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Preface 

Several studies worldwide have shown that results after surgery for 
cancer of the rectum are generally far from optimal. The major 
problem is locally recurrent disease which causes suffering and death 
in most patients. The exact incidence is difficult to determine, but it 
is now documented unequivocally that there are surgeon-related 
variances in outcome, not only in local recurrence but also in 
postoperative mortality and survival. Data are now accumulating 
that if surgeons apply identical surgical principles, they can achieve 
better results than those commonly reported. Comparison of results 
between surgeons or centers will, however, depend on a common 
understanding of anatomy, surgical dissection techniques, and re
porting of results. 

A group of international experts, renowned for their contribution 
to treatment of cancer of the rectum, met in Oslo, Norway, in June 
1995 with the following objectives: 

1. Define state-of-the-art treatment of cancer of the rectum; 
2. Demonstrate the importance of surgical technique for recurrence 

rates, survival and functional outcome; 
3. Agree on standards for evaluation and description of specimens; 

and 
4. Formulate international standards for documentation and re

porting. 

The members of the meeting represented several disciplines (de
scriptive and clinical epidemiology, medical and radiation oncology, 
pathology, and surgery). Because of the rather unique collection of 
experts focusing on a single subject, the organiser felt justified in 
publishing the contributions to this meeting. Accordingly, this book 
represents the latest information from the world's authorities on 
cancer of the rectum. It is hoped that the approaches recommended 
in this work will provide the framework for standardisation and 
documentation and will guide clinical management of these patients. 

Acknowledgements. The organizers wish to express their gratitude to Mr. R.J. 
Heald, Basingstoke, England, for his enthusiasm, contributions, and support prior 
to, during and after this meeting, and to Dr. Warren Enker, New York, USA for his 
interest and generous help during planning. Weare also grateful for the sub
stantial financial support from The Norwegian Society for Cancer (Den Norske 
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Kreftforening), Tannlege Olaf Aase og Frues Legat, and Auto Suture Norden. 
Finally our thanks and appreciation are due to Ms. Gabriele Schroder at Springer
Verlag, Heidelberg who has solved any problems and offered her help throughout 
the production of this book. 

August 1996 o. S0reide 
J. Norstein 
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The Norwegian Cancer Registry - Organization and Reporting 

The Norwegian Cancer Registry was established in 1951 and is based on ob
ligatory reporting of all cancer cases and precancerous conditions. All hospitals 
in Norway report clinical data on every patient discharged with a diagnosis of 
neoplasia. The registry also receives copies of all working documents from 
pathologists (cytology, surgical specimens, autopsy). The pathology laboratory 
connections are a particularly important basis for the quality control and 
completeness of the registry. Each year, the registry receives information on 
approximately 20000 new cancer patients plus follow-up information on those 
previously diagnosed. Close to 100% of all rectal cancers are reported. A sine 
qua non for the quality of the data is the unique national eleven-digit personal 
identification number which allows any individual to be traced from birth to 
death. Thus follow-up data with respect to survival is 100% [1]. 

Epidemiologic Background in Rectal Cancer 

Colorectal cancer is a disease of the Western world (Table 1) [2]. It is the most 
prevalent cancer in USA, comprising 14% of the total cancer burden, with 
rectal cancer alone comprising 5% [3]. The descriptive data in Table 1 support 
the hypothesis that it is the lifestyle pattern in the Western world rather than 
any ethnic-genetic predisposing factors that explain the contrast in incidence 
between US whites and Japanese in Japan, since Japanese who have emigrated 
to USA have an incidence more similar to that of US whites than that of their 
country of origin. 
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Table 1. The incidence of cancer of the colon and rectum in various 
populations (Data abstracted from [2]) 

Country Incidence (per 100000 males per year) 

Colon Rectum 

Nigeria 0.4 0.4 
Japan 8.3 9.2 
India 3.5 4.5 
China 6.7 9.0 
Colombia 4.5 3.4 
Spain 6.6 6.2 
Denmark 19.0 17.0 
Poland-Urban 11.6 9.4 
Romania 5.5 6.8 
Canada 21.5 14.9 
USA - White 25.6 14.6 
USA - Black 28.4 6.7 
USA - Japanese 26.7 15.3 
USA - Chinese 25.8 17.9 
USA - Spanish 18.8 11.4 
Australia 21.5 12.8 
New Zealand - Maori 9.0 9.8 
New Zealand - Non Maori 25.5 16.1 

Rectal cancer is more common among men than women, except in the 
youngest age group, where they are affected equally (Fig. 1) [4]. This supports 
the notion that risk factors for colorectal cancer in young patients include a 
much stronger component of genetic vulnerability than in the elderly, where 
different lifestyle patterns between the genders probably are the explanation 
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Table 2. Age-adjusted cancer incidence rates in Mormons and non-Mormons, Utah 1971-1985 
(Data abstracted from [5]) 

Cancer site Males Females 

Mormons SE Non-Mormons SE Mormons SE Non-Mormons SE 

Colon 
Rectum 

23.6 
11.6 

0.7 39.0 
0.5 20.4 

1.5 19.4 
1.1 8.4 

0.5 29.2 
0.4 12.2 

1.1 
0.7 

for the differing pattern in the incidence of rectal cancer. The data presented in 
Table 2 [5] lend further support to the important connection between lifestyle 
and rectal cancer, in that Mormons have a substantially lower incidence of 
colorectal cancer than non-Mormons. 

In Norway, there was a 150% increase in the incidence of rectal cancer 
between the mid-1950s and the early 1990s (Fig. 2) [4]. This time trend also 
supports the lifestyle hypothesis. The increase in incidence of all cancers to
gether was 50% during the same period, and the incidence of stomach cancer 
was even reduced by 50% [4]. 

Many risk factors, both genetic and acquired, have been identified which 
promote the development of colorectal cancer [6]. Although hereditary forms 
are important for many reasons, most colorectal cancers develop without any 
known risk factors except that they are most prevalent in societies that have a 
high intake of fat and calories as well as alcohol and tobacco consumption. In 
Norway, rectal cancer below the age of 50 years is rare and accounts for less 
than 1 % of the total rectal cancer group [4]. 

25 

0 +---+----+---+--+---+--1-----1 
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Fig. 2. Age-adjusted annual incidence rates of rectal cancer in Norway by sex and period of 
diagnosis (age-adjusted to the World Standard Population) [4] 
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Cancer Registry Data As a Basis for Survival Analyses 

European Data 

The International Agency for Research on Cancer (IARC) has recently pub
lished a comparative analysis of cancer outcome based on data from several 
European cancer registries [7]. The National Finnish and Danish Cancer Re
gistries participated from the Nordic region. Most other countries represented 
in this study have more than one cancer registry, and each registry participated 
on its own. The publication contains the incidence and survival figures ac
cording to gender, age groups and time periods for most cancer forms. 

Table 3 [7] shows the country-specific survival figures for rectal cancer. 
Even in a fairly homogeneous European population, we observe a marked 
difference in rectal cancer survival between countries, from more than 50% 5-
year relative survival in Switzerland to around 20% in Poland. There are several 
explanations for such marked variations apart from the effects of treatment. 
Overall, data retrieval was incomplete with only a limited number of patients 
included from each country; for rectal cancer a total of approximately 45000 
patients were included for the entire study period {1978-1985}. The basis for 
diagnosis varied, for instance 93% of colon cancers were verified micro
scopically in patients aged above 65 years in Switzerland compared with 40% 
in Poland. The basis for diagnosis for rectal cancer was not given. The avail
ability of endoscopy, the aggressiveness in perfection of staging, the autopsy 
rates, and the verification of "Death Certificate Only" cases, all vary and may 
have contributed to the considerable differences observed (Fig. 3) [7]. Death 
certificate analysis was done for colon cancer and not for rectal cancer. In 
addition we must realize that marked differences exist between the Eastern and 
the Western part of Europe with regard to national death rates, from around 

Table 3. Rectal cancer: average 5-year relative 
survival (diagnostic period 1978-1985; data ab
stracted from [7]) 

European countries (average) Male (%) Female (%) 

36 40 

Switzerland 50 57 
Finland 43 46 
The Netherlands 41 47 
Germany 40 42 
France 39 45 
Denmark 37 41 
England 36 36 
Spain 35 36 
Italy 35 36 
Estonia 30 39 
Scotland 31 35 
Poland 15 26 
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Fig. 3. The effect of tracing back 
Death Certificate Only cases and in
cluding them in Survival Computa
tions. Data from Berrino et al. [7] 
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700 per 100 000 in Switzerland to approximately 1100 per 100 000 in Poland 
(sex- and age-standardized) [7]. 

A common problem in rectal cancer studies is the influence of anatomical 
subsite, i.e. whether or not cancer of the rectosigmoid is included, a location 
which lacks precise anatomical definition. Table 4 [7] illustrates this point; the 
proportion of rectosigmoid cancers varies from 5.3% to 28.9% of all colorectal 
cancers. Furthermore, in Estonia rectal cancer represents 49% of all colorectal 
cancers compared with 34.5% in Scotland (Table 4). Such site classification 

Table 4. Rectum cancer by anatomical site in the European Study (Data abstracted from [7]) 

Site (ICD - 9 code) Denmark Estonia Italy Scotland France 

n %a,b n % n % n % n % 

Rectum, Total (154.0-154,8) 9440 (43.6) 1171 (49.1) 1132 (37.7) 4260 (34.5) 2345 (44.0) 
Rectosigmoid junction (l54.0) 1341 14.2 62 5.3 327 28.9 553 13.0 503 21.5 
Rectum, NOS (154.1) 7766 82.3 1069 91.3 745 65.8 3578 84.0 1065 45.4 
Other parts of rectum (l54.8) 44 0.5 2 0.2 11 1.0 21 0.5 673 28.2 

a{within brackets): Percentage over the total number of colon and rectum cases (153.0-153.9 & 
154.0-154.8) 
bwithout brackets: Percentage over the total number of specified anatomic subcategories 
(l53.0-153.8 and, respectively, 154.0-154.8) 
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problems will certainly influence treatment results [7]. Therefore, before we 
can confidently compare national survival figures we must know the basis for 
the data. 

Nordic Data 

The Nordic region is a much more homogeneous area than Europe, and the 
registries certainly operate more similarly to each other. The five Nordic cancer 
registries have recently published data on prediction of cancer incidence and 
prediction of cancer mortality in the Nordic countries [8,9]. These predictions 
are based on trends in incidence and mortality up till 1988 plus population 
forecasts up to the period 2008-2012. Possible effects of recent preventive or 
therapeutic interactions are not included. 

At the start of the study period, Denmark had the highest incidence rates 
for rectal cancer, but with time, a decreasing trend can be seen (Figs. 4 and 5) 
[8]. The incidence in Sweden, Finland and Iceland is increasing slightly, while 
Norway experienced a steep increase from 1960 to 1988. The predictions 
mirror this picture. 

As to survival, Denmark has the worst survival rates the last 20 years (Figs. 6 
and 7) [9]. The contrasts between the countries are remarkable considering the 
supposedly homogeneous geographic area and populations. Is the risk for 
developing rectal cancer higher in Norway or are variations in clinical practice 
(endoscopic activities, differing histopathological criteria) causing the differ-
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Fig. 4. Actual and predicted incidence trends in rectal cancer in men in the Nordic countries 
1958-2012. Data from Engeland et al. [8] 
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ences? Why has Denmark the worst survival for most cancers including rectal 
cancer? Do lifestyle patterns not only influence the risk and development of 
cancer but prognosis as well? We do not know for certain at this stage. 

The Norwegian Cancer Registry and Research in Colorectal Cancer 

Norway has a population of 4.5 million, and is divided into 20 counties, 450 
municipalities, and 5 health regions. There are 4 medical schools, 6 university 
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Fig. 8. Age-specific 5-year relative survival rates in rectal cancer according to period of di
agnosis in men in Norway [4] 
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Fig. 12. Stage distribution of rectal cancer in Norway, 1989-1993 [4] 

Table 5. Operative mortality and survival after curative surgery according to stage of disease 
(national data 1983-1987 [4]) 

Stage Total Perioperative Death Alive after Relative Alive after Relative 
n % 1 year survival 5 years survival 

1 year 5 years 

Localized 1456 11 0.8 l320 94.8 885 78.1 
Regional 1502 16 1.1 1272 88.3 543 45.7 
Distant 385 8 2.1 165 44.6 17 5.5 
All 3369 35 1.0 2777 86.1 1453 54.9 
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hospitals, and 60 county hospitals with surgical departments. Rectal cancer is 
the fourth most frequent cancer form among women (422 cases in 1992) and 
the fifth among men (535 cases in 1992), totalling 5% of all cancers in Norway 
in 1992 [1]. Colon cancer is twice as frequent as rectal cancer and does not 
occur more frequently in men than in women, as is typically observed for rectal 
cancer. However this gender contrast has become less apparent in the past few 
years. In 1992, rectal cancer accounted for 319 (1.4%) of all deaths among men, 
and 226 (1.3%) among women in Norway [10]. Among cancer deaths, rectal 
cancer mortality ranks high. 

In Norway, 5-year relative survival in rectal cancer patients has improved 
from around 20% in the 1950s to around 50% in recent years for both men and 
women (Figs. 8 and 9) [4]. Several factors may explain this improvement such 
as earlier diagnosis through endoscopy, improved surgical techniques and 
better pre-, peri- and postoperative care, more precise diagnostic criteria and 
staging, and a better health of the population in general. However, the relative 
proportion of each factor cannot be assessed. 

In the Norwegian Cancer Registry, the following stage definitions are used: 

- Localized. Tumour confined to organ of origin without invasive growth in 
adjacent organs or regional lymph nodes 

- Regional. Tumour with invasion of adjacent organs and/or regional lymph 
node metastasis 

- Distant. Tumour spread to distant organs and/or distant lymph node me
tastasis [1]. 

The 5-year relative survival rates according to this staging system (Fig. 10) 
[4] is around 75% for localized disease, and around 5% for disease with distant 
metastases. When time periods are compared for each stage, we can demon
strate significant improvements in survival over time for localized and regional 
tumors, but not for distant spread of disease (Fig. 11) [4]. The stage dis
tribution of rectal cancer for the last period (l989-1993) shows that fortunately 
relatively few patients have distant metastases at diagnosis (Fig. 12) [4]. 

The Norwegian Cancer Registry also records whether potentially radical 
surgery has been performed (Fig. l3) [4]. While less than 50% of the patients 
underwent radical surgery in the 1950s, more than 70% had such treatment in 
the 1990s. Table 5 [4] gives the distribution of patients according to tumour 
stage and perioperative deaths (defined as less than 1 month after surgery) and 
includes only those patients who actually underwent potentially local curative 
surgery (irrespective of whether distant spread was present). The proportion of 
patients with histological verification has improved from approximately 70% 
in the 1950s, to close to 100% in the 1990s (Fig. 14) [4]. Further analyses 
demonstrate that the improvement in verification is most pronounced in the 
oldest age group (Fig. 15) [4]. Long-term survival analyses up to 15 years show 
that patients who are still alive after 5 years have a survival rate a little below 
but close to the average for the population (Fig. 16) [4]. 
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Fig. 14. Diagnostic basis by period of diagnosis in rectal cancer patients in Norway [4] 

Can a Cancer Registry Contribute to Quality Control of Clinical Care? 

End points other than death (e.g. local recurrence), knowledge of somatic 
adverse effects of therapy (e.g. leakage), knowledge of patients' quality of life 
(e.g. sexual functioning) and reli.able and reasonable follow-up control meth
ods are some of the important topics that should be included in "clinical care". 

Since traditional registry data are based on diagnostic and therapeutic 
heterogeneity and insufficient follow-up, The Norwegian Cancer Registry 
started a National Colorectal Cancer Project in 1985 in close collaboration with 
surgeons, radiologists, pathologists and other health professionals, with the 
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purpose of improving diagnostics and treatment in colorectal cancer, including 
follow-up and surveillance. The concrete actions were aimed at earlier diag
nosis of the primary cancer, identification of synchroneous tumours of the 
large intestine, improved primary treatment, earlier diagnosis and treatment of 
local recurrences, metachroneous new cancers in the bowel, and distant me
tastases in the liver or lung in supposedly curatively treated patients. The key 
factors for the success of this project were the inclusion in the registry of 
obligatory reporting, complete and high-quality data, efficient communication 
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with the collaborators, good computer systems, and a scientifically competent 
interdisciplinary team, including medical and statistical expertise in the reg
istry. Some of the data from this project are presented in Chap. 2 in this book. 

Comments 

Experience from The Norwegian Cancer Registry as well as from the EURO
CARE program leads us to conclude that cancer registries should be important 
collaborators in clinical cancer research. 
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Data from the Norwegian Cancer Registry demonstrate that survival following 
rectal cancer treatment in Norway has been poor, particularly in patients with 
lymph node metastases (Chap. 1). Local recurrences and distant metastases 
were responsible for deaths, but the relative importance of these two patterns 
of failure were unknown. Reports published in the early 1980s [19, 21] in
dicated that secondary surgery for recurrences and metastases could result in a 
survival benefit for individual patients. Carcinoembryonic antigen (CEA) 
guided second look surgery in asymptomatic patients seemed to be particularly 
beneficial [19, 21, 33]. 

A Norwegian prospective multicenter cohort study (Norwegian Color ectal 
Cancer Project, NCCP) of curatively treated colorectal cancer patients less than 
75 years of age was designed in 1985 to evaluate the impact of specific sur
veillance methods on the ability to detect and treat recurrences and meta
chronous metastases at an asymptomatic stage. The study included 279 
patients with curatively treated rectal cancer from 40 hospitals during a 2-year 
period. In this carefully followed cohort, 31.5% of patients who underwent 
curative operations eventually developed local recurrences after a median 
observation time of 8 years (Norstein et al., manuscript in preparation). 

The participating hospitals in the NCCP cohort study were predominantly 
small and intermediate-sized community and district general hospitals, with 
only one of seven university hospitals in Norway participating. Although the 
referral structure in Norway is such that individual hospitals with few excep
tions treat all rectal cancer patients in a defined geographic area, we could not 
eliminate the possibility that selection bias contributed to the poor results. We 
therefore retrieved information from all Norwegian hospitals (n=64) on all 
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rectal cancer patients treated in a 2-year period in order to obtain completely 
un selected data on recurrences and survival. 

National Data on Patients with Cancer of the Rectum 

During the inclusion period of th{: NCCP from September 1986 to August 1988, 
a total of 1049 patients less than 75 years of age were diagnosed with invasive 
rectal cancer in Norway (population 4.3 million). Invasive rectal cancer was 
defined as carcinoma invading at least the submucosa [31]. The curative re
section rates were 70.0% in women and 73.6% in men (Table O. Extensive 
clinical information on all curatively operated rectal cancer patients (n=757) 
was retrieved by The Norwegian Cancer Registry and stored in separate files. 
This was possible due to the obligatory reporting to the Cancer Registry of all 
diagnosed cancer patients in Norway (Chap. 1). There is a dual reporting 
system, with independent notification from both the pathologist and by the 
clinician treating the patient. All patients are identified by a unique II-digit 
national identification number. 

The retrieved information comprised clinical notifications from the hospi
tals with information on diagnosis, staging, and treatment of all rectal cancer 
patients. Photocopies of all pathology reports were available. Follow up results 
on the 279 patients included in the prospective NCCP study were also available. 
In 1993 and 1994, the Norwegian Cancer Registry mailed letters to all hospitals 
with name lists of the 478 additional patients that had been registered by the 
Cancer Registry, but not included in the prospective study, to provide follow 
up information on local recurrences and distant metastases. A 100% response 
rate was achieved. 

All Norwegian hospitals treating rectal cancer were owned by the govern
ment or the municipialities. No rectal cancer treatment was offered by private 
hospitals. Patients were generally treated at hospitals defined by their re
sidence. Patients who received preoperative radiotherapy at regional radio
therapy units due to primary irresectability were generally operated upon at 
their primary hospital. The university departments did not generally serve as 
referral centers for rectal cancer, but had defined primary catchment areas. 

Table 1. Proportion of curative and palliative resections in patients less than 
75 years of age diagnosed with invasive cancer of the rectum in Norway 
during the 2-year period September 1986-August 1988 

Women Men All 

n % n % n % 

Curative procedures 284 70 473 74 757 72 
Palliative resections. 61 15 91 14 152 15 
No tumor-directed surgery 61 15 79 12 140 l3 
All patients diagnosed 406 100 643 100 1049 100 
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An important difference exists between patients included in the prospective 
NCCP study and the other patients; in the former study patients were included 
on the basis of the information available on the day of primary surgery, 
without any knowledge of results of pathology evaluations, thus including ten 
patients in whom the specimen later proved to have positive resection mar
gins. 

Photocopies of the operative reports were retrieved for all but two patients, 
in whom sufficient information was collected from the pathology report. No 
operative report mentioned the mesorectum or stated that this structure was 
removed. A large number of operative reports specifically mentioned that a 
manual dissection was carried out. We were not able to identify any patient 
where the operative report suggested that the total mesorectal excision (TME) 
technique had been used [7, 10, 11, 17]. 

The pathology reports described the distal intramural margin in specimens 
from major rectal resections. The distal margin was measured by the surgeon 
or by the pathologist in 371 of 391 patients who had undergone an anterior 
resection. The circumferential margin [2, 26] was described in a minority of 
cases as the "deep resection margin", particularly if this margin was grossly 
invaded by tumor. Information on this parameter was too incomplete for 
inclusion in further analyses. 

Hospitals were categorised by treatment volume (annual caseload) into 
hospitals treating less than ten cases per year (n=53) and hospitals treating ten 
cases or more per year (n=l1). Hospitals were also divided into university 
clinical departments (n=7), district general hospitals (n=Il), and community 
hospitals (n=46). Operating surgeons (n=291) were divided into three groups, 
namely, specialists in surgical gastroenterology (who had fulfilled a 3-year 
fellowship following residency, n=44), consultant general surgeons without 
specialist status in surgical gastroenterology (n=88), and surgeons in training 
(n=159). The attendance of a specialist in surgical gastroenterology or a gen
eral surgeon during the operation was noted. Seven of 64 hospitals had a 
"documented interest in rectal cancer surgery", i.e., those arranging post
graduate courses in colorectal cancer surgery (n=2), and/or those with a 
documented research interest in rectal cancer surgery (publication of articles 
or theses on rectal cancer surgery) (n=5). 

According to the criteria set by the Norwegian Cancer Registry, patients with 
tumors less than 20 cm from the anal verge as measured with a rigid procto
scope were classified as rectal. In order to allow comparison with other studies, 
we subdivided the rectum into four parts: Lower rectum (0-5 cm from the anal 
verge), mid-rectum (6-10 cm), upper rectum (11-15 cm), and rectosigmoid 
(16-19 cm from the anal verge). 

Local recurrence was defined as recurrent tumor in the pelvis, perineum or 
the abdominal scar [18]. The diagnosis was based on histologic confirmation or 
undisputable clinical evidence of recurrent disease. Distant metastases were 
defined as metastases outside the pelvis, exclusive of implantation metastases 
in the abdominal scar. Tumors were staged according to the original Dukes' 
staging system [5] and later restaged by the principal author to the TNM 
system [12,31,32]. 
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Adjuvant radiation therapy was administered to 52 patients (6.9%), pre
operatively to 16 patients, postoperatively to 35 patients, and both pre- and 
postoperatively to one patient. 

