ideally be immediate or in any case before the end of the
operation, maybe with the aid of intraoperative pyelography or injection,
either intravenous or, through the vesical catheter, of methylene blue. Section
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caused by an ultrasonic or radiofrequency scalpel does not usually result in
urine leakage in the operating field, which may make intraoperative recogni-
tion of the lesion difficult. Correction must also be immediate (if it is a laparo-
scopic operation, the surgeon must decide whether to opt for conversion or
not), by means of termino-terminal spatulated anastomosis with interrupted
stitches in reabsorbable thread, on the guide of a ureteral stent, which is kept
in place after the operation and removed after 4-6 weeks. In the event of acci-
dental ligature of the bowels, the obstruction should simply be removed and,
again, a stent should be positioned [33].

Devascularization is a much rarer event, considering the many collateral
blood supply networks of the ureter; it is usually associated to a postirradia-
tion state, and is generally revealed with the onset of late stenosis.

Thermal damage has been reduced but not eliminated by the advent of
ultrasonic or bipolar scalpels [30, 38]. Lesions from thermal damage, if recog-
nized intraoperatively, can be treated by positioning a stent which prevents
stenosis and which should be monitored and replaced until complete healing.
If the lesion is revealed by a stenosis or a fistula after the operation, it will be
necessary to reconstruct the bowel: the type of operation will depend on the
extent of the lesion (ureteral end to end anastomosis , or ureteral reimplanta-
tion in bladder associated or not with nephropexy, Boari flap or Psoas hitch):
a description of these can be seen in a treatise of urological surgical tech-
niques. 

Vesical lesions [39] are generally caused, in rectal surgery, by insertion of
the hypogastric trocar, and are treated by suturing the peritoneal breach and
with extended vesical catheterization.

Urethral lesions, on the other hand, are almost exclusively related to the
perineal phases of abdominoperineal amputation in males, and can be easily
avoided by ensuring that the ureteral bulb (easily recognized, also thanks to
the presence of the vesical catheter) is not included at the moment of incision.

11.6 Creating the Anastomosis

The surgical stage of creating the anastomosis may be complicated by two
opposing types of accident: immediate dehiscence of the rectal stump after
sectioning the bowels with a mechanical stapler, and a positive hydropneumatic
test result once the anastomosis has been created.

The first case is generally due to a wrong assessment of the thickness of the
rectal wall; factors contributing to an increased thickness of the rectal wall are
typically neoadjuvant radiotherapy or an incorrect preparation of the bowel up
to the muscolaris propria. The error may be recognized immediately or at the
moment the circular stapler is inserted; in the first case the repair is made with
a continuous suture, while in the second case a purse-string stitch can be cre-
ated around the staple, helping the exposure with the movement of the stapler
itself. 
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If the hydropneumatic test (see the chapter on Surgical Technique) is posi-
tive, in this case too the anastomotic defect must be sutured, and the hydrop-
neumatic test repeated. In such a situation, the use of vital staining (methylene
blue), which would risk confusing the structure rather than identifying the
defect, is not recommended. The lower the anastomosis, the more difficult or
even impossible it becomes to perform the laparoscopic suture. This may lead,
in the event of a complete dehiscence of the anastomosis, to rectal resection
and creation of a coloanal anastomosis with all the annexed functional conse-
quences. 

It has recently been proposed to perform the hydropneumatic test in reverse
(water in the rectum and gas in the abdomen) and to visualise very low anas-
tomoses transanally, with the assistance of devices used for proctological sur-
gery; this method also makes it possible to correct a partial dehiscence by
means of direct suture [40]. Finally, a small very low anastomosis dehiscence
may be treated with a derivative stomy alone (Table 11.2).

The decision in favor of conversion must be made by the surgeon on the
basis of his/her experience and the clinical and anatomic conditions of the
patient, whereas anastomosis must be considered a high risk procedure and
must be protected with ileostomy or colostomy.

11.7 Conclusions

Intraoperative accidents in rectal surgery may be connected to laparoscopic
access, whereas whatever access method used, splenic and especially vascular
lesions are the most frequent and dangerous. Ureteral lesions can be prevent-
ed using a standardized surgical technique, but above all must be recognised
during the course of the operation. Anastomotic imperfections must be sub-
jected to an adequate control algorithm.

References

1. D’Annibale A, Morpurgo E, Fiscon V et al (2004) Robotic and laparoscopic surgery for
treatment of colorectal diseases. Dis Colon Rectum 47:2162-2168

2. Tarik S, Arman K, Sanket S et al (2011) Laparoscopic Colorectal Surgery Is Associated With
a Higher Intraoperative Complication Rate Than Open Surgery. Ann Surg 253:35-43

11 Intraoperative Accidents 147

Table 11.2 Schematic flow chart in the case of intraoperative anastomotic dehiscence, following
anastomotic level and leak severity

Severity of leak

Anastomotic level Light Severe

Intraperitoneal Hand sewn suture ReDo colorectal anastomosis

Extraperitoneal Hand sewn transanal suture/no suture ReDo coloanal anastomosis



3. Guillou PJ, Quirke P, Thorpe H et al, for the MRC CLASICC trial group (2005) Short-term
endpoints of conventional versus laparoscopicassisted surgery in patients with colorectal
cancer (MRC CLASICC trial): multicentre, randomised controlled trial. Lancet 365:1718-1726

4. Jamali FR, Soweid AM, Dimassi H et al (2008) Evaluating the degree of difficulty of laparo-
scopic colorectal surgery. Arch Surg 143:762-767

5. Tekkis PP, Senagore AJ, Delaney CP, Fazio VW (2005) Evaluation of the learning curve in
laparoscopic colorectal surgery: comparison of right-sided and left-sided resections. Ann
Surg 242:83-91

6. Li GX, Yan HT, Yu J et al (2006) Learning curve of laparoscopic resection for rectal cancer.
Nan Fang Yi Ke Da Xue Xue Bao 26:535-538 

7. Kirchhoff P, Clavien PA, Hahnloser D (2010) Complications in colorectal surgery: risk fac-
tors and preventive strategies. Patient Safety in Surgery 4:5

8. Shawki S, Bashankaev B, Denoya P et al (2009) What is the definition of ‘‘conversion’’ in
laparoscopic colorectal surgery? Surg Endosc 23:2321-2326

9. Thorpe H, Jayne DG, Guillou PJ et al (2008) Patient factors influencing conversion from la-
paroscopically assisted to open surgery for colorectal cancer. Br J Surg 95:199-205

10. Chan ACY, Poon JTC, Fan JKM et al (2008) Impact of conversion on the long-term outcome
in laparoscopic resection of colorectal cancer. Surg Endosc 22:2625-2630

11. Tan PY, Stephens JH, Rieger NA, Hewett PJ (2008) Laparoscopically assisted colectomy: a
study of risk factors and predictors of open conversion. Surg Endosc 22:1708-1714

12. Li JCM, Lee JFY, Ng SSM et al (2010) Conversion in laparoscopic-assisted colectomy for
right colon cancer: risk factors and clinical outcomes. Int J Colorectal Dis 25:983-988

13. Yang C, Wexner SD, Safar B et al (2009) Conversion in laparoscopic surgery: does intraop-
erative complication influence outcome? Surg Endosc 23:2454-2458 

14. Chan ACY, Poon JTC, Fan JKM et al (2008) Impact of conversion on the long-term outcome
in laparoscopic resection of colorectal cancer. Surg Endosc 22:2625-2630

15. Gonzalez R, Smith CD, Mason E et al (2006) Consequences of conversion in laparoscopic
colorectal surgery. Dis Colon Rectum 49:197-204

16. Ahmad G, Duffy JMN, Phillips K et al (2008) Laparoscopic Entry Techniques. Cochrane Data-
base of Systematic Reviews Issue 2. Art. No.: CD006583. DOI: 10.1002/14651858

17. Merlin TL, Hiller JE, Maddern GJ et al (2003) Systematic review of the safety and effective-
ness of methods used to establish pneumoperitoneum in laparoscopic surgery. Br J Surg
90:668-679

18. Molloy D, Kaloo PD, Cooper M, Nguyen TV (2002) Laparoscopic entry: a literature review
and analysis of techniques and complications of primary port entry. Aust N Z J Obstet Gy-
naecol 42:246-255

19. Jacobson MT, Osias J, Bizhang R et al (2002) The direct trocar technique: an alternative ap-
proach to abdominal entry for laparoscopy. JSLS 6:169-174 

20. Madan AK, Menachery S (2006) Safety and Efficacy of Initial Trocar Placement in Morbid-
ly Obese Patients. Arch Surg. 141:300-303

21. Agresta F, DeSimone P, Ciardo LF et al (2004) Direct trocar insertion versus Veress needle
in nonobese patients undergoing laparoscopic procedures. Surgical Endoscopy 18:1778–81 

22. Schäfer M, Lauper M, Krähenbühl L (2001) Trocar and Veress needle injuries during la-
paroscopy. Surg Endosc 15:275-80

23. Merchea A, Dozois EJ, Wang JK, Larson DW (2012) Anatomic Mechanisms for Splenic In-
jury During Colorectal Surgery. Clin Anat 25:212-217 

24. Holubar SD, Wang JK, Wolff BG et al (2009) Splenic Salvage After Intraoperative Splenic
Injury During Colectomy. Arch Surg 144:1040-1045

25. Wakeman CJ, Dobbs BR, Frizelle FA et al (2008) The impact of splenectomy on outcome af-
ter resection for colorectal cancer: a multicenter, nested, paired cohort study. Dis Col Rect
51:213-217 

26. Kirchhoff P, Clavien PA, Hahnloser D (2010) Complications in colorectal surgery: risk fac-
tors and preventive strategies. Patient Saf Surg 4:5

148 M. Kosuta et al.



27. Oktar GL (2007) Iatrogenic major venous injuries incurred during cancer surgery. Surg To-
day 37:366-369

28. Hubner M, Demartines N, Muller S (2008) Prospective randomized study of monopolar scis-
sors, bipolar vessel sealer and ultrasonic shears in laparoscopic colorectal surgery. Br J Surg
95:1098-1104

29. Hubner M, Hahnloser D, Hetzer F et al (2007) A prospective randomizedcomparison of two
instruments for dissection and vessel sealing in laparoscopic colorectal surgery. Surg Endosc
21:592-594

30. Noble EJ et al (2011) Experimental comparison of mesenteric vessel sealing thermal damage
between one bipolar and two ultrasonic shears devices Br J Surg 98:797-800

31. Kirchhoff P, Dincler S, Buchmann P (2008) A multivariate analysis of potential risk factors
for intra- and postoperative complications in 1316 elective laparoscopic colorectal procedures.
Ann Surg 248:259-265 

32. Redan A, McCarus SD (2009) Protect the Ureters Jay. JSLS 13:139-141
33. Delacroix SE Jr, Winters JC (2010) Urinary Tract Injures: Recognition and Management Clin

Colon Rectal Surg 23:104-129 
34. Larach SW, Patankar SK, Ferrara A (1997) Complications of laparoscopic colorectal surgery.

