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Abstract

The outcome of the surgical management of colorectal cancer is biologically 
predetermined by the presence or absence of occult metastases. The preoperative 
staging is the key to treatment decisions. However, the two diseases are 
biologically different and the rectal cancer patient requires in addition, a general 
assessment of the bulk of the tumour, the accessibility of the pelvis, the quality of 
the anus and the potential of improving tumour characteristics by the application 
of preoperative chemo-radiotherapy. Treatment is loco-regional control only but 
‘cure’ is in addition the elimination of the putative micrometastases with adjuvant 
systemic chemotherapy. In rectal cancer surgery quality of life issues include 
preservation of continence, preservation of reasonable bowel frequency and 
avoidance as far as possible, of permanent sexual and urinary disturbance. 
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recurrence with the unpleasant effects [10,11]. Adjuvant radiotherapy 
is not appropriate for colonic tumours due to the dose-limiting effects 
of the small bowel in the abdominal cavity, and the problems that 
can arise treating more mobile targets outside the pelvis. Secondly, 
comparisons between outcomes for colorectal cancer surgery are 
impossible unless uniform definitions are adopted. Longer-term 
survival in colorectal cancer patients is outside the control of the 
colorectal surgeon, being dependent on the presence or absence of 
occult hepatic metastases at the time of presentation. However, the 
surgeon can control (a) death in hospital, (b) local recurrence and (c) 
quality of life.

Natural History and Implications on 
Surgical Resection

Within the colon, about 50% of cancers arise in the left side 
and 25% in the right probably due to the process of carcinogenesis 
completing on the left side and stasis. There is about a 3% chance 
of a synchronous cancer at the time of the original resection and, 
about 3% risk of a metachronous tumour although higher in cases 
where there is a family history. Thus, the importance of preoperative 
and surveillance colonoscopy after resection. The majority of colonic 
cancers arise from pre-existing adenomatous polyps and the incidence 
of colorectal cancer has been shown to fall with a long-term screening 
programme involving colonoscopy and polypectomy [12,13]. CT 
colography or ‘virtual colonoscopy’ effective in detecting polypoid 
lesions down to 6mm in diameter is replacing the barium enema as 
the radiological investigation of choice [14]. When invasion has taken 
place, colorectal cancer can spread directly and via the lymphatic, 
blood and transcoelomic route. Direct spread occurs longitudinally, 
transversely and radially, but as adequate proximal and distal 
clearance is technically feasible in the majority of colonic cancers, 
it is radial spread which is of most importance. In a retroperitoneal 
colonic cancer, radial spread may involve the ureter, duodenum and 
muscles of the posterior abdominal wall whereas the intraperitoneal 
tumour may involve small intestine, stomach, pelvic organs or the 
anterior abdominal wall. The lymphatic spread of colonic cancer 
progresses from the paracolic nodes along the main colonic vessels 

Introduction
Colorectal cancer is a major health problem being one of the most 

prevalent malignancies in the Western world with the mean age of 60 
years. The incidence is rising in younger individuals in the developing 
world due to adoption of the western diet and lifestyle [1]. Although 
the incidence is rising in younger individuals with more poorly 
differentiated and advanced tumours [2], colorectal carcinoma in 
individuals without genetic or disease-related risk factors is unusual 
before 45 years of age [1]. In 2002 in the UK there were approximately 
35,000 new cases of which about 13,000 were rectal and 22,000 
colonic [3]. The 5-year relative survival rate is currently about 50% 
and has improved over the last 30 years from 20% in 1971-75 [4]. This 
is because of better preoperative staging, perioperative management, 
multimodal therapy facilitated by the better understanding and 
application of surgical oncological principles [1,5]. Although the colon 
comprises the large bowel proximal to the rectum, the definition of 
the rectum is unclear. The UK definition is a tumour within 15cm of 
the anal verge on rigid sigmoidoscopy [6], where as authorities from 
the USA have preferred 11cm or 12cm [7,8]. Perhaps the simplest 
definition is the intraoperative identification of the fusion between 
the two antmesenteric taenia into an amorphous area where the true 
rectum begins which is roughly at the level of the third sacral vertebrae 
where the sigmoid mesocolon ends [9]. Although surgery is the only 
curative option for both colon and rectal cancer, these distinctions 
are important for two reasons. First, the diseases are different and 
carcinoma of the rectum presents a different challenge because of the 
narrow confines of the pelvis. The tight anatomical space both invites 
invasion into adjacent structures and limits the extent of circum 
ferential dissection. Proximity to the anal orifice frequently mandates 
sphincter sacrifice and the creation of a permanent colostomy. In case 
of lymph node metastases, adjuvant chemotherapy is applied to both 
in order to increase the disease- free survival and five-year survival 
rate. In case of rectal cancer, if pathological lymph nodes and/or 
an involved meso-rectal fascia are present neo-adjuvant chemo-
radiation is recommended [10,11]. Even at the cost of increased 
incidence of complications this reduces the incidence of local pelvic 
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(Dukes C1 or N1/N2 on TNM staging) to the nodes associated with 
either cephalad or caudal vessels, eventually reaching the para-aortic 
glands in advanced disease (Duke’s C2 or N3 on TNM staging) [15] 
(Table 1 and 2). This orderly process does not always occur. In 30% of 
cases nodal involvement can skip a tier of glands [16,17]. In contrast 
to rectal disease it is rare for a colonic cancer which has not breached 
the muscle wall (Dukes A) to exhibit lymph node metastases [18,19]. 
A well–differentiated tumour has about a 25% chance of having 
lymph node involvement whereas a poorly differentiated tumour has 
a greater than 50% chance. Thus a well differentiated tumour confined 
to the bowel wall (Dukes A) would have a low prospect of lymph 
node involvement and best prognosis [20,21]. Thus, the biology of 
the tumour is paramount at predicting prognosis and explains why 
after curative resection, the age-adjusted 5 year survival for Dukes’ 
stage A colonic cancer is 85%, for stage B 67% and for stage C 37% 
(C1 40%, C2 26.5%) [15-17,20-22]. Because right-sided carcinomas 
do not often cause obstructive symptoms and bleed slowly, they 
are likely to be discovered at a later advanced stage when poorly-
differentiated than carcinomas of the distal colon which are likely 
to cause symptoms and thus be found at an earlier stage. Despite 
this, the survival rate after surgical removal of right colon carcinoma 
was better than that after removal of left-sided tumours [22,23]. In 
rectal cancer, discontinuous spread into the mesorectum to form 
circumscribed nests of tumour occurs [24,25]. Histopathological 
examination of the rectum showed foci of adenocarcinoma often well 
distal to the lower border of the tumour [25]. The presence of this 
potential source of local recurrence has led to the doctrine that total 
mesorectal excision (TME) should accompany anterior resection 
of rectal cancer as a routine [24]. However, this manoeuvre cannot 
eradicate local recurrence completely (<5% recurrence rate) as it 
will not deal with metastatic nodes on the lateral pelvic wall which 
occur in 10% to 30% of cases [24,26]. The most common site for 
blood- borne spread of colorectal cancer is the liver, presumably 
arriving by the portal venous system. Up to 37% of patients may have 
synchronous liver metastases at time of operation [27]. The lung is the 
next most common site with about 10% of patients developing lung 