Statistics 

Univariate analyses were performed using contingency tables and chi-square 
statistics. In time-to-event analyses risk of local recurrence was calculated by 
the product-limit method according to Kaplan and Meier [15]. Failures were 
local recurrences. Patients dying from cancer without local recurrence or death 
from other causes were censored. Differences between recurrence curves were 
tested for statistical significance by the generalised Wilcoxon test as modified 
by Tarone and Ware [30]. Cox proportional hazard regression analyses were 
performed utilising a backward-stepping procedure. Significant variables from 
the univariate analysis were selected for the multivariate analysis. In addition, 
statistically nonsignificant variables thought to be clinically significant such as 
degree of tumor differentiation, the volume (caseload) variable, and distal 
margin length were included in the initial model. 

National Results 

Primary Surgical Management of Rectal Cancer 

Anterior resection was performed in 391 patients (52%), including one patient 
who received subtotal colectomy. A local resection of tumor was done in 35 
patients (5%). Seventeen patients (2%) received a Hartmann's resection. An 
abdominoperineal resection (APR) was done in 314 patients (41%). 

local Recurrences 

Local recurrences were diagnosed in 215 patients (28.4%) after a follow-up of 
6.5-8.5 years (Fig. 1). Local recurrences without evidence of distant metastases 

Table 2. Local recurrences alone and local recurrences in combination with distant 
recurrences 

Local recurrences Local and distant All 
alone recurrences 

n % n % n % 

Dukes' stage A (TNM stage I) 26 72.2 10 27.8 36 100 
Dukes' stage B (TNM stage II) 42 52.5 38 47.5 80 100 
Dukes' stage C (TNM stage III) 45 45.5 54 54.5 99 100 
All stages 113 52.6 102 47.4 215 100 
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Fig. 1. Time to local recurrence (n=757) 

Table 3. Local recurrence (%) by Dukes' (UICC/TNM) stage and tumor distance from 
the anal verge (n=757) 

Distance from anal verge (em) 

0-5 em 6-10 em 11-15 em 16-19 em 

Dukes' stage A (TNM stage I) 24.1 18.1 4.3 0.0 
Dukes' stage B (TNM stage II) 41.4 32.1 2004 14.3 
Dukes' stage C (TNM stage III) 36.5 41.6 42.1 31.8 

were found in 53% of patients with local recurrence (Table 2). Subdivison by 
distance from the anal verge and Dukes' (TNM) stage demonstrated a dis
tinctive pattern of recurrences (Table 3). In patients with Dukes' stage A and B 
tumors (TNM stage I and II), the recurrence rate was dependent on distance 
from the anal verge, with a diminishing frequency of local recurrences with 
increasing tumor distance from the anal verge, from 24.1 % in the lower rectum 
to 0% in the rectosigmoid in Dukes' A cases (p<O.Oi), and from 41.4% to 14.3% 
in Dukes' B cases (p<O.Oi). There was no significant relation between local 
recurrence rate and distance from the tumor to the anal verge in patients with 
Dukes' C tumors (TNM stage III) (p=0.8; n.s.). 



22 J. Norstein and F. Langmark 

There was no significant relationship between operative procedure and local 
recurrence. Local procedures, anterior resections and APR (analyzed together 
with Hartmann's resections) had local recurrence rates of 31.5%, 25.8%, and 
31.1 %, respectively (p=O.3; n.s.). 

Perforation of the rectum during the operation occurred in 43 patients. A 
local recurrence later developed in 19 patients (44%). Patients with a distal 
margin of less than 1 em, but no infiltration in the distal margin, had a local 
recurrence rate of 31.3% (26 of 83). In patients with a distal resection margin of 
more than 1 em, no relation existed between local recurrence rate and the 
length of distal margin. 

Local recurrence rate was unrelated to age or sex and there was no relation 
to hospital treatment volume. In univariate analysis a significant relation ex
isted between hospital type and local recurrence rate (p<0.05). University 
hospitals had a local recurrence rate of 22%, while district general hospitals 
had a local recurrence rate of 34%, and community hospitals had 30% local 
recurrences. Hospitals with a documented interest in rectal cancer surgery (see 
definition above), had a local recurrence rate of 14%, while hospitals without 
such an expressed interest had a recurrence rate of 33% (p<O.OOOI). 

The median number of patients operated on per year per surgeon was one. 
Three surgeons performed five or more procedures per year, no individual 
surgeon had done more than seven procedures per year. A relationship be
tween caseload per surgeon and local recurrence rate could therefore not be 
determined. Local recurrence rate was unrelated to the attendence during the 
operation of a consultant surgeon or a surgeon specialized in surgical gas
troenterology. Patients who were operated upon by surgeons in training had a 
significantly lower local recurrence rate (24.1 %) than patients who were op
erated upon by a consultant surgeon (33.6%) or a surgeon specialised in 
surgical gastroenterology (30.6%; p<0.05). The difference was most marked in 
patients with Dukes' stage A (TNM stage I); 6.2% of patients operated on by a 
surgeon in training had local recurrence, while patients operated on by con
sultants or surgical gastroenterologists had 22.1 % and 25.5% local recurrences 
(p<0.002). 

Patients who had received radiotherapy preoperatively had a local recur
rence rate of 40.0%, and patients who had postoperative radiotherapy had 
39.1 % local recurrences. One patient who received pre- and postoperative 
radiotherapy was recurrence-free. 

Within 2 years after the primary operation 151 (70%) of the local re
currences were diagnosed. Only 36% of recurrences eventually developing in 
patients with Dukes' A (TNM stage I) primaries were diagnosed within 2 years 
and median time from the primary operation to the diagnosis of local recur
rence was 29 months. In Dukes' B (TNM stage II) tumors, 70% of local re
currences were diagnosed at 2 years (median time to local recurrence 15 
months) and 82% of Dukes' C (TNM stage III) tumor recurrences were diag
nosed within 2 years (median time to local recurrence 12 months). 

If only high-risk patients were considered, as defined by Krook and Moertel 
[16] and MacFarlane and Heald [17] comprising patients with transmural 
growth or lymph node metastases (Dukes' stage Band C, TNM stage II and III), 
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Fig. 2. Time to local recurrence in high-risk cases (n=475) 

a subgroup of 475 patients could be defined with such tumors located less than 
16 cm from the anal verge. In this patient group, 167 local recurrences (34.6%) 
were found. Analysis by actuarial method, censoring for patients dying of 
metastases or other causes (thus no longer at risk for local recurrence) showed 
an estimated local recurrence rate of 41.3% in this high-risk group (Fig. 2), and 
52.2% in Dukes stage C (TNM stage III) patients. 

Multivariate Analysis of Risk Factors for local Recurrence 

Only stage (Dukes'; TNM), distance from the anal verge, and the training level 
of the operator emerged as significant variables in the multivariate analysis 
(Table 4). Hospital type, a significant risk factor for local recurrence in the 
univariate analysis, was not an independent risk factor in the multivariate 
analysis. The variable "documented interest in rectal cancer surgery", however, 
when substituted for hospital type in the model, had a significant independent 
effect. The relative risk of local recurrence in hospitals without an expressed 
interest in rectal cancer surgery as compared with hospitals with such an 
interest was 2.6 (95% CI 1.7-4.0). 

Survival 

Operative mortality within 30 days was 1.6%, within 60 days 2.0%. Crude 5-
year survival was 55.2 per cent (95% confidence interval, CI, 51.7-58.7%). The 
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Table 4. Multivariate ana
lysis: independent risk fac
tors for local recurrence of 
rectal cancer 

Variable 

Stage 
Dukes' stage A (TNM stage I) 
Dukes' stage B (TNM stage II) 
Dukes' stage C (TNM stage III) 

Distance from anal verge 
<6 cm 
6-10 cm 
11-15 cm 
>16 cm 

Surgeon's training level 
In training 
Consultant 
Surgical gastroenterologist 

"Reference value 

J. Norstein and F. Langmark 

Relative risk 95% Confidence 
interval 

1 " 
2.4 
4.1 

2.5 
2.1 
1.5 
1 " 

1 " 
1.5 
1.3 

1.6-3.6 
2.9-6.2 

1.3-4.6 
1.1-3.9 
0.8-2.7 

1.1-2.1 
0.9-2.0 

5-year survival rate was 77% in Dukes' stage A (TNM stage I), 48% in Dukes' 
stage B (TNM stage 11), and 35% in Dukes' stage C (TNM stage III) (Fig. 3). 
Five-year survival in high risk cases was 44% (Fig. 4). 

The estimated 5-year survival survival rate after diagnosis of local recur
rence was 7.7% (95% CI 3.9-11.6%); nine patients have lived more than 5 years 
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Fig. 3. Survival by stage (n=757) 
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Fig. 4. Survival in high-risk cases (n=475) 

after diagnosis of a local recurrence. In the 113 cases with local recurrence and 
no evidence of distant metastases the 5-year survival rate was 13.7% (95% CI 
6.7-20.7%). In the remaining 102 patients with evidence of local recurrence 
and metastatic disease, the projected 5-year survival rate was 2.0%, with one 
observed 5-year survivor. 

Comments 

The results of this population-based national study confirms data published by 
others on conventional surgery for rectal cancer [3,4,22,23,25], documenting 
a high rate oflocal recurrences. The favorable operative mortality rate of 1.6% 
within 30 days of surgery indicated that the general surgical management was 
excellent. In spite of the low operative mortality, 5-year survival rates were 
poor. 

A high local recurrence rate in Dukes' stage A patients (TNM stage I), is 
highly suggestive of suboptimal surgical technique. The length of the distal 
margin of the specimen, when the margin was not infiltrated with cancer, did 
not predict outcome. This is in accordance with the results from the Large 
Bowel Cancer Project [23]. The data on circumferential margin involvement, 
shown in other studies to be of great prognostic importance [2], could not be 
analyzed due to incomplete data. 
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The majority of local recurrences, in particular in Dukes' stage A cases 
(TNM stage I), was localised in the pelvis with no evidence of distant metas
tases. In spite of this, the results of treatment of the recurrences were generally 
unfavorable, in accordance with results summarized by Abulafi and Williams 
[1]. Gagliardi et al. recently published a study showing an 18% 5-year survival 
rate after resection of rectal cancer recurrence [8]. The potential benefits of 
improved radicality of the primary operative procedure are evident. 

Radiotherapy was used infrequently and in selected patients only. The few 
patients receiving radiotherapy in the present study had advanced disease or 
doubt about the radicality of the surgical treatment. The poor results in irra
diated patients in the present study do not allow any conclusions to be drawn 
with regard to the efficiency of adjuvant therapy in un selected, high-risk pa
tients (Dukes' stage Band C, TNM stages II-III). 

Our attempt to account for the surgeon variable, shown in previous studies 
to be of prognostic importance [13,24], was precluded by the large number of 
surgeons performing the procedures, resulting in a median number of pro
cedures per surgeon of one curative rectal cancer operation per year. Only 
three surgeons performed five or more procedures per year, and no individual 
surgeon did more than seven procedures per year. The finding that experi
enced surgeons as a category did not influence the outcome favorably may be 
regarded as a consequence of the lack of adequate training and specialized 
interest. 

A selection feature may be responsible for the finding that surgeons in 
training actually had a lower recurrence rate than their more experienced 
colleagues, even though this findling persisted in a multivariate analysis ad
justing for case severity. Hospital caseload or hospital type was unrelated to 
outcome. The variable "documented interest in rectal cancer surgery" came 
out as a highly significant predictor of local recurrence. This finding leads us to 
believe that competence specific to the technical features of rectal cancer 
surgery is of importance for the outcome. However, the use of this post-hoc 
variable may be criticized due to its subjectivity, and its validity would have 
been greater if hospitals were preassigned to "interest" categories. 

There was no significant difference in local recurrence rate in the population 
that was investigated retrospectively and the population followed up pro
spectively with a rigorous regimen. This indicates that retrospective studies 
may give acceptable results if follow-up is complete, when the outcome para
meters are limited to survival and local recurrence rates. Local recurrences will 
rarely remain undiagnosed due to their severity of symptoms. 

The frequency and pattern of recurrence in the present study closely mirrors 
the results from Memorial Sloan-Kettering Cancer Center from the time period 
1968-1976 as described by Pilipshen et al. [25] and Enker et al. [6], following 
conventional resection or extended pelvic lymphadenectomy. The Memorial 
Sloan-Kettering series showed an extremely low survival rate of 3.8% in pa
tients with local recurrence in spite of intensive treatment of recurrences, 
comparable to the 7.7% survival rate for patients with local recurrence in the 
present study. Long-term survival in patients with local recurrence was almost 
confined to patients without distant metastases. 



Results of Rectal Cancer Treatment: A National Experience 27 

How can the results be improved? In Norway, we have chosen to reorganize 
rectal cancer surgery and train experienced surgeons with workshops and 
demonstration operations by experts [9, 29). The auditing of this initiative is 
organized as a population-based prospective follow-up cohort, and con
comitant controls with patients operated on by conventional methods. This 
design is weaker than a randomized study, but retains some of its virtues; in 
particular, there are no exclusions. The advancement of knowledge in surgery 
should not be paralyzed by the inability to perform randomized trials. Alter
natives to randomization do exist which may be used to evaluate surgical 
problems and controversies [14,20). The alternatives to randomized studies as 
described in the present paper are not readily available in most countries, and 
this may in part be the reason why such designs have been sparsely discussed 
in the literature of clinical research methods [27, 28). The Scandinavian 
countries, and in particular Norway, with a very clinically oriented cancer 
registry, may serve as a clinical research laboratory to the international surgical 
community. 
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Introduction 

Many changes have occurred in the surgical treatment of rectal cancer this 
century. Improvements in surgical technique, anaesthesia and postoperative 
care all contributed to a marked reduction in mortality during the first half of 
the century [42, 84]. The trend towards sphincter preservation, which had 
begun decades before, accelerated through the 1980s due to the widespread 
availability and use of modern stapling devices and the recognition that 2 cm 
was adequate distal clearance on the rectal wall in most cases [101]. Conse
quently, the ratio of abdominoperineal resections (APR) to anterior resections 
(AR) for rectal cancer has been reversed in the last two decades. However, this 
trend has not been accompanied by significant reductions in disease recur
rence and death over the same period [41, 60, 101, 127]. 

Local recurrence (LR) is an important clinical problem which afflicts one in 
five patients with rectal cancer treated surgically for "cure" and an even higher 
proportion of patients treated for palliation. LR is not often cured, produces 
debilitating symptoms which are difficult to palliate [10, 17,43, 100, 109] and, 
in some patients, is the only site ot"tumour recurrence [38,43, 109]. LR is much 
more common following surgery for rectal cancer than colon cancer [35, 69], 
and reported pelvic recurrence rates vary widely, from 3% to 50% [58, 91]. A 
major factor may be related to the surgical technique [73, 98], but differences 
in case selection, follow-up, definition and diagnosis ofLR may also be relevant 
[2,72]. 
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Numerous approaches have been used in an attempt to reduce LR rates in 
rectal cancer. These include complete excision of the mesorectum [5,8, II, 16, 
18,22, 27, 48, 56, 60, 67, 78, 119], lateral pelvic lymph node dissection [26, 40, 
54,76,80,129], flush ligation of inferior mesenteric artery (IMA) [19,96,117], 
the "no touch" isolation technique [126], rectal stump washout with cytocidal 
agents [124], pre- and postoperative adjuvant radiotherapy [10, 20, 34, 37, 71, 
85, 89, 116, 122] and adjuvant ch(!motherapy [33, 36, 62]. 

In a meta-analysis of randomised controlled trials of adjuvant radiotherapy 
in rectal cancer, completed prior to 1989, Twomey et al. [123] showed that LR 
was reduced by up to 40% with pre- or postoperative adjuvant radiotherapy 
given in doses of 3000 cGy or more. Subsequent randomised controlled trials 
have confirmed that preoperative radiotherapy alone [34, 71] or postoperative 
radiotherapy combined with chemotherapy both effectively reduce LR rates 
after surgery for Dukes' Band C (Astler-Coller B2 and C) disease [36, 62]. 
However, the absolute improvement in local control expected from radio
therapy is dependent on the underlying LR risk with surgery alone. To date, all 
trials demonstrating improved local control with adjuvant radiotherapy, with 
or without chemotherapy, have r€!corded LR rates in control patients treated 
with surgery alone in excess of 18% [2, 94]. 

In 1986, Quirke et al. demonstrated the importance of adequacy of rectal 
excision by showing that involvement of radial resection margins after surgery 
for rectal cancer was highly predictive of LR [102]. Utilising the technique of 
total mesorectal excision (TME), Heald reported LR rates through the 1980s of 
around 3% [50]. Some observers have attributed these results to selection bias 
[55]; however, other surgeons have also reported favourable results with TME 
[5,8, II, 16, 18,22,56,60,78]. Extended pelvic lymphadenectomy (EPL), which 
adds en bloc removal of internal iliac lymph nodes to complete excision of the 
mesorectum [45], has also been reported to reduce LR in some series when 
compared with historical controls [26, 54]. 

The question of whether surgery alone for rectal cancer can achieve ac
ceptable LR rates has remained controversial. There have been no randomised 
trials examining key issues of surgical technique in rectal cancer and, although 
desirable [108], there are potential difficulties in a surgeon randomly adopting 
different surgical techniques [32]. In 1992, in lieu of randomised trials, we 
undertook a systematic review of the surgical literature over the preceding 
decade to try to objectively evaluate the available data regarding failure rates 
after surgery alone for rectal cancer [74]. A systematic review differs from a 
standard review in that criteria for selecting papers and the methods of analysis 
are prospectively determined to avoid the selection and interpretation bias 
inherent to traditional reviews [86, 115]. These criteria should be evenly ap
plied and transparent enough for the findings to be independently verified [86]. 
The findings of this study, supplemented by more recently published data, 
form the basis of the present chapter. 
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Selection of Papers and Analysis 

Selection of Papers 

A Medline-based search was undertaken for papers published in English be
tween January 1982 and December 1992 reporting the results of surgical 
treatment for rectal cancer. The list of papers was supplemented by extensive 
cross-checking of reference lists. Those papers reporting follow-up on at least 
50 patients surviving rectal excision with curative intent were selected from the 
ensuing list. The patients who survived a curative operation, and were there
fore at risk of developing LR, were selected from each paper for inclusion in the 
analysis. As the primary aim was to document the results of surgery alone for 
rectal cancer, papers were excluded if adjuvant therapy was used in more than 
10% of cases. Control patients in adjuvant therapy trials, randomised to receive 
surgery alone, were included. Clear information regarding treatment intent 
(curative or palliative) and LR rate were mandatory requirements for inclusion. 
Duplication was avoided by including only the most recent complete report 
from the same surgical series. 

Definition of Terms 

"Curative" operation was taken to mean removal of all macroscopic disease, 
whether or not this was histologically confirmed. Although this definition can 
be criticised in the light of knowledge about microscopically involved margins 
[3, 16,88, 102], it remains the most widely accepted and utilised interpretation. 
Few studies appear to have confined the selection of potentially curative cases 
to those in which histologically documented tumour-free margins were ob
tained. 

LR was defined as recurrent tumour within the pelvis or perineum, with or 
without distant metastases. LR and pelvic recurrence are taken to mean the 
same thing. Marsh et al. [72] showed that wide variations in LR rates can be 
demonstrated, even using the same data, depending on the definition of LR 
used. All patients with LR should be included and not just those with recurrent 
disease isolated to the pelvis [2]. 

Disease stage was defined according to the original Dukes' classification 
[24]. This was chosen to allow re-classification of all patients to one standard 
system which has stood the test of time. Patients staged by the Modified 
Dukes', Astler-Coller, TNM, Australian Clinicopathological Staging System 
(ACPS) or Japanese Research Society systems were re-classified according to 
the matrix for staging system conversion established by the 1990 World 
Congress of Gastroenterology Working Party on Clinicopathological Staging 
[31]. 

Definitions of rectal cancer vary. Some authors have excluded lesions be
yond 12 cm from the anal verge, whereas others include all upper rectal and 
rectosigmoid tumours. For the purposes of our study, rectal cancer was cate
gorised according to distance from the anal verge on rigid sigmoidoscopy. 
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Other morphological definitions were re-categorised as follows: the lower two 
thirds of the rectum and below the peritoneal reflection were categorised as 
"within 12 em", and below the sacral promontory and rectosigmoid as "within 
20 em". 

The method (prospective versus retrospective) and length of follow-up were 
recorded. Average follow-up was defined as either mean or median follow-up 
or, if neither of these were given, the mid-point of the follow-up range. 

Analysis 

Data extracted from each paper was entered on a standard form and then 
transferred into a computerised database. LR rates were determined for pa
tients with Dukes' A, Band C disease and for patients undergoing APR and AR. 
Over the last decade, a great deal of interest has centred around the techniques 
of EPL and TME [30, 111). LR rates were therefore determined for patients 
undergoing EPL and TME. Patients were assumed to have undergone these 
procedures when it was explicitly stated in the methods of the paper. Case mix, 
according to Dukes' classification, was determined for each category and for 
series in which the reported LR rate was 10% or less. 

Descriptive analysis was used to summarise the data. The diverse nature of 
series included meant that quantitative comparative statistical analysis, or 
meta-analysis, would have been inappropriate [44, 86). Data obtained by 
combining patients from different series has been prefixed as "pooled". Other 
data are described by median (range) values, and the Spearman's rank cor
relation (rs) was used to test for association between follow-up time and LR. 

No attempt was made to collate survival data because of wide variations in 
reporting of survival figures [11 0). 

Local Failure 

Overall local Failure 

A total of 52 papers were included in the study (Table 1), reporting data on 
10640 patients. The median LR rate for all series was 18.5%, with a range of 
3%-50%. The pooled LR rate for all series combined was 18.8%. Nine series, 
involving 1176 patients, reported total LR rates of 10% or less. Of these, 695 
patients underwent TME and 64 had EPL; surgical technique was not specified 
for the other 417 patients. 

Length and method of follow-up may influence observed LR rates. Sixteen 
papers reported prospective follow-up with median LR of 20% (range, 3%-
38%); 26 papers reported retrospective follow-up with 17.5% (range, 4%-38%) 
LR; and no information was given regarding the nature of follow-up in ten 
papers with 19.5% (range, 4%-50%) LR. The median average duration of 
follow-up for the 52 series was 60 months (range, 24-256 months), and 
minimum follow-up was 24 months (range, 6-216 months). For the nine series 
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Table 1. List of papers included in the study (reproduced by permission) 

First author Year Reference Patients (n) LR rate (%) Surgical 
technique 

Adloff 1984 [4] 113 32 NS 
Amato 1991 [6] 147 11 EPL 
Athlin 1988 [9] 99 37 NS 
Balslev 1986 [10] 247 18 NS 

(controls) 
Belli 1988 [11] 72 4 TME 
Braun 1992 [12] 119 14 NS 
Carlsson 1987 [14] 

Series I 100 24 NS 
Series II 231 38 NS 

Cawthorn 1990 [16] 122 7 TME 
Colombo 1987 [18] 89 11 TME 
Dahl 1990 [20] 128 21 NS, 

(controls) "minimal 
touch" 

Danzi 1986 [21] 83 10 NS 
Dixon 1991 [22] 227 4 TME 
Domergue 1989 [23] 58 25 NS 
Feil 1988 [28] 90 20 NS 
Fick 1990 [29] 58 14 NS 
Fisher 1988 [33] 184 25 NS 
NSABP R-01 (controls) 
Gerard (EORTC) 1988 [37] 175 28 NS 

(controls) (earlyIMA 
ligation) 

Gillen 1986 [39] 66 20 NS 
GITSG 1985 [36] 58 24 NS 

(controls) 
Glass 1985 [40] 73 14 EPL 
Heimann 1986 [51] 320 16 NS 
Hojo 1989 [54] 

Extended 192 14 EPL 
Standard 245 19 NS 

Jatzko 1992 [56] 249 13 TME, 
"no touch" 

Karanjia 1990 [58] 152 3 TME 
Kennedy 1985 [59] 90 24 NS 
Kirwan 1989 [60] 67 4 TME 
Lasson 1984 [63] 102 16 NS 
Leff 1985 [64] 128 14 NS 
Localio 1983 [65] 360 13 NS 
Malmberg 1986 [70] 83 19 NS 
McDermott 1985 [75] 934 20 NS 
Michelassi 1988 [76] 83 16 NS 

64 9 EPL 
Moran 1992 [78] 55 7 TME 
Neville 1987 [87] 373 19 NS 
Nilsson 1984 [91] 68 50 NS 
Piihlman 1984 [93] 197 38 NS 
Pheils 1983 [97] 193 lOb NS 
Phillips 1984 [99] 848 15 NS 
Pollett 1983 [101] 334 7 NS 
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Table 1 (Contd.) 