Analysis and comparison of early vs. latter experience. Dis Colon Rectum 40:592-596
35. Fröber R (2007) Surgical anatomy of the ureter. BJU Int 100:949-965
36. Chahin F, Dwivedi A, Paramesh A et al (2002) The implications of lighted ureteral stenting

in laparoscopic colectomy. J Soc Laparoendosc Surg 6:49-52
37. Nam YS, Wexner SD (2002) Clinical Value of Prophylactic Ureteral Stent Indwelling Dur-

ing Laparoscopic Colorectal Surgery. J Korean Med Sci 17:633-635
38. Emam T, Cuschieri A (2003) How safe is high-power ultrasonic dissection. Ann Surg 237:186-

191
39. van Goor H (2007) Consequences and complications of peritoneal adhesions. Colorectal Dis

9:25-34
40. Crafa F (2011) Anastomoses très basses avec CAD. III Journées francophones de Chirurgie

Colorectale sous Coelioscopie, Napoli 23-25/11/2011
41. de Manzini N (2012) Unpublished data

11 Intraoperative Accidents 149



N. de Manzini (ed.), Rectal Cancer,
Updates in Surgery
DOI: 10.1007/978-88-470-2670-4_12, © Springer-Verlag Italia 2013

151

Postoperative Complications

Michela Giuricin, Greta Giacomel, Alessandra Lucchetta 
and Nicolò de Manzini

12

M. Giuricin (*)
Department of Medicine, Surgery and Health Sciences, General Surgery Unit, 
Cattinara University Hospital, 
Trieste, Italy 
e-mail: michelagiuricin@libero.it

12.1 Introduction

In this chapter we classify the complications of rectal surgery into early and
late, according to the moment when they usually occur. For all the complica-
tions we have indicated the therapy, in some cases more than one, recently
reported in literature. Late complications connected to lesions of the nerve
plexus are treated in the dedicated chapter.

12.2 Early Complications 

12.2.1 Anastomotic Hemorrhages

Postoperative hemorrhage is a complication that may occur early or late. In
85% of cases it occurs during the first postoperative day, whereas it is very
rarely found beyond the 10th day after the operation [1]. This chapter deals
with postoperative anastomotic hemorrhages; intraoperative hemorrhages
have already been discussed in a previous chapter. 

The incidence of hemorrhage after mechanical anastomosis varies from 0
to 2.5% up to 6.5% [2, 3]. In a review published in the 2001 Cochrane
Database, Lustosa et al. found an incidence of anastomotic hemorrhages after
colorectal resection of 5%, observing how in mechanical anastomosis the
hemorrhage occurs in 5.4% of cases, against 3.4% after handsewn anastomo-
sis [4].



In the most recent study, performed by Ishihara in 2008, which involved 73
patients subjected to colorectal surgery with mechanical anastomosis, postop-
erative bleeding was observed in 9.6% of cases. In this study an intraoperative
colonoscopy was routinely performed in all patients  to reveal the source of the
bleeding and perform immediate hemostasis [5]. 

Anastomotic hemorrhage is in most cases self-limiting and is clinically
manifested with rectal bleeding [3]. In these cases a conservative approach is
now the best choice, and may consist not only in clinical observation alone,
but also in blood transfusion and rectal packing. 

In the rare cases in which the hemorrhage is not self-limiting (Cirocco
reports a severe bleeding incidence in 1% of cases), the therapy must be sur-
gical [3]. In these cases the first choice approach is endoscopic: through
colonoscopy, the hemostasis can be controlled by positioning metallic clips,
injecting submucosal adrenalin, or using both methods. However, electrocoag-
ulation and sclerotherapy with submucosal adrenaline can give rise to compli-
cations like the development of necrosis of the suture line and the possible for-
mation of an anastomotic leak [6], although the occurrence rate is very low. In
a single study of 73 patients, colonoscopy was used intraoperatively, ensuring
surgical hemostasis under endoscopic control [5]. In the rare cases refractory
to endoscopic therapy, another safe choice for the patient is endovascular ther-
apy: selective angiography with embolization or vasopressin injection [7].
However, in literature, it is well-known that this choice is affected by compli-
cations like infarction, intestinal ischemia or hemorrhagic infarction [8].

In low anastomoses it is also possible to perform transanal surgery with the
various methods of low rectal access now available (operating proctoscope,
devices for stapled hemorrhoidectomy, TEM).

12.2.2 Conclusions

• Postoperative hemorrhage is a complication that may occur early or late. It
occurs in 85% of cases during postoperative day one, whereas it is very
rarely found beyond the 10th day after the operation.

• The incidence of hemorrhage after mechanical anastomosis varies from 0
to 2.5% up to 6.5%.

• Anastomotic hemorrhage is in most cases self-limiting and is clinically
manifested through rectal bleeding. In the rare cases in which it is not self-
limiting, the therapy must be surgical. The first choice approach is endo-
scopic.  In the rare cases refractory to endoscopic therapy, another choice
is the use of endovascular therapy: selective angiography.

• In low anastomoses it is possible to perform transanal surgery: operating
proctoscope, devices for stapled hemorrhoidectomy, TEM.
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12.3 Anastomotic Leakage

Anastomotic leakage is major cause of morbidity and mortality after anterior
resection (AR). A 2010 Cochrane study showed that anastomotic dehiscence
determined a perioperative mortality of between 2 and 24% [9]. In literature,
however, there is currently no unequivocal definition of anastomotic dehis-
cence [10]. In some studies, in fact, only leaks detected clinically and radio-
logically are considered [11-13], whereas in other studies only dehiscences
necessitating early re-operation are examined [14, 15]. Rahbari’s recent review
of 59 articles on anastomotic dehiscence after colorectal surgery defines the
anastomotic leak as a communication between the intra- and extra-luminal
compartments caused by a defect of integrity of the intestinal wall at the level
of the colorectal or coloanal anastomosis [10]. These different definitions
explain the variability in the incidence of leaks in literature, from 3% to 39%
[10, 16, 17].

However, it is well known that clinical leaks are less frequent than radi-
ological ones, as can be seen from Buchs’ prospective study (2008), where
he reports that the percentage of clinical leaks is only from 3 to 6 % of the
total [13]. 

Of the risk factors for the development of anastomotic leaks, male sex
(already identified by Rullier in his 1998 study) is now confirmed as an inde-
pendent factor by a Cochrane review of 2010 [18, 9]. Obesity, diabetes melli-
tus and the level of anastomosis are also confirmed as contributing factors by
Hotta et al.’s 2011 literature review [19]. 

Neoadjuvant radiotherapy was, however, identified as an independent risk
factor by Matthiessen in 2004, by Jones in 2007 and by Harris in 2010 [20-22].
In Zhu’s study of 2010, on the other hand, tumor diameter exceeding 3 cm and
the stage of the illness at the moment of surgery were indicated as risk factors
[23]. Of the predisposing factors, it has now been ascertained that those con-
nected to the surgical technique and to the operator must always be included:
the surgeon’s experience, type of anastomosis, and number of mechanical sta-
pler charges used [24, 25]. 

In 1997 Vignali indicated that a distance of less than 7 centimetres from the
anal verge entailed a high risk of dehiscence in rectal anastomosis [26]. This
fact now becomes important if we consider that the distal safety margin from
the tumor was reduced to 5 and now 2 centimetres, allowing increasingly
lower resections-anastomoses [11, 20, 27].

If an anastomotic leak should occur, it is vital for it to be recognized imme-
diately with an assessment of the general and local conditions of the patient
[27]. Hemodynamically stable patients without signs or symptoms of sepsis
can be treated with conservative therapy: medical therapy, maintaining drain,
or US-guided drainage of any collections. 

Re-operation is indicated when conservative therapy fails and if there is
sepsis: this involves intestinal resection and reanastomosis, delay in the clo-
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sure of a protective stoma or creation of a new protective stoma, resection
without anastomosis (Hartmann resection, temporary or definitive), use of
occlusive agents like fibrin glue [28]. In our experience, two cases of a leak
with abscess of a significant size were rapidly resolved by surgical positioning
of pararectal drainage. 

A stoma can be used routinely in low resections or as a salvage method in
association with drainage of postoperative collections. However, in literature,
the real effect of the routine use of the stoma during AR is still widely debat-
ed [29] and is discussed in chapter 10.

Some authors report a reduction of leakage and re-operation in patients
undergoing protective ileostomy [10, 30, 31]. 

On the other hand, others, like Matthiessen in 2004 and Wong in 2005, do
not consider the stoma a crucial factor in reducing leaks [11, 32]. However, in
his restrospective study of 2006, Magdalena acknowledges the protective
stoma’s capacity for reducing clinical leaks by increasing the subclinic rate,
although it does not really modify the total percentage [33]. Nevertheless, the
creation of an extremely distal and particularly difficult anastomosis under
tension, or an excessive dissection which determines insufficient blood supply
are factors aiding the formation of leaks in AR [23]. 

The use of abdominal drainage is still extremely controversial. It used to be
thought that abdominal drainage would reduce the formation of leaks by
reducing postoperative residual fluid collection [34]; however, in a meta-
analysis of 4 randomized trials in 1999, Urbach demonstrated that the use of
abdominal drainage is not associated with any reduction in the development of
leaks [35]. More recent studies have shown that the routine use of pelvic
drainage does not reduce the incidence of anastomotic leaks, because all the
abdominal fluids cannot be evacuated by drainage [36]. 

The last few years have seen the development of new therapeutic
approaches to anastomotic leaks. Interest has focused in particular onthe dif-
ferent endoscopic techniques permitting debridement of the abscess cavity
and closure of the fistulous tract (positioning stents, injecting fibrin glue, use
of vacuum therapy). Chopra’s retrospective study assesses the short- and
long-term results of different endoscopic techniques in 13 patients with anas-
tomotic leaks: millimetric leaks were treated with fibrin glue, whereas leaks
of less than 2 cm and located in the middle-high rectum were treated by posi-
tioning stents [37].

Literature studies confirm that endoluminal self-expanding plastic stents
(SEPS) and metal stents have the potential to promptly close the leak [38].
However, their limited use and the complications connected to them should
always be considered: migration of the stent and patient discomfort, especial-
ly if used in the lower rectum [39], and last but not least, the possible risk of
intestinal perforation [40]. Larger leaks may be treated with vacuum therapy:
in the last few years a number of studies have examined the treatment of col-
orectal leaks associated to paranastomotic abscesses with the placement of a
sponge and an associated continuous pressure device [41, 42]. 
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Since the end of the 1990s it has been demonstrated that vacuum therapy
facilitates healing of external wounds, thanks to its continuous mechanism of
increasing microcirculation, decontamination, and enhanced  granulation tis-
sue formation [43]. These same principles are, therefore, also applied to heal-
ing the leak and their associated abscessual cavity. 

As well as demonstrating the good results of these innovative techniques,
Chopra’s study also reports the long-term complications . These include anas-
tomotic stenosis and blind leaks [37]. Further studies in literature  envisage the
use of new endoscopic devices like specially created endoclips for the treat-
ment of colorectal leaks [44]. It must, however, be emphasized that further
prospective studies are necessary to validate the new endoscopic methods in
the treatment of leaks after colorectal surgery.