metastases at some stage although with usually better biology than 
liver metastases [28]. Other reported sites include ovary, adrenal, 
bone, brain and kidney. Transcoelomic spread via the subperitoneal 
lymphatics or viable cells shed from the serosal surface of a tumour 
giving rise to malignant ascites is relatively rare.

Elective versus Emergency Setting
Elective

When the diagnosis has been made most usually from 
colonoscopic biopsy, multislice CT of the chest and abdomen is 
the staging modality of choice [13,22]. In rectal cancer, a general 
assessment of the bulk of the tumour, the accessibility of the pelvis, 
the quality of the anus and the potential of improving tumour 
characteristics by the application of preoperative radiotherapy are 
important [13,22]. Recognition of the importance of the colorectal 
margin (CRM) in predicting local recurrence of rectal cancer has 
led to pelvic magnetic resonance imaging (MRI) being a standard 
pre-operative technique for demonstrating the relationship of the 
tumour to the mesorectal fascia (the intended ‘CRM’ for a mesorectal 
excision) [29,30]. It allows informed decisions on those most likely 
to benefit from preoperative chemoradiotherapy (CRT) regimens to 
downsize the tumour and facilitate complete excision at subsequent 
surgery [11,31-33] or those males with anterior encroachment 
sufficient to warrant primary exenteration [34]. Given that a patient 
is fit for surgery, and does not have advanced disseminated disease, 
resection of a colonic cancer is the only advisable primary treatment, 
whereas an elderly patient with a relatively asymptomatic primary 
and evidence of widespread dissemination may escape resection. 
Elective surgery under the age of 80 years has an overall in-hospital 
mortality of 8% compared with 16% mortality in those over the age 
of 80 [20]. Informed consent from the patient following discussion 
of the risks of death, complications such as anastomotic dehiscence, 
venous thromboembolism, wound infection, urinary and sexual 
disturbance following rectal excision, and disease recurrence must 
be obtained [35]. Mechanical bowel preparation before surgery is no 
longer obligatory except where an upstream stoma is planned with 

A Invasive carcinoma not breaching the muscularis propria

B Invasive carcinoma breaching the muscularis propria, but not involving regional lymph nodes

C1 Invasive carcinoma involving regional lymph nodes (apical node negative)

C2 Invasive carcinoma involving regional lymph nodes (apical node positive)

Table 1: Dukes’ staging (based on histological examination of the resection specimen).

T
TX

Primary tumour
Primary tumour cannot be assessed

T0
Tis

No evidence of primary tumour
Carcinoma in situ

T1
T2

Tumour invades submucosa
Tumour invades muscularis propria

T3
T4

Tumour invades through muscularis propria into subserosa or into non-peritonealised pericolic or perirectal tissues
Tumour peforates the visceral peritoneum or directly invades other organs or structures

N
NX

Regional lymph nodes
Regional lymph nodes cannot be assessed

N0
N1

No regional lymph node metastasis
Metastasis in 1-3 pericolic or perirectal lymph nodes

N2
N3

Metastasis in4 or more pericolic or perirectal lymph nodes
Metastasis in any lymph node along the course of a named vascular trunk