First author Year Reference Patients (n) LR rate (%) Surgical 
technique 

Reed 1988 [104] 78 31 NS 
Rich 1983 [105] 142 30 NS 
Rosen 1985 [106] 119 23 NS 
Rubbini 1990 [107] 183 24 NS 
Secco 1989 [1l3] 90 22 NS 
Stockholm 1987 [116] 274 20 NS 

(controls) 
Sweeney 1989 [118] 84 18 NS 
Tagliacozzo· 1992 [119] 175 19 TME 
Theile 1982 [120] 210 12 NS 
Tonak 1982 [ 121] 224 23 NS 
Treurniet -Donker 1991 [122] 84 33 NS 

(controls) 
Williams 1985 [128] 148 17 NS 
Zirngihl 1990 [l30] 1153 23 NS 

EPL, extended pelvic lymphadenectomy; NS, not specified; TME, total mesorectal excision; LR, 
local recurrence; IMA, inferior mesenteric artery; NSABP, National Surgical Adjuvant Breast 
and Bowel Project; EORTC, European Organization for Research and Treatment of Cancer; 
GITSG, Gastrointestinal Tumor Study Group. 
·Omitted from the initial study [74]. 
blsolated LR only. 

with LR of 10% or less, average follow-up was 68 months (range, 32-
156 months) and minimum follow-up 24 months (range, 12-60 months). The 
nine TME series had a slightly shorter average follow-up time of 53 months 
(range, 32-78 months), with minimum follow-up of 29 months (range, 6-
72 months). The correlation between minimum (rs, 0.25; p=0.09) and average 
(rs , 0.2; p=0.25) follow-up times and LR rate were not statistically significant. 
This is perhaps because around 80% of all LR are evident within 2 years [2, 
119] and average follow-up times exceeded 2 years in all series, as do minimum 
follow-up times in 50% of the series. 

Tumour Stage and Definition 

Dukes' stage was determined for 7544 patients, of whom 25% had Dukes' A, 
40% Dukes' Band 35% Dukes' C lesions. LR according to Dukes' stage was able 
to be determined for 6158 patients. The pooled LR rates increased with in
creasing stage of disease (Fig. 1). For the nine series with LR of 10% or less, the 
case mix according to Dukes' stage was similar to the case mix for all series 
combined (Fig. 2). 

For rectal cancer defined as a lesion lying within 12 cm (n=1156), 16 cm 
(n=1225) and 20 cm (n=4385) of the anal verge, the pooled LR rates were 18%, 
16.9% and 18.3%, respectively. When rectal cancer was not defined (n=3874), 
the pooled LR rate was 20%. Thus the inclusion of upper rectal and recto
sigmoid tumours did not appear to influence reported LR rates. 
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Fig. 1. Local recurrence rates ac
cording to Dukes' stage. Pooled data 
on 6158 patients (reproduced by 
permission) 
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Fig. 2. Case mix, defined by Dukes' stage. Pooled data for all series combined (black bars), 
nine series with a local recurrence (LR) rate of 10% or less (hatched bars), nine series of total 
meso rectal excision (TME) (grey bars), and four series of extended pelvic lymphadenectomy 
(EPL) (mottled bars) (reproduced by permission) 

Restricting the selection of "curative" cases to those with histologically clear 
margins introduces a potential source of bias. However, there was no asso
ciation between a histological definition of curative resection and lower LR 
rates. In the nine papers reporting LR rates of 10% or less, six defined curative 
surgery macroscopically [11,16,22,58,60,101]' three did not define it [21,40, 
79] and none defined curative surgery histologically. Similarly, curative surgery 
was defined macroscopically in six [11, 16, 18, 22, 58, 60] and not defined in 
three [56, 78, 119] of the nine series of TME. 
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Surgical Procedure (Anterior Resection and Abdominoperineal Resection) 

Specific information regarding surgical procedure, AR or APR, was available 
for 6188 patients. Hartmann's resections were included with AR. Transanal 
excisions were not included. The pooled LR rate for 3577 patients (derived 
from 30 papers) who underwent AR was 16.2%, and for 2601 patients (derived 
from 24 papers) who underwent APR was 19.3%. 

The higher LR rate after APR than AR may reflect the higher risk of LR with 
low-lying lesions [4,9, 75, 76, 113, 120]. Risk factors for recurrence, such as 
inadvertent tumour perforation [103, 114, 130] and a large surgical wound for 
tumour implantation [66], are increased with APR, and lateral lymph node 
involvement is more common with distal-third lesions [53, 82]. 

Surgical Technique 

Total Mesorectal Excision 

Of the 52 series, 1208 patients from nine series were identified as having 
undergone TME [11, 16, 18,22,56,58,60,78, 119]. The pooled LR rate for the 
TME series was 8.8%, with a range of 3%-19% (Fig. 3). Seven of nine TME 
series [11, 16, 18, 22, 58, 60, 78] and two of the 43 remaining series [21, 101] 
reported LR rates of 10% or less. The median 30-day mortality rate in the TME 
series was 2.5% (range, 1.6%-5.4%). 

Since LR risk increases with disease stage (Fig. 1), it is important to de
termine whether or not case mix or selection bias could account for these 
results [1, 55]. The case mix of patients treated in series of TME and the case 
mix of all of the series combined were almost identical (Fig. 2). Studies pub
lished since 1992 reinforce this observation. In Heald's series, 135 consecutive 
patients with Dukes' Band C (Astler-Coller B2 and C) disease underwent AR or 
APR with TME and were prospectively followed for a median of 7.5 years. The 
cumulative LR rate, independently verified, was 5% [67]. The patients did not 

Fig. 3. Local recurrence (LR) rates ac
cording to surgical technique. Pooled 
data for total mesorectal excision (TME; 
n=1208), extended pelvic lymphadenec
tomy (EPL; n=476) and others (n=8956) 
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receive adjuvant therapy. In another consecutive series of 246 Dukes' Band C 
patients treated by TME, with long-term prospective follow-up, Enker et al. 
[27] reported LR in 7.3%. Peri-operative radiotherapy was given to 28% of 
patients with no apparent advantage. The case mix, methods and length of 
follow-up in these two series were comparable to the North Central Cancer 
Treatment Group's trial of postoperative adjuvant therapy, in which LR rates 
were 25% for surgery plus radiotherapy and 13.5% for surgery plus chemo
radiotherapy [62]. However, these studies are not comparable with respect to 
the number and experience of the contributing surgeons, which in itself is 
likely to influence LR [98]. 

While the list of individual surgeons reporting good results with TME 
continues to grow [5], interest is now focusing on whether these results can be 
reproduced on a wider scale [48]. Arbman et al. [8] have reported results 
before and after TME was adopted as the standard surgical technique for rectal 
excision in a region of Sweden serving a stable population of 370000. Con
secutive patients from each period were studied without exclusion. Surgical 
expertise was also consolidated to some degree, but despite this some eight 
surgeons performed an average of only five resections each annually. Following 
the introduction ofTME, the actuarial LR rate at 4 years was reduced by almost 
two thirds to under 10% [8]. Adjuvant therapy was used in three patients only. 

The clinical results of TME have been corroborated by pathological studies 
examining lateral and distal meso rectal spread. In two very similar studies, 
detailed histological evaluation of the circumferential resection margin was 
undertaken following conventional resection [3, 88]. Adam et al. [3] studied 
141 patients undergoing curative resection with an overall LR rate of 25%. 
Microscopic tumour involvement at or within 1 mm of the circumferential 
margin was associated with a 78% LR risk compared with 10% risk if the 
margin was not involved. Ng et al. [88] studied 65 patients undergoing curative 
resection with an overall LR of 20%. The LR rate was 60% when tumour 
extended to within 1 mm of the circumferential margin histologically. Cir
cumferential margin involvement is therefore a major risk factor for LR after 
conventional surgery. 

The same methods of evaluating circumferential margins have been applied 
to specimens in which TME was undertaken [15, 112]. After TME, positive 
circumferential margins occur less frequently, in keeping with a lower risk of 
LR, and are more predictive of systemic rather than local recurrence [15]. 
Furthermore, the mesorectum harbours disease beyond the distal extent of 
intramural spread in 25% of cases [112]. This disease may be discontinuous 
[49,57] and is often not evident to the surgeon [3, 102]. It follows that failure to 
adequately excise the mesorectum routinely risks leaving residual disease be
hind in a significant percentage of patients. 

Extended Pelvic Lymphadenectomy 

Of the 10640 patients, 476 underwent EPL (four series). Two papers reported 
separate series of patients undergoing EPL and conventional surgery [54, 76]. 
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The pooled LR rate for EPL was 12:.4%, despite a higher proportion of Dukes' B 
and C patients (Fig. 2). 

EPL should incorporate en bloc excision of the mesorectum [45]. The crucial 
difference between this technique and TME alone is the addition of an aorto
iliac lymph node dissection, including dissection lateral to the internal iliac 
artery. Lymph node dissection lateral to the internal iliac vessels may be on
cologically equivalent to flush ligation of the inferior mesenteric artery, which 
has not been associated with significant improvements in LR or survival in 
non-randomised studies [19, 96, 117]. Similarly the "no touch" technique, 
combining early high ligation of the inferior mesenteric vessels with isolation 
of the tumour-bearing segment by tapes, failed to demonstrate a significant 
improvement in LR or survival rates in a randomised trial [126]. 

The overall incidence of metastasis to lateral pelvic lymph nodes is in the 
order of 10% in rectal cancer [53,81], but is higher for lower- than for middle
and upper-third tumours [53,82]. Most patients with positive lateral nodes die 
of systemic disease despite radical node clearance [53]. The prognosis asso
ciated with positive lateral pelvic lymph nodes is in fact similar to that asso
ciated with histologically positive circumferential margins following TME. 
Cawthorn et al. [16] found that patients with positive lateral margins after TME 
usually died of systemic disease before developing symptomatic LR, and Scott 
et al. [112] found that three of four patients with circumferential margin in
volvement after TME developed distal recurrence. 

The benefits of lateral pelvic node dissection are unproven in terms of 
disease control [45,80, Ill]. However, the technique results in a high incidence 
of urinary and sexual dysfunction [54, 129]. Surgeons practising a less radical 
lateral dissection, confined within the internal iliac vessels, sacral nerve roots 
and inferior pelvic plexus, have reported single-figure LR rates combined with 
good functional results [25,83]. Few major differences appear to exist between 
the latter type of pelvic node dissection and that accomplished by TME [25, 
47]. The key feature of both procedures is sharp dissection, under direct vision, 
within the fascial planes encompassing the mesorectum [46]. 

Cytocidal Irrigation 

Surgical wounds are a fertile medium for implantation metastasis [66, 124]. 
Irrigating the rectal stump with a cytocidal solution may prevent implantation 
of viable exfoliated tumour cells into the wound or anastomosis [124]. Al
though widely practiced, the hypothesis that irrigating with cytocidal agents 
reduces LR has not been formally tested in humans. 

Of the 52 series studied, rectal washout with a cytocidal agent (water, po
vidine-iodine, cetrimide or mercuric perchloride) was reported to have been 
undertaken routinely in ten series" involving 1364 patients. The pooled LR rate 
in these series was 12.2%. A total of 41 % of the patients underwent TME, and 
11 % EPL. When separated according to TME, EPL or other, the pooled LR rates 
for patients having cytocidal washout were only 1%-2% less than pooled LR 
for the groups as a whole. This implies that the LR rate in patients having 
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cytocidal irrigation reflected the resection technique more than the use of 
cytocidal irrigation per se. 

Studies detailing patterns of local recurrence, combined with more recent 
pathological studies, strongly suggest that LR is usually due to residual disease 
rather than implantation [3, 43, 52, 57, 88, 100, 102, 112]. Nevertheless, irri
gating with a cytocidal agent may confer a small additional benefit, even after 
optimal surgery, by preventing implantation metastasis from occurring. 

Distant Failure 

In 22 of the 52 series studied, both isolated LR (no evidence of disseminated 
disease) and total LR rates were reported. Pooled LR for these 3838 patients 
was 11.3% and 21.5% for isolated and total LR, respectively. Thus 52% of 
patients with LR had no evidence of disseminated disease. This figure may be 
an over-estimate, given variations in the extent to which evidence for meta
stastic disease was sought and the limitations of all diagnostic modalities. 

The fact that adjuvant radiotherapy can reduce LR without improving 
survival, except with the addition of chemotherapy [36, 62], goes against the 
concept of survival being enhanced by prevention of LR alone. Nevertheless, 
complete surgical excision of LR is associated with 20%-40% long-term sur
vival rates in selected patients [17,68, 109]. This indicates that a percentage of 
patients with LR have either no metastatic disease or have micrometastases 
which remain quiescent for long periods. 

Adjuvant radiotherapy alone has no effect on survival, but it seems that the 
surgeon does. McArdle and Hole [73] demonstrated a four-fold difference in 
survival after surgery for colorectal cancer contingent on the surgeon. It has 
been postulated that surgery which minimises pelvic recurrences may also 
enhance survival [30], and there is some circumstantial evidence to support 
this [8,27,67]. However, comparing survival figures between different series is 
even more difficult than comparing LR rates, due to greater variation in the 
way in which survival is measured and reported [110]. Without randomised 
trials, progress towards resolving these issues can only be made by using 
standardised criteria for selecting, treating, staging and reporting outcomes. 
There is also a need for high-quality multi-surgeon studies, preferably popu
lation based [8], to augment the evidence gained from single-surgeon series. 

Conclusions 

There is considerable evidence implicating incomplete removal of tumour as 
the major cause oflocal treatment failure following surgery for rectal cancer [3, 
43, 52, 57, 88, 100, 102, 112]. In a systematic review of 52 published results of 
surgery for rectal cancer over a 10-year period, the technique associated with 
the least risk of LR risk was TME [11, 16, 18, 22, 56, 58, 60, 78, 119] (Fig. 3). 
More recently published work corroborates these findings [5, 8, 27, 67]. 

TME may reduce the risk of leaving behind microscopic deposits, especially 
discontinuous spread harboured within the distal mesorectum [49, 57, 102, 
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112], and insures against the tendency to "cone down" on the mesorectum 
when approaching the rectal waH below the tumour [7]. Careful sharp dis
section, rather than blunt extraction, also offers the potential benefits of re
duced transfusion requirements [13,95], preservation of autonomic nerves [25, 
125] and avoidance of inadvertent tumour perforation [103, 114, 130]. 

All series ofTME reported in the literature to date, with one exception [119], 
have achieved equally good or better local control than conventional surgery 
combined with postoperative adjuvant chemo-radiotherapy [36, 62]. Further
more, the results of TME have for the most part been achieved without pelvic 
radiotherapy. The postoperative adjuvant chemo-radiotherapy regimen cur
rently recommended by the NIH [90] approximately doubles total treatment
related mortality [62] and has a long-term detrimental effect on bowel function 
[61]. Such treatments may be best reserved for patients with inadequately 
excised tumours, as judged clinically and pathologically, rather than all tu
mours penetrating beyond the bowel wall. Preoperative radiotherapy is less 
morbid [34] and may be beneficial in more advanced disease [34,71] identified 
with the aid of endorectal ultrasound [77, 92]. Lateral pelvic node dissection 
results in urinary and sexual dysfunction and has not yet been shown to 
improve disease control [45, 80, Ill] over and above that achieved by nerve
sparing procedures incorporating complete excision of the mesorectum [25, 
83]. 

The wide range of LR rates with surgery alone indicates that rectal cancer 
should be treated by surgeons with a special interest and training in the 
management of this disease. In expert hands, LR rates of 10% or less can be 
achieved with surgery alone. Although some surgeons have argued that LR is 
merely a manifestation of systemic disease [55], this idea propagates a dan
gerously nihilistic approach to prevention and treatment of LR, and the evi
dence suggests that it is false as far as rectal cancer is concerned [109]. 
Biological factors do play an inevitable role in determining outcome, but LR 
and survival are both significantly influenced by the surgeon [73,98]. Surgeons 
must therefore assume some responsibility for treatment failure, rather than 
ascribing it all to the disease, and must strive to emulate the excellent results 
being achieved by a growing number of colleagues. Optimal surgery for rectal 
cancer needs to be complemented by optimal pathological evaluation of the 
resected specimen. The prognostic significance of circumferential margin in
volvement has been demonstrated [3, 16, 102], and future studies need to 
address the role of adjuvant therapy in this subset of patients, for whom the 
risk of recurrence remains high [16, 112]. 
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Introduction 

Staging is defined as the assessment and description of the anatomical extent of 
cancer at certain points in its natural history, as a rule at diagnosis or first 
treatment. Its significance is based on the fact that, for most solid tumours, 
anatomical extent is the best predictor of outcome. The purposes of staging are 
to assist in the planning of treatment, to estimate prognosis and to enable 
meaningful evaluation of treatment results. 

The first widely used staging system dates from the beginning of this cen
tury, when C.F. Steinthal introduced clinical staging of breast cancer in 1905 
[42]. In 1930, Cuthbert Dukes introduced a pathological stage classification for 
rectal cancer [6], and staging of gynaecological tumours started in 1937 with 
the publication of the Annual Reports by the League of Nations Health Orga
nization [30]. Based on the pioneer work of Pierre Denoix at the Institute 
Gustav Roussy, Villejuif, France, in the 1950s the TNM system was developed 
by the International Union Against Cancer (UICC) and the American Joint 
Committee for Cancer Staging and End Results Reporting (AJC; the name was 
changed in 1980 to American Joint Committee on Cancer, AJCC) as a system 
applicable to most tumour sites and entities and following uniform general 
rules [45]. 
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Types of Staging Systems 

The aim of staging is to assist in the planning of treatment by assessing the 
anatomical extent of cancer before treatment. After treatment, the residual 
tumour status is assessed to evaluate the results of treatment, to guide addi
tional therapy (e.g. adjuvant treatment after surgery) and to estimate prog
nosis. 

Staging may be based on clinical findings (clinical classification) or on 
findings from surgery and pathological examinations (pathological classifica
tion). 

Various categories of staging may be distinguished depending on the time of 
assesment and the methods used: 

1. Clinical staging systems. These involve assessment of the anatomical extent 
of cancer before treatment by clinical examination and other investigative 
methods. 

2. Pathological staging systems. These involve assessment of the anatomical 
extent before treatment by pathological methods. 

3. Clinico-pathological staging systems. These involve a combination of path
ological staging with residual tumour status after treatment. 

4. Comprehensive staging systems. These are systems which provide a clinical 
and a pathological staging system as well as a residual tumour classifica
tion. 

History of Staging of Colorectal Carcinoma 

All four types of staging systems have been developed and refined during the 
last 70 years for colorectal carcinoma (Fig. 1). 

The first attempt at classification can be traced back to the differentiation 
between curative and non-curative treatment at the Mayo Clinic in 1926 [37]. 
In the subsequent decades, the focus was changed to pathological staging. 

Clinical 
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R = Fig. 1. History of staging of colorectal carcinoma. CP, clinico-pathological 
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Dukes' classification proposed for rectal carcinoma in 1932 [7] is generally 
referred to as the "original" Dukes' system, although an earlier variant had 
been published in 1930 [6]. The Dukes' system combines depth of invasion and 
regional lymph node metastasis status to define three stages: 

1. Stage A. Invasion not beyond the muscularis propria, no lymph node me
tastasis 

2. Stage B. Invasion beyond the muscularis propria, no lymph node metastasis 
3. Stage C. Regional lymph node metastasis 

In 1936, an expansion of this system was proposed by the Dukes' group, by 
the subdivision of stage C into Cl and C2, i.e. without or with apical node 
involvement [11]. The Dukes' system has been further applied to colonic 
carcinoma since 1945 [8]. 

In the subsequent years, the pathological Dukes' system was repeatedly 
modified. The most frequently used modifications are those of Kirklin et al. 
[28], Astler-Coller [3], Gunderson and Sosin [12], the Gastrointestinal Tumour 
Study Group (GITSG) [41] and the National Surgical Adjuvant Breast and 
Bowel Project (NSABP) [49]. These modifications include different catego
rization of depth of invasion, different subclassifications of lymph node me
tastasis status, different definitions of the A, Band C classes and different 
subdivisions of Band C. The multitude of "Dukes' modifications" resulted in 
considerable confusion, which was illustrated by Kyriakos [29] in the light of 
the public discussion of president Reagan's disease. 

In the late 1960s, the residual tumour situation (remaining distant metas
tasis and loco-regional residual tumour) was combined with pathological 
staging. As such staging systems include clinical findings (e.g. diagnosis ofliver 
or lung metastasis), the combinations of pathological staging and residual 
tumour assessment were designated clinico-pathological staging. Turnbull et al. 
[43] were the first to publish this concept. Refinements were later introduced in 
1969 in Erlangen, Germany, by the Erlangen Prognostic Groups [19] and in 
1971 in Australia as the Concord Hospital Clinicopathologic Staging System 
[35]. The condensed revision of the latter was puplished in 1981 as Australian 
Clinicopathological Staging (ACPS) System [4]. 

In the 1970s, a clinical staging system based on digital rectal examination 
was described by York Mason [50] and refined by inclusion of imaging 
methods [36]. In the 1980s, the findings of endorectal ultrasonography were 
designated as uT and uN [24], although such symbols for a special type of 
clinical staging were not approved by the VICC or AJCC. 

The first TNM Staging for colorectal cancer was published in October 1966 
[44] and included both a clinical and a pathological classification. An alter
native TNM classification by the AJCC appeared in 1977, together with the 
introduction of a residual tumour (R) classification to describe the residual 
tumour status. Subsequently, the VICC and the AJC/AJCC worked fairly in
dependently for a number of years, despite similar objectives. The principal 
difference was the method used for staging. Murray Copeland, a surgeon and 
the first chairman of the AJC, recognised early the need for more precision by 
adding the pathological to the clinical classification. 
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In November 1979, the so-called Peace Talks of Toronto promoted the co
operation of the AJC and VICe. The decision was made to formulate a single 
TNM staging system at the 13th International Cancer Congress in 1982. The 
result was the unification of the VICC and AJCC system with the publication of 
the fourth edition of TNM in 1987 (for references and details, see [21]). 

Present Standard of Staging 

In 1995, the international standard for staging is given by the TNM system, as 
edited by the VICC in TNM Classification of Malignant Tumours [45] and TNM 
Atlas [46], the most recent versions being published in 1992. This classification 
corresponds exactly to the fourth edition of the AJCC's Manual for Staging of 
Cancer [1]. These publications are supplemented by the TNM Supplement 1993 
[47], a commentary on uniform use. The current TNM system (Table 1) was 

Table 1. Present TNM system [1,45] for invasive colorectal carcinoma 

Regional lymph node 
The regional lymph nodes are the pericolic and perirectal and those located along the 
ileocolic, right colic, middle colic, left colic, inferior mesenteric, superior rectal and internal 
iliac arteries. 