12.3.1 Conclusions 

• In literature there is currently no unequivocal definition of anastomotic
dehiscence,; this explains the variability of incidence, which ranges from
3% to 39%.

• If an anastomotic fistula should occur, it is vital for it to be recognized
immediately, with an assessment of the general and local conditions of the
patient. Conservative therapy is the first approach, but if the patient’s gen-
eral condition deteriorates, or if the initial therapy fails, re-operation is
generally required. 

• The routine use of a stoma during AR is still widely debated; the use of
abdominal drainage is also still extremely controversial. 

• New therapeutic approaches include endoscopic techniques with position-
ing stents, or injecting fibrin glue, or use of Vacuum therapy. However, a
long-term complications have also been reported with these innovative
techniques.

12.4 Infections of the Surgical Site

Surgical site infection (SSI) holds third place amongst the most common hos-
pital-acquired infections, and colorectal surgery is the elective procedure with
greatest incidence of SSI. 

The National Nosocomial Infection Surveillance System (NNIS) of the
Centers for Disease Control and Prevention (CDC) classifies SSI into incision-
al (surface and deep) and infections of organs/cavities connected to the surgi-
cal operation [45, 46]. It has now been ascertained that this complication dou-
bles the risk of postoperative mortality, increases the risk of readmission by
approximately 5 times and extends hospitalization from 5 to 20 days, with a
consequent increase in the associated costs. 

The frequency of SSI is different according to whether the operation site is
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the colon or the rectum. In rectal surgery more stomas are performed, preop-
erative radiotherapy is frequent, and the anastomoses are closer to the anal
verge; all these procedures prolong the operating time and the risk of bacteri-
al contamination, and contribute to making the rectum the site of the highest
SSI [47]. The application of prevention systems has partially reduced the inci-
dence of wound infections, which have a rate reported in literature between 3
and 38% [45-47].

A recent prospective multicenter observational study carried out by Serra-
Aracil on 611 patients reports an incidence of SSI after surgery exclusively for
rectal neoplasia of 27.6%, with a predominance of incisional infections and
with more than a fifth of SSIs diagnosed after discharge. Of the many possible
risk factors for incisional SSI, the only one found to have significance in the
univariate analysis is the ASA score (p=0.03), whereas for the infections of
organs/cavities, independent predictive factors in multivariate analysis are
hyperglycemia at 48 hours (p=0.047) and a temperature of less than 36°C at
the beginning of the operation (p=0.005). It also seems that the incidence of
this complication varies according to the size of the hospital, with an increase
in hospitals with fewer than 250 beds, but it appears that this applies basical-
ly to colon surgery. In another study Konishi points to preoperative radiother-
apy, cortisol treatment, and the creation of a stoma as predictive factors for
incisional SSI [47]. 

A retrospective study in 2011 by Ho et al. on 650 patients who underwent
either colon or rectal surgery for tumor or MICI reports that incisional SSIs
(12.6%) are multifactorial, and does not identify any statistically significant
risk factor. Infections of organs/cavities (9.9%) are, in the same study, corre-
lated to the level of preoperative albumin, to a history of pelvic radiotherapy,
to operations classified as contaminated, and to postoperative hyperglycemia
(p<0.059) [46].

In Poon et al.’s prospective study published in 2009 and carried out on
1,011 patients subjected to colorectal resection, the incisional SSI (4.8%) 
risk factors were anastomotic dehiscence (p>0.01), perioperative transfusions
(p=0.047) and an open resection (p=0.037); whereas organ/cavity (1.8%)
infections seem to be correlated only to dehiscence of the anastomosis
(p<0.01) [45].

As historical studies by Miles and Burke show, suitable antibiotic prophy-
laxis may reduce the rate of infection of the surgical site. A meta-analysis of
the 2009 Cochrane review demonstrates that the risk of SSI decreases with any
antibiotic prophylaxis regimen compared to placebo alone. The retrospective
study carried out by Ho et al. on 650 patients, quoted above, indicated that the
most frequently used antibiotic regimen is cefazolin+metronidazole, and that
the patients who receive nonstandardized treatment regimens have an
increased risk of SSI, whereas the standardized ones (cefoxitin,
cefazolin+metronidazole, metronidazole+fluoroquinolone) all have compara-
ble efficacy. The administration of the antibiotics should ideally be timed to
allow their concentration in the tissue at the moment of the incision, but there
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is disagreement about the optimum moment of administration, either 30 or 60
minutes before incision. However, the current guidelines establish that they
must be given within one hour prior to incision [48].

In 2007 the Surgical Care Improvement Project (SCIP) drew up a series of
measures designed to reduce the SSI incidence rate. These envisage the fol-
lowing: timing of administration of prophylactic antibiotics (PAs) within 1
hour of incision; using approved PA regimens; and discontinuing PA within 24
hours [49]. Euglycemia should be maintained, with well-controlled morning
blood glucose concentrations on the first two post-operative days, especially
in cardiac surgery patients; hair at the surgical site should be removed with
clippers or by depilatory methods, not with a blade; urinary catheters are to be
removed within the first two post-operative days; and normothermia should be
maintained peri-operatively [50].

The objective was to reduce SSI incidence by 25% before 2010 by imple-
menting these measures; studies assessing these results mainly agree in assert-
ing that the adoption of these measures has led to a reduction of SSI, but that
further improvement is necessary. In particular, Edmiston et al. suggests that
in the future it would be better not to focus on reducing single risk factors for
SSI, but rather on various measures like: preadmission antiseptic showering,
state-of-the-art skin antisepsis, innovative antimicrobial technology, active
staphylococcal surveillance, and pharmacological and physiological consider-
ations only in selected patients [51-54]. 

12.4.1 Conclusions

• SSI are divided into incisional (surface and deep) infections and infections
of organs/cavities associated to the operation.

• Many risk factors have been analysed. The only ones uniformly determined
are perioperative hyperglycemia and preoperative temperature, and during
the operation infections of organs/cavities, while no risk factor has been
shown to be significant for incisional infections.

• The current guidelines (SCIP) focus particularly on antibiotic prophylaxis,
the use of standardized regimens and appropriate timing for their adminis-
tration (within 1 hour prior to incision), but they should be further imple-
mented and adjusted to the individual patient and to the various risk fac-
tors.

12.5 Late Complications

12.5.1 Anastomotic Stenosis

Rectal stenosis has been defined as the impossibility of passing a rigid instru-
ment with an external diameter of 19 mm through an anastomosis, although
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some authors further reduce the circumference, defining stenosis as the inabil-
ity to pass through the anastomosis using a flexible sigmoidoscope with a
diameter of 12.3 mm [55]. 

The frequency of benign stenosis after colorectal anastomosis ranges from
0 to 30%. No specific cause is reported for this complication, but contribut-
ing factors indicated include ischemia, hemorrhage, anastomotic leaks,
pelviperitonitis, obesity, and adjuvant radiotherapy; some authors also report
the anastomotic technique and the presence of a proximal protective stoma
[55-58].

In a prospective study carried out on 179 patients with colorectal anasto-
mosis, Bannura et al. highlighted a proximal stoma, benign disease and male
sex as risk factors for the onset of a stenosis. The same study showed that,
paradoxically, the risk of stenosis was greater when using circular staplers
with a diameter of 31/34 mm and even more so with those of a diameter of
28/29 mm, compared to those of 25 mm routinely used in the hospital [55]. 

There is also an ongoing debate regarding manual or mechanical anasto-
mosis: which of the two is more frequently associated with stenosis? In their
meta-analysis of randomized clinical studies including 1,233 patients,
Lustosa SA et coll. did not succeed in demonstrating the superiority of one
technique over the other as regards the formation of anastomotic stenosis,
data supported by a previous multicenter study by Docherty et al. on 1,161
patients [59, 60]. 

However, a recent study by Polese et al. highlights the use of mechanical
staplers as one the most important risk factors for developing anastomotic
stenosis; furthermore, the same study showed that operations for diverticular
disease had a higher incidence of anastomotic stenosis than cancer surgery
[61]. 

However, not all stenoses are symptomatic; symptomatic stenoses requir-
ing treatment are only a part of the radiological ones. Literature reports a rate
that ranges from 6 to 73 % of anastomotic stenoses requiring some form of
treatment, a wide range which shows that each patient has to be assessed indi-
vidually and on a clinical basis, and not only according to the results of radi-
ological and endoscopic examinations [62, 55, 61]. We must, however, take
into consideration the fact that the majority of authors use mechanical sutur-
ing in anastomosis on the subperitoneal rectum, and that the hand sewn ver-
sus stapled debate is almost always irrelevant for low colorectal anastomoses.
Finally, the data on anastomotic stenosis after operations for diverticular dis-
ease tell us that the features of the transposed colon wall also have a role in
causing the stenoses [63]. 

The aim of dilating an anastomotic stenosis is to reach a greater circum-
ferential diameter: at least 13 mm according to the standard criteria in litera-
ture [57]. 

Since the beginning of the 1980s, endoscopic dilatation of anastomotic
stenosis has been shown to be a more than valid alternative to surgery.
Currently the most common endoscopic procedure carried out is pneumatic
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balloon dilatation: a procedure associated to a low complication rate and
with a success rate at 6-24 months from the first procedure of more than 90%
[57, 58].

How many dilatations are recommended? The number reported in literature
is absolutely variable: up to 7 or even 13 sessions [64].

In our opinion this number of sessions appears excessive; our experience
suggests that more than 4 dilatations without any sign of clinical improvement
indicates the necessity of a surgical solution, if the general conditions of the
patient should permit.

A recent comparative study by Xinopoulus et al. of the use of the classic
balloon and metal olive dilators in a group of patients with rectal anastomotic
stenosis showed equal efficacy of the two methods, though there are undoubt-
ed economic advantages in using the latter instrument rather than the balloon,
as it can be used for more than one session [58].

Another alternative to using the balloon alone, proposed by Andicoechea
Agorrìa et al., is the association of this treatment with intralesional injections
of cortisone, specifically triamcinolone acetonide, a solution already adopted
for stenoses in oesophageal surgery or in cases of intestinal stenosis in subjects
with Crohn’s disease. The study reported only two cases but it seemed inter-
esting to mention it as an alternative [65].

In the event of tight stenosis, some authors, including Mukai et al., suggest
using an electrified hook endoscopically for incision of the mucosa and sub-
mucosa, followed by pneumatic dilatation. This procedure obviously requires
considerable experience on the part of the endoscopist [66]. Transanal stapled
resection of the stenotic ring has also been proposed.

In our experience, pneumatic dilatation has often given good results on a
clinical level and as far as the quality of life of the patients is concerned. If
three sessions of pneumatic dilatation do not give the desired result, we rec-
ommend surgery. We have no personal experience of the other alternative indi-
cated above, but we think it worthwhile to provide as complete an overview of
the available therapies as possible.