M
M0
M1

Distant metastases
No distant metastases
Distant metastases

Table 2: TNM staging.
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risk of stercoral perforation. This is rare with colonic tumours and 
more applicable to total mesorectal excision surgery in rectal cancer. 
The effects of an early leak (usually due to poor technique) would 
probably be obviated by bowel preparation, but most leaks occur late 
after the patient has recommenced oral feeding [35,36]. However, 
the use of a combined isosmotic mechanical bowel preparation 
with oral antibiotics before elective colorectal surgery is currently 
recommended for reducing postoperative (surgical site) infection 
even within the enhanced recovery pathway [37]. All patients should 
receive intravenous antibiotic prophylaxis as several randomized trials 
have demonstrated the reduction of the risk of sepsis after colorectal 
surgery [38]. A single dose of cephalosporin plus metronidazole 
at time of surgery is effective in preventing wound infection [39]. 
Subcutaneous heparin or intermittent compression is employed 
as thromboembolism prophylaxis in surgery for colorectal cancer 
[40,41]. The patient must have blood taken for cross-match, but the 
amount of blood requested will depend on the individual procedure. 
Group and save alone will be suitable for most right hemicolectomies. 
Although there is still some debate on the effects of blood transfusion 
on prognosis of colorectal cancer [42], it is prudent to have atleast two 
units of blood available for other types of colectomy [35]. The use of 
predeposited autologous and allogenic blood in patients undergoing 
resection for colorectal cancer has shown no difference in prognosis 
[43]. For this reason and because of the case mix in previous studies, 
the observed immunosuppressive effects of blood transfusion on 
recurrence must be treated with caution [35].

Emergency
The most important prognostic factors in emergency colorectal 

surgery are the pre-operative status, age and faecal peritonitis 
[20,44,45]. Together the mortality is greater than 60% [44]. Thus, 
peritoneal sepsis is seldom the sole cause of death but compounds 
coincidental cardiovascular, respiratory or renal pathology [45,46]. 
About 20% of patients with colonic cancer will present as an 
emergency. 16% will present with obstruction but steps should be 
taken to avoid operating on a pseudo-obstruction. Obstruction is 
the most likely outcome for cicatrizing tumours which involve the 
narrower parts of the colon (58% - sigmoid colon and 38% - splenic 
flexure) [47]. Left-sided lesions precipitate obstructive symptoms at 
an earlier stage because the content of the left colon is more solid than 
the right side. However, obstruction of the colon by carcinoma implies 
a more advanced tumour and poor prognostic variable. In a series of 
156 patients with obstruction, hospital mortality was twice that of the 
non-obstructed group and ability to perform a potentially curative 
resection was only 58%. The overall 5-year survival rate was only 18% 
compared with 40% in the uncomplicated cancer resection group 
[47]. Bleeding and perforation are less common. Colonic perforation 
is the most lethal complication of colon carcinoma and may occur at 
the site of the tumour or proximal to an obstructing lesion. It is the 
perforated tumour that is associated with the higher morbidity and 
mortality, with a significantly reduced cancer survival [48]. In a series, 
the operative mortality rate associated with perforated carcinoma was 
30%, and the crude 5-year survival rate was only 7% [49]. Fortunately, 
when perforation occurs it is often in the caecum as a result of distal 
obstruction in the face of a competent ileocaecal valve (i.e. closed-
loop obstruction) [50]. On- table colonic lavage (through a catheter 
in the caecum, and the effluent drained into a bag from the distal 

end of the colon) is most appropriate for obstructing rectal lesions 
amenable to primary resection, where reservation of colon above a 
low anastomosis is desirable [51]. If there is significant contamination 
at the time of surgery, then prolonging antibiotic therapy for the 3-5 
days (i.e. therapeutic dose) is appropriate [38,52]. The mortality from 
emergency/urgent surgery is obviously much higher (>50%) than 
elective surgery (<5%) due to inadequate preoperative optimization, 
patient - related factors (comorbidity), faecal peritonitis and the 
advanced nature of the disease itself. An elderly patient over the age 
of 80 years with malignant large bowel obstruction has a 1 in 3 chance 
of in hospital mortality [20]. Similarly, the in-hospital mortality in 
the presence of an anastomotic leak is much higher than when there 
has been no leak [53]. However, with an experienced surgical and 
anaesthetic staff (surgeon-related factor) the overall mortality should 
be 20% or less for emergency surgery and <5% for elective surgery for 
colorectal cancer [13].

Principles of Resection
It is important to note that local recurrence in colorectal cancer 

following surgical resection arises for one of the following reasons: 
1) inadequate locoregional control, 2) primary tumour disruption in 
some way at time of the original operation, 3) viable exfoliated cells 
implanted into the wound/tumour bed/port site/anastomosis [48].

Positioning
In elective colorectal cancer resection, simultaneous access to the 

abdomen and perineum is achieved with the patient in the modified 
lithotomy (Trendelenburg) position of Lloyd- Davies (i.e. a steep 
head-down tilt, legs abducted, flexed to 30° at the hips and 45° at 
the knees, with a sandbag placed under the buttocks and urethral 
catheterisation) [7,35,54,55]. This would also allow the distal bowel 
to be washed out prior to anastomosis and, a stapling device can be 
inserted through the anus. Laparoscopic colorectal resection requires 
a modified Lloyd-Davies position, with shoulder restraints owing to 
the steep Trendelenburg and lateral tilt required for left-sided and 
rectal resections but care should be exercised against brachial plexus 
injury especially in the morbidly obese [56].