TNM Clinical Classification 
T - Primary tumour 
TX Primary tumour cannot be assessed 
TO No evidence of primary tumour 
T1 Tumour invades submucosa 
T2 Tumour invades muscularis propria 
T3 Tumour invades through muscularis propria into subserosa or into non-peritonealized 

pericolic or perirectal tissues 
T4 Tumour directly invades other organs or structures and/or perforates visceral 

peritoneum 

N - Regional lymph nodes 
NX Regional lymph nodes cannot be assessed 
NO No regional lymph node metastasis 
N1 Metastasis in one to three pericolic or perirectal lymph nodes 
N2 Metastasis in four or more pericolic or perirectal lymph nodes 
N3 Metastasis in any lymph node along the course of a named vascular trunk and/or 

metastasis to apical node(s) (when marked by the surgeon) 

M - Distant metastasis 
MX Presence of distant metastis cannot be assessed 
MO No distant metastasis 
M1 Distant metastasis 

pTNM Pathological Classification 
The pT, pN and pM categories correspond to the T, Nand M categories. 

Residual Tumour (R) Classification 
RX Presence of residual tumour cannot be assessed 
RO No residual tumour 
R1 Microscopic residual tumour 
R2 Macroscopic residual tumour 

Intra-epithelial and intramucosal carcinoma (Tis, pTis) is not considered. 
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Table 2. National TNM com
mittees 

Committee 

American Joint Committee on Cancer 
British Isles Joint TNM Classification 

Committee 
Canadian National TNM Committee 
Co mite National Uruguayo TNM 
Deutschsprachiges TNM-Komittee 
French TNM Group 
Italian Committee for TNM Cancer 

Classification 
Japanese Joint Committee 

53 

Abbreviation 

AJCC 
BIJC 

CNC 
CNU-TMN 
DSK-TNM 
FTNM 
ICC 

JCC 

agreed upon by all national TNM Committees (Table 2) and is the most widely 
used "common language" to describe the anatomical extent of cancer. Al
though the Japanese TNM Committee has agreed to use the UICC-TNM staging 
system of 1987 and 1992, a modified N classification and stage grouping is 
often used in Japan [25]. 

The general principles of the TNM system may be summarized in four 
points as follows: 

1. Local spread of the primary tumour (T), regional lymph node metastasis (N) 
and distant metastasis (M) are assessed and classified separately. 

2. T, Nand M are condensed to stage groups. 
3. Two classifications are provided for each site: a clinical TNM (cTNM) and a 

pathological classification (pTNM). 
4. While TNM and pTNM describe the anatomical extent of cancer in general 

without considering treatment, the supplementary R (residual tumour) 
classification describes the tumour situation after treatment. 

TNM Versus Dukes 

Several authors prefer the original Dukes' classification or modifications. The 
main reason for not using the Dukes' classification is the considerable con
fusion introduced by the numerous modifications. Further arguments can be 
added: in the Dukes' classifications, early carcinoma (limited to the sub
mucosa) cannot be identified; the Dukes' C stage is prognostically not 
homogeneous and in the various modifications it is subdivided according to 
different rules; the orginal Dukes' classification does not consider distant 
metastasis. Thus the National Institutes of Health (NIH), in its consensus 
conference on adjuvant treatment of color ectal carcinoma in 1990 [34], stated 
that "the TNM system, based on a complete pathological description, can 
effectively describe risk groups for recurrence and should be used in clinical 
trials, research and clinical practice." In both the United States and Germany, 
the TNM system was also introduced for quality management in oncology. 
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Anatomical Extent and Prognosis 

Review 

In the TNM system, prognosis is estimated from pT, pN, M or pM and R. There 
are correlations between these categories, as shown schematically in Fig. 2. 
With increasing pT, the possibility of RO resection decreases. In most patients 
with distant metastasis, an RO resection is not possible. Prognosis is in
dependently influenced by the R classification as well as by pT, pN and M or 
pM (for references, see [22]). 

Residual Tumour Classification 

The most important prognostic factor is the residual tumour status, as defined 
by the residual tumour (R) classification [16,20]. In this classification, not only 
is loco-regional residual tumour considered, but also distant metastasis. 
Figure 3 illustrates the prognostic influence of the R classification. These data 
(as well as all the following) orginate from a German prospective multicentre 
study by the Study Group on Colorectal Carcinoma (SGCRC), in which 2347 
unselected patients with invasive colorectal carcinoma were recruited from 
seven departments of surgery [IS, 23]. 

Prognosis of Patients with Residual Tumour 

The prognosis of the patients who have had Rl,2 resection is predominantly 
influenced by the absence or presence of distant metastasis. In the SGCRC 
study, the median survival time was 21.4 months for MO (n=4S) and 
11.4 months for Ml patients (n=llS). The 2-year survival rates were 44% and 
16%, and the 95% confidence intervals (CI) 30%-5S% and 10%-23%, respec
tively; the 5-year survival rates Wfre 23% (95% CI, 10%-36%) and 3% (95% CI, 
0%-6%), respectively. Local tumour spread (pT) and lymph node metastasis 
(pN) have no major prognostic significance in this patient group. 

Fig. 2. Components of the TNM sys
tem influencing prognosis. T, primary 
tumour; N, regional lymph node me
tastasis; M, distant metastasis; R, re
sidual tumour I 

® 

T 
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Fig. 3. R classification and prognosis. Observed 5-year survival rates with 95% confidence 
interval, surgical mortality not excluded. 1, RO (no residual tumour) (n=887); 55 ± 3%. 
2, (macroscopic or microscopic residual tumour) (n=231); 7 ± 4%; < P 0.001. In 166 out of231 
Rl,2 patients, the tumour was resected without achieving a RO status; 65 patients were treated 
without tumour resection. Data from the SGCRC study [23] 

Prognosis of Patients Without Residual Tumour 

The prognosis of patients resected for cure (RO) varies widely and depends 
predominantly on pTNM. Table 3 shows survival in relation to pT and pN. 

Prognosis in Relation to Stage Grouping 

In rectal carcinoma there are four T/pT categories, four N/pN categories and 
two M/pM categories, resulting in 32 TNM categories. For purposes of tabu
lation and analysis, except in very large series, it is necessary to condense these 
categories into a convenient number of TNM stage groups (Table 4). The 
prognosis of RO patients related to the VIce stage grouping is shown in Fig. 4. 
The differences in survival between the four stages are highly significant. It is 
important to note that VIce stage III is not homogeneous with respect to 
survival. There is a significant difference between pNl and the more advanced 
categories pN2 and pN3 in stage III, as demonstrated in Fig. 5. 

Further Development of Staging 

For the TNM system, as for other classification systems in medicine, there are 
two problems which arise from contradictory requirements: 

1. The classification needs to be stable so that data can be accumulated in an 
orderly way over reasonable periods of time. On the other hand, major 
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Table 3. Prognosis following RO resection of rectal carcinoma depending on pT 
and pN (data of the German Multicenter Study Group for Colorectal Carcinoma; 
from [23]) 

Category Patients 5-year survival ratesC Median survival 
(n) (% ) (95% CI) time (months) 

pTa 
pTl 80 74.3 64.1-84.5 n.d 
pT2 231 70.9 64.8-77.0 n.d. 
pT3 518 48.7 44.2-53.2 56.6 
pT4 58 24.1 12.9-35.3 25.1 

pNb 
pNO 464 68.1 63.7-72.5 n.d. 
pNI 160 46.6 38.6-54.6 53.7 
pN2 74 31.1 20.3-41.9 38.8 
pN3 132 32.7 24.3-41.1 36.2 

The presence or absence oflymph node metastasis could not be assessed (pNX) in 
57 patients treated by local resection. 
cr, confidence interval; n.d., not determined. 
aThree statistically different classes: pTl,2/pT3/pT4 (p<O.OOI). 
bThree statistically different classes: pNO/pNlIpN2,3 (p<O.OOl). 
cObserved rates, Surgical mortality not included; calculation according to Kaplan
Meier. 

Table 4. Stage grouping according 
Stage T N M to UICC [45] and AJCC [1] 

I (p)Tl,2 (p)NO (p)MO 
II (p)T3,4 
III 

(A) Any (p)T (p)Nl (p)MO 
(B) Any (p)T (p)N2,3 

IV Any (p)T Any (p)N (p)Ml 

advances in diagnosis or treatment must be considered and may lead to 
changes in the classification [45]. 

2. The classification should be simple enough for universal use in both highly 
developed and developing countries and sufficiently uncomplicated so that 
medical professionals are not discouraged from using it. On the other hand, 
for specialized institutions and for investigative purposes, a relatively simple 
staging system is inadequate and runs the risk of not being used [47]. 

With respect to stability, the VIee and AJee have adopted the policy of not 
publishing new editions of the system before experience has been accumulated 
over a period of 10 years. Thus the fifth edition ofTNM classification system is 
planned for 1997. 

Optional proposals for so-called telescopic ramifications, i.e. subdivisions of 
the existing T, Nand M categories, were presented in TNM Supplement 1993 
[47]. This telescoping enables further specifications for specialized institutions 
and accommodates the collection of additional data without altering the def
initions of the existing TNM categories. In this way, data for future changes can 
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Fig. 4. Stage grouping and prognosis. Tumour resection for cure (RO). For details, see legend 
to Fig. 3 
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Fig. 5. Inhomogeneity of prognosis in stage III. Tumour resection for cure (RO). 1, stage III! 
pNl (n=159); observed 5-year survival rate (surgical mortality not included), 47% (95% 
confidence interval, 39%-55%). 2, stage III!pN2,3 (n=191); 34% (27%-41%); p<O.Ol 
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be obtained; such data are needed because of the principle that changes made 
to the TNM system should be based on data, and not on philosophy. 

The same purpose can be achieved by optional descriptors, also presented in 
TNM Supplement 1993. Table 5 shows the respective proposals relevant to the 
staging of colorectal carcinoma. 

An alternative proposal for a future M classification comes from the results 
of an VIce field study on liver metastasis [17]: 

- MI: metastasis in non-regional lymph nodes only 
- M2: liver metastasis only 
- M3: lung metastasis only 
- M4: bone metastasis only 
- M5: metastasis in more than one site or at sites other than those listed under 

MI-4 

Standardization of Staging 

The results of staging according to a specific system are comparable only if the 
rules are uniformly applied and the methods used for assessment are largely 
similar or identical. Thus standardization of staging is crucial to achieve the 
goal of comparability. 

Standardization includes definition of the data which are to be included in 
the clinical and pathological staging reports. For clinical staging, the methods 
used have to be standardized. Standardization of pathological staging includes 
specimen handling, information on the pathologist, gross description, dissec
tion and sampling and histological work-up. 

Table 5. Proposals for further development of the TNM system; telescopic ramifications and 
new descriptors (from [47]) 

Telescopic ramifications 
pT3 According to the extent of histologically measured perimuscular invasion: 

pT3a (minimal) 1 mm or less 
pT3b (slight) > 1-5 mm 
pT3c (moderate) >5-15 mm 
pT3d (extensive) >15 mm 

pT4 pT4a Invasion of adjacent organs or structures without perforation of 

pT4b 
Ml MIa 

Mlb 

visceral peritoneum 
Perforation of visceral peritoneum 
Metastasis in nonregionallymph nodes only 
Metastasis in viscera (excluding peritoneal and pleural metastasis) 

Mlc Peritoneal or pleural metastasis 
pMl As Ml 

New descriptors 
(mi) To identify micrometastasis, i.e. no metastasis larger than 0.2 cm, in regional 

lymph nodes, e.g. pNl (mi), or Jin viscera or bone marrow, e.g. pMl (mi) 
(i) To designate the finding of isola.ted tumour cells in bone marrow, 

e.g. by immunohistology, which is classified Ml (i) 
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There have been various national and international initiatives in recent 
years, focused on standardization of staging, both generally and specifically for 
colorectal carcinoma (Table 6). 

The work of the International Working Party on Clinicopathological Staging 
for Colorectal Cancer was a milestone in this respect [9]. Its aim was not only 
to contribute to standardization of staging, but also to identify other non
anatomical variables of prognostic significance and thus to create a doc
umentation system, i.e. a standard format for clinical and pathology features 
which should be prospectively documented in all patients treated for colorectal 
cancer. 

Staging and Prognostic Systems 

The axis of classification used in staging is the anatomical extent of cancer. 
There is no doubt that additional non-anatomical factors may independently 
influence outcome. 

Table 6. National and international activities on standardization of staging 

Year Standardization Author 

1979 Standardized histopatho- Hermanek and Gall [18] 
logical reporting 

1981 Manual of surgical pathology Rosai [38] 
gross procedures 

1983 General rules for clinical and Japanese Research Society for 
pathological studies on Cancer of the Colon and Rectum [25] 
cancer of the colon, rectum 
and anus 

1983 Pathology reporting of Hermanek [14] 
tumours 

1989 Handbook for the clinico- UKCCR [48] 
pathological assessment and 
staging of colorectal cancer 

1991 Synoptic surgical pathology Markel and Hirsch [31] 
reporting 

1992 Association of Clinical Sheffield and Talbot [40] 
Pathologists Broadsheet: 
gross examination of large 
intestine 

1992 Checklists for surgical Frable et al. [10] 
pathology reports Kempson [27] 

Rosai et al. [39] 
1993-96 Tumour documentation in ADT (Working Group of German 

clinic and practice Cancer Centers) [2] 
(four volumes) 

1994 Protocol for examination of Henson et al. [13] 
specimens removed from 
patients with colorectal 
carcinoma 

1995 Diagnostic standards in oncology DKG (German Cancer Society) [5] 
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In 1987, Jass et al. [26] published a new prognostic classification of rectal 
carcinoma with an expansion of pathological staging (local tumour spread and 
lymph node metastasis) by additional consideration of the pattern of invasive 
margin and degree of peri-tumoural lymphocytic infiltration. Although this 
expansion is sometimes referred to as a staging system, it is actually an ex
ample of the integration of anatomical extent with two additional histological 
prognostic factors. 

Another example of this type of prognostic classification system is that 
presented by Michelassi et al. [32,33]' although it was incorrectly designated as 
a clinico-pathological staging system by the authors. In addition to anatomical 
extent, it considers race, gross tumour morphology (exophytic versus non
exophytic) and lymphatic and/or vascular micro-invasion. 

The identification of independent prognostic factors requires careful 
methods of investigation, including modern multifactorial biometric analysis 
(for references, see [22]) because of the multitude of interactions among the 
different prognostic factors. 

The VIce has published a compilation of prognostic factors for the most 
common tumour sites [22], which is intended to aid in portraying the scope of 
this field and to stimulate further studies of prognostic factors. 

The identification of independent prognostic factors other than TNM/pTNM 
and R (Fig. 6) opened up the way for the creation of so-called prognostic 
systems, i.e. the integration of multiple independent prognostic factors, with 
TNM and R remaining intact. In such prognostic systems it will be possible to 
calculate a so-called prognostic index which predicts outcome for the in
dividual patient based on all relevant information of prognostic significance. 
According to their prognostic index, patients may be assigned to various 
prognostic groups. 

In this way, the present staging systems based on anatomical extent of 
cancer will be replaced by a prognostic system using not only anatomical 
extent, but also other relevant prognostic information. Such systems will fa
cilitate the estimation of prognosis, the selection of appropriate treatment and 
the analysis of treatment results. It will also enable a better design of future 
clinical trials by appropriate stratification and consideration of all relevant 
prognostic factors [22]. 

Independent 

prognostic 

factors 

I,;J l:iR 1,1 [J Iol 
~~LJLJ . LJ 

Multivariate analysis 

Prognostic Index / Prognostic Groups 

Fig. 6. Development of prognostic systems 
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Good staging is central to the logical management of patients with rectal cancer 
since the choice of future treatment is frequently based upon the stage of the 
tumour. Before one can describe the limitations of existing staging systems, the 
best method must be considered. The ideal staging system would be clin
icopathological, however, there are two disadvantages of such methods. Firstly, 
clinical impressions can be inaccurate with false-positive and negative diag
noses, e.g. radiological imaging of metastases, surgeon's impression of ade
quacy of resection, and secondly, communication and cooperation must be 
high between the surgeon and his specialist pathologist, which may not always 
be the case. With improved imaging, more specialisation of both surgeons and 
pathologists, and the realisation of the importance of the close relationship 
between the pathologist and surgeon, it should be possible to move towards a 
clinicopathological system. 

The ideal staging system should be simple, reproducible, and have a high 
predictive value for the chosen end points for the individual patient. 

For me an ideal staging system would: 

l. Identify those patients who had undergone a palliative resection and the 
site(s) of residual disease and if possible predict the type of treatment re
quired for that pattern of residual disease. 

2. Identify cured patients with 100% success. 
3. Predict the site of recurrence whether local, peritoneal, liver or other distal 

sites or a combination of these sites with 100% success and thus predict the 
type of treatment. 
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Any additional information such as the quality of the surgical resection 
would be a bonus. Where possible there should be the minimum possible 
number of groups to answer the important clinical questions or alternatively 
an accurate percentage risk of recurrence could be given. 

The ideal grading system would predict the biological aggressiveness, e.g. 
rate of growth, the ability of the tumour to spread and, if possible, its response 
to the therapeutic armamentarium available for treatment. 

Current Methods of Staging 

The Dukes' [15] classification is the basis of many of the subsequent systems. 
Dukes' A carcinomas have invaded through the muscularis mucosa, but have 
not penetrated the whole thickness of the muscularis propria. Dukes' B car
cinomas have invaded through the muscularis propria and out into the sub
serosa or mesorectum; they do not involve lymph nodes. Dukes' C carcinomas 
have metastasized to lymph nodes. These were subsequently divided [17] into 
those cases in which the lymph node at the high surgical tie was involved 
(Dukes' C2) and those where it was not involved (Dukes' Cl). A further stage 
has come into popular usage after its description by Turnbull et al. [37]. This is 
frequently used to indicate the presence of hepatic metastases. 

The Astler-Coller modification [3] of the Kirklin, Dockerty and Waugh [26] 
classification is still based on the depth of penetration of the tumour and lymph 
node involvement, but has more subdivisions within it. It is confusing as it 
uses A, Band C but these are different from Dukes' description. Astler-Coller 
stage A tumours had mucosal involvement only, i.e. under Dukes' these were 
not invasive cancers. Stage BI carcinomas have invaded into the submucosa or 
the muscularis propria, but not through the muscularis propria, and there is no 
lymph node involvement. Stage B2 carcinomas have invaded through the 
muscularis propria with no lymph node involvement. Stage CI carcinomas are 
not through the muscularis propria, but have lymph node involvement. Stage 
C2 carcinomas are through the muscularis propria with lymph node metastases 
but the site of the metastases, e.g. apical lymph node involvement, are unim
portant. 

The TNM classification [4, 13, 19, 20, 38, 39] looks at direct spread (T) 
through the wall, into adjacent organs and the presence of involvement of the 
peritoneal surface. Lymph node involvement (N) of one to three nodes (Nl), 
four nodes or more (N2), or nodal involvement along named vascular trunks 
or of the apical lymph node (N3). Liver metastases are classified as present 
(MI) or absent (MO). If the data is purely pathological then it should be 
prefixed by a 'p', e.g. pT2 pN2 pM!. There is also a classification for a curative 
excision (RO), microscopic involvment of the margin(s) (Rl) or macroscopic 
residual disease (R2). The TNM classification accurately describes the stage of 
the tumour but leads to over 30 possible combinations, even without the 
addition of the R staging. To be clinically useful it needs to be fused into a 
smaller number of stages (see below). 
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The major strength of the Australian Clinico-Pathological correlation [9, II, 
12, 30] is that it is a clinicopathological system and that it is easy to use 
compared with TNM since it has only nine groups. 

The system devised by lass et al. [24, 25] is unusual in that it utilises both 
staging information such as depth of penetration and lymph node involvement 
and grading information such as the type of invasive border and the nature of 
the lymphocytic reaction. It has been criticised for the subjective nature of the 
grading variables and has not been widely adopted. 

All staging systems combine an assessment of depth of penetration with 
lymph node involvement as well as additional factors such as adequacy of 
resection, type of border, degree of inflammatory reaction and presence of 
metastases. 

Dukes, Astler-Coller and TNM are the major classifications in international 
usage. Each has advantages and disadvantages, and there is no ideal system. 
Dukes' stage is simple and used in many countries. Astler-Coller is used in the 
United States, and TNM is used widely in Europe and is gaining ground 
elsewhere, especially in the United States. All predict prognosis to a greater or 
lesser extent, but no one system predicts it with 100% accuracy. These systems 
have been used extensively to predict the survival of a group of patients but not 
for their accuracy in predicting death or cure, let alone the site of failure for an 
individual patient. The nearest anyone has got to assessing the accuracy of 
prediction is Nathanason et al. [29]. Their data are set out in Table 1. Whilst 
there are reasonable criticisms of this paper, it is an interesting way to compare 
classifications. It is clear that no single classification in their hands was greatly 
superior to Dukes' classification, and it is obvious that all the systems can be 
improved, especially with respect to accuracy in identifying individually those 
patients who will die and more importantly the site of failure. 

Other disadvantages are that all have multiple categories and that the 
numbers of cases in a category can be small, e.g Dukes's stage A's 
corresponding to T1 NO MO (Group 1) or Astler-Coller AIBI frequently do not 
exceed 15% of cases seen. TNM staging provides the most information and is 
easy to use, but ends up with multiple different categories that frequently have 
to be amalgamated as they may have a similar prognosis. The 33 variables can, 
however, be amalgamated into five stages. The 5-year survival ranges from 
Stage I 71%-74%, Stage II 57%-62%, Stage III 25%-40% to Stage IV 7%-9% 
[22, 41]. Considering the level of complexity of the classification, does it ac-

Table 1. The sensitivity and specificity of a staging system in predicting death from colorectal 
cancer from Nathanson et al. [29] 

Staging method Sensitivity Specificity Correct 
(% ) (% ) (% ) 

Dukes' 50.6 82.1 68.2 
Kirklin et al. 50.6 82.1 68.2 
Astler-Coller 50.6 82.1 68.2 
GI Tumour Study Group 46.2 91.3 71.3 
pTNM 64.7 76.0 71.0 
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tually help more than a simple modified Dukes' classification once it has been 
re-amalgamated into stages I-IV? 

Blenkinsop et al. [5] showed that in routine practice even the simple Dukes' 
system suffered from wide interobserver variation amongst pathologists. 
Therefore, more complex systems must demonstrate their reproducibility in a 
routine setting. Audit of the large bowel cancer project showed the frequency 
of Dukes' A's varied from 5% to 30% in different hospitals and the mean 
number oflymph nodes detected per case from 1 to 11.2 nodes [5]. The larger 
the number of factors that need to be collected, the less likely that they will be 
accurately recorded and that the variability between pathologists will be in
creased. 

In rectal cancer all the systems currently fail to place as much significance as 
is required on involvement of the circumferential resection margins (CRM) [1, 
14, 31, 32, 36]. The TNM and the Australian system can incorporate CRM 
involvement, but we do not know how it would affect the prognostic value of 
the classifications as there are as yet no prospective evaluations of these sys
tems with and without CRM involvement. 

What Staging Method Should We Use? 