12.5.2 Ischemic Stenosis

A stenosis longer than the height of the anastomosis may be of ischemic ori-
gin, connected to excessive traction on the transposed colon and its vessels,
which has not caused an acute dehiscence but a chronic ischemia that slowly
leads to fibrosis. There is not much data on this in literature, but many authors
have sporadic experience of this situation . In our experience we had 2 cases
of male patients, slim, smokers, radiated, with low anastomoses protected by
stoma, without postoperative leaks or other septic complications, in whom
radiological examination showed a stenosis of at least 5 cm, smooth, concen-
tric without recurrence of tumor. The treatment adopted was Redo Surgery,
with delayed closure of the stoma (Fig. 12.1).
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12.5.3 Conclusions

• The frequency of benign stenosis after colorectal anastomosis ranges from
0 to 30%.

• Literature does not report a specific cause for this type of complication, but
contributing factors include ischemia, hemorrhage, anastomotic leaks,
pelviperitonitis, obesity, and adjuvant radiotherapy; some authors also report
the anastomotic technique, the presence of a proximal protective stoma, and
diverticular disease.

• Symptomatic stenoses requiring some kind of therapeutic procedure are
only a part of the radiological ones.

• Endoscopic dilatation of anastomotic stenosis has been shown to be a more
than valid alternative to surgery.

12.6 Rare Complications

12.6.1 Portomesenteric Thrombosis

Deep venous thrombosis is a very rare but potentially lethal complication after
rectal surgery.
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Fig. 12.1 Contrast enema showing a
long ischemic stenosis (bracket) follo-
wing an uncomplicated colorectal ana-
stomosis



Venous thrombosis is generally characterized by a multifactorial etiology
[67]. There is a strong family tendency to thrombophilia, with factors that have
been recognized for years: factor V Leiden mutation, deficiency of proteins C,
S and antithrombin III, etc.

The best-known locoregional predisposing factors which reduce the portal
blood flow include abdominal trauma, malign neoplasms, inflammatory
abdominal disease, and cirrhosis. 

Laparoscopic surgical procedures are, however, of more recent interest
[68].

These, including laparoscopic surgery of the rectum, cause an increase in
endoabdominal pressure, which consequently determines a reduced portal and
mesenteric venous flow [69]. 

Furthermore, the transperitoneal diffusion of CO2 causes hypercapnia,
which determines an increase of the portal venous pressure and an increase of
the mesenteric peripheral resistances, further reducing the venous flow [70].

Another hypothesis is longer maintenance of the Trendelenburg position,
which in some experimental studies resulted in major venous stasis. Some
cases describe the existence of a thrombus in the stump of the inferior mesen-
teric vein, left for too long.

However, it can never be excluded that during a surgical operation it is the
surgical act itself and the direct lesion of the endothelium which may deter-
mine the onset of Virchow’s triad. 

The clinical manifestation may vary widely, from total absence of symp-
toms to intestinal ischemia, up to septic shock. In most cases patients exhibit
nonspecific abdominal pain (90%) and gastrointestinal symptoms (vomiting,
diarrhea, nausea, gastrointestinal bleeding). The abdominal drainage may
assume a chylous character [71, 72]. 

On a laboratory level, it is not rare to find leucocytosis, metabolic acidosis,
and an increase in hepatic function assessment [73].

In his 2009 review, James reports a range of symptom appearance  from 3
to 42 days, with an average of 14 days [71].

The gold standard for diagnosis is the computed tomography with contrast
medium, which reaches a sensitivity of 90% [74, 75] (Fig. 12.2).

The therapy involves immediately beginning anticoagulant treatment,
which should last from no less than 6 months up to 12 months. Different stud-
ies report partial or total vascular recanalization in 90% of the patients treated
with heparin and EBPM [76]. Some other studies with small numbers of
patients report the use of endovascular thrombolysis [77, 78], also after posi-
tioning a TIPS.

In literature there is a single case of spontaneous resolution after splanch-
nic venous thrombosis, reported by Davies in 2002 [79]. 
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13.1 Introduction

Modern improvements in instrumental imaging have led to an increase in our
knowledge of the anatomy and natural history of rectal cancer. Surgical tech-
niques have gone through developments aimed at improving radicality while
preserving sphincter integrity and pelvic innervations at the highest quality
level; on the other hand, the goal of exploring a less invasive approach for
early-stage tumors has also been pursued.

Surgical anatomy of the mesorectum and the techniques of complete exere-
sis have now been completely defined, and the preservation of the sphincter
for low rectal tumors remains the main issue; in contrast, the evolution of
laparoscopic techniques, the introduction of robotic surgery, the anterior-
transanal combined techniques or the transanal isolated approach are more
recent fields of application that have extended the range of surgery.

Furthermore, the role of multimodality therapies has been recognized as a
worldwide standard, to the extent that the response to neoadjuvant therapy
has become a strong decision-making factor in better defining surgical indi-
cations and proper timing. To plan the most appropriate therapeutic strategy,
we need to focus on the various surgical access options (laparoscopy, laparo-
tomy), and on strategies for very early and locally-advanced tumors, with
particular regard to the response of low rectal cancer tumors to neoadjuvant
therapy, in which strategy decisions are even more difficult to take and can
have major consequences.



13.2 Surgical Access: Laparotomy, Laparoscopy, Robot, 
SILS and NOTES

13.2.1 Laparotomy and Laparoscopy

Laparotomy has always been considered the classical surgical approach in
colorectal operations, but during the last twenty years laparoscopy has
emerged as a mini-invasive alternative, especially for the treatment of colonic
cancer. Randomized clinical trials focusing on the technical feasibility and
oncological long-term results of laparoscopy have already been officially val-
idated [1-3]. 

Compared to cancer of the colon, rectal cancer presents greater technical
difficulties, linked to pelvic dissection, complete and atraumatic exeresis of
the mesorectum, and nerve preservation, but also to the difficulty of low rec-
tal section with mechanical staplers, which initially were not suited to this pur-
pose. All this has been discussed in the previous chapters.

These issues have delayed the routine use of laparoscopy in rectal cancer
surgery; this is justifiable, considering that laparoscopic colorectal surgery is
still not predominantly widespread in any specific country, but has been devel-
oped and standardized only in dedicated high-volume centers [4]. After the
publication of the randomized controlled studies on the role of laparoscopy in
colon cancer, many studies specifically focusing on its use in rectal cancer
appeared in the literature, with the primary goal of proving the validity of
laparoscopy in terms of immediate, functional and long-term oncological
results. Some of the most significant studies are shown in Table 13.1 [5-11].

The technical difficulty of laparoscopic rectal resection is demonstrated by
the high conversion rate (the definition of which is not standardized in litera-
ture), although this rate varies according to the type of studies considered
(mono- or multicentric) and the period in which they were carried out. The
CLASICC [1] study was one of the first multicentric randomized controlled
trials (RCT); it clearly showed that over time the conversion rate dropped from
36 to 16%. Reviewing the different series, it is not always possible to identify
the real causes of the conversion: sometimes it is due to obesity, other times to
the location of the tumor [12], intraoperative accidents [12], and difficult
anatomic situations or locally-advanced tumors not seen in the pre-operative
imaging (as described in Chapter 11). Some authors assert that conversion
leads to an increased risk of postoperative complications [1, 12-14], but this
hypothesis is not confirmed in other studies [9, 11]. Distal section of the low
rectum in a narrow pelvis is undoubtedly a difficult maneuver, but this is now
partially predictable on the basis of preoperative elements like MRI and the
patient’s gender [15, 16]; on the other hand, it can be improved with experi-
ence, new techniques like transanal pull through [17] and the quality of the
instruments, as we saw in the chapter on resection techniques. 

Complications directly related to colorectal resection are basically the con-
sequence of anastomotic dehiscence, which in all papers has the same inci-
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dence in laparotomy or laparoscopy [1-10], except in one controlled study
where there is a difference in favor of laparoscopy [18]. Long stenosis of an
ischemic nature is a less frequent complication [19], even if it is difficult to
assess the exact incidence and prevalence on the basis of surgical access. In
contrast, the significant advantage for the abdominal wall is described by
almost all the authors in terms of incidence, seriousness and socioeconomic
impact of surgical site infections [10, 20, 21, 22] and, for some, also as regards
long-term incisional hernia [23]. A wide-ranging French survey concludes that
laparoscopy has lower postoperative mortality and that it is an independent
factor of better immediate outcome [24].

Laparoscopy has the advantage of leading to better functional results; these
are not so evident in the CLASICC study [1], which, however, makes no dis-
tinction between colon and rectum. An improvement in the quality of life after
rectal cancer resections is, on the other hand, demonstrated in both monocen-
tric [6, 25] and multicentric studies [10], while it cannot be assessed in the two
meta-analyses published [20, 26]. If we consider bladder and sexual dysfunc-
tions, the results of a randomized study of 10 years ago were worse for
laparoscopy [27], while more recent data are significantly better, despite lower
levels of evidence [28-30]. It is important to take into account the fact that
preservation of the sexual function is not inevitably constant in males, espe-
cially when a combination of surgery and radiotherapy is needed; the patient’s
sexual function should therefore be one of the items included in preoperative
consent.

The short-term oncological results of laparotomy and laparoscopy are basi-
cally the same: the three main criteria regarded as a standard of surgical spec-
imen quality are the number of lymph nodes, distal margin and circumferen-
tial margin (CRM), basically comparable in all controlled studies. A summary
of these data is given in Table 13.2.

Overall long-term survival and disease-free survival are also comparable,
while for some authors converted patients have a higher risk of recurrence [1];
in one study [32], the cancer-specific survival rate of converted patients is not
different from that of non-converted patients, even though conversion and
related complications may affect overall survival. In many series this data is
of minor importance, probably due to greater recent attention to preoperative
imaging, which has led both to a strict selection of patients and a reasoned
choice of conversion. However, authors who found a relation between intraop-
erative difficulties and long-term prognosis should also be mentioned [33]. In
our experience, conversion has no influence on mortality, morbidity or long-
term survival. Survival was not affected negatively by laparoscopy in any of
the controlled studies published. As for port-site metastasis, observed mainly
in the early, pioneering days of laparoscopy, monocentric series [9] and meta-
analyses [20, 26] do not currently describe a higher incidence than that histor-
ically reported in open surgery [34]. The main results are given in Table 13.3.

In conclusion, laparoscopy has a consolidated role in rectal cancer surgery,
with short- and long-term results in line with those of open surgery. It has now
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been proven beyond doubt that the oncological results are comparable, even if
some details of conversions need to be clarified. T4 tumors are contra-indicat-
ed for laparoscopy, due to the high risk of conversion and perforation; howev-
er, these are cases which can now be diagnosed preoperatively with MRI. At
present, one single study does not, however, report worse results even for T4
tumors [36]. The best oncological results that could have been hoped for from
experimental evidence or microscopic observation [37] have not been con-
firmed in clinical practice, at least until now, and it may be necessary to wait
for the results of ongoing trials [38] before getting an answer, although it is
objectively difficult today to include patients in these randomized studies. The
advantage for the abdominal wall is clear, and consists of less frequent and
serious infections, lower rates of incisional hernia, and a saving of the “pari-
etal capital”, which allows more specific surgical strategies for advanced
tumors to be implemented [39, 40]. An extremely specific preoperative work-
up together with the technical standardization and experience of the surgical
team contribute to a high level of quality of surgical exeresis, which should no
longer be affected by the learning curve [13]. In our opinion this term should
be abandoned in favor of a term reflecting the high-quality level of the team,
called the proficiency-gain curve [41], based on the improving autonomy of
surgeons under training. Figure 13.1 illustrates our operating protocol for open
and laparoscopic rectal resection, for the choice of the correct parameters for
conversion.
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Fig. 13.1 Operating protocol for choosing laparotomy, laparoscopy and kind of conversion



13.2.2 Robotic Surgery

The technical and technological limitations of laparoscopy can be summarized
as its two-dimensional vision (2-D), limited, 4-degrees-only mobility of the
instruments inside the abdomen, a fixed insertion point and possible poor
coordination between hand and instrument. The current robotic system allows
3D vision, with the camera integrated into a stable operative platform, magni-
fied vision with zoom, use of instruments with 7 degree freedom of movement,
improved ergonomics, and a filter for movements and tremors. These advan-
tages appear to be useful, especially in the event of a narrow pelvis, as has
been proved by experience in radical prostatectomies. In monocentric studies,
feasibility and short-term results are in line with those of laparoscopic surgery
[42-45].