Objectives of Colon Cancer Surgery
Lymphovascular clearance, (the radical excision of a colonic 

tumour along with the appropriate vascular pedicle and accompanying 
lymphatic drainage) is the most appropriate oncological procedure 
in obtaining loco-regional control [20,25,35,54]. Occasionally, a 
very limited resection may be appropriate in an unfit patient or one 
with widespread disease. Classical resection removes the lymphatic 
drainage that lies along the named arterial blood supply, thereby 
rendering the associated colon ischaemic. Thus right hemicolectomy 
removes the ileocolic and right colic arteries at their origins from the 
superior mesenteric artery, transverse colectomy removes the middle 
colic artery and left hemicolectomy removes the left colic artery. 
Transverse colectomy has fallen out of favour owing to a perception 
that anastomotic leakage is unacceptably high. The distinction 
between left hemicolectomy and sigmoid colectomy is irrelevant, if 
the principle of radical excision of the vascular pedicle is accepted 
[35]. Thus the type of operation lies between right hemicolectomy 
and left hemicolectomy, with the extent of bowel resection dependent 
on site of tumour. In the standard right hemicolectomy the marginal 
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artery or the right branch of the middle colic artery will need division 
to complete vascular isolation. For tumours of the descending colon 
and sigmoid colon, a formal left hemicolectomy involves division of 
the inferior mesenteric artery at its origin from the aorta [35,54].

Controversies in Colon Cancer Surgery
Splenic flexure carcinoma

There are two options with splenic flexure carcinoma. One is to 
regard the tumour as left-sided, and to carry out a left hemicolectomy, 
dividing the inferior mesenteric artery at its origin and dividing 
the left branch of the middle colic artery. The other approach is to 
carry out an extended right hemicolectomy, dividing the middle 
colic artery and the ascending branch of the left colic artery. Left 
hemicolectomy will necessitate anastomosis between right colon 
and rectum, which may be difficult to achieve without tension in 
some patients [35,54]. Furthermore, the blood supply of the colon is 
inconstant. In 6% of cases there is no left colic artery and the blood 
supply of the splenic flexure is from the middle colic artery. In 22% 
of cases the middle colic artery is absent and the blood supply of 
the splenic flexure comes from both the left and right colic arteries 
[8]. For lymphovascular clearance, it would seem sensible to ligate 
the right colic, middle colic and left colic arteries, making extended 
right hemicolectomy necessary. For these reasons extended right 
hemicolectomy, with an anastomosis between sigmoid colon and 
mobile well- vascularized ileum is preferred [35]. However, the ideal 
operation will be dictated by individual anatomy, the most important 
criteria being lack of tension and good blood supply as evidenced by 
brisk bleeding and good colour at bowel ends [54]. The controversy 
is highlighted by the Large Bowel Cancer Project [23] which found a 
high local recurrence rate and poor survival for patients with splenic 
flexure carcinoma, regardless of stage and presentation, which may 
reflect surgical inadequacy of primary treatment.

Locally advanced (T4) tumours
It may still be possible to achieve a curative resection if the 

surgeon is prepared to resect adjacent involved organs such as ureter, 
duodenum, stomach, spleen, small bowel, bladder and uterus (Dukes’ 
stage D- added to Dukes’ staging later on) with 16.4% five- year survival 
[57]. In addition, a few surgeons carry out routine oophorectomy as 
about 5% of women will have macroscopic ovarian metastases and 
a further 2% will have microscopic disease [20,35,54]. In a patient 
with a truly inoperable tumour of the colon an ileocolonic bypass may 
be appropriate for lesions of the right side, whereas for tumours of 
the distal colon a defunctioning colostomy may be preferable. With 
multiple colonic tumours, a subtotal or total colectomy should be 
considered [20,35,54,57].

Objectives of Rectal Cancer Surgery
a)	 Firstly, the absence of dissemination poses various 

questions:Is preoperative radiotherapy indicated for the locally 
extensive tumour? With the undisturbed pelvis (well oxygenated 
tissues with increased tumour radiosensitivity, and less small bowel 
in the radiation field limiting gastrointestinal toxicity), a short 
course preoperative radiotherapy of 5 x 5 Gy fractions over 1 week 
followed immediately with surgery reduced local recurrence in 
resectable (freely mobile) tumour compared to surgery alone [58,59]. 
An alternative approach in improving local control is a long course 

preoperative radiation over 5 weeks with a lower dose per fraction 
(25 x 2 Gy) used in locally advanced (fixed or tethered) tumour. In 
these circumstances where radiotherapy is used as a treatment, it is 
important to leave a sufficient interval that will maximize any tumour 
shrinkage. Surgery is delayed for 2-3 months when tumour shrinkage 
is beginning to be balanced by continuing tumour growth of resistant 
cells [59,60]. Allowing tumour shrinkage and thus permitting tumour 
excision may, however, have no effect on the way the original stage 
of the tumour predicted the possibility of occult hepatic metastases, 
and therefore incurability [48]. Recent randomized trials have shown 
that concurrent chemotherapy given with radiotherapy (CRT) is 
more effective than radiotherapy alone when used preoperatively in 
resectable disease [60-63]. Nonetheless, postoperative strategies allow 
a targeted approach in patients with high-risk pathological features, 
albeit with poorer compliance, increased toxicity and a need for 
higher doses [48].

b)	 Is the tumour at a level sufficiently proximal to the 
anorectal junction to be able to be removed by a sphincter-conserving 
operation? An abdomino-perineal excision of the rectal tumour with 
a permanent end colostomy may otherwise be necessary. However, 
in specialist centres, the distal margin is now largely irrelevant for 
most rectal cancers, as the amount of bowel removed is determined 
more by the policy of performing total mesorectal excision than it is 
by considering the distal clearance margin [48]. This is manifested 
in the successful ultralow intersphincteric resections of rectal cancer 
[64,65]. However, neoadjuvant chemoradiotherapy is required to 
reduce locoregional recurrence to an acceptable level [66].