Work needs to continue on improving current systems including new factors 
such as the assessment of CRM and peritoneal involvement. However, in the 
absence of one universal staging system it is relatively easy to use both Dukes' 
and TNM. It is sensible to ascertain whether the data which are common to 
most of the systems can be easily and reproducibly collected routinely by 
pathologists, if possible on a proforma basis which could be used in all clinical 
trials. Examples are shown in Fig. 1. The Royal College of Surgeons form is a 
routine reporting form containing the minimum data set developed by Pro
fessors Williams and Talbot and myself. This is based on a form used in 
Yorkshire developed by Y orkshin: pathologists. The second form of this is a 
modification of the original UKCCCR color ectal cancer form [40] by myself 
and Dr. N. Shepherd. It is probably naive to imagine that there will ever be a 
single staging system, but ways must exist for comparison of the clin
icopathological data in major trials, especially for meta-analysis. 

local Recurrence 

In this section, I would like to explore more fully the factors involved in local 
recurrence and suggest that recurrence can be predicted by simple pathological 
methods. The current method by which we examine our specimens will be 
described as well as the value of the careful pathological examination of the 
specimen with respect to the quality of surgery. 
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RCS National Guidelines Minimum Data Set 
Colorectal Cancer Histopathology Report 

Patient Name: ............................................................ . 

Hospital: ............................................................ . 

Histology No: ............................................................. . 

Gross Description 
Site of Tumour ............................................................ . 

Maximum tumour diameter ..................................... cm 

Distance of tumour to nearest margin .................. ' cm 

For rectal tumours 
Peritoneal reflection 

Above 0 At 0 Below 0 
Distance from pectinate line .. . ...................... cm 

Histology 
Type 

Adenocarcinoma 

If No, Other 

Yes 

o 

Differentiation by predominant area 
Poor 0 Other [J 

Local Invasion 

No 

o 

Submucosa (pT1) 0 
Muscularis propria (pT2) 0 
Beyond Muscularis propria (pT3) 0 
Tumour cells have reached the serosal surface 0 

or invaded adjacent organs (pT4) 

Margins 
Tumour involvement Yes No 

doughnut 0 0 
margin 0 0 
circumferential margin 0 0 

(rectal cancer only - involved if :0;1 mm) 

Histological measurement 

from tumour to circumferential margin .... ..... mm 

Date of Birth: .............................................................. . 

Hospital No: ................................................................ . 

Surgeon: ..................................................................... . 
-----------_._---

Metastatic Spread 
No of lymph nodes examined ..................................... . 

No of positive lymph nodes ........................................ . 

(pN 1 1-3 nodes pN2 <:4 nodes involved 

pN3 nodes along named vascular trunk) 

Apical node positive (C2) 

Extramural vascular invasion 

Background Abnormalities 

Adenoma(s) 

Synchronous carcinoma(s) 

Yes 

o 
o 

Yes 

o 
o 

Complete a separate form for each cancer 

Ulcerative colitis 0 
Crohn's 0 
Familial adenomatous polyposis 0 

-- --------------

Pathological Staging 
Yes 

Complete resection at all margins 0 

TNM 
T 0 NO MD 

Dukes 
Dukes A 0 (Growth limited to wall, 

nodes negative) 

Dukes B 0 (Growth beyond M. propria, 

nodes negative) 

Dukes C1 0 (Nodes positive and 

apical node negative) 

Dukes C2 0 (Apical node positive) 

Yes 

Histologically confirmed liver metastases 0 

Signature 

Date ...... . 

No 

o 
o 

No 

o 
o 
o 
o 
o 

No 

0 

No 

0 

Fig. 1. Possible colorectal cancer histopathology request form 
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UKCCCR Clinico-pathological Reporting of Colorectal Cancer 
Patient Name: ............................................................ . 

Hospital: ..................................................................... . 

Histology No: .............................................................. . 

Preoperative assessment 
Date! r -[Jan.I;;-y --'!'Mo;;O~;;;;"''''''! """""""v·"'IM......,1 

Distance of lower edge of tumour from anal verge 

by rigid sigmoidoscopy .......................... cm NA 0 

Quadrants: 

Fixity 

Anterior 0 
Posterior 0 

NA 0 

Mobile 0 
Fixed (immobile) 0 

Rectal Biopsy 
Primary adenocarcinoma 0 

(specify other ........................ . 

Differentiation Poor 0 
Synchronous lesions Yes 0 

(please specify ...... 

Left Lateral 0 
Right Lateral 0 

Tethered 0 
NA 0 

Other 0 
. ........... ) 

Other 0 
No 0 

. ......................... ) 

Chest X-ray 
Metastases present 0 Meatstases absent 0 

Liver Metastases 

Type of Scan 
CT 0 

Present 0 
Symptoms 0 

US 0 

Established liver metastases 
Solitary: Right lobe 0 
Multiple: Unilobar 0 

Equivocal 0 
Absent 0 

Isotope 0 

Left lobe 0 
Bilobar 0 

Serum CEA 
Normal 0 Raised 0 Not Measuerd 0 

If Raised, state level ........................................ .. 

Operative Assessment 
Date of operation Cr-ccD'Y:C-'I-M"-O""",,"h -r-=v~,""· J 
Operating surgeon 
Name: .............................................................. .. 

Grade: 

Date of Birth: ............................................................... . 

Hospital No: ................................................................ . 

Surgeon: ..................................................................... . 

Surgery 
Elective 0 Emergency 0 

If emergency, state reason ............................... .. 

Presence of: Yes No 

synchronous carcinoma 0 0 
adenomas 0 0 

Site 
Caecum 0 

Hepatic flexure 0 
SpleniC flexure 0 
Sigmoid colon 0 

Ascending colon 0 
Transverse colon 0 

Descending colon 0 

Rectum, above peritoneum 0 
Rectum, stradles peritoneal refiexion 0 

Rectum, below peritoneum 0 

Fixity 
Mobile 0 Tethered 0 

If fixed, state to which structures. 

Complications 
Obstruction 

Spontaneous perforation 

Local Abscess 

Operative perforation 

Yes 0 
Yes 0 
Yes 0 
Yes 0 

Clinical evidence of metastases 
Peritoneum Yes 0 
Para-aortic lymph nodes Yes 0 
Liver: None 0 1 0 

30 40 
Lobes Right 0 

Both 0 
Replacement <25% 0 

>50% 0 
Biopsy of distant metastases 

Yes 0 No 0 

Excision of tumour 

Fixed 0 

No 0 
No 0 
No 0 
No 0 

No 0 
No 0 
20 

Multiple 0 
Left 0 
NA 0 

25-50% 0 
NA 0 

Complete 0 Indefinite 0 Incomplete 0 
Is surgery considered curative? Yes 0 No 0 
Biopsy taken from tumour bed? Yes 0 No 0 

Additional data Yes No 

Pre-op radiotherapy Short course 0 0 
Long course 0 0 

Previous local excision D D 
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UKCCCR Clinico-pathological Reporting of Colorectal Cancer 
Patient Name: ............................................................ . 

Hospital: ..................................................................... . 

Histology No: .............................................................. . 

Gross Description 
Operation .................................................................... . 

Site of Tumour ............................................................ . 

Rectum: Peritoneal reflection 

Above D At D Below D 
Specimen length ...................... cm 

Tumour length .......................... cm 

Tumour width ............................ cm 

Perforation? Tumour D Bowel D 
Distance of tumour to nearest margin .................... cm 

Which? Distal D Proximal D 

Histology 
Grading 
Type 

Adenocarcinoma NOS 

Mucinous (>50% of tumour) 

Other .... 

Differentiation by predominant area 

Poor D 
Margin Pushing D 
Lymphocytic reaction Dense D 

Local Invasion 
Submucosa (pT1) 

Muscularis propria (p T2) 

Beyond Muscularis propria (pT3) 

Yes No 

D D 
D D 

Other D 
Infiltrating D 

Sparse D 

D 
D 
D 

Maximum distance beyond ............................... mm 

(measured macroscopically) 

Penetrates peritoneum with tumour cells on D 
surface/tumour ulceration of serosa (pT4) 

Invades adjacent organs (pT4) D 
Which organ ............................................................... . 

Margins 
Tumour involvement Yes No 

distal doughnut D D 
distal margin D D 
proximal doughnut D D 
proximal margin D D 
circumferential margin D D 
(rectal cancer/caecal only tumour <1mm from margin) 

Histological measurement 

from tumour to circumferential margin ................... mm 

Date of Birth: ............................................................... . 

Hospital No: ................................................................ . 

Surgeon: ..................................................................... . 

Metastatic Spread 
No of lymph nodes examined ..................................... . 

No of positive lymph nodes ........................................ . 

(pN1 1-3 nodes pN2 ~4 nodes involved 

pN3 nodes along named vascular trunk) 

Apical node positive (C2IpN3) 

Lymph node along named vascular 

trunk positive (pN3) 

Yes 

D 
D 

No 

D 
D 

Extramural vascular invasion D D 
Histologically proven distant metastases D D 

Site ................................................................ . 

Metastasis completely resected D D 
Other pathology 

Adenoma(s) 

Number .. . Site. 

Synchronous carcinoma(s)* 

Yes 

D 

D 
Number ....................... Site ..................... . 

*Complete a separate form for each cancer 

Ulcerative colitis 

Crohn's 

Familial adenomatous polyposis 

D 
D 
D 

No 

D 

D 

D 
D 
D 

Other (specify) ............................................................ . 

Clinico-Pathological Staging 
Yes No 

Complete resection at all margins D D 
pTNM 

pT D pN D pM D RO D R1 D R2 D 
(see guidance notes) 

Dukes A D (Growth limited to wall, nodes 

negative) 

Dukes B D (Growth beyond M. propria, nodes 

negative) 

Dukes C1 D (Nodes positive and apical node 

negative) 

Dukes C2 D (Apical node positive) 

Stage D D (Liver metastases) 

Signature ................................................................. .. 

Date ............................................................ .. 
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Evidence of CRM Involvement and local Recurrence 

Involvement of the proximal bowel margin is very unusual, and involvement of 
the distal margin infrequent. The most important margin is the CRM. A re
lationship between the degree of local spread and the frequency of local re
currence was shown by Dukes and Bussey [16], but they did not investigate 
involvement of the CRM. We commenced a prospective study in 1982 to in
vestigate this problem [32]. Chan et al. [7] in 1985 published a method of 
transverse slicing which was similar to ours to assess CRM involvement but 
reported no survival data. In our first series, 52 cases were followed pro
spectively for a median of 23 months. The specimens were opened, the tu
mours sliced transversely and totally embedded with the preparation of whole 
mount sections on glass slides. This was time-consuming but meant that the 
whole tumour could be reviewed. These were assessed for CRM involvement, 
which was present in 27%. Local recurrence developed in 23% of all patients. 
Eleven of 13 patients with CRM involvement, who survived to be assessed, 
subsequently developed local recurrence. This gave a sensitivity of 92%, a 
specificity of 95%, and a positive predictive value of 85%. Five of 39 patients 
(14%) in the curative group had CRM involvement, of which four recurred. At 
that time we did not investigate the lymph node chain above the tumour for 
CRM involvement. We subsequently modified the method from embedding 
and sectioning of the whole tumour in favour of transverse slicing of the 
tumour followed by careful visual inspection and selective histological sam
pling of the slices, with subsequent examination of the posterior mesorectum 
above the tumour for CRM involvement. This was routinely adopted in the 
department and has proved robust in practice. 

Between 1986 and 1990 we prospectively followed 194 patients [1]. Sixty
nine of 194 patients (36%) had involvement of the CRM, of which 44 recurred. 
Thus CRM status predicted local recurrence in 64%. Of the 141 patients who 
underwent a curative operation, 35 (25%) had involvement of the CRM. Of 
these 35 patients 23 (66%) recurred locally. For all CRM-positive patients, 64% 
recurred locally as opposed to 9% in the CRM-negative group. In the curative 
group, 66% recurred locally as opposed to 8%, indicating that the technique 
was equally effective in predicting local recurrence in both groups. For patients 
with a clear CRM and a potentially curative resection (n=106), 90% (95% CI 
84%-96%) avoided local recurrence, whereas only 22% (95% CI 6%-38%) of 
patients with CRM involvement at 5 years did so. The risk of local recurrence 
in CRM-positive patients was 12-fold (95% CI 4-34) that of CRM-negative 
patients and their risk of death three times higher (95% CI 1.6-6.5) than CRM
negative patients. The overall survival in the potentially curative resection 
group was 74% for CRM-negative patients as opposed to 24% for CRM-positive 
patients. Overall, patients who were CRM-positive had a 15% 5-year survival. 

The importance of CRM involvement has been confirmed by Ng et al. [31] 
on 80 patients, de Haas-Kock et al. [14] on 248 patients, and Shepherd et al. 
[36], on 209 patients. Cawthorne et al. [6] did not confirm its value with respect 
to local recurrence but this study stripped the fat from the rectum before 
examining the CRM. This would have made assessment of involvement of the 
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CRM much more difficult. However, in this study patients with CRM In

volvement had a very poor prognosis. 
CRM involvement has thus emerged as a powerful predictor of local re

currence and is a valuable new addition to staging rectal cancer. The in
volvement of the upper rectal peritoneal surface by tumour with ulceration of 
the peritoneum or free tumour cells on the surface [36] should also be added, 
but there are far fewer data available especially of its relative importance as 
compared to CRM involvement. Shepherd et al. [36] found l3/209 (6.2%) cases 
to have CRM involvement, but the impact on the surgically curative group 
could not be ascertained, as all such cases were classified as palliative. Im
portantly, they also found peritoneal involvement in 54/209 (25.8%) of cases. 
The relative importance of peritoneal involvement as a predictor of local re
currence would probably increase with a reduction in the frequency of CRM 
involvement which would be obtained by better surgery. The local recurrence 
rate in Shepherd et al.'s study was 13% at 30 months [36]. The surgeon in
volved in the study practised total mesorectal excision. This study indicates 
that pathological assessment of peritoneal involvement with between two and 
six histological blocks merits further attention. It does, however, demonstrate 
that peritoneal ulceration by tumour cells, or the presence of tumour cells on 
the surface of the peritoneum are required for local recurrence. The presence of 
tumour cells abutting the peritoneum but not penetrating it did not lead to 
local recurrence. 

From our latest study, CRM involvement and the presence of involved 
lymph nodes were the only independent predictors of survival and were better 
than Dukes' stage. De Haas-Kock et al. [14] in 248 patients showed CRM status 
and T stage to be independent predictors of local recurrence and CRM status 
and N stage to be independent prognostic factors for distant metastases. Ng et 
al. [31] showed CRM status, lymph node involvement and grade of differ
entiation predicted survival. The predictors of local recurrence alone were not 
stated. 

The current staging systems are geared to providing the surgeon with a 
percentage likelihood of the patient surviving. This is of less value than a 
staging system that can accurately predict cure or relapse and the site of that 
relapse. We now have a routine method for the prediction of patients likely to 
develop local recurrence (64% versus 9%) that adds little time to the dissection 
of a specimen (5-lO min). It is easily performed by any histopathologist and 
adds less than 5% to the cost of the examination. 

The method to use to predict distant relapse is less certain. In our series of 
an average local recurrence rate of 25% in curative cases, CRM status and 
lymph node involvement were the best predictors of distant recurrence. This is 
confirmed by de Haas-Kock et al. [14]. Shepherd et al. [36] found lymph node 
involvement, the type of invasive margin and extent of local spread to predict 
distant recurrence. The lesser importance of local spread was probably due to 
the low rate of local recurrence observed in this series, probably due to good 
surgery. It is now clear that we should move to the routine assessment of all 
margins and reassess the other prognostic factors required. Lymph node status 
is important but how many other factors do we need to add, especially when 
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intra- and interobserver variation will increase with the rise in the number of 
variables assessed. Current staging systems need to be reassessed. 

The Quality of Rectal Surgery 

Additional information is gathered by visual inspection and full thickness 
slicing of the tumour. Visual inspection gives a clear indication of the quality of 
specimens. Slicing the tumour as well as the posterior mesorectum above the 
tumour allows a good assessment of the adequacy of excision and the reg
ularity of the circumferential/mesorectal margin which is an indictor of the 
quality of the resection. Specimens vary widely between surgeons. Most pa
thologists only receive resections from three or four surgeons and, therefore, 
are unable to gain enough experience of the wide range of specimens of dif
ferent quality that are being resected. Figures Za-d show resections of varying 
quality. Inadequate specimens demonstrate the CRM very close to or at the 
muscularis propria (Fig. 2a). Figure 2d is a total mesorectal excision resection 
by Mr. R.J. Heald. With experience the macroscopic visual inspection of the 
specimen allows the pathologist to gauge the quality of the resection and thus 
the surgeon. 

Examples of transverse slices through rectal carcinoma specimens of dif
fering quality of resection are shown in Figs. 3a-d. In the worst resections 
(Figs. 3a,b) it is possible to see the muscularis propria forming the CRM and, as 
such, the recurrence of Dukes' A tumours can be explained. The most frequent 
problem is the irregular margin where the surgeon has accidentally left an area 
of mesorectum behind or lost the plane and cut inwards towards the 
muscularis propria before finding the correct plane again. The ideal resection 
should have a smooth circumferential margin as far as possible away from the 
muscularis propria. Figure 3d shows a reasonable resection. 

The routine measurement of the maximum depth of penetration of the 
tumour and the frequency of local recurrence in that surgeon's practice allows 
comparison of the quality of surgery between surgeons. If surgeon A had a high 
proportion of tumours extending out less than 5 mm from the muscularis 
propria and a high recurrence rate, then the quality of his/her surgery must be 
investigated. If surgeon B has a high recurrence rate but is routinely operating 
on cases where the tumour extends out 25-30 mm, then advanced tumours, 
not poor surgery, is probably the key factor responsible for recurrence. 
Measurement of the extent of local spread is an important factor when 
considering the degree of responsibility the surgeon should bear for local 
recurrence. 

Fig. 2a-d. Photographs of resections by different surgeons showing a varying degree of re
moval of the mesorectum. a It is possible to see muscularis propria over large areas of the 
specimen. b More tissue is removed but the specimen surface is very irregular. Mesorectal fat 
has either not been removed (thin arrows) or the plane of excision has been lost (fat arrow). c 
This is a better resection as the mesorectal surface is smooth. It does not, however, show the 
same amount of tissue removed as in d, a resection by Mr. Heald 
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Since (a) the resection specimen varies so much between surgeons, (b) 
survival differs dramatically between surgeons [18,22,23,27,28] and (c) it has 
been shown that the adoption of total mesorectal excision can improve local 
recurrence rates and survival [2], we should surely concentrate on the skill of 
the surgeon as an important prognostic factor. Should we not classify surgeons 
as well as the stage of the tumour? We might use groups like those laid out 
below, preferably based on the external audit of data: 

Group 1. Those with a 5-year survival for all cases of more than 60% and a 
local recurrence rate below 10%. 

Group 2. Those with a 5-year survival for all cases of 40%-60% and a local 
recurrence rate between 10% and 25%. 

Group 3. Those with a 5-year survival for all cases of less than 40% and a local 
recurrence rate of more than 25%. 

Group 4. Those who do not have sufficient experience to provide outcome 
data. 

The aim should be to fully utilise those surgeons in Group 1 and to improve 
the performance or exclude those surgeons in Group 3 from rectal surgery. 
Surgeons in Group 2 should receive educational visits from Group 1 surgeons. 
Such a proposal would be highly controversial, but would set standards which 
could be aimed at. Moving surgeons in Group 3 to Group 1 would yield a major 
improvement in prognosis, probably greater than that from adjuvant che
motherapy. Changing surgical practice could yield as much as a 20% 5-year 
survival advantage for patients with rectal cancer. 

The Optimum Specimen 

The optimum specimen consists of an adequate proximal margin and an 
adequate distal margin ideally greater than 5 cm but usually at least 2 cm. It is, 
however, possible to get away with 1 cm in many situations if there is no 
coning [18]. Ideally, such short margins should be avoided since distal mes
orectal metastases do occur [35]. Coning of the distal mesorectum must be 
avoided since it can bring the CRM much closer to the tumour, especially when 
the tumour lies in close proximity to the distal margin. A good clearance 
circumferentially around the tumour with as much tissue removed as possible 
is important. The mesorectum above the tumour should also be removed intact 
since it contains lymph nodes which may harbour metastatic tumour. In
volvement of the CRM can occur from this source. The surgeon should rou
tinely obtain at least 2 cm circumferential clearance posteriorly and at least 
0.5 cm anteriorly from the muscularis propria, and frequently it should be 
3-3.5 cm and 1 cm, respectively. The margin should be even with a consistent 
distance from the muscularis propria without dipping in towards it. This is 
shown in Fig. 3d. This is especially important with respect to the sacro-coc
cygeal raphe where the margin is frequently reduced to 0-1 cm from the 
muscularis propria. Anteriorly there is much less tissue to remove. In females 
this can be ameliorated to some extent by the removal of the posterior wall of 
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the vagina, but in men the area of the prostate makes anterior tumours more 
difficult to resect. Recently quantitative studies (Payne and Quirke, un
published data) have shown that there is 2.5 times more tissue posteriorly than 
anteriorly. It is important for the surgeon to consistently achieve the distances 
away from the muscularis propria stated above, for the specimen to have a 
smooth surface preferably with some meso rectal fascia of the holy plane on the 
surface to indicate that the surgical plane is correct (Fig. 4). The posterior 
aspect will frequently appear bilobed but again the indentation in the posterior 
midline should not be pronounced and should remain at least 2 cm from the 
muscularis propria. The plane should be consistent all the way up the posterior 
aspect of the specimen, since involvement of the CRM can occur from involved 
lymph nodes which lie against the CRM in this area as well as the primary 
tumour. 

Pathological Assessment of a Rectal Cancer Specimen 

The pathological assessment of a rectal cancer specimen has been described 
previously [33, 34], but minor modifications are presented here. Where pos
sible, specimens should be received fresh and be opened by the pathologist. If 
this is not possible, then the surgeon should open the bowel in the way de
scribed below and pin it out on a cork board for fixation. If neither of these are 
possible, then the specimen should be placed in an adequate volume of for
malin, usually 20 times the volume of the specimen. We now open the rectum 
anteriorly apart from the area 1-2 cm above and below the tumour where the 
anterior part of the rectum is left intact. This change is because of the im
portance of the anterior quadrant with respect to local spread. Below the 
peritoneal reflection, the surgeon can only usually remove between 0.5 and 
1.0 cm anteriorly, thus tumours involving this area are at greater risk of CRM 
involvement. 

In tumours above the peritoneal reflection, involvement of the peritoneal 
surface can occur, and it is best not to destroy this area during opening by 
avoiding opening the site of the tumour. If the surgeon or the pathologist is 
interested in the quality of the resection then macroscopic photographs of the 
posterior and anterior sides of the specimen are warranted as an audit record. 
The opened specimen should then be pinned to a cork board and fixed for at 
least 48 h, preferably more if possible. After fixation the specimen should be 

Fig. 3a-d. Photographs of transverse sections of the area of the tumour after fully opening the 
lumen of the rectum. a,b Poor resections with the circumferential margins lying on the 
muscularis propria in places and relatively little mesorectum excised around the tumour. 
c A slightly better resection but the margin is again uneven, close to the muscularis propria 
and this case shows CRM involvement 1.5 cm from the muscularis propria. d A much better 
resection with a smooth, even CRM. Note the lymph nodes in the meso rectal fat and the 
mesorectal metastatic deposits. It is easy to see how they could be left behind by operations 
such as shown in a, b, and c 
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Fig. 4. A good mesorectal excision (TME) performed by Mr. Heald. The surface of the me
sorectum is smooth with areas of fascia adherent to the surface (thin arrows). These are 
remnants of the 'holy plane' 

removed from the board and the non-peritonealised surfaces painted with ink 
by the method in use locally. We wash the surface with alcohol, then paint with 
black india ink, and then apply Bouin's fixative. The macroscopic description 
of the specimen is then performed. Failing to open the specimen does cause a 
problem with recording the tumour characteristics but the length, width, area 
and macroscopic appearances of the tumour are not prognostic whereas CRM 
and peritoneal involvement are. 