Until now, three meta-analyses have shown robotic surgery to be as good
as laparoscopy, the main objection being cost, deemed to be higher (but very
few trials report data on costs, and none presents statistically significant dif-
ferences) [46-48].

All the meta-analyses consider the operating times (longer for robotic sur-
gery, mainly due to the time necessary for the correct positioning of the
machine, which has to be changed several times during rectal resection),
length of hospitalization, conversion rate, anastomotic dehiscence, and short-
term oncological outcome. These results are summarized in Table 13.4.

To conclude, robotic surgery is not inferior to laparoscopic surgery, either
oncologically or as regards short-term outcomes. However, there is a lack of
prospective randomized trials: the first study is still ongoing, requires 400
patients, and its structure was published only in August 2011 [49]. 

In an era when costs and cost-benefit ratio have an increased bearing on
public health, the main limit to the development of robotic surgery seems to be
economic. Furthermore, the current development of 3D-cameras for laparo-
scopic surgery might in future make it possible to reduce the first disadvantage
of conventional laparoscopy we mentioned above.

13.2.3 Single-port (SILS) and NOTES

Laparoscopic rectal cancer surgery through a single port has been described
very little in case reports and today can be considered merely experimental,
although it is feasible in the studies published [50, 51]. Furthermore, the pos-
sibility that this technique, like others, is industry-driven should be consid-
ered, and we must try to understand if its technical complexity is offset by real
clinical advantages. 

On the other hand, much has been said about Natural Orifice Transluminal
Endoscopic Surgery (NOTES) in abdominal surgery, although there are few
studies on colorectal carcinoma [52] and almost none focusing specifically on
rectal carcinomas [53]. This concept was initially applied to transanal extrac-
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tion of the surgical specimen after very low or intersphincteric resection, due
to doubts (now clarified) as to a possible increase of the risk of local relapse.

On the other hand, new techniques based on the use of either TEM or SILS
instruments have emerged, both to tackle the technical difficulty of a very low
rectal section in patients with bulky tumors in a narrow pelvis, and to facili-
tate distal rectum mobilization. This technical evolution might make it possi-
ble in future to overcome the “gray zone” 3 to 5 cm from the anal verge and
perform the section safely from an oncological standpoint, both in laparo-
scopic and open surgery [54], even though its current application still awaits
definition.

13.3 Surgical Strategies

For high rectal or intraperitoneal tumors, the surgical strategy is the same as
has already been described, with very few exceptions, because postoperative
complications and medium-long term consequences are few. Independently of
whether neoadjuvant treatment is indicated or not, anterior resection (AR)
remains the recommended choice in literature, whatever access is preferred.

In extraperitoneal low rectal tumors, the issues of oncological radicality
and complications need to be considered. These have been already examined
in previous chapters, and we mention them again here only in connection with
strategic choices. If, until a few years ago, the discussion was based only on
the best technical method for lowering the resection and reducing the distal
clearance, today the therapeutic strategy includes the accuracy of imaging
studies and the response to neoadjuvant therapy. The more debatable aspects
are examined below.

13.3.1 Early Rectal Cancer 

Early patterns of rectal cancer have been frequent in recent years, mostly in
countries with a colorectal cancer screening program. The metastatic risk of
initial tumors is well coded and for early tumors, confined within the submu-
cosal layer, is close to 0; confirmation by transrectal ultrasound must be pro-
vided before these tumors can be treated, by local exeresis only, now carried
out mainly with the TEM technique [55]. As already mentioned, a study aimed
at identifying and assessing the role of the sentinel lymph node, possibly by
laparoscopic sampling [56], is still ongoing: if this method is validated, with
certainty of its negative predictive value, transanal techniques can also be used
for T1 tumors greater than 4 cm or poorly differentiated, in which the lymph
node metastatic risk is about 10% [57].

13 Surgical Strategy: Indications 175



13.4 Integrated Role of the Neoadjuvant Therapy

13.4.1 Surgery after Complete Pathological Response

The current standard of neoadjuvant radio-chemotherapy (RCT) has intro-
duced a new prognostic factor: histopathological regression after therapy, also
called pathological complete response (pCR). This term refers to a response
from both the primitive tumor and lymph node metastasis, which occurs in 10-
15% of cases, as in our experience; however, it should be said that the pCR is
not clearly defined in literature and varies from a simple volumetric assess-
ment with magnetic resonance imaging (MRI) [58], to the use of multiparame-
ter scores which include clinical and laboratory findings, and metabolic infor-
mation, including CEA level and PET scan [59]. The Habr-Gama study shows
a survival rate of patients with pCR, even without operation, similar to that of
patients who had surgery, although the study was not randomized [60]. This
data prompted a major discussion, not only as regards early tumors but also
more advanced ones, even when there has been regression after RCT, as this
strategy cancels the risks and complications of open or laparoscopic low rec-
tal surgery [61]. A recent meta-analysis confirmed in an important number of
patients that pCR is obtained in 15% of patients and is associated with a bet-
ter oncological outcome [62]. At present most European authors recommend
the execution of a full thickness biopsy or a transanal exeresis of the tumor
zone after pCR in low rectal tumors [63, 64], only to confirm the clinical or
radiological data; incidentally, no imaging method currently permits an
absolute demonstration of the pCR. In the case of an incomplete response early
conventional surgical treatment is recommended, without any worsening of
the oncological outcome [65]. To confirm this approach, which no longer
involves “sphincter saving surgery” but rather “rectal saving surgery”, the
CARTS [66] trial is ongoing. It aims to recruit patients with pCR (approxi-
mately 10-20% of cases) and offer them a TEM; if this procedure confirms the
pCR histologically, the patients are merely referred to follow-up care, where-
as if the tumor persists, they are sent for a surgical resection. The results of
this kind of study will allow the validation of an even more conservative
approach torectal cancer, no longer based only on imaging but also on the
response to the therapy. 

13.4.2 Tumors Requiring Resection at the First Diagnosis

As already reported in the chapter on resections, recommendations for
abdominoperineal resection (APR) have gradually decreased over the years:
initially indicated for tumors of the extraperitoneal rectum in the 1960s, the
operation was then recommended for those under 6 cm from the anal verge in
the 80s, for suprasphincteric ones in the 1990s, and finally for those with par-
tial infiltration of the internal anal sphincter in the last decade. At the same
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time, and paradoxically, resection technique has undergone a number of mod-
ifications, such as greater lateral extension, because the classical operation left
a significant risk of local relapse [67, 68], especially with a very low localiza-
tion of the cancer. Consequently, it is difficult to decide precisely which
patients to indicate for an APR, since the contraindications to a sphincter-sav-
ing resection (SSR) depend on the site of the tumor, the patient’s morphology,
his continence, and the surgeon’s experience , as well as the difficulty of radi-
ologic staging at this level.

The great majority of authors tend to reconsider the surgical indications
after RCT, which means that some patients initially earmarked for APR can be
treated with SSR after downsizing [69, 70], as long as the resection is R0 [71].
In this context, in case of doubts regarding CRM tumor involvement, or in
case of difficulties in distinguishing between tumoral residue and post RT
fibrosis, the patient may be a candidate for IORT, although this technology is
not widespread [72]. Multicentric studies [73-75] do not clearly confirm this
hypothesis, although it is difficult to extrapolate which patients are initially
eligible for APR. However, Sauer [73] demonstrated that in patients initially
elected for APR, 39% undergoing preoperative RCT could benefit from SSR,
while this rate fell to 19% in those treated with postoperative RCT. Gérard
[76] showed that a more complete pCR could be obtained by using preopera-
tive RCT versus RT alone (11.4% vs. 3.6%), with a reduction in local recur-
rence rate (8.1% vs. 16.5%); despite these results, he did not demonstrate an
improvement either in sphincter-saving procedures or in overall survival.
Furthermore, it is not yet clear what is the best timing between RCT and sur-
gery, although there is a tendency to extend the range from 4-6 to at least 8-10
weeks [75, 77].

The GRECCAR I trial demonstrated that 85% of patients initially eligible
for APR could have been treated with SSR after restaging, three times out of
four however with intersphincteric resection [78], which has debatable func-
tional results. We agree with Rouanet that it does not seem ethically possible
to propose a randomized clinical trial to compare APR versus SSR for tumors
regressing after RCT [69]. 

Nevertheless it would seem reasonable to propose a plan of treatment tai-
lored to these difficult cases, based on an assessment of the patient, age, mor-
phology, continence, response to RCT, and also clinical, morphological and
maybe biological and molecular parameters [79, 80] in view of the outcomes
that can be achieved today with SSR; using anti-EGFR or antiangiogenics could
be attractive, selecting the treatment according to K-ras mutation status [81]. 

An attempt to find a decision-making algorithm is set out in Figure 13.2.
How can we further improve oncological results in rectal cancers? Some

authors advocate a better and more specific biological pretherapeutic character-
ization of the tumor, allowing the selection of more targeted drugs [82]. A
hyper-fractionated, increased dose of radiotherapy was proposed in the Polish
trial, with a possible increase in pCR [83]. On the other hand, no advantage
seems to be gained by increasing or changing current patterns of chemotherapy
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[84-88], though a better combination of drugs, radiotherapy, timing and inter-
val between neoadjuvant treatment and surgery might be validated in the
future. At present, in the absence of a specific individual prognostic marker, a
statistical nomogram simply taking account of multiple factors could be used
to establish a tailored treatment program [89].

In conclusion, the surgical strategy in rectal carcinoma has become partic-
ularly complex in the last few years, thanks to improvements in imaging, rapid
evolution of surgical techniques, and new prognostic parameters such as
pathological response. These tumor-linked factors combine with patient-relat-
ed parameters like age, morphology and continence. While there is a general
tendency to reduce surgical trauma and use a multimodal approach, there is not
yet a worldwide consensus on many aspects of the therapeutic strategy for rec-
tal carcinoma [90, 91], which tends to be connected to individual experience
and the technology available in each center. Creation of a multidisciplinary
plan is thus vital, perhaps concentrating treatment for this disease in high vol-
ume centers or, at least, in centers equipped to offer a multidisciplinary
approach to rectal cancer. 
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14.1 Introduction

In the natural history of colorectal cancer, recurrence involves 30 to 50% of
patients who have undergone curative surgical treatment [1] and occurs, in over
90% of cases, in the first 5 years following exeresis of the primitive tumor [2]. 