c)	 Does an apparent locally non-extensive tumour permit 
a local rather than a major form of removal? Early rectal tumour 
comprise only about 5%, and a carcinoma confined to the rectal 
wall has a less than 10% chance of coexisting lymph node metastases 
[67]. Endoanal ultrasound permits local evaluation of depth and 
may help predict cases suited for local excision. A small (<3cm in 
d) low rectal cancer, which on biopsy was well differentiated, would 
be a potential candidate for local excision, whether by transanal 
endoscopic microsurgery (TEM) [68] or by a conventional transanal 
(Parks) approach [69]. The decision to adopt a local approach 
including local radiotherapy will be influenced by knowledge of 
the likely cost- benefit of the alternative [70]. For example, the local 
excision of a tumour confined to the rectal wall has a 15% chance of 
leaving involved lymph nodes behind but with an approximately 16% 
mortality for radical surgery in those aged over 80 [48,63].

d)	 Secondly, an objective of rectal cancer surgery is to 
prevent local recurrence from tumour disruption. Cutting into 
the primary tumour while mobilizing it will run a very high risk of 
spilling viable cells. This would be prevented by (1) resecting en-bloc 
with the primary tumour an adherent loop of intestine or adjacent 
organs involved by tumour [26]; (2) avoiding the fragmentation 
of the mesorectal envelope. Total mesorectal excision using sharp 
or diathermy dissection will avoid disruption and prevent local 
recurrence of rectal cancer [24,71] Identifying the presacral nerves 
(sympathetic) at the sacral promontory at the start of the posterior 
dissection and the nervierigentes (parasympathetic S 2,3,4) from 
the lateral pelvic wall will preserve ejaculation anderectile function 
respectively [72,73]; (3) avoiding the exploration of the anterior 
plane in a man with an anterior encroaching tumour. This situation 
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should no longer arise if a standard preoperative work-up for 
all cases of rectal cancer includes the rectal cancer protocol MRI 
[13,22,48]. Denonvillier’s fascia is of variable thickness but is often 
a tough fibrous membrane that provides a firm barrier to the early 
stages of cancerous spread. It would be oncologically safe to give a 
long course of chemoradiotherapy and then return 3 months later 
when tumour shrinkage may allow an uninvolved plane to be found 
[48,66]. If the patient is young and fit enough to be considered for 
pelvic exenteration, it should be preceded by chemoradiotherapy 
and performed by a joint colorectal surgical and urological surgical 
team. In women, as the vagina acts as a barrier to involvement of the 
bladder an en-bloc hysterectomy when the uterus/back of the vagina 
is involved is effective oncological clearance [20,48].

e)	 Thirdly, the quality of life issues are important in rectal 
cancer surgery. These include preservation of continence, preservation 
of reasonable bowel frequency and avoidance as far as possible, of 
permanent sexual and urinary disturbance. In practice, one is usually 
guided to the quality of a good anus by a history of flatus incontinence 
and an absence of episodes of faecal incontinence in the past. It is also 
important to note that the tumour itself may have contributed to a 
sense of urgency and thereby lead to unreasonable pessimism as to 
the true state of the anus [48]. A patient with an undoubtedly poor-
quality anus will not benefit from an ultra-low anastomosis and would 
be very much better off with a colostomy. When the tumour itself is 
reasonably high in the rectum, then a low Hartmann operation will 
avoid the complications of a perineal wound, but with a lower tumour 
an abdominoperineal excision would seem safest [48,74].

Choice of Operation
The first major surgical innovation based on the pathological 

appreciation of lymph node spread and aiming at the concept of 
radical surgery inspired by Halstead was the introduction by Miles 
of the abdominoperineal excision of the rectum [75]. However, his 
anatomico-pathologic distribution of regional lymphadenopathy 
was not in line with the modern view in that involvement distal to 
the level of the tumour was regarded by Miles as being an important 
route of spread. Despite a high mortality, approaching 50%, as 
surgical management improved the operation ultimately became 
established owing to its oncological merit. In the second decade of the 
20th century anterior as opposed to the posterior (Kraske) approach 
to the rectum gained popularity when Dukes found that the extent 
of infiltration of rectal carcinoma distal to the lower border of the 
tumour was found to be limited [15]. 

Anterior resection or sphincter preserving procedure
With improvement of anastomotic technique including the 

advent of the endoanal circular stapling device [76], and greater 
understanding of the pathologic spread of the tumour which is more 
proximal than distal, anterior resection has become increasingly 
applied to cancer of the middle rectum and in the lower rectum 
[77]. It is very uncommon for rectal cancer to spread more than 
1.5cm below the distal palpable margin of the tumour except when 
the tumour is poorly differentiated [15,77]. Thus a 5cm margin is 
considered for a poorly differentiated tumour, whereas a 2cm margin 
should suffice otherwise [48]. There is evidence that a distal margin of 
clearance of 1cm or less is associated with a greater incidence of local 
recurrence than if the patient had a total rectal excision [63,78,79]. 