The area of the tumour that has been left intact is now sectioned transversely 
as thinly as possible. It is feasible to slice the specimen at 0.3-0.5 cm intervals. 
If the specimen is not well-fixed (i.e. at least 48 h in formalin) then this process 
is more difficult. The fixed slices are laid out under a good light and inspected 
macroscopically. The maximum depth of extension of the tumour from the 
muscularis propria is measured as is the distance from the CRM to the tumour. 
If the tumour is within 1 mm on histological sections, then CRM involvement 
is said to have occurred. This distance was chosen by analysis of previous 
studies [1,32]. If any lymph nodes abut the CRM, then these should be taken in 
continuity with the CRM so that involvement by this route can be identified, 
similarly if there is any evidence of isolated deposits or thickening/fibrosis in 
this area it should be sampled. Any peri tumoral lymph nodes will be collected 
at this time. If the tumour approaches the peritoneal surface this must also be 
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sampled to exclude malignant cells on the surface or ulceration of the serosa by 
tumour (36). 

Four blocks of the primary tumour must be taken to assess tumour char
acteristics. These may be the same blocks as those for the CRM if there is 
adequate tumour represented. After assessing the primary tumour, attention 
should be turned to the lymph nodes. Starting at the vascular resection margin 
the lymph nodes should be visualised by cross cutting the vessels and mes
orectum. Vessels along the inferior mesenteric or superior rectal artery should 
be identified and embedded separately (pN3) as should the highest lymph node 
(Dukes' C2/pN3). All other lymph nodes should be identified and embedded. If 
any lymph nodes lie against the circumferential margin then they should be 
taken in continuity with the margin to exclude CRM involvement. The distal 
margin should then be sampled and the doughnuts embedded. The proximal 
margin does not need to be examined unless within 5 cm of the tumour. Any 
mucosal lesions seen should be sampled. The status of the background mucosa 
can be obtained from the distal margin or the doughnuts. 

Standard histological examination of the haematoxylin and eosin sections 
should then be performed. If tumour is within 1 mm of the CRM, then it 
should be deemed to be involved. This measurement should be made on the 
glass slide using the Vernier scale. If tumour is close to the margin but greater 
than 1 mm then deeper levels should be cut to exclude involvement. If fibrosis 
has led to a mistaken impression of the depth of invasion from the muscularis 
propria, then this measurement should be corrected from the slide. 

Conclusions 

The ideal staging system does not yet exist. Reporting using Dukes' and TNM is 
recommended, together with careful examination of the CRM. 

The quality of surgical resection varies widely and this can be audited by 
careful macroscopic examination of the specimen. Areas to pay special at
tention to for CRM involvement are anteriorly, the posterior sacrococcygeal 
raphe and above the tumour where spread can occur from lymph nodes 
containing metastatic tumour. 
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Introduction 

No two patients with rectal cancer are ever exactly alike. It must follow, there
fore, that no single orthodox standard operation can be the best treatment for 
every patient with carcinoma of the rectum. York Mason 1976 [60]. 

The decision as to the best surgical technique for treatment of a patient with 
rectal cancer depends on several factors: tumour location, penetration of bowel 
wall, lymph node status, tumour grading, and, last but not least, the surgeon's 
experience and preference. 

Miles' [42] radical abdominoperineal resection is no longer the gold stan
dard for rectal cancer surgery, and the choice of operation must be made on 
the basis of preoperative staging. The preoperative clinical staging should 
provide information which closely matches the postoperative pathology stag
ing. The TNM system is the only one which can be used for preoperative 
clinical staging indicated by adding the prefix "c". For preoperative staging 
with ultrasound the prefix "u" is used and for postoperative pathological 
staging the prefix "p" is added. 

From a historical and practical point of view rectal digital examination will 
be discussed first. 
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Clinical Staging 

Rectal Digital Examination 

For low tumours within reach of the finger, rectal digital examination has been 
the traditional method for assessing local invasion by characterization of size, 
the level and the extent of the cancer, the number of quadrants involved and 
the degree to which it is tethered or fixed within the pelvis. 

This information is used in the decision making as to what can be achieved 
technically and oncologically, including the choice between a restorative, 
sphincter-saving resection or an abdominoperineal resection (APR) or to 
identify patients suitable for local treatment. From an oncological point of view 
digital examination may identify those at high risk for local recurrence in 
whom preoperative radiotherapy can be considered. 

York Mason [60] proposed a clinical staging system (CS) based on assumed 
rectal invasion according to digital examination. The examiner moves the 
tumour to asses the degree of local invasion. This allows staging in four clinical 
groups, which have different survival and local recurrence rates (Table 1). 

Some years later Nicholls and coworkers [43] in collaboration with York 
Mason redefined the clinical staging system and tested its potential limitations 
and reproducibility in 70 patients. In this system four stages were defined, as 
outlined in Table 2. 

Clinical findings were compared with the results of pathological examina
tion of the resected specimen. Gross tumour spread was accurately predicted 
by digital examination in around 80% of cases. Invasion within the rectal wall 
and early local spread were more difficult to identify. In 67%-83% of patients 
with different degrees of extent of local spread four stages of tumour could be 
recognized by digital examination by expert clinicians. Not surprisingly, the 
less experienced examiners were less accurate (44%-78%). Clinical assessment 
of extrarectal spread also correlated reasonably well with survival. Under
staging was a more common error than overstaging. 

Table 1. Description of local extent based on digital examination as suggested by 
York Mason in 1976 [60] 

CS I: Freely mobile: tumour has not invaded the muscularis propria 
CS II: 
CS III: 

Mobile: Invasion into muscularis propria but still confined to rectal wall 
Tethered mobility: invasion into perirectal tissuses 

CS IV: Fixed: Tethered fixation to pelvic organs: levator, vagina, bladder, etc. 

CS, clinical staging. 

Table 2. Local extent assessed by 
digital examination as proposed 
by Nicholls and coworkers [43] 

Stage 1: Confined to rectum 
Stage 2: Confined to rectum or slight extrarectal spread 
Stage 3: Moderate or extensive extrarectal spread 
Stage 4: Involvement of other organs or unresectability 
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These figures are considerably better than those of other published series [5, 
58] and represent probably the optimal of what digital examination can 
achieve. Nicholls et al. found that fixity is associated with a poorer prognosis 
[43]. However, fixation of the rectum can be caused by both local invasion and 
inflammation. In the study of Durdey and Williams [18] 26% of tumours were 
tethered by inflammation only. Bonfanti et al. [8] also found a significant 
percentage of inflammatory fixation, which did not, however, influence prog
nosis. Another problem with simple clinical examination is that some 20%-
30% of rectal tumours are inpalpable and that imaging studies have not been 
conducted. 

Despite its limitations, digital examination is the first step in staging for 
rectal cancer. Since the goal is to achieve the highest degree of certainty in 
preoperative staging, simple clinical examination must be supplemented by 
imaging techniques. 

Imaging Modalities 

Computed Tomography 

Pelvic computed tomography (CT) is used to detect local spread of rectal 
cancer. Its accuracy depends on the thickness of the "cuts" (5-12 mm), the 
skill and technique of the operator and the standard of the available equip
ment. It is tempting to regard the CT image as a transverse anatomical cut 
through the tumour. CT scan is still unable, however, to distinguish the various 
layers of the rectal wall. The rectal wall between the rectal lumen distended 
with air or water and the perirectal fat appears as one layer on CT. Differ
entiation between Tl and T2 tumours is impossible. Furthermore, the anal 
canal cannot be differentiated from the external anal sphincter; therefore tu
mour infiltration into the anal sphincters cannot be detected. Apart from very 
small tumours and those close to the anal canal, though, nearly all rectal 
cancers can be demonstrated on CT. 

In 1981 Thoeni and coworkers [54] proposed a classification system di
viding rectal tumours into four stages based on CT imaging (Table 3). A 
somewhat similar system was suggested the same year by Dixon and associates 
[15] (Table 4). Lymph nodes were classified as "enlarged" and "not enlarged". 
None of these two systems corresponds directly with the TNM staging system. 
Therefore direct comparison with TNM staging after resection and assessment 
of the specimens is of questionable value. 

The early results published in the literature [56,58,61] were optimistic and 
indicated a satisfactory correlation of more than 90% between CT staging and 
the final histopathologic assessment. A critical analysis of these first reports 
reveals limitations in stage definitions and demonstrates that, commonly, only 
advanced lesions were investigated by CT. More recent studies [4,21] indicate 
that results have improved due to clearer stage definitions, with an accuracy 
ranging from 47% to 75%. Angelelli et al. reported an accuracy of 83% com
paring CT imaging with Dukes' classification of resected specimens [3]. In this 
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Table 3. Staging system based on computed tomographic imaging 
introduced by Thoeni and coworkers [54] 

Stage I: 

Stage II: 

Stage III A: 

Stage III B: 
Stage IV: 

Intraluminal polypoid mass without thickening of 
the bowel wall 
Thickening of the bowel wall (> 0,5 cm) without 
invasion of surrounding tissue 
Invasion of surrounding tissue but no extension to 
the pelvic side walls 
Extension to the pelvic side walls 
Pelvic tumour and distant metastases 

Table 4. Staging system based on com
puted tomographic imaging after Dixon et 
aI. [15] 

Stage I: No spread or slight spread « 1 cm) 
Stage II: Moderate spread (1-2 cm) 
Stage III: Extensive spread (> 2 cm) 

series only 10% of the patients had Dukes' A lesion; the remaining patients had 
more advanced disease. Several authors have reported a high accuracy for CT 
in predicting local malignant extension beyond the bowel wall [23, 47, 58]. A 
review of the literature demonstrates a sensitivity ranging from 53% to 72% 
and specificity from 57% to 92% (Table 5). A problem is that infiltration of a 
few millimeters is not detectable by CT and that perirectal inflammation may 
mimic invasion. 

Resectability can also be predicted by CT. When planning resection of rectal 
cancer it is important to know the relation between perirectal infiltration and 
the perirectal fascia. The perirectal fascia constitutes an important barrier to 
tumour invasion into the pararectal connective tissue. Grabbe, Lierse and 
Winkler have demonstrated that, normally, the perirectal fascia cannot be 
detected because of limited spatial resolution [23]. Only pathologic changes in 
the perirectal fat, such as tumour infiltration or inflammation, cause perirectal 
fascial thickening. Under such circumstances tumour growth beyond the fascia 
may be detectable, indicating unresectability. With the exception of one pub
lication only [58], all authors agree that differentiation between inflammation 
and tumour infiltration is not possible. 

Enlarged lymph nodes (LN) can be visualized on CT but it is not possible to 
ascertain whether the enlargement is due to malignant infiltration. Some au
thors have tried to define LN metastases by node size. Applying different 
definitions of "affected nodes" ranging from 5 to 15 mm the results vary ex
tremely. As indicated in Table 5 specificity ranges from 64% to 96% and the 
sensitivity from 22% to 88%. It is well known from histologic examinations 
that small nodes may harbour metastases. Such findings reduce the clinical 
value of CT imaging as an investigative tool for the detection of occult LN 
metastases. 

Thus the usefulness of CT for staging rectal cancer is disappointing. Tu
mours within the rectal wall and slight invasion through the wall cannot be 
assessed. Despite some enthusiastic reports [4,61] the results of evaluation of 
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Table 5. Correlation between computed tomographic imaging and tumour infiltration and 
lymph node status at histopathologic examination 

Study Year Patients Infiltration Lymph nodes Tumour 
(n) stage 

Dixon et al. [15] 1981 47 sens.79% spec. 96% 
sens.39% 

Thoeni et aI. [54] 1981 34 acc. 92% 
Zaunbauer et al. [61] 1981 acc.100% acc.100% 
van Waes et al. [56] 1983 21 acc.80% 
Grabbe et al. [23] 1983 155 spec. 92% spec. 92% 

sens.74% sens.34% 
acc.79% acc. 56 

Adalsteinsson et al. [2] 1983 150 acc.60% 
Romano et al. [47] 1985 23 acc.83% 
Freeny et al. [21] 1986 80 spec. 80% spec. 96% acc. 47% 

sens. 61 % sens.26% 
Thompson et al. [55] 1986 25 spec. 57% spec. 75% acc.60% 

sens.77% sens.22% 
acc.70% acc.35% 

Hodgman et al. [36] 1986 30 spee. 90% acc.90% 
sens.40% 
acc.65% 

Rifkin et al. [46] 1989 81 spec. 53% spec. 88% acc.40% 
sens.53% sens.27% 

Rotte et al. [49] 1989 30 acc.76% 
Beynon et al. [7] 1989 50 spec. 91% 

sens.25% 
acc.57% 

Shank et al. [52] 1990 85 acc.5l% 
Angelelli et al. [3] 1990 42 acc.98% spec. 65% ace. 83% 

sens.88% 
acc.79% 

Bech-Shriver et al. [4] 1992 22 acc.84% acc.75% ace. 75% 
Herzog et al. [27] 1993 87 spec. 86% 

sens.68% 
acc.74% 

spee.=specificity; sens. = sensitivity; acc.= accuracy. 

LN with CT are still unacceptable. Accurate assessment of local spread can only 
be achieved in advanced tumours. CT may thus be helpful in monitoring the 
effects of preoperative radiotherapy. However, the distinction between malig
nant or inflammatory fixation is still questionable. Staging of rectal cancers 
with CT is therefore not recommended although it may be helpful for advanced 
lesions [21,55]. 

Magnetic Resonance Imaging 

A potentially superior imaging technique is magnetic resonance imaging 
(MRI). A variety of scanning techniques can be used which map the hydrogen 
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nuclei density and molecular environment. It was hoped that this technique 
would demonstrate lesions that otherwise would be below the threshold for 
anatomical resolution using CT. Few studies on rectal cancer have been per
formed within the last 10 years and the number of patients studied is small. 
Using conventional MRI technique the rectal wall appears as one layer; dis
tinctive, anatomical rectal wall layers are not discernable. 

Substantial problems were encountered in preliminary in vivo studies be
cause of extensive motion artefacts [12]. With high-resolution endorectal 
surface coil MRI it is now possible to develop criteria for staging of rectal 
cancer, as the coil technique allows the identification of multiple layers. These 
layers consist of an inner layer of high signal intensity (the mucus and fluid 
between the coil and the rectal wall), a layer of low signal intensity (mucosa 
and muscularis mucosae), a middle layer of high signal intensity (the sub
mucosa), a second layer of low signal intensity (the muscularis propria), and 
an outer layer of high signal intensity (the perirectal fat). 

Based on such findings Schnall et al. [51] have defined criteria for MRI 
staging of rectal cancer (Table 6). Using the MRI staging criteria given above 
prospective MR imaging staging correlated with the pathologic stage in 29 of 36 
patients (81 %). The extent of invasion was overestimated in seven cases. The 
criterion "irregularity of nonluminal surface" led to substantial overstaging of 
T2 lesions. Lymph nodes were differentiated by the criterion "non-fat-con
taining". Non-fat-containing nodes were identified as Nl. Based on this defi
nition sixteen patients had Nl lesions and 20 had NO lesions. The accuracy in 
differentiating Nl from NO disease was 78%, with a sensitivity of 81 %. 

In other studies, summarized in Table 7, different layers of the rectal wall 
could not be demonstrated by MRI. Even in very recent studies [40,41] it has 
been impossible to differentiate T1 from T2 tumours. 

MRI is therefore of limited value. Even in the study of Schnall and coworkers 
[51], which is the only one in which layers of the rectal wall could be dis
tinguished, these layers are only identified in parts of the circumference. Cri
teria used for identification of metastatic lymph nodes are vague (fat
containing). It is generally accepted that inflammatory nodes cannot be dif
ferentiated from metastatic nodes on the basis of size or signal intensity only. 

Endosonography 

Endosonography (ES) was introduced into clinical practice in 1983 [16, 30]. 
Using low frequency probes of 3.5 and 4.0 MHz the rectal wall could be dem
onstrated as a two- or three-layer structure. Initially it was attempted to stage 
rectal cancer according to the TNM classification and the prefix "u" for ul
trasound was introduced [28]. With the introduction of 7.5 MHz transducers 
five different layers of the rectal wall could be identified (Fig. 1). The physical 
and anatomical description of the two hypoechoic and three hyperechoic layers 
is extensively discussed elsewhere [9,31,33]. The uT-staging definition of 1985 
was later accepted by Saitoh and associates [50], Yamashita and coworkers [59] 
and many others. 
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Table 6. Staging criteria of rectal cancer with magnetic resonance 
imaging (Schnall and coworkers [51]) 

Tl: Mucosal thickening, preservation of submucosa at lesion centre 
T2: Disruption of submucosa off centre, disruption of submucosa at 

lesion centre with partial preservation of muscularis propria 
T3: Irregularity of nonluminal surface, disruption of muscularis 

propria 

Table 7. Correlation of magnetic resonance imaging with tumour infiltration at histopathol-
ogy, tumour stage, and lymph node status 

Study Year Patients Infiltration Lymph nodes Tumour 
(n) stage 

Butch et al. [11] 1986 16 acc. 93% 
Hodgman et al. [36] 1986 27 spec. 88% acc. 60% 

sens. 13% 
acc. 39% 

Guinet et al. [24] 1990 21 acc. 76% 
De Lange et al. [13] 1990 29 acc. 87% ace. 78% ace. 65% 
Chan et al. [12] 1991 12 acc. 90% acc. 57% 
Waitzer et al. [57] 1991 13 acc. 76% 
Okizuka et al. [44] 1993 33 spec. 89% 

sens. 64% 
acc. 79% 

Mc Nicholas et al. [40] 1994 20 acc. 95% acc. 95% 
Schnall et al. [51] 1994 36 spec. 72% acc. 81 % 

sens. 81 % 
acc. 78% 

Meyenberger et al. [41] 1995 6 acc. 80% acc. 40% 

The accuracy for staging of tumour penetration by ultrasound (uT) ranges 
from 64% to 94% [1, 37], with an average of 84% (Table 8; Figs. 2-10). A 
common error is overstaging of T2 lesions. This is due to peritumoural in
flammation which appears hypo echoic on the sonogram and mimics invasion 
where there is none (Fig. 10). Overstaging, however, is a minor clinical 
problem because undertreatment will not be the consequence. Stenosis of the 
rectal lumen preventing the insertion of the ultrasound probe occurs in about 
5%. Such advanced lesions must be assessed by CT. 

Before treatment is started it may be of interest to know whether LN me
tastases are present. The absolute number of involved nodes is, on the other 
hand, largely irrelevant. Using ES, LN appear with different echopatterns. Two 
main groups can be discerned: hyperechoic and hypoechoic LN. Between these 
distinctive groups are nodes which are both hypo- and hyperechoic. On the 
basis of different echopatterns LN can be differentiated as follows: By defini
tion hyperechoic nodes represent nonspecific inflammation (Figs. 11, 12). 
Hypoechoic nodes or nodes with mixed echopattern represent lymph node 
metastases (Figs. 13, 14). These criteria of differentiation have been applied by 
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Fig. 1. Sonogram of the normal 
rectal wall demonstrating three 
hyperechoic and two hypoechoic 
layers. Inner hyperechoic layer, 
water filled balloon; Inner hy
poechoic layer, mucosa; middle 
hyperechoic layer, submucosa; 
outer hypo echoic layer, muscularis 
propria; outer hyperechoic layer, 
reflection line at perirectal fat 

Fig. 2. Sonogram of a tumour stage 
uTI. The submucosa (sm) is not 
interrupted 
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most investigators [7, 22, 27, 35] and give an accurracy rate of 73%-83% 
(Table 8). Criteria such as size, shape or outer borderlines of a lymph node 
were not characteristic [29]. 

Potential of (5, CT, MRI and ES 

For years the Dukes' classification was the most widely accepted staging system 
because it is simple and easy to remember. Unfortunately it is a posttreatment 
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Fig. 3. Sonogram of a tumour stage 
uTi as demonstrated by the intact 
submucosa (arrows) 

Fig. 4. Sonogram of a tumour stage 
uT2. The submucosa is interrupted 
by tumour invasion (arrows) 

U. Hildebrandt and G. Feifel 

classification for colorectal cancer and is applied after surgery has been per
formed. 

In 1976 York Mason published his clinical staging system, which is used 
before a surgical decision is made [60]. He showed that useful information can 
be obtained by digital examination of tumours lying within 10 cm of the anal 
verge, a part of the rectum where the surgeon is likely to be faced with a choice 
of treatment. The reliability of this system formed the basis of local excision of 
rectal cancer. Mason's clinical staging system is fairly accurate because the 
stages CS I-III correspond exactly with Tl-3 of the TNM classification. 



Preoperative Staging: A Critical Analysis 

Fig. 5. Sonogram of a tumour 
stage uT2. The muscle layer is 
infiltrated. The sharp outer 
confinement by the hyperechoic 
line demonstrates that the tu
mour does not penetrate into 
the perirectal fat 

Fig. 6. Sonogram of a uT2 tu
mour. Tumour invasion (arrows) 
is confined to the muscularis 
propria (mp) 
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The modification by Nicholls and coworkers [43] does not differentiate 
tumours within the rectal wall (TI, T2) and those confined to rectum or with 
slight extrarectal spread (T2, T3). It is apparent that this staging modality does 
not conform with the TNM system (Fig. 15). 

The introduction of CT in 1981 later led to an accuracy rate of 92% com
pared with the Dukes' classification. The accuracy of pooled data is lower, 
despite improvement in the imaging technology. The reason for this is that 
many investigators try to use the TNM system for the evaluation of tumour 
penetration depth. It is not surprising that the inability of CT to demonstrate 
single layers of the rectal wall makes it a useless tool for small lesions. CT is 
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Fig. 7. Sonogram of a tumour 
stage uT3. The tumour interrupts 
the muscularis propria (mp) and 
penetrates into perirectal fat 

Fig. 8. Sonogram of a tumour 
stage uT3. sm, submucosa; mp, 
muscularis propria; f, infiltration 
of perirectal fat 

U. Hildebrandt and G. Feifel 

very effective in predicting extensive spread and pelvic wall infiltration, how
ever. 

Technical advances in the field of MRI, especially the intrarectal use of small 
coils, have increased the precision of the MR images and may give a higher 
resolution. Demonstration of single layers is rare and incomplete. Conse
quently, small tumours cannot be staged. Further improvement of the MR 
technique will probably not be required in the future since less expensive, 
time-consuming and more effective tumour assessment can be obtained with 
ES. 

ES is said to have one disadvantage that other imaging modalities do not 
have - it is operator-dependent. This is true and may in part explain the low 
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Fig. 9. Sonogram of a tumour 
stage uT3. The dentated muscle 
layer indicates tumour penetra
tion into the mesorectum 

Fig. lO. Sonogram of a tumour 
stage uT3. Peritumoral inflamma
tion mimics invasion where there 
is none histologically (pT2) 
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accuracy rate in series with few patients. The advantages are well known: low 
cost, availability, short examination time, minimal discomfort for the patient 
and highest accuracy for tumour staging. 

Today ES is the best imaging modality which, with some skill, demonstrates 
the single layers of the rectal wall in nearly all cases. Thus ultrasound (u) 
predicts tumour penetration and correlates well with the T stage of the TNM 
classification (Fig. 16). 