The risk of tumor recurrence is greater in patients presenting at diagnosis
with a higher tumor stage (according to the commonly used TNM staging pro-
posed by the American Joint Committee on Cancer, AJCC). 

The most common sites of colorectal recurrence are, in order, liver (30-
40%), lungs and locoregional relapse, with a highly variable incidence among
the series of cases available. 

The onset of another primitive colorectal tumor is also possible, and
involves 3% of patients in the surveillance program [3].

The metachronous onset of metastasis, defined as secondary tumor sites
diagnosed twelve months after surgical resection of the primary colorectal
tumor, is the most frequent form of recurrence of the disease [4]. 

The liver is the first parenchymatous site of drainage, and is the organ
most affected, through the portal venous system, by the hematic spread of the
tumor located in the colorectal area. 

The closer they are to the anal canal, rectal cancers, in particular, spread
either to liver or to lungs, or both [5]. 

Metachronous metastases can also be located in other parts of the body,
such as bones, brain, and potentially any organ through the hematic and lym-
phatic diffusion of neoplastic cells. 



Local recurrence of rectal carcinoma is less common than systemic tumor
diffusion, and in literature is reported to affect from 3 to 33% of patients
undergoing curative treatment [6]. 

The risk of local recurrence of rectal tumors is greater than that of colonic
ones, due to their distinctive manner of spreading to the nearby organs and
pelvis through the linfo-hematic and nervous systems. In fact, in these rectal
lesions the preservation of adjacent organs, vessels and nerve structures can
compromise the radicality of the surgical treatment and can lead to an
increased risk of local recurrence.

The introduction of TME (Total Mesorectal Excision) surgery has
improved local control in the treatment of rectal carcinoma, and has resulted
in a drastic reduction, lower than 12%, in the incidence of pelvic recurrence
[7]. The association of neoadjuvant radio-chemotherapy to TME has led to a
further improvement in local control, limiting the relapse rate of rectal cancer
to 6% [8].

Rectal relapse usually occurs in the extra-parietal rectal site, especially in
the presacral area. Less frequently, the recurrence grows on the anastomotic
scar or anywhere in the intraparietal area [9].

Patients already treated for colorectal cancer also present an increased risk
of being affected by a second neoplasia of the residual viscera. It is a risk that
lasts for life and is estimated to increase by 0.35% per year [10].

Recurrence is generally clinically evident only at a late, advanced stage
and is frequently not suitable for curative saving surgery, with consequently
poor prognosis. 

Curative treatment for recurrence is, however, possible at a very early
stage, when the neoplasm still has a limited spread; this substantially improves
the prognosis [6], with an increase in global and cancer-specific survival.
Unfortunately, radical surgery for local relapse can be performed only in 30-
48% of the cases followed in the surveillance program [11, 12].

As far as hepatic metastases are concerned, the treatment of choice is mul-
timodal therapy including hepatic resection [4] and chemotherapy. By using
these combined treatments a 5-year survival rate of 30-40% can be achieved
[4, 13]. On the other hand, chemotherapy alone extends the average lifetime to
less than two years in patients with hepatic secondary lesions, especially in
association with monoclonal antibodies with molecular targeting (Cetuximab
and Bevacizumab) [14]. No treatment at all leads to a poor prognosis, usually
less than a year. 

14.2 Rationale of the Follow-up

The main aim of surveillance after curative surgery for rectal cancer is the
early detection of recurrence, so as to implement a therapeutic strategy that
can improve prognosis. 

There is scientific evidence that curative surgery for recurrence at an early
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stage may substantially improve survival [15]. 
We recommend that surgeons perform a surveillance program to make an

optimum assessment of oncological and functional outcomes (anorectal, sexu-
al and urinary sequels), as well as the onset of possible long-term complica-
tions such as anastomotic stenosis and incisional hernia, and evaluate the
patient’s quality of life [16].

Post-surgical tumor resection surveillance also has psychological impor-
tance, which should not be underestimated: a surveillance program may either
be regarded as a positive support and reassure the patient, or it may have the
negative effect of generating stress, anxiety and/or fear.

14.3 Recommendations and Follow-up Programs

Surveillance after curative rectal carcinoma resection is internationally recom-
mended as an integral part of the correct treatment for this kind of neoplasia;
and it focuses on stages AJCC I, II and III, corresponding to Dukes’ stages A,
B and C [9]. 

Postoperative surveillance is also recommended in patients treated for syn-
chronous or metachronous hepatic metastases with radical curative-intent ther-
apy: recurrence in these cases may occur up to 60-70% [17]. Disease-free sur-
vival in radical hepatic re-resection is about 25% at five years, similar to that
of primary resection [17]. Surveillance should be extended for at least two
years after removing the hepatic metastasis, which is the usual time frame
when almost all secondary hepatic tumor recurrences occur. 

The exclusion criteria in the follow-up program are the following: patients
not treated with curative-intent therapy, those affected by in situ neoplasia
(AJCC stage 0), and patients whose age or general clinical conditions would
not permit a surgical operation in the event of neoplastic recurrence.

In literature, there is still no consensus about the exact surveillance pro-
gram to implement after curative treatment of rectal cancer. Each authoritative
international oncological society indicates a follow-up scheme [6, 18-22],
characterized by significant differences (Table 14.1).

On the other hand, there is greater agreement about the most appropriate
period of time for which the surveillance program is conducted: generally in
the five years following exeresis of the primitive rectal neoplasia.

Furthermore, there is no consensus on the diagnostic exams that should be
used in surveillance, what their correct timing should be, and the costs-bene-
fits of the resources used [23]. 

The international guidelines on the follow-up of rectal carcinomas are
based on scientific evidence and on expert opinion [24]. They recommend an
intensive monitoring at least for the first three years after surgical resection,
using clinical examinations, serum CEA (Carcino-Embryonic Antigen) level
measures, radiological imaging investigations of abdomen and thorax, and
endoscopic exams.
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It is thought, but has not yet been clearly scientifically proven, that an
intensive follow-up could lead to early detection of disease recurrence, subse-
quently permitting radical resection with an increase in global survival [25]. 

According to six randomized clinical studies out of eight [26-33], a high-
intensity follow-up program does not improve survival in patients treated for
rectal cancer.

Recently, however, some authors [16, 22, 34] highlighted an advantage in
overall survival and a higher rate of preclinical diagnosis of resectable recur-
rence, but no cancer-specific survival was documented in the high intensity
regime of surveillance [23].

Further investigations are, therefore, necessary to assess the real benefit in
terms of survival of post-curative surgery surveillance for rectal carcinoma
and to define the recommended follow-up scheme to be used.

Three large randomized clinical studies (RCT) [16] (Table 14.2) were
recently performed to define the effectiveness and the features of correct post-
operative surveillance in patients treated for rectal carcinoma with curative
intent. The results, global and cancer-specific survival, quality of life and cost-
benefits are not yet available. 

14.4 Follow-up Modalities 

14.4.1 Anamnesis and Clinical Examination

Anamnesis and clinical examination remain recommended instruments to be used
in all follow-up programs, but they do not influence global survival rate [16].

Indeed, symptoms in rectal recurrence are often aspecific and are manifest
too late to perform a curative resection, so the patient’s outcome is usually
poor [9].

The medical visit still remains a valid instrument for maintaining contact
with the patient. It allows discussions of the results of the tests performed dur-
ing the follow-up and of the need for further examinations if necessary; it also
provides psychological support and leads to awareness of the trend of the dis-
ease. 

Furthermore, the clinical examination may highlight functional outcomes
and systemic toxicities as a consequence of multimodal curative treatment of
rectal cancer, so that in some cases specific treatments aimed at improving or
clearing them up can be given [23].

14.4.2 Measuring the Hematic Level of Cea

CEA is a fetal glycol-protein, which is physiologically produced and secreted
during fetal life. It can also be synthetized during adulthood due to both
benign and malign causes. 
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It is used as a tumor marker and is more useful in surveillance after exere-
sis of the rectal neoplasia than in preoperatory diagnostic assessment. 

CEA is often the first marker of recurrence of the disease, appearing in the
blood about 4.5-8 months before any clinical manifestation of recurrence [6, 15]. 

It increases in about half of the cases of neoplastic recurrence [8, 35],
becoming as high as 75% in some cases studies [6, 9]. The postoperative
hematic level increases even in recurrence of rectal cancer not producing CEA
before exeresis.

Assessment of serum CEA level is widely recommended in follow-up pro-
grams for rectal carcinoma, although there is no scientific evidence that its
measurement at regular intervals can improve survival or increase the
resectability of the recurrence [35].

The sensitivity and specificity of its hematic level for disease recurrence is
related to the cut-off value considered: a cut-off value of 10 UI/l has a sensitiv-
ity and specificity respectively of 44% and 90%, while with a value of 6 UI/l,
sensitivity increases to 80% and specificity drops to 42%. The number of false
positives with a cut-off value of 6 UI/l is high, as much as 7-16% [9, 23]. 

CEA is falsely increased in smokers [35] and in patients undergoing
chemotherapy with fluoropyrimidine [18]. 

A three-time increase in the CEA value and an exceedance of the cut-off are
both suggestive of disease recurrence.

CEA is more sensitive for hepatic and retroperitoneal recurrence, than for
peritoneal and lung tumor spread [6, 9, 23].

Other laboratory tests, such as blood tests, and hepatic and renal function
tests, are not routinely recommended [9].

14.4.3 Hepatic Imaging

Study of the hepatic parenchyma in the surveillance program for rectal cancer
is justified by the high recurrence rate in this organ. 

It has been demonstrated that laboratory hepatic function tests are not use-
ful in the preclinical diagnosis of recurrence and are not, therefore, routinely
recommended [6].

The international guidelines on follow-up programs advise radiological
methods for studying the hepatic parenchyma: abdominal CT is generally pre-
ferred, hepatic ultrasound exam is chosen less often [19].

As published in literature, CT scan permits preclinical diagnoses of recur-
rence, but there is no agreement on the real advantages in terms of resection
rate [9, 16, 23]. 

Abdominal CT scan has good sensitivity (64% according to Bipat [36], 78
to 100% according to other investigations [37]) in detecting secondary hepat-
ic disease, but loses diagnostic accuracy in determining extra-hepatic disease
(it shows high false negative rates in detecting the periaortic lymph nodes
involved) [38]. 
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Recent studies are concentrating on improving the diagnosis of liver metas-
tases using hepatic perfusion and hepatic parenchyma texture measurements
during CT scan examinations [39].

Liver ultrasound (US) has a lower sensitivity in diagnosing metastases than
CT scanning [40]. Hepatic ultrasound, while sparing the patient from the effect
of ionising radiation, is operator dependent and is not reliable regarding the
detection of extra hepatic intra-abdominal recurrence. 