Standard anterior resection does not remove the entire mesorectum 
but complete mesorectal excision should optimize the capability 
of anterior resection to achieve local tumour clearance. Given the 
potential of TME to minimize local recurrence, tumour of the 
middle or lower third of the rectum should be treated by a total rectal 
excision. This will require a coloanal anastomosis for restoration of 
intestinal continuity. Clearly sphincter function must be adequate for 
a restorative procedure and the addition of a colonic pouch in this 
reconstruction will optimize function [80]. It has been argued that 
being able to apply a right -angled clamp below the lower margin of 
the tumour that is not poorly differentiated in the lower third of the 
rectum, is clearance enough [48,77] provided that adequate lateral 
(mesorectal) clearance has been achieved and the margin itself is 
uninvolved [63,80]. There is a tendency for the inexperienced surgeon 
to ‘cone’ in on the distance clearance margin, thereby leaving some of 
the mesorectum behind on the pelvic walls and increasing the chance 
of local recurrence [23,24,48,63].

Abdominoperineal (A-P) excision
The reasons for abdomino-perineal excision include (1) cancers 

involving the sphincter or so near to it that even an ultralow anterior 
intersphincteric dissection or attempts to preserve the sphincters are 
unjustified; (2) the functional result of restorative surgery is likely to 
be so poor that a colostomy would be an advantage; (3) the potential 
complications of attempts to restore intestinal continuity are not 
worth risking, particularly in the frail and elderly [48]. There is a 
higher positive circumferential resection margin (CRM) rate after 
A-P resection for technical and oncological reasons. A-P excision 
gives worse results than it should because of ‘coning’ of the specimen 
at the levels of the levators [48]. Thus, the oncological importance 
of excising widely at the level of the pelvic floor (extralevator 
excision) and a TME in the abdominal phase. The prone position 
in performing the perineal part of the operation is thus increasingly 
favoured as it facilitates the wide pelvic floor excision with improved 
circumferential resection margins [81]. Intra-operative perforation 
of the surgical specimen is common (8-26%) [82,83] with a 30% 
local recurrence rate being greatest for tumours lying between 0 and 
5 cm from the anal verge [84]. Information on the site or cause of 
perforation is sparse and conflicting with individual authors variously 
emphasizing the perineal phase of the operation, the anterior 
dissection or nodal spread in advanced tumours. Low tumours 
appear to be more advanced (T4), have higher recurrence rates and 
suffer more perforations [85]. The risk of local recurrence can be 
reduced by improving the pre-operative MR imaging to define lines of 
excision and perineal technique of anorectal excision alongside TME. 
Applying preoperative radiotherapy may reduce local recurrence 
but for the high rates of perineal wound infection and breakdown 
[62,63,86].

Controversies in Rectal Cancer Surgery
How radical does the pelvic clearance need to be in a 
standard case of rectal cancer?

Total mesorectal excision (TME): Total mesorectal excision 
should be performed when operating on a case of low or mid-rectal 
cancer, but there is lack of clear evidence when dealing with upper 
rectal cancer. Tumour deposits can be found as much as 3cm [87] 
or 4cm [23] below the distal margin of the tumour. It would seem 
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reasonable in oncological terms to perform a mesorectal clearance 5cm 
below the tumour, which in an upper rectal cancer would not always 
involve total mesorectal excision. Nevertheless, an extensive distal 
clearance of mesentery of at least 5cm would make their anastomosis 
at the junction of the mid and lower thirds of the rectum. Despite 
the good results of TME [5,23,88], function in the absence of a small 
colonic pouch or a short rectal remnant is inferior, and complications 
(anastomotic leak, sexual and urinary disturbance) are relatively high 
, making a temporary stoma advisable in all cases [13,20,74]. The 
Dutch total mesorectal excision radiotherapy trial showed routinely 
applied preoperative radiotherapy is an advantage when employing 
total mesorectal excision with 15% higher recurrence rate at 5 years 
in the surgery alone group [89] However, some faecal incontinence 
was seen in 62% receiving radiotherapy compared with 39% without 
[90]. Short course high-dose preoperative radiotherapy also rendered 
late adverse effects including anal and urinary dysfunction and 
cardiovascular morbidity at long-term follow-up [91]. This may 
preclude its additive use with TME for early rectal cancer as being 
an over-treatment with risks of late radiation damage without 
benefit unless, a more efficient local mode and dose of application 
of radiotherapy (brachytherapy) with less adverse effects is utilized.

Extended pelvic lymphadenectomy: Lymph nodes are involved 
in cases of rectal cancer along the internal iliac vessels. These involved 
lymph nodes lie outside the boundaries of a conventional TME and 
should be responsible for local recurrence [48,92,93]. However, 
a Swedish study found that only 2 of 33 pelvic recurrences after 
TME surgery might be attributed to lateral pelvic side wall lymph 
node involvement [94]. In Japan, where pelvic lymphadenectomy 
is practiced, analysis of lateral spread has shown that spread to the 
lateral pelvic wall lymph nodes is related to the depth of invasion 
and the level of the tumour from the anal verge [95]. In addition, in 
advanced low tumours as many as 20-30% of patients may have lateral 
nodes involved [96]. However, extended pelvic lymphadenectomy 
is unlikely to become popular in the West, largely because of poor 
functional result (all patients had sexual and urinary disturbance), 
lengthy operation times. Excessive blood loss and the perceived 
success of TME [92].