LN metastases are predicted with an accuracy of 75%, which is not accurate 
enough but still better than CS, CT and MRI. In our opinion pretreatment 
knowledge of LN metastases has only limited influence on treatment decisions. 
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Fig. 11. Hyperechoic lymph node 
(arrow) representing nonspecific 
inflammation 

Fig. 12. Hyperechoic lymph node 
(In) and blood vessel (v) 

Implications for Treatment 

U. Hildebrandt and G. Feifel 

Despite all efforts to stage a rectal tumour prior to surgery, the decisive step is 
surgery itself. Even with the best staging system a poorly trained surgeon will 
do little to minimize the disability that rectal cancer so commonly causes. It 
has been clearly demonstrated by Heald (25) that total mesorectal excision is 
an important step in order to improve results of rectal cancer surgery. This 
principle, together with autonomic nerve-preserving dissection (19), optimizes 
the chances for cure with preservation of sexual and urinary functions. In
tersphincteric rectal excision is restricted to tumours which are confined to the 
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Fig. l3. Hypoechoic lymph node 
(In) representing metastatic in
volvement 

Fig. 14. Hypoechoic lymph node 
(In) 
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muscularis propria and which do not infiltrate the sphincter [35]. For TI 
lesions local excision of rectal cancer is an option in selected cases. 

Based on preoperative ultrasound staging our treatment policy for rectal 
cancer can be summarized as follows: 

Upper third of rectum: 
Anterior resection for all tumour stages 

Middle third of rectum: 
uTI NO: Transanal endoscopic microsurgery for "low risk" carcinomas 
uTI-2: Anterior resection 
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Table 8. Correlation of endosonography with tumour stage (pT) and lymph node status (pN) 

Study Year Patients Tumour stage Lymph node 
(n) accuracy (%) accuracy (%) 

Hildebrandt and Feifel [29] 1985 25 92 
Saitoh et al. [50] 1986 88 90 73 
Di Candio et al. [14] 1987 55 91 
Accarpio et al. [1] 1987 54 94 
Beynon et al. [6] 1988 89 92 
Hildebrandt et al. [31] 1988 98 89 
Yamashita et al. [59] 1988 122 78 
Beynon et al. [7] 1989 95 83 
Rifkin et al. [46] 1989 102 60 82 
Buess et al. [10] 1989 56 86 
Glaser et al. [22] 1990 86 88 76 
Heintz et al. [26] 1990 86 88 
Konishi et al. [39] 1990 47 78 
Orrom et al. [45] 1990 77 75 81 
Roseau et al. [48] 1990 31 87 
Hildebrandt et al. [33] 1990 113 79 
Herzog et al. [27] 1992 118 89 80 
Katsura et al. [38] 1992 120 92 
Feifel et al. [20] 1992 204 92 
Hulsmans et al. [37] 1994 55 64 
Thaler et al. [53] 1994 37 88 80 

uT3: Anterior resection with total mesorectal excision, reconstruction 
with coloanal pouch 

Lower third of rectum: 
uTi NO: Transanal endoscopic microsurgery for "low risk" carcinomas 
uTI-2: Anterior or intersphincteric resection with total mesorectal exci
sion, reconstruction with colonic pouch 
uT3: Within mesorectum: resection with total mesorectal excision, co
lonic pouch 
uT3: Outside mesorectum: abdominoperineal excision 

Conclusion 

Digital rectal examination, CT and MRI are less accurate than ES in predicting 
local invasion of T1 and T2 tumours. If an experienced rectal endosonographer 
has carried out the examination and the scan is correct for depth of invasion, 
ES will help select tumours suitable for local excision or for a sphincter-saving 
procedure. More advanced tumour stages (T3 and T4) can be assessed with a 
comparable accuracy by CT. Currently, the role of MRI, including MRI using 
intrarectal coils, is probably limited and should be assessed in further com
parative studies. 
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Fig. 15. Comparison of CS, CT, MRI and ES in the assessment of the tumor penetration depth 
(M, mucosa; SM, submucosa; MP, muscularis propria) 

Fig. 16. Tumour penetration correspond
ing to T stage 1-4 evaluated with ultra
sound 
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Introduction 

Molecular biological knowledge will only be used if it can replace or comple
ment current knowledge. It must be able to do this more rapidly and ideally at 
lower cost than current methods. A large number of studies will mature in the 
next 3-5 years and will make claims for the value of using a particular method 
in clinical practice. Prior to adopting them in clinical usage, they should be 
carefully evaluated, since it is relatively easier to publish positive series than 
negative series. It is only when several retrospective and preferably prospective 
studies have been performed and compared against the gold standards for 
prognosis derived from the histopathological staging and grading of rectal 
cancer that the newer techniques should be adopted. 

In other situations it is immediately apparent that a new method or molec
ular discovery is of great importance. Excellent examples of this are the dis
covery of the APC gene [1-4], which causes familial adenomatous polyposis 
(FAP) and the DNA repair genes hMSH2 [5, 6], hMLH1 [7, 8], hPMS1 [9], 
hPMS2 [9] and GTBP [10-12], which are responsible for most cases of he
reditary non-polyposis colorectal cancer (HNPCC). 

The current methods of preoperative evaluation are improving all the time. 
Endorectal ultrasound and more powerful and technically advanced types of 
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computed tomography (CT) and magnetic resonance imaging (MRI) will make 
a major contribution, but as yet they are unable to answer all the important 
preoperative questions of the surgeon. Standard histopathological techniques 
will continue to add to our knowledge, but it is in the field of molecular biology 
that new opportunities await. In this chapter, the potential value of molecular 
biology in the preoperative evaluation of rectal cancer will be discussed. 

Summary of Our Understanding of the Molecular Basis 
of Sporadic Colorectal Cancer 

Types of Gene Involved 

Several types of gene are thought to be involved. 

Proto-oncogenes 

Proto-oncogenes are normal cellular genes which stimulate proliferation and 
other key cellular processes and are abnormally switched on by mutation, 
amplification or translocation. This class of genes can be looked upon as the 
accelerator pedal of the cell. When they become activated, the cell accelerates 
and can go out of control. 

Tumour Suppressor Genes 

Tumour suppressor genes are normal cellular genes which suppress cell growth 
and other important cellular processes. Classically, one copy (or allele) of the 
gene becomes inactivated by mutation and the other allele is subsequently 
deleted, leading to complete loss of function [13, 14]. The latter process is 
called loss of heterozygosity (LOH). Inactivation of function can also occur at 
the protein level. Tumour suppressor genes can be likened to the brake pedal 
in that they control important cellular processes. If you lose the brakes, the cell 
can go out of control. 

DNA Repair Genes 

DNA repair genes control the repair of specific types of induced and en
dogenous DNA damage. Inactivation of a particular repair mechanism (the 
DNA mismatch repair system) is known to occur in colorectal cancer and is 
responsible for most cases of HNPCC. The mismatch repair system corrects 
small regions of mismatched bases in DNA. Microsatellites are short, repetitive, 
two- to five-base DNA sequences such as CA or GTT repeats [15], and these 
regions are prone to mismatches during DNA replication. Thus the inactiva
tion of the mismatch repair mechanism leads to the appearance of changes 
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within large numbers of micro satellite sequences (a phenomenon known as 
micro satellite instability [16]), some of which affect the function of important 
genes, e.g. type-2 transforming growth factor (TGF)-~ receptor [17]. To con
tinue the motoring analogy, if a car needed continuous maintenance because it 
was continually going wrong, then failure of the repair system would lead to an 
accumulation of defects which after a while would affect key elements involved 
in control of the car, e.g. the brakes. It has been postulated [18] that the 
immune response system may recognise such defective cells, leading to the 
removal of "dangerous cars" from the streets by the police. 

Other Genes 

Other genes such as Bcl-2 [19] are involved in the pathways controlling cell 
suicide (apoptosis; see [20, 21]). In addition, the nm23 gene [22] and a cell 
adhesion molecule named CD44 [23] are factors which may affect the meta
static process. 

Molecular Changes in Sporadic Colorectal Cancer 

A summary of the changes seen in colorectal cancer is shown in Fig. 1. 
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Fig. 1. Postulated timing of occurrence of the main molecular alterations which have so far 
been described in sporadic colorectal cancer. APC, adenomatous DCC, deleted in colorectal 
cancer gene. Crosses indicate proliferative zones. For more details, see text. Polyposis coli gene 
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Aberrant Crypt Foci 

Aberrant crypt foci are microscopic lesions that may precede adenoma for
mation. 

In the progression to sporadic colorectal cancer, one of the earliest lesions is 
thought to be a point mutation in the APC tumour suppressor gene [24]. The 
APC gene is responsible for FAP, and thus mutations of this gene may give rise 
to hyperproliferation of the colonic crypts. Mutations of APC have been de
tected in aberrrant crypt foci [25]. The APC protein interacts with the catenins 
[26, 27], which in turn are associated with E cadherin, a cell surface protein, 
but the mechanism by which a point mutation in APC affects the colonic crypt 
is unknown. Mutations in the Kirsten ras (K-ras) oncogene have been detected 
in aberrrant crypt foci, and the reported frequency of alterations at codon 12 or 
13 ranges from 58% to 100% [28, 29]. Mutations in ras lead to abnormally 
increased signal transduction from cell surface receptors through to the nu
cleus [30]. 

Adenomas 

K-ras mutations reportedly occur in up to 75% of adenomas [31]. Bcl-2 is 
usually only expressed in the base of the crypt [32], but with the onset of 
dysplasia, as demonstrated in very early adenomas, marked nuclear Bcl-2 ex
pression is seen throughout the crypt. The abnormal expression of this protein 
may confer the ability on the cell to escape apoptosis and contribute to the 
excess local cell proliferation and development of dysplasia. As adenomas 
grow, loss of other tumour suppressor genes occur. In addition to loss of 
heterozygosity of APC, there are deletions of the deleted in colorectal cancer 
gene (DCC), which functions at the cell surface [33-35]. 

Carcinomas 

At the adenoma-carcinoma interface, point mutations and loss of hetero
zygosity of the p53 tumour suppressor gene are seen [36-38]. Less frequently, 
over-expression of the protein occurs without point mutation. Changes in p53 
are linked to the development of major changes in chromosome number such 
as DNA aneuploidy. At least 40% of carcinomas will have ras mutations [33, 
39]. A subset of approximately 20% of sporadic colorectal cancer patients 
exhibit microsatellite instability (MI) in their carcinomas. Most of these pa
tients are probably not HNPCC individuals, but may have developed somatic 
mutations in their DNA mismatch repair genes. In HNPCC families, micro
satellite instability occurs earlier since it is present in 57% of HNPCC adeno
mas versus 3% of sporadic adenomas [40]. As the carcinoma progresses, other 
genes are inactivated, including the retinoblastoma gene (RBI), as well as genes 
on Ip [41,42]' 8p [43,44], llq [45] and 14q [46]. 
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Metastases 

It has been suggested that the onset of metastasis is associated with loss of 
nm23 [47], and altered expression of CD44 [48]. However, further work is 
required in this area. 

Molecular Changes in Ulcerative Colitis-Associated Cancer 

The sequence of molecular events that occur in ulcerative colitis are much less 
studied and have been performed on smaller series of cases than sporadic 
colorectal cancer. The same spectrum of genetic lesions appears to occur in both 
sporadic and ulcerative colitis-associated cancer [49,50], and the frequency of 
micro satellite instability is also the same [51]. There are, however, some ap
parent differences in the timing and frequency of some events. Mutations in K
ras are reported to occur at a lower frequency in ulcerative colitis-associated 
carcinomas [52]. A more significant finding is that p53lesions occur earlier than 
in the sporadic pathway and can be detected during the development of dys
plasia [53]. Whether the finding of p53 or other abnormalities in mucosa ad
jacent or at a distance from the cancer will help in the decision to remove a 
colon earlier in this condition and/or will reduce colonoscopy rates is unclear. 

Potential Areas Where Molecular Biology Can Help 
Preoperative Evaluation 

There are several areas where preoperative evaluation using molecular 
biological techniques could be of value. Tests could be carried out on somatic 
tissue or biopsy specimens. 

Screening 

While screening for colorectal cancer is not directly related to preoperative 
evaluation, molecular biology could help in the identification of colorectal 
tumours. Importantly, for screening F AP and HNPCC kindreds, the causative 
genes have now been isolated and molecular tests based on these are being 
devised. Current methods such as faecal occult blood screening appear to be 
helpful in identifying patients at risk of colorectal cancer. It is now possible to 
identify ras mutations in the faeces of individuals bearing colorectal cancers 
[54]. Newer, more sensitive and rapid tests are becoming available, and it is 
likely that such work will bear fruit in the next 5 years. 

Biological Aggressiveness and Patient Prognosis 

The grade of a tumour has been, and still is, used to identify patients who 
should be treated more radically (for example, by an abdominoperineal re-
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section or perhaps radiotherapy). This is in spite of the inter-observer varia
tion seen on tumour grading [55]. If it were possible to grade a tumour more 
accurately by an assessment of molecular changes, then it might be valuable. It 
might also be possible to stage a tumour in this manner if genetic lesions 
restricted to tumours which have metastasised are identified. Help in pre
dicting the outcome for an individual patient may also be possible from mo
lecular studies. The grade of a tumour predicts the future biological 
aggressiveness of a tumour. The stage of a tumour is where it currently appears 
to be in its natural history. Tumour grade should be predictable by molecular 
methods. It may also be possible to identify tumour stage if certain molecular 
events only occur at specific stages of the disease, such as metastasis. The 
identification of tumour stage by molecular biological methods would also be 
extremely useful, since other modalities such as radiology may not be able to 
identify whether a tumour has metastasised. This section will therefore deal 
with potential molecular grading and staging parameters. 

Ideally, the ability to identify both mutations and loss of heterozygosity 
should be available to the molecular pathologist; however, current methods of 
identification of point mutations are time consuming unless the likely site of 
the lesion is known. This will improve in the future, with many methods 
holding out much promise, including the multiplex oligonucleotide ligase 
detection test [56], which can detect 28 known point mutations simultaneously, 
and methods using DNA repair enzymes to identify point mutations on pieces 
of DNA up to 0.5 Kb long [57]. Methods such as single-strand conformation 
polymorphism (SSCP) analysis and chemical cleavage mismatch analysis are 
being used to screen for mutations, but at present DNA sequencing is the most 
reliable method for the identification of unknown point mutations. 

The exception to the rule that large-scale assessment of point mutations is 
difficult are the point mutations in K-ras. At least 40% of colorectal cancers 
harbour K-ras mutations, of which 84% occur in the first two bases of codon 
12. These can be rapidly identified by polymerase chain reaction (PCR)-based 
tests such as SSCP, allele-specific PCR (ASPCR), and restriction enzyme 
cleavage methods. To date, there has been one report that the type of K-ras 
mutation in colorectal cancer is of prognostic importance [58]. While point 
mutations and small deletions play an important role in inactivating many 
tumour suppressor genes, their detection is still too difficult to be used in a 
large routine service. 

A method which can be used for the assessment of lesions of tumour sup
pressor genes is measurement of loss of heterozygosity. This can be performed 
either using restriction fragment-length polymorphisms or micro satellite se
quence polymorphisms. The latter are the current method of choice as they are 
more frequently distributed throughout the genome, are more informative, and 
are easier to use. The value of micro satellites lies in their polymorphic nature, 
i.e. they are frequently different from one chromosome to the other and thus 
the two copies of a gene can be distinguished from each other in terms of the 
length of the repeated sequence. This allows study of loss of heterozygosity, 
linkage analysis and microsatellite instability. The latter is manifest as an in
crease or decrease in the number of repeat sequences in the microsatellite. 
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Fig. 2. A colorectal cancer specimen showing micro satellite instability, which indicates that a 
mutation may have occurred in a DNA mismatch repair gene. This micro satellite assay was 
performed using fluorescent polymerase chain reaction (PCR), and the products were elec
trophoresed on a polyacrylamide gel in an Applied Biosystems automated DNA sequencer. 
Genescan software (Applied Biosystems) was used to automatically assess the size (in base 
pairs), height and area of each fluorescently labelled product. The upper trace shows the two 
alleles (peaks labelled 1 and 2), distinguished by their sizes, of a micro satellite marker in the 
DNA extracted from normal (N) tissue. The minor peaks are PCR artefacts known as stutter 
bands. In the corresponding tumour (1') DNA (lower trace), the same constitutional alleles 
(labelled 1 and 2), as determined by their size, are seen, but a novel allele (arrow) is also 
apparent that is not present in the normal DNA. Also see Table 1 

Microsatellites can either be identified by the use of peR with the incorpora
tion of radioactive or fluorescent nucleotides or by labelling of the primers. 
Fluorescence offers the advantages of multiple markers, sensitivity and the 
avoidance of the hazards of radioactivity, but requires a DNA sequencer [59, 
60]; examples are shown in Figs. 2 and 3. 

A number of studies have appeared trying to link molecular lesions to 
prognosis. As is often the case, they are contradictory. Several suggest that 
lesions of p53 and Dee may increase the aggressiveness of the tumour. Our 
study of K-ras mutation and p53 over-expression showed a poor prognosis in 
cases which showed abnormalities in both ras and p53 [61]. This series con
sisted of 100 colorectal cancer patients, but when the study was repeated on a 
second series this observation was not confirmed. This is the major problem in 
this area, since small numbers of cases and different methods used for analysis 
can limit comparability between studies. 

One of the largest series on 100 patients failed to show any relationship 
between the common molecular alterations and prognosis [62]; however, a 
relationship between Dee loss and prognosis has been reported by others [63]. 
Thus it seems that, with regard to loss of heterozygosity, much larger series are 
required. Patients with colorectal cancer showing micro satellite instability 
seem to have a good prognosis in several series, including our own [64]. 
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Fig. 3. This figure shows the outcome of a fluorescent polymerase chain reaction (PCR) assay 
using microsatellites to reveal allele loss (loss of heterozygosity) close to the location of a 
tumour suppressor gene (APC). The fluorescent PCR products were electrophoresed on a 
polyacrylamide gel in an Applied Biosystems automated DNA sequencer. In the upper trace, 
the normal (N) DNA is shown with the two alleles labelled 1 and 2. The lower trace shows the 
corresponding tumour (T) DNA; the amount of allele 1 has obviously decreased, which is 
indicative of allele loss. A calculation based on the area under each allele peak, which is 
calculated automatically by the Genescan software (Applied Biosystems), can be used to 
quantify the change in allele ratios between the normal and the tumour DNA 

Table 1. Size, type, height and area of each 
peak for the specimen shown in Fig. 2 Peak Peak type Size (bp) Peak height Peak area 

N 
1 Stutter 174.50 410 2792 
2 Allele 1 176.47 2328 19814 
3 Stutter 178.42 663 4748 
4 Allele 2 180.36 2235 20531 
T 
1 Stutter 172.51 415 3115 
2 Novel allele 174.42 1542 12352 
3 Allele 1 176.32 1621 11958 
4 Stutter 178.35 931 7176 
5 Allele 180.36 2112 18188 

Other gene products which have been investigated by imunocytochemistry, 
such as over-expression of c-myc, bcl-2 and p53, have shown that only c-myc 
relates to prognosis [32). 

Detection of Occult Metastases 

Many patients die after potentially curative operations due to occult metastases 
not detected at the time of surgery. If molecular markers could be found which 
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indicate the presence of metastases, and if exfoliated malignant cells circulating 
in the blood could be used to screen for such markers, then this assay could aid 
in preoperative evaluation. It is also worth noting that it has been reported that 
molecular biological techniques are more sensitive in the detection of occult 
lymph node metastases than histopathological examination [65]. If this is 
confirmed and could be used as a peri-operative procedure, it could have 
implications for both prognosis and prediction of recurrence. 

Response to Therapy 

A major question which would be helpful to answer is the likelihood of the 
tumour responding to preoperative radiotherapy, chemotherapy or both. If it 
was known that the tumour would significantly decrease in volume, then a 
delay prior to surgery would be worthwhile. If molecular markers could be 
discovered that identified patients who would not respond to particular types 
of chemotherapy, then it would be possible to avoid exposing the patient to 
such an agent. This is as yet a relatively unexplored area. 

Since a normally functioning p53 molecule will push a cell which has been 
damaged into apoptosis, it may be true that cells which have been damaged by 
radio- or chemotherapy may be more likely to survive if they have aberrant p53 
function than if they have a normal p53. The opposite may be true of DNA 
repair gene lesions. These tumours may be less likely to repair minor DNA 
damage than those tumours with normal DNA repair mechanisms. The bcl-2 
gene or other genes involved in apoptosis might also be of great interest in this 
context. Expresssion of this gene is usually lost in moderately and poorly 
differentiated tumours but retained in well-differentiated cancers. Other 
methods that might be of interest are the identification of gene products which 
interact with chemotherapeutic agents. An example of this is thymidylate 
synthase, which is the target enzyme for 5-ftuorouracil. The level of expression 
of this enzyme, which can be assessed using immunohistochemical staining, 
appears to have a significant bearing on response to 5-ftuorouracil therapy 
[66]. 

Radical or local Resection 

A small subgroup of patients who have small carcinomas or malignant polyps 
can be difficult to manage. With small rectal carcinomas which could be re
sected locally, there is a 10% risk of local metastatic spread to lymph nodes. 
Poor histological grade is helpful, but a firm marker of the ability to metas
tasise would enable the surgeon to act conservatively where possible. This 
would also be helpful in cases in which the surgeon believes he or she has 
removed a malignant polyp and there are adverse pathological features which 
indicate an aggressive tumour. Markers which help with the above parameters, 
such as prognosis and response to therapy, might also be useful in the context 
of the management of malignant polyps and the small rectal cancer which 
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might be removed locally. Most valuable in this situation would be knowledge 
as to whether the patient's tumour has metastasised. In colorectal cancer, 
nm23, a putative marker of metastasis has not been confirmed as valuable and 
at present no accurate molecular marker is available. 

Synchronous and Metachronous Cancer 

Improved knowledge of the risk of synchronous cancer or of developing a 
subsequent metachronous carcinoma would be of value. If this risk was high, 
then a total colectomy could be performed at the definitive operation. For 
patients with a strong family history of HNPCC, it has been standard treatment 
to perform a total colectomy if a cancer is diagnosed; however, the question of 
how a patient under 40 years or with a single first-degree relative with colo
rectal cancer should be managed is still open. Molecular markers may be of use 
in determining patients who are at increased risk of further colorectal tumours. 
In a preliminary study we found that there was a significant association be
tween micro satellite instability and increased risk of synchronous and/or 
metachronous colorectal cancers [64]. 

When Should the Rectum and Colon Be Removed 
due to the Risk of Neoplasia in Ulcerative Colitis? 

The current indications for colorectal resection for neoplasia in ulcerative 
colitis are biopsy-proven high-grade dysplasia verified by two pathologists or a 
diagnosis of adenocarcinoma. Difficulties can sometimes arise with the diag
nosis of high-grade dysplasia owing to inter- or intra-observer variation, which 
can be substantial, and molecular markers for this stage would be of value. 

Conclusions 

Over the past few years, molecular biology has proved to be a very useful tool 
in the study of colorectal cancer. With the discovery of the genes which cause 
F AP and HNPCC, assays using molecular biological techniques can now be 
used to screen for these diseases. The search for genes involved in sporadic 
colorectal cancer continues, but several tumour suppressor genes and onco
genes have already been identified and these are undergoing rigorous ex
amination. Molecular biology also has potential uses in pre- and peri-operative 
evaluation of colorectal cancer patients, and there are several avenues, as 
discussed in this chapter, which hold promise for the future. 
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Introduction 

Two of the major problems experienced after rectal cancer surgery are the high 
number oflocal recurrences and frequent bladder and sexual dysfunction [6]. 
Traditional technical teaching in this kind of surgery has emphasised a blunt 
dissection of the rectum with its mesorectal fat from the sacrum, division of the 
so-called lateral ligaments between forceps and a 2- to 5-cm free distal margin 
on the resected bowel. 