The ASCRS (American Society of Colon and Rectal Surgeons) [6] does not
routinely recommend the use of hepatic imaging, claiming that it rarely detects
hepatic metastasis before CEA increase. In their opinion, the detection of liver
metastases before CEA increase does not improve surgical resection rate. The
use of liver imaging is recommended when suspicion of a secondary lesion is
raised by an abnormal CEA test or clinical findings.

In literature, the survival advantage of the use of hepatic radiological imag-
ing, even in intensive follow-up programs, is still controversial, and doubts
remain as to whether it may be sustainable in terms of costs.

14.4.4 Lung Imaging

Recurrence after treatment of rectal carcinoma can also occur in the lungs. The
frequency of metastases in the lungs increases the closer to the anal-verge the
rectal carcinomas are, because of caval venous drainage of the very distal vis-
cera. 

Not all international guidelines recommend monitoring the lung parenchy-
ma, but when the oncological societies suggest it, the lung parenchyma may be
assessed by conventional X rays or by a CT scan. 

Chest X ray (CRX) does not permit early diagnosis of disease relapse [6],
does not affect the resection rate and does not modify survival. 

Thorax CT scan has more diagnostic accuracy than traditional chest X rays
and is the preferred investigation technique in the study of lung parenchyma
[40]. It also still yields a fair number of false positives [38], as well as involv-
ing costs that are not negligible.

14.4.5 Endoscopic Examinations

The rationale of using endoscopic exams in follow-up programs is to detect
anastomotic or intraparietal relapse and metachronous colorectal cancer. 

Rectal cancers have a higher rate of local recurrence than colonic tumors.
They actually frequently develop extra-parietally, usually in the posterior pre-
sacral site.

Patients with colorectal neoplasia treated surgically with curative intent
present a cumulative risk of 3% every six years of being affected by a
metachronous tumor in the residual viscera [23]. 
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The risk of developing benign and malign metachronous tumors lasts for
life, so the recommendation to perform a colonoscopy at regular intervals is
not limited to the first years following exeresis.

Colonoscopy is a surveillance tool that all the major oncological societies
recommend performing in the first, third and fifth year after surgery; its use
has a wide consensus in literature [23].

Colonoscopy does not seem to improve the five-year survival rate [6, 40],
probably due a lower rate of local recurrence than systemic spread, and to the
more frequent extra-parietal presacral relapses among local recurrences. 

The number of resectable recurrences diagnosed at colonoscopy varies
considerably in literature, between 0 and 19% [40].

Many authoritative oncological societies [6, 18-20, 22] also recommend
performing a proctosygmoidoscopy every 6 months for a period ranging from
two and five years after the exeresis of the primitive rectal tumor in patients
with a high risk of local relapse (AJCC stages II and III, patients who have not
undergone neoadjuvant radiochemotherapy, and patients affected by cancer
with poor prognostic histologic features). 

Despite being a major test in the surveillance program, compliance
to endoscopy is low compared to other techniques, often lower than 50% [40].

Some ongoing clinical studies are assessing the effectiveness of the use of
rectal ecoendoscopy [9] for early diagnosis of local extra-parietal relapse in
rectal cancer, although no results of clear cost-benefits have emerged so far. 

Virtual colonoscopy, a topographic abdominal CT scan with multiplanar
reconstructions of the colonic viscera, may be a promising alternative, over-
coming the problem of invasiveness and patient compliance. Virtual
colonoscopy seems to be able to determine both the presence of metachronous
tumors and abdominal metastases [39]. However, it shows a considerable num-
ber of false positives, and does not allow histological sampling, which is use-
ful in making a definitive carcinoma diagnosis 

Fecal occult blood testing is not included in colorectal cancer surveillance
because of the unquestionable need for colonoscopy [6].

14.4.6 Second-level Examinations

The main second-level exam in the study of rectal cancer recurrence is
Positron Emission Tomography associated to a CT scan (PET/CT). 

PET/CT highlights the tissue sites with higher glucose metabolism to deter-
mine the main areas of cell activity. Cell metabolism is typically high in neo-
plastic tissues but also in inflammatory sites, producing a limited amount of
false positive cases. 

PET/CT is recommended in the event of an increase in tumor markers and
no evidence of recurrence both in radiological imaging and endoscopic exams. 

It has a higher sensitivity than CT scan and Magnetic Resonance (MR)
exams in diagnosing hepatic metastases (94%) as well as in diagnosing extra-
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hepatic intra-abdominal and even extra-abdominal recurrence (sensitivity of
90-100%, greater than any other method) [40].

It permits a global assessment of the tumor spread, which is useful in plan-
ning the correct treatment strategy.

However, PET/CT is expensive and is not widespread, features that limit its
routine use in the follow-up of rectal cancer. 

The use of the super paramagnetic contrast agents SPIO (Super-
Paramagnetic Iron Oxide) in Magnetic Resonance Imaging increases the sen-
sitivity of MRI (76%) alone and looks promising for defining intra-abdominal
neoplastic recurrence; however, it does not assess lung parenchyma, it is
expensive, and currently it has limited availability [39].

14.5 Proposals for Molecular Studies 

On-going clinical studies are assessing the effectiveness of new diagnostic
exams in the context of surveillance programs.

The focus is on defining predictive factors of disease relapse, to determine
which patients are at higher risk of recurrence. 

Beside the well-known prognostic factors (stage, histological degree, num-
ber of lymph nodes analysed, vascular, neural and lymphatic invasion) [18],
some molecular markers of neoplastic cells such as 18qLOH, c-myc, bcl-2, cell-
suicide related genes, TGF, EGF, VEGF, receptors for somatostatin, L-catenin,
MUC-1 mucin, proliferative indices like Ki-67, and DNA content are under
investigation as to their ability to predict the individual risk of recurrence.

It is known that tumors presenting a marked instability of the microsatel-
lites and wide methylation of anti-tumor genes tend to relapse as metachro-
nous tumors in the residual viscera or as local recurrence rather than distant
metastases: in these cases endoscopic surveillance increases in importance
compared to other follow-up exams [40].

Stratifying the patients into risk levels means that tailored surveillance pro-
grams can be implemented, keeping costs down [40] and offering rates of
high-intensity surveillance to patients at higher risk of recurrence and low-
intensity surveillance to patients at lower risk of recurrence.

14.6 Conclusions

Postsurgical treatment surveillance is internationally recommended as part of
the correct treatment for rectal cancer. 

The main aim of surveillance after curative surgery is the early detection of
possible relapses, so that therapeutic strategies that could improve prognosis
can be implemented. 

In fact, carcinoma recurrence is related to a poor prognosis affecting from
a third to half of the patients treated initially with curative intent for localized
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and resectable rectal neoplasia. Relapse occurs in most cases within the first
three years following the exeresis of the primitive lesion and in almost all
cases within the first five years after primary tumor resection.

Surveillance is recommended for patients presenting at diagnosis in AJCC
stages I, II and III, corresponding to Dukes’ stages A, B and C. 

Postoperative surveillance is also recommended in patients treated with
curative intent for synchronous or metachronous hepatic metastases. 

Patients excluded from follow-up are those not treated with curative intent,
those affected by in situ neoplasia, and patients whose age or general clinical
conditions would not permit surgical intervention in the event of tumor recur-
rence. 

In literature, there is still no consensus on a single surveillance program,
and debate is open about which diagnostic exams to use, frequency of their
employment, cost-benefit, and real survival advantage. Discordant data
regarding survival advantage have recently been published. 

Three on-going multicentre trials (GILDA, FACS and COLOFOL) have
been launched to define the correct surveillance program, the cost-benefit of a
possible stratification of the patients according to the risk of recurrence, sur-
vival advantage deriving from an intensive follow-up regime. Results of these
multicentre trials are not yet available. 
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15.1 Introduction

The incidence of local recurrence of rectal cancer after curative resection
ranges from 2.6 to 32% [1] and is related to the stage of the primitive tumor
and to the quality of the initial surgical treatment. Before the introduction of
total mesorectal excision and neoadjuvant radiochemotherapy, around 80% of
recurrences appeared within the first 2 years of surgery with an average time
of onset ranging between 6 and 12 months [2].

Neoadjuvant radiochemotherapy has contributed to the reduction of recur-
rence and extended disease-free survival. The current average relapse time
ranges from 20 to 39 months after surgery and in about 24% of cases it occurs
5 years after the first operation [3].

The prognosis for patients with recurrence of rectal cancer is unfavorable.
Five-year survival rate in the absence of treatment is less than 5%, with an
average survival rate of 7 months [4]. 50% of patients with local recurrence
do not have metastatic disease. The most frequent symptoms correlated to
recurrence are pain due to nerve involvement, tenesmus, rectal bleeding and
stenosis in endoluminal recurrence [5]. In patients not eligible for iterative
surgery, these symptoms can be partially controlled by radio- and chemother-
apy , which can extend survival up to 10-17 months.

The only treatment option remains surgical resection, associated or not to
radio- and chemotherapy, even though it is not always technically feasible and
is often associated with high morbidity and major changes in the patient’s



quality of life. The curative resection rate (R0) in the various cases ranges
from 30 to 45% [6], while the survival rates 5 years after iterative surgery
range from 0 to 50% [7].

15.2 Diagnosis

Physical examination and, mostly, digital rectal exploration play an important
role in the diagnosis of local recurrence, allowing intra- or extraluminal
lesions to be identified and providing information about the degree of mobili-
ty or fixity of the lesion in the deep layers [8].

Intraluminal recurrence can be identified by rectosigmoidoscopy, while
pancolonoscopy remains an important tool for excluding the presence of syn-
chronous colonic tumors.

However, in most cases rectal cancer recurrence is extraluminal [9].
Transanal ultrasound makes it possible to identify the extraluminal recurrence,
permitting execution of a guided biopsy, but provides limited information on
the extent and resectability of the mass.

CT and MRI are comparable in terms of diagnostic accuracy and provide
detailed information on the limits and extent of the neoplasia. Their only limita-
tion is the difficulty of distinguishing recurrence from scar tissue in a pelvis treat-
ed with radiotherapy. PET is capable of confirming the presence of recurrence
with a degree of diagnostic accuracy higher than CT and MRI and equal to 87%,
whereas PET-CT has a sensitivity up to 100% and a specificity of 96% [10].

15.3 Classification of Recurrence

The classification of recurrence proposed by the Mayo Clinic is based on the
patient´s symptoms (S0=asymptomatic, S1=symptomatic without pain,
S2=symptomatic with pain), on the site where the mass is located on the pelvis
(anterior, posterior, lateral right and lateral left), and on the number of sites of
fixation to the pelvic wall (F0=0 points, F1=1 point, F2=2 points, F3= 3
points) [11].

Wanebo et al. proposed a classification based on the UICC TNM system.
TR1 and TR2 are intraluminal recurrences on the primary resection site. TR3
is a recurrence at a deep anastomotic level, which reaches the perivisceral adi-
pose tissue; TR4 describes the invasion of the adjacent organs (uterus, vagina,
bladder, prostate, seminal vesicles) without penetration in the bone tissues;
finally, TR5 describes the invasion of bony and ligamentous structures of the
sacrum and of the lateral pelvic walls [12].