High vs low vascular ligation: The inferior mesenteric artery 
can be divided either flush on the aorta (high ligation) or at the level 
of the sacral promontory, in effect preserving the left colic artery 
(low ligation) [48]. Although about 20% of cases with apical lymph 
node involvement will be cured there is no benefit to high ligation 
in terms of cancer survival [97,98]. A possible explanation is that 
cases with extensive lymph node involvement in one plane will also 
have extensive pelvic wall lymph node requiring treatment [48]. 
When performing anastomosis to the anus the descending colon 
should be used in preference to the sigmoid colon. Not only does 
the sigmoid colon generate fairly high pressures, which could lead 
to relatively poor function, but more importantly the marginal artery 
is absent in the sigmoid colon, which is prone to ischaemia if used 
for anastomosis. However, the descending colon will not reach the 
anus unless the splenic flexure is mobilized in all cases, and there is a 
flush tie of the inferior mesenteric artery on the aorta. This is because 
the left colic artery is too short and will not permit the descending 
colon to reach the anus if a low ligation that preserves the left colic 
artery is performed. Hence a low anastomosis will always need a high 

ligation, but for technical rather than oncological reasons [48,97]. A 
high anastomosis can be achieved quite easily with either a high or 
low ligation. The marginal artery blood supply in the region of the 
splenic flexure (Griffith’s point) [99] is precarious and it is important 
to preserve the terminal two branches of the left colic artery to act 
as support for the thin marginal artery when mobilizing the blood 
supply at the splenic flexure (Figure 1) [48]. Further length can also 
be gained by division of the inferior mesenteric vein (IMV) at the 
inferior border of the pancreas which would bring down the splenic 
flexure for a low anastomosis [54].

Hand-suturing or stapled anastomosis
The interrupted serosubmucosal technique initially described 

by Matheson et al [100] is recommended for its adaptability to any 
anastomosis involving the colon and it is also associated with best 
results in the literature with leak rates of 0.5 - 3% in sizeable series 
[101,102]. For colorectal and ileorectal anastomoses, the posterior 
row of sutures is inserted first, the knots being tied on the luminal side 
after the proximal bowel has been ‘parachuted’ down the sutures to the 
upper rectum. After right hemicolectomy the most widely employed 
stapledanastomosis is the ‘functional end-to-end’. Here, the ends of 
the colon and ileum are stapled closed at the time of the specimen 
excision, and two small enterotomies are made to permit insertion 
of the limbs of a linear cutting stapler. The anastomosis is then 
performed by firing the stapler, taking care not to include mesentery, 
and after checking the staple line for bleeding the remaining defect is 
closed with linear stapler [35]. After left hemicolectomy, or anterior 
resection of rectal cancer, a true end-to-end anastomosis can be 
performed using a circular anastomosing stapler introduced per 
anum [35,48,54]. Several studies advocate intraoperative air testing as 
a means of identifying the lack of integrity of a colorectal anastomosis 
[103,104]. There seems to be no consistent difference in colonic 
anastomotic dehiscence between the two approaches although there 
was evidence in one trial that tumour recurrence was less in the 
stapled group presumably because of less tumour disruption [105]. 
A combination of anatomical inaccessibility, less than optimal blood 
supply, tightly closed anal sphincters below an ultralow anastomosis 
and an infected pelvic haematoma are likely to be contributory to 
anastomotic leakage. Thus, there is the potential role of a transanal 
drainage tube in the reduction of the endoluminal pressure as well 

Figure 1: Schematic diagram of the vascular supply of the splenic flexure 
(Griffith’s point supplies the dotted line area (splenic flexure). Blue arrow—
left colic artery from inferior mesenteric artery (divide there to support the 
marginal artery. Red arrow-superior mesenteric artery with middle colic artery 
as first colonic branch.
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as faecal diversion resulting in a protective effect on anastomotic 
healing. The current vogue of placing a transanal drainage tube in 
patients with colorectal anastomoses is safe, simple and claims to 
reduce the rate and severity of anastomotic leakage [106]. However, 
there has only been one prospective randomized controlled study that 
demonstrated this benefit [107]. Nonetheless, surgeons should expect 
to achieve an overall leak rate below 4% for colonic resection [13,22]. 

Laparoscopic TME, Transanal (Ta TME) or Robotic 
transanal TME?

The safety of laparoscopic TME has been established in several 
randomized studies [108-111] but a transanal (Ta) TME has the 
potential to define the radial and distal margins more clearly. Due 
to utilization of carbon dioxide (CO2) for insufflation there are 
advantages in terms of vision and dissection. Ta TME is ideal in 
patients in whom a laparoscopic pelvic dissection is difficult (male, 
obese, preoperative radiotherapy, tumour located in the lower third 
of the rectum), carrying a risk of inadequate oncological clearance 
[112]. Thus it might be a promising alternative to laparoscopic TME. 
With Ta TME, assessing precisely the distal margin of the tumour 
from the beginning of the procedure has the potential to (1) improve 
resection quality, and therefore clinical outcome; and (2) decrease the 
incidence of abdominoperineal resection (APR), thereby improving 
sphincter preservation rates [113]. In addition, difficulties in pelvic 
exposure and limitations of instrumentation can affect not only 
dissection but also the preservation of autonomic pelvic nerves and 
the achievement of a restorative procedure [114]. TaTME would 
facilitate the dissection of the Denonvilliers fascia minimizing injury 
to the prostate, seminal vesicles or vagina. This is especially true with 
anterior tumours as they have a high risk of positive CRM [48,115]. 
Starting with dissection from the perineum, a transanal purse-string 
suture below the tumour ensures an adequate oncological distal 
margin will be achieved [116] and, avoids distal cross stapling in 
a narrow pelvis which increases the potential for anastomotic leak 
[117]. It also allows for exteriorization of the specimen transanally 
although transanal extraction of the surgical specimen en bloc may 
not always be possible, particularly in patients with a narrow, deep 
pelvis, bulky mesentery, and constraints by other pelvic viscera, such 
as prostatic hypertrophy [118]. Transanal extraction avoids large 
abdominal extraction incisions and a wound protector minimizes 
the risk of tumour spillage. Following the developments of naturally 
orifice transluminal endoscopic surgery (NOTES) transanal 
endoscopic microsurgery (TEMS), and transanal minimally invasive 
surgery (TAMIS), TaTME has been reported as feasible and safe in 
several large studies [119-126]. Although the experience with TaTME 
is still limited the preliminary data on complications and short–term 
and oncological safety are good [123-125], but also emphasize the 
importance of careful patient selection. There is an increased risk of 
urethral injury from TaTME early in the learning curve especially at 
the level of the post-prostatic urethra in the setting of anterior tumours 
and prior pelvic irradiation [112] which rarely occurs for standard 
TME. CO2 insufflation might also show areolar planes beyond the 
scope of dissection thus leading the surgeon off plane to the pre-
sacral space with a risk of inadvertent injury to both pelvic side wall 
autonomic nerves and the sacral venous plexus posteriorly, resulting 
in haemorrhage [113]. There is a need for large scale trials focusing 
on long-term outcomes and oncological safety before widespread 