Numerous sophisticated anatomical illustrations show the pelvic autonomic 
nerves located directly on the rectal wall. From there, the nerves run to the 
genital organs. If these illustrations were correct, a rectal resection should 
inevitably lead to nerve damage and malfunction of the urinary and sexual 
organs. Enker has shown that by applying the total mesorectal excision (TME) 
technique, the neurological consequences can be drastically reduced [2]. Thus 
it seems that our anatomical maps are not in line with the surgical terrain. It is 
also a fact that the autonomic nerves are hardly mentioned in even the most 
highly esteemed surgical textbooks. 

In this chapter, we will demonstrate how a thorough knowledge of the 
anatomical layers in the pelvis may be of help when performing radical surgery 
for rectal cancer. 

Fasciae 

Heald [5] and later Enker [3] have drawn attention to and taken advantage of 
the faCt that the major part of rectum lies within a sheath of areolar tissue. This 
perirectal fat, i.e. mesorectum, is a separate compartment covered by a thin 
visceral fascia, the fascia propria of rectum or the mesorectal fascia. The pelvic 
wall is covered by a similar parietal fascia. This pre-sacral fascia is thin in the 
mid-line and tough over the piriformis, internal obturator and levator ani 
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muscles. It also covers the pelvic arteries and somatic nerves to the lower 
extremities. These fasciae are continuations of the abdominal fasciae. The 
meso rectal fascia is the extension of the visceral fascia covering the dorsal 
aspect of the descending and ascending colon. The pre-sacral fascia is con
tinuous with the parietal fascia on the retroperitoneal vessels and ureters. 
Thus, by staying in the plane between the mesorectal and pre-sacral fasciae, 
damage to the ureter or pre-sacral veins is avoided. 

On the dorsal aspect of the pelvis over the sacrum, the mesorectal and pre
sacral fasciae are separated by loose connective tissue. In some places, there 
may be minor fibrous adhesions between the fasciae. These adhesions are 
important, as they may give rise to tears in the mesorectum during blunt 
dissection. Only a few tiny vessels and nerves cross the pre-sacral space. The 
meso rectal and pre-sacral fasciae therefore represent a flexible interface be
tween the mesorectum and the pelvic wall, allowing movement of one structure 
upon the other. The discontinuation of tissues also represents a physical 
barrier. Rectal cancer fairly seldom seems to penetrate this barrier [7, 8]. 

In the pelvis at the S4-SS level, the pre-sacral fascia toughens in the mid-line 
to become the rectos acral fascia, which strenghtens the pelvic floor. This is 
clearly identified as a tough membrane from below during the perineal part of 
an abdominoperineal resection. The name "Waldeyer's fascia" has been ap
plied to the entire pelvic parietal fascia. However, it should probably only be 
applied to the rectos acral fascia. 

Laterally, the pre-sacral fascia thins and merges with the mesorectal fascia 
where the so-called lateral ligament is found. The fascia is not easily seen in 
vivo at this location. During dissection of fresh cadavers, the fat of the pelvic 
wall and the mesorectum is hardened. A space can then be partly opened 
between the parietal and visceral fascia, showing that the two fasciae have not 
actually merged into one (J.N. Wiig, unpublished data). 

In front, the Denonvilliers fascia is interposed between the urogenital organs 
and the rectum. It is a shiny, smooth anterior surface to the pre-rectal com
ponent of the mesorectum. It separates easily from the seminal vesicles, but is 
adherent to the mesorectal fat. In males, it fuses distally with the posterior 
prostatic capsule. This is the point at which it must be cut through to separate 
the distal rectum from the back of the prostate. The comparable fascia in the 
female between the rectum and vagina is less distinct, and the pre-rectal 
component of the mesorectum much thinner. 

Pelvic Autonomic Nerves 

Figure 1 is a schematic illustration of the pelvic autonomic nerves. To show the 
relation between the nerves and the urogenital organs, the bladder, seminal 
vesicles and prostate have been lifted up from behind the symphysis. The 
mesorectum has been reduced in size to afford a better view of the pelvic floor 
and walls. 

In the context of rectal cancer surgery, the autonomic nerves start outside 
the pelvis around the inferior mesenteric artery. Here, filaments of sympathetic 
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Fig. 1. Pelvis after total mesorectal excision (TME). The rectum is drawn on a smaller scale, 
and the bladder, prostate and seminal vesicles are lifted up to allow a better view of the 
autonomic nerves. The hypogastric plexus is on the aortic bifurcation; the pre-sacral nerves 
run along the pelvic wall dorsal to the ureter towards the pelvic autonomic plexus. From there, 
nerves enter the lateral ligament to the rectum, and urogenital nerves run along the dorsal and 
caudal aspect of the vesicles to the bladder, prostate and penis. On the left, a window is cut in 
the pelvic fascia to show some somatic nerves heading for the lower extremity 

nerves join in the hypogastric or superior hypogastric plexus. From the plexus, 
the hypogastric or pre-sacral nerves emerge sagittally near the mid-line within 
the aortic bifurcation. They diverge below the promontory as "the wishbone", 
and each passes along the pelvic wall 2-3 cm dorsal to the ureter towards the 
fundus of the seminal vesicles. The relation to the fasciae is discussed below. 
On the side wall lateral to the lateral ligaments, the nerves join the para
sympathetic nerves originating from the sacrum. The hypogastric nerves vary 
in gross anatomy. Sometimes they consist of fine filaments spreading out over 
a width of about 1 cm, and sometimes they are distinct fiat nerves 5-8 mm 
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wide. These nerves can nearly always be easily identified. They are accom
panied by small vessels which may bleed during dissection. 

The parasympathetic nerves arise from the S2-S3 and S4 roots, the S3 lying 
in the most curved part of the sacrum. These nerves are known as the pelvic 
splanchnic nerves or the errigent nerves. From each root one or two nerves 1-
3 mm in diameter pass anteriorly and caudally for 2-3 cm. Either S3 or S4 may 
be the largest. In cadaveric dissections, the nerves can nearly always be seen. 
During operations, this may be somewhat difficult, mostly due to slight oozing 
of blood. These nerves join with the hypogastric nerves in the pelvic splanchnic 
or inferior hypogastric plexus (Fig. 1). The plexus is about 5-6 cm long and 
passes forward to the lateral end of the seminal vesicles. Some of the filaments 
in the plexus are so thin that the plexus may hardly be visible during operation 
except as a flat "plate" on the pelvic side wall. Branches of the pelvic plexus 
nerves enter the rectum, giving rise to the structure often referred to as the 
lateral ligament [9]. 

From the lateral end of the seminal vesicles, the nerves to the urogenital 
organs pass along the back and lower border of the vesicles towards and along 
the lateral border of the prostate. 

The location of the sympathetic nerves is from a practical point on the 
surface of the parietal fascia connected to the fascia by loose connective tissue. 
On the aorta this is clearly seen. Surgically, it is demonstrated when traction is 
applied to the upper rectum. The hypogastric nerves are then pulled forward 
with the mesorectum. This opens a space between the nerves and the sacrum. 
However, if the nerves have been carefully dissected off the mesorectum at the 
level of the promontory, forward traction on the rectum will leave the nerves 
safely on the sacrum. The nerves can then be separated from the mesorectum 
without damaging the meso rectal fascia. 

The proper plane at the promontory is best approached from the abdomen. 
From the left side, it is entered by incising the fusion between the parietal and 
the visceral peritoneum lateral to the left colon, the so-called white line and 
entering the areolar tissue layer between the visceral and parietal tissue layers 
between the mesosigmoid and the ureter and gonadal vessels. From the right 
side, the approach to the plane in front of the nerves can be identified by 
incising the peritoneum and lifting the caecum and terminal ileum forward 
and upwards. As the nerves lie on the aorta at the origin of the inferior 
mesenteric artery, they may be damaged if the artery is divided flush on the 
aorta. 

The parasympathetic nerves penetrate the pre-sacral fascia laterally and 
follow the surface of this to the pelvic splanchnic plexus. The nerves to the 
urogenital organs are located in front and laterally close to Denonvilliers fascia, 
where they are surrounded by numerous veins which may bleed during dis
section. During surgery for rectal cancer, they can be protected by dissecting 
the plane behind them; during surgery for prostatic cancer, they can be dis
sected in front, showing that also at this location the nerves are not firmly 
bound to the surrounding organs. 
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lateral ligaments 

The lateral ligaments are the main fixing points that prevent surgeons from 
lifting up the rectum during attempts at low anterior resection. They are de
fined by Goligher as the fibrous tissue between the pelvic wall, the rectum and 
the peritoneum [4], forming a pyramid with the base on the pelvic wall. This 
definition is not very precise. In contrast, both Enker and Heald suggest that 
what surgeons call the lateral ligament is often formed by surgeons during the 
operation by coning into the mesorectum [3]. This is partly in line with our 
cadaveric dissection studies, suggesting that most of the ligament is due to 
adhesions between the mesorectal and pelvic fasciae. 

There are, however, structures in the so-called ligaments located at an angle 
of about 60° on either side of the symphysis which keep the rectum down in the 
pelvis. When these tethering structures are cut, the rectum can often be lifted 
up several centimetres (see below). These tethering structures are thus the 
stronger anchoring points between closely approximated stuctures. They are 
not ligaments in the sense that they can be developed for a certain length. 

Several authors have studied ligaments in cadavers, and the results differ 
considerably. A middle rectal artery was found in 12%-35% of examined 
corpses [1,9]. If present at all, it appeared unilaterally in less than half of the 
cadavers. It appeared on the pelvic wall within the autonomic pelvic splanchnic 
plexus, and one to five branches were found. These studies conclude that its 
importance for the rectal blood supply is limited. In fact, a major middle rectal 
artery is a rarity. If present and cut, it will not usually cause significant 
bleeding. The so-called inconsistent sacral artery [1] is only identified if the 
dissection reaches the mesorectum in the mid-line at the base of the rectosacral 
fascia near the anorectal junction. 

The autonomic nerves to the rectum pass through the lateral ligament. In 
meticulous studies, Sato has shown numerous fine filaments in the ligaments 
which are nerves and lymphatic vessels. Heald has suggested that the major 
autonomic nerves leave the pelvic splanchnic plexus at a T junction, which he 
suggests is part of the tethering points of the rectum. Preliminary studies seem 
to support this. As the "lateral ligaments" do not have any length and the 
pelvic splanchnic plexus is located on the surface of the pelvic fascia, the nerves 
of the plexus are at quite a high risk of being damaged during division of the 
"ligaments" . 

Thus it seems that the rectum is kept in place in the pelvis due to minor, 
strong "anchoring" points consisting of nerves and vessels, by adhesions be
tween the pelvic fasciae and, to some extent, by minor tethering neurovascular 
structures. 

Conclusion 

Knowledge of the pelvic planes enhances the possibility of a complete removal 
of the mesorectum and allows a more anatomical and radical operation to be 
performed. Identification of nervous structures diminishes the risk of im-
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pairing sexual and bladder function due to damage of the urogenital nerves or 
other surrounding structures. The principal and most constant component of 
the lateral ligaments is the autonomic nerve supply to the rectum rather than a 
structural and or "supportive" ligament. 
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Introduction 

In function-preserving operations of rectal cancer, a detailed and precise un
derstanding is crucial not only of the rectal blood supply but also of the 
regional anatomy of the autonomic nerves and lymphatics. Complete com
prehension of the pelvic plexus (inferior hypogastric plexus) and the related 
lymphatic pathways facilitates the development of function-preserving surgical 
procedures. As the field of dissection is very limited in this region, the 
structural relationships are difficult to assess during surgery. 

In this chapter, we present data and photographs obtained during minute 
dissection of the pelvis. We have used the lateral approach after removal of the 
hip bones, enabling precise demonstration of the composition and detailed 
divisions of the pelvic nerve plexus in addition to their relationships to blood 
vessels and lymphatics. 

Basic Anatomy 

The nomenclature of this region is very complicated and sometimes mis
understood. Here we adopt the English terminology of Nomina Anatomica (5th 
and 6th edn.) [1-3, 10-12] and define the terms in a simplified diagram (Fig. 1) 
[4]. 

The pelvic or inferior hypogastric plexus supplies numerous autonomic 
nerve branches to the intrapelvic organs as well as to the left hemicolon. The 
plexus forms a thin quadrangular meshwork, the dimensions of which are 
about 25-30 mm in height and about 40 mm in length (Fig. 2) [4]. In men, the 
plexus lies lateral to the rectum, prostate, seminal vesicle and the posterior part 
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Fig. 1. Composition and divisions of the pelvic plexus (inferior hypogastric plexus). Re
produced with permission from [4] (hn, hypogastric nerve; la, levator ani; p, peritoneum; pp, 
pelvic plexus; ps, pelvic splanchnic nerves; r, rectum; sh, superior hypogastric plexus; ss, sacral 
splanchnic nerves; vb, visceral branches) (reproduced by permission) 

of the bladder. In women, the uterine cervix and vaginal fornix take the place 
of the prostate and seminal vesicle. The plexus lies medial to the internal iliac 
vessels: in other words, it intervenes between these vessels and the intrapelvic 
organs. Due to its anatomical position, the visceral branches of the internal 
iliac vessels and their accompanying lymphatics are intimately related to the 
plexus. Therefore, precise knowledge of the pelvic nerve plexus is crucial in 
rectal cancer surgery. 

The major sympathetic components are the continuation of the hypogastric 
nerve from the bifurcation of the superior hypogastric plexus, and these are 
supplemented by the sacral splanchnic nerves from the sacral sympathetic 
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Fig. 2. Right male pelvic plexus of a midsagittally sectioned pelvis. The rectum has been pulled 
medially and posteriorly. Reproduced with permission from [4] (an, anus; b, urinary bladder; 
en, cavernous nerve; d, ductus deferens; hn, hypogastric nerve; ie, external iliac artery/vein; ii, 
internal iliac artery/vein; la, levator ani; nl, nerve to levatory ani; pp, pelvic plexus (inferior 
hypogastric plexus); pr, prostate; on, obturator nerve; r, rectum; se, seminal vesicle; sh, su
perior hypogastric plexus; u, ureter) 

trunk. The parasympathetic components, the pelvic splanchnic nerves, arise 
from the sacral plexus. These autonomic nerve components and the middle 
rectal vessels together with the surrounding connective tissue form the lateral 
ligament of the rectum (for details refer to [7]). 

Composition of the Pelvic Nerve Plexus 

As the sympathetic superior hypogastric plexus and the parasympathetic pelvic 
splanchnic nerves are important nerve structures, we will give a brief de-
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scription for orientation and clarity before discussing the intricate relation
ships between these nerve components based on detailed dissections of the 
pelvis. 

Superior Hypogastric Nerve Plexus 

The superior hypogastric plexus (SHP) has generally been regarded as the 
downward continuation of the abdominal aortic nerve plexus. The chief 
component of SHP is, however, not the descending aortic plexus but the right 
and left lumbar splanchnic nerves which generally arise from the roots of L2 
and L3 [5]. The site of formation of SHP (the union of the right and left lumbar 
splanchnic nerves) and the bifurcation of the aorta were on average situated 
only 5 mm apart based on our dissection of 84 cadavers [5] (Fig. 3). The SHP 
may be regarded as being formed at approximately the same level as the 
bifurcation of the aorta. SHP, a ribbon-like bundle which is approximately 
5 mm wide and 42.4 mm long (mean of 84 cadavers), bifurcates into the right 
and left hypogastric nerves generally at the level of the intervertebral disc 

im Is 

sh 

hn hn 

Fig. 3. Diagramatic scheme showing the topographical relationship of the superior hypo
gastric plexus and the bifurcation of the abdominal aorta. The numerals represent the mean 
length of 84 Japanese adult specimens. Reproduced with permission from [5] (a, abdominal 
aorta; ci, common iliac artery/vein; hn, hypogastric nerve; im, inferior mesenteric artery; Is, 
lumbar splanchnic nerve) 
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between L5 and SI [5]. The SHP can therefore be found at the level between the 
bifurcation of the aorta and SI during function-preserving operations. 

Due to the numerous communicating branches of the inferior mesenteric 
and superior rectal nerve plexuses, SHP is not in direct contact with the 
lumbosacral vertebral column, but tends to be slightly displaced. 

Pelvic Splanchnic Nerves 

Textbooks commonly describe the pelvic splanchnic nerves as being formed 
from the roots of S2-S4 [1, 11]. In the Japanese, the main components of these 
nerves are typically lower and originate from the roots of S3 and S4 [4]. 

Dissection of the Pelvic Plexus 

After removal of the right hip bone (Fig. 4a), the upper lateral edge of the 
levator ani (two white pins in the figure) becomes clear. The levator ani muscle 
serves as a septum; the pudendal nerve runs inferior to the muscle, while the 
pelvic plexus and levator ani supplying nerve lie superior to the muscle. The 
fascial structures have been removed above and medial to the levator ani 
(Fig. 4b). 

A rich venous plexus intervenes between the fascial structures and the pelvic 
plexus. In the specimen on which this figure is based an "accessory pudendal 
artery" (accessory pudic artery as termed by Quain [9] is observed which runs 
obliquely inside the levator ani and reaches the dorsum of the penis. In Fig. 4c 
the venous plexus has been removed. The sympathetic hypogastric nerve and 
parasympathetic pelvic splanchnic nerves unite to form the pelvic plexus lat
eral to the rectum. Numerous vesical and prostatic branches of the pelvic 
plexus traverse to reach the urinary bladder and prostate with the lowermost 
prostatic branches· reaching the area near the pudendal nerve. 

In another specimen (Fig. 5), the lowermost branch of the pelvic plexus runs 
between the rectum and prostate; it then passes through the gap between the 
symphysis pubis and the anterior margin of the levator ani to join the dorsal 
nerve of the penis. 

Dissection of the lateral lymphatics 

The two major lateral pathways of the rectal lymphatics via major intermediary 
lymph node groups are illustrated in Fig. 6 [8]. One pathway ascends along the 
inner margin of the internal and common iliac arteries to reach the nodes of 
the aortic bifurcation (A). The other and more dominant pathway crosses the 
internal iliac artery and reaches the node group in the angle between the 
internal and external iliac arteries (B). Both pathways ascend along the com
mon iliac artery and finally reach the para-aortic nodes. 
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Fig. 4a-c. Serial dissections of a right 
male pelvic plexus as viewed from the 
right after removal of the hip bone 
(specimen I). lap, accessory pudendal 
artery; b, urinary bladder; dp, dorsal 
nerve of the penis; iT, inferior rectal 
nerves; la, levator ani; nl, nerve to the 
levator ani; pe, perineal nerves; pf, su
perior fascia of the pelvic diaphragm; pm, 
psoas major; pp, pelvic plexus (inferior 
hypogastric plexus); pT, prostate; ps, pel
vic splanchnic nerves; pu, pudendal 
nerve; py, pubic symphysis; T, rectum; sp, 
sacral plexus; sv, superior vesical artery; 
u, ureter; ul, medial umbilical ligament; 
vp, vesical venous plexus 1 

a 
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Fig. 5. Male right pelvic plexus dissec
tion showing the course of the lower
most branch (small inlaid black 
papers) which joins the pudendal nerve 
(long inlaid black paper) (specimen 2). 
(en, cavernous nerve; b, urinary blad
der; dp, dorsal nerve of the penis; p, 
penis; pp, pelvic plexus; pr, prostate; pt, 
promontorium; pu, pudendal nerve; r, 
rectum; se, seminal vesicle; sh, superior 
hypogastric plexus; sp, sacral plexus) 
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In Fig. 7a the right common, external, and internal arteries are seen and the 
lymphatics along and around these vessels are dissected. 

After the ureteric and testicular vessels have been removed (Fig. 7b), the two 
lateral chains are clearly visible; one ascends along the medial margin of the 
internal iliac artery, while the other crosses this artery and the obturator nerve 
to reach the interiliac area. 

After removal of the internal iliac and external iliac vessels (Fig. 7c), lym
phatics which pass behind the blood vessels are seen. Due to their critical po
sition, these lymphatics should be considered in cancer dissection procedures. 

In Fig. 7d the lower portions of the abdominal aorta and inferior vena cava 
have been exposed, revealing the inferior mesenteric artery and the superior 
hypogastric plexus. The lymphatics reach the aorta and inferior vena cava and 
there intertwine with the autonomic nerves. It is important to note the 
transverse communications (tc) between SHP and the inferior mesenteric and/ 
or the superior rectal plexus. 

Dissection of Denonvilliers' Fascia 

The rectovesical septum, the so-called Denonvilliers' fascia, separates the 
rectum from the urogenital organs. The upper end of this fascia is connected to 
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Fig. 6. Diagram showing the upward and lateral 
lymphatic pathways of the rectum with special 
reference to their relationship to the major ves
sels and to the pelvic plexus (A, Lymph nodes of 
the aortic bifurcation; B, interiliac lymph node 
group; a, abdominal aorta; ei, external iliac ar
tery/vein; im, inferior mesenteric artery; iv, in
ferior vena cava; la, levator ani; Ir, left renal 
artery/vein; pp, pelvic plexus (inferior hypogas
tric plexus); oa, obturator artery; r, rectum) 
(reproduced by permission) 
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the lowermost portion of the peritoneal reflection. Inferiorly this fascia is at
tached to the prostate and to the perineal body. In a median-sectioned spec
imen (Fig. 8) [6], the peritoneal reflection is seized by two forceps, revealing 
two transverse grooves indicative of the firm connection to Denonvilliers' 
fascia. With Denonvilliers' fascia removed, the inside view of the pelvic plexus 
is clear between the rectum and urinary bladder (Fig. 9) [6]. It becomes evident 
that this critical fascia divides not only these two organs but also the branches 
of the plexus to these organs. 

Fig. 7a-d. Serial dissection of the lateral lymphatic pathways in the male right pelvis (spe
cimen 3). [a, abdominal aorta; b, urinary bladder; ci, common iliac artery/vein; d, ductus 
deferens; ei, external iliac artery/vein; hll, hypogastric nerve; ii, internal iliac artery/vein; iv, 
inferior vena cava; oa, obturator artery; 011, obturator nerve; pp, pelvic plexus (inferior hy
pogastric plexus); pt, promontorium; r, rectum; sh, superior hypogastric plexus; sp, sacral 
plexus; sr, superior rectal artery/plexus; tc, transverse connection between the superior hy
pogastric and superior rectal plexuses; te, testicular artery/vein; u, ureter 1 
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Fig. 8. Male median section dissection showing Denonvilliers' fascia with the posterior rectal 
wall intact (specimen 4, right side). Reproduced with permission from [6] (an, anus; b, urinary 
bladder; p, penis; pr, prostate; pt, peritoneum; r, rectum; rv, rectovesical septum (Denonvil
liers' fascia); rw, rectal wall) 

Fig. 9. With Denonvilliers' fascia removed, the pelvic plexus between the bladder, prostate and 
rectum is viewed from the medial side (specimen 4, right side). Reproduced with permission 
from [6] (b, urinary bladder; ci, common iliac artery/vein; pp, pelvic plexus (inferior hypo
gastric plexus); pr, prostate; ps, pelvic splanchnic nerves; r, rectum; rw, rectal wall; sp, sacral 
plexus) 
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Introduction 

The rectum can be defined as the final 15 cm of the large intestine. Despite