Yamada et al. classify recurrence on the basis of the fixing pattern on the
pelvis into localized (adjacent to pelvic organs and connective tissue), sacral
(S3-S5 level, coccygeal, limited to the periosteum) and lateral (lateral walls of
the pelvis, sacrum at S1-S2 level, greater sciatic foramen, sciatic nerve). The
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infiltration pattern is a prognostic index with different 5-year survival rates,
ranging from 38% in the localized forms, to 10% in the sacral and close to 0%
in the lateral ones [13].

The classification of the Memorial Sloan-Kettering Cancer Center group
includes axial, anterior, posterior and lateral recurrence. Axial recurrence can
be divided into anastomotic, extending to the perivisceral tissue and perineal
in patients undergoing abdominoperineal amputation; anterior recurrence
involves the genitourinary tract, including uterus, vagina, bladder, prostate and
seminal vesicles; posterior relapse means an involvement of the sacrum and
presacral fascia, and lateral relapse affects the lateral soft tissue and vascular
structures of the pelvis and the pelvic bones [14].

15.4 Selection Criteria for Surgery

The presence of distant metastases constitutes a contraindication to surgical
treatment of the recurrence, since it would require invalidating operations with
no curative purpose.

In highly selected cases, combined surgical treatment of the recurrence and
metastases is possible [9].

If the recurrence is not treatable by radical surgery, palliative treatment can
be given, as it can lower the patient’s morbidity. Some authors claim that non-
radical surgery can be justified in this setting, since the partial removal of the
neoplastic mass can provide limited relief of the symptoms. However, this
position is debatable, because R2 re-resections are often invalidating and give
very short-term pain relief [15].

If there is a recurrence obstructing the rectal lumen, a stent should be
placed; when stenting is not possible, then colostomy is indicated [16].

Radiotherapy is frequently the first choice for palliation, often in associa-
tion with chemotherapy.

It has been demonstrated that RT can help to reduce symptoms like pain
and bleeding and improve the quality of life of these patients [17].

Bleeding recurrences can be controlled by laser ablations or selective
embolization.

Surgical treatment of resectable recurrences includes a heterogeneous
group of procedures, which depend on the site and extent of the mass. The goal
is to achieve an en-bloc removal of the mass with negative margins (R0). In
fact, R0 resection is the only curative treatment, while R1 and R2 are merely
palliative. It is thus clearly mandatory to select only patients who can benefit
from an R0 intervention before performing demolition re-operations.

Major contraindications to re-resections are: extended circumferential or
lateral involvement of the pelvis; infiltration of the iliac vessels with edema of
the lower limbs; bilateral ureter infiltration with hydronephrosis; sciatic nerve
infiltration with sciatica; metastasis to the para-aortic lymph nodes, and final-
ly a limited infiltration of the sacrum and the lateral walls below S2 [9]. 
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Surgical treatment may require a multidisciplinary team made up of a sur-
geon, urologist, orthopedist and radiotherapist. Placing ureteral stents in the
preoperative setting can often help the operation.

Repeat surgery is not possible in 25 to 50% of cases, due to intraoperative
findings of misrecognized metastases or advanced extent of the disease.

15.5 Adjuvant Therapy

Neoadjuvant treatment increases the number of cases in which a surgical
resection with curative intent can be performed; moreover, it improves the out-
comes, extending the 5-year overall survival and disease-free survival rates.

Patients who have not received preoperative radiotherapy can be subjected
to a medium irradiation dosage of 50 Grays after surgery. Association with
chemotherapy improves the response to radiotherapy [18].

The use of radiotherapy in patients already irradiated in the preoperative
phase has long been discouraged due to the damaging effects that a second
cycle of radiation may have on healthy tissue. In these patients, the maximum
dose of radiation is 25 Grays. However, there are no studies comparing reradi-
ated resected patients with resected patients who have not been reradiated [9].

15.6 Intraoperative Radiotherapy

Intraoperative radiotherapy (IORT) allows irradiation of the area of surgical
interest, and may be used either in cases where the mass is not surgically
removable or after the resection if there is some doubt regarding microscopic
infiltration (R1). 

The advantage of IORT is that it circumscribes the field to be irradiated,
thus preserving the adjacent organs not infiltrated by the tumor.  

The heterogeneity of the pattern of recurrence, the limited cases described
in literature, and the absence of randomized prospective studies mean that we
cannot at present express an opinion on the real benefits of IORT [19].

15.7 Surgical Therapy according to the Location

15.7.1 Axial Recurrences

Since the introduction of TME, the percentage of recurrences of the central
compartment has dropped compared to the past.

In the event of strictly endoluminal recurrences without sphincter involve-
ment, it is possible to perform an iterative anterior resection. Restoring bowel
continuity must be discussed on the basis of the age of the patient, sphincter
function and any reiterated radiotherapy. If an immediate anastomosis is
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deemed possible and safe, performing a J-pouch with loop-ileostomy is recom-
mended. However, in a previously irradiated pelvis the functional results after
a pouch are not excellent. If direct anastomosis is not indicated, a Hartmann
operation can be performed.

Recurrences after abdominoperineal amputation must be treated with
extensive exeresis (posterior or total exenteration) [20].

15.7.2 Anterior Recurrences

Anterior recurrences involve the adjacent pelvic organs like uterus and vagina
in women, bladder, prostate and seminal vesicles in men. 

In women, the presence of the uterus and the vagina preserve the bladder
from neoplastic infiltration. In these cases an anterior exenteration with resec-
tion of the residual rectum, hysterectomy and partial or total colpectomy is
possible. Vaginal resection may be repaired directly or with flaps.

In men, neoplastic invasion of the superior portion of the bladder may be
treated with wedge resection and direct repair. More extensive infiltrations
reaching the trigon of the bladder or involving the prostate are treated by total
exenteration. In these cases the ureters are dissected where they cross the iliac
vessels in order to preserve a sufficient length for urinary reconstruction. The
dissection is carried out along the plane of the internal iliac vessels up to the
elevator muscle plane. 

After total exenteration, a urinary derivation must be prepared. The most
frequently-used technique is the Bricker, an incontinent urinary diversion
which consist in making an anastomosis between the last loop of the small
bowel and the two ureters; subsequently an ileoileal anastomosis is required to
restore digestive continuity. The irradiation of the distal small bowel loops
often exposes the patient to the risk of anastomotic leakage. To reduce this
risk, it is possible to use other intestinal segments, such as a portion of the
duodenum or a section of the transverse colon.

It is currently possible to create continent urinary derivations by preparing
a low-pressure reservoir using the right colon and the last ileal loops, whose
functionality is guaranteed by the patient’s self-catheterization. The aim of
continent urinary derivations is to guarantee the patient an acceptable quality
of life.

15.7.3 Posterior Recurrence

In 1981 Wanebo and Marcove [21] described for the first time abdominosacral
amputation for posterior recurrences with infiltration of the pre-sacral fascia
and of the sacrum, employing a technique already used for sarcomas and other
mesenchymal tumors. In their first description, a laminectomy extending up to
the S1-level was performed, with an attempt to preserve the S1-S2 nerve roots.
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This procedure involves a high risk of nerve lesion with neurological conse-
quences, as well as a high intraoperative mortality due to possible uncontrol-
lable venous hemorrhage. Plastic surgery with buttock flap is necessary to
restore the loss of substance. However, the healing process can be very diffi-
cult because of preoperative irradiation or the frequency of postoperative
dehiscence and suppurations of the peritoneal cavity [22]. In the Wanebo case
study, carried out on 53 patients, intraoperative mortality was 8%, the mean
operative time was 20 hours with a mean blood loss exceeding 8,000 ml. The
5-year survival and disease-free survival rates were 31% and 23% respective-
ly. For this reason, other authors have objected to this technique [12]. In 2004
Morya presented a case study of 57 patients subjected to exenteration with dis-
tal sacrectomy, limited at the bottom to the technically easier second sacral
vertebra: the results showed a lower operative mortality rate (3.5%), a mean
operative time of 682 minutes and almost half the blood loss (2,500 ml). Five-
year survival rate was 46%, with fewer repercussions on a neurological level
and an acceptable quality of life [23].

15.7.4 Lateral Recurrences

When the recurrence has a lateral extension, the possibility of performing an
R0 resection decreases. The infiltration of the ureters and of the internal iliac
arteries can be susceptible to resection with suitable reconstructions, while
surgery for infiltration of the bony structures and of the sciatic nerve is not
considered feasible.

15.8 Mortality and Morbidity

Postoperative mortality and morbidity are related to the type of operation per-
formed. Mortality varies from 0 to 14%; higher postoperative mortality is
reported for patients undergoing abdominosacral amputation [7].

The morbidity rates described in literature vary from 25 to 100%. The
most frequent complications include pelvic abscesses (7-50%), intestinal
obstructions (5-10%), enteric and urinary leakages (4-20%), perineal cavity
suppurations (4-50%) and cardiac, renal and pulmonary complications.
Abdominosacral amputations have a greater incidence of complications, with
more than 50% occurring in the pelvic and peritoneal cavity. Transitory
palsy of the sciatic nerve has also been reported, whatever the level of the
sacral laminectomy [7].

Overall 5-year survival rates of patients undergoing R0, R1 and R2 resec-
tions ranges from 20 to 40%, with a mean survival rate from 24 to 32 months.
The prognostic factor that most influences survival remains the radicality of
the surgical resection, as demonstrated by the different case studies reporting
a 5-yearsurvival rate ranging from 37 to 51% for R0 resections [7, 23, 24].
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Patients with isolated anastomotic recurrence have a 5-year survival rate of
50% after R0 resection, while in some case reports the survival rate after R0
abdominosacral amputations varies between 30 and 40% [12], in spite of the
high postoperative morbidity and mortality. The recurrence rate varies from 47
to 70% within 2 years [24].

15.9 Quality of Life

Miner et al. reported a reduction of pain and hemorrhages in the postoperative
period in 78% of patients with symptomatic recurrence, with a mean recur-
rence of symptoms of 23 months, while 37% of patients with asymptomatic
recurrence manifested pain in the postoperative period. In these cases, pain is
usually due to sequelae of surgical trauma and to the outcome of the radiother-
apy [25].

Multimodal treatment of recurrence produces consequences on patients’
urinary and sexual functions. In particular, patients undergoing iterative ante-
rior resection or abdominoperineal amputation may end up with urinary incon-
tinence and impotence [26].

Patients with a dual by-pass seem to have an acceptable quality of life.
In abdominosacral amputations, section of S2-S3 nerve roots is the cause

of vesical denervation and motor disturbances of the sciatic nerve, conditions
susceptible to rehabilitation. The sexual function is preserved in the event of
bilateral section of S3, while it is lost with monolateral section of S2.
Monolateral section of the S1 roots causes walking problems  due to deficit of
the plantar flexion [12].

15.10 Conclusions

Local recurrence of rectal cancer leads to high morbidity for the patient.
Radio- and chemotherapy can partially palliate the symptoms and extend the
patient’s life. Surgery remains the only option with a curative intent; however,
it often results in significant morbidity and a decrease in the quality of life. It
is therefore mandatory to select only patients eligible for curative surgery.
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