adoption of TaTME can be recommended [127]. Whilst some groups 
have successfully employed the robotic approach to reduce these risks 
[128,129], there remains a paucity of data regarding their superiority 
regarding the oncological outcomes thus far. Although the number 
of patients remains limited, the safety seems to be similar as standard 
TaTME. Real advantages are still hypothetical but robotic technology 
might help to overcome the steep learning curve, which seems to 
be associated with TaTME. New single-site surgery platforms are 
awaited. They may facilitate docking and transanal access [130].

Emergency Surgery
 In order that compromise in surgical technique does not 

contribute to the poor prognosis after emergency resection of 
colorectal cancers, surgery should be performed with the same 
surgical and oncological principles as for elective colorectal cancer 
surgery [47,54]. 

Management of obstruction
The short term aim of surgery for colonic obstruction is relief of 

the obstruction with survival of the patient. However, the opportunity 
of long-term care should not be overlooked. Primary resection of the 
cancer is indicated where possible and local resections and other non-
curative procedures may be employed if there is non- remediable 
metastatic spread, or the patient’s life placed at risk by a resectional 
procedure. Once mechanical obstruction is diagnosed and the patient 
resuscitated, laparotomy should proceed with experienced surgical 
and anaesthetic staff preferably during the day [49,50]. The first task 
at laparotomy is usually to decompress the gaseous distention of the 
large bowel, and this can be achieved by inserting a 19-guage (white) 
needle attached to suction into the lumen through a convenient 
taenia. If a larger tube is required to evacuate large amounts of liquid 
faeces, this should be inserted into the caecum via an enterotomy 
in the terminal ileum [47-50,54]. When the bowel can be safely 
handled, and the obstruction is due to a right-sided lesion, a standard 
right hemicolectomy is usually easy and safe. If the cancer is on 
the left side, several options are available [49,50,54]. Traditionally, 
obstructing left-sided cancers were treated by a three-stage approach, 
starting with a defunctioning loop colostomy, followed by resection 
and anastomosis, and then by closure of the defunctioning stoma. 
This gradually gave way to a two-stage procedure, with primary 
resection of the tumour in the form of a Hartmann operation, 
where the proximal colon is brought out as an end colostomy and 
the distal segment either closed off or brought out as a mucous 
fistula [131]. Recently, there has been a move towards one-stage 
procedures, facilitated by improvement in perioperative care which 
anticipate and treat cardiovascular instability and hypoxia promptly, 
promoting anastomotic healing in the critical first 48hrs after surgery 
[38,45,54]. The choice lies between a subtotal colectomy with ileo-
colic or ileorectal anastomosis and a left hemicolectomy [132] after 
on-table colonic irrigation with more acceptable postoperative bowel 
function [49-52,54]. For tumours in the region of the splenic flexure, 
the former approach is sensible, especially if doubt about the viability 
of the caecum. Increasingly, expanding metal stents are being used 
in obstructing left-sided colonic tumours to allow decompression 
followed by bowel preparation and elective resection of tumour [133].

Management of perforation
In the patient who is found to have a perforated caecum as a result 
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of an obstructing distal cancer, an extended right hemicolectomy or 
subtotal colectomy is the treatment of choice. Whether or not an 
anastomosis is fashioned will depend on the degree of peritoneal 
contamination. For the cancer which has perforated primarily, 
it is important to resect the lesion itself to eliminate not only the 
malignancy but also the source of sepsis. This can be technically 
demanding, and for left-sided lesions will almost always necessitate 
a Hartmann procedure [47,49,54]. A covering defunctioning stoma 
may be required if a primary anastomosis is performed. A loop 
ileostomy is favoured to a loop transverse colostomy in defunctioning 
a distal colonic anastomosis especially because following its closure 
the blood supply to the distal colon is not compromised, whereas 
the marginal artery is potentially at risk when the latter is closed or 
resected at the time of closure [54].

Conclusions
The outcome of surgical management of colorectal cancer is 

biologically predetermined by the presence or absence of occult 
metastases. Locoregional control with surgical oncological principles 
and radiotherapy will optimize adjuvant systemic chemotherapy 
and improve the chance of cure. In rectal cancer surgery quality 
of life issues including preservation of continence, preservation 
of reasonable bowel frequency and avoidance as far as possible, of 
permanent sexual and urinary disturbance are important. 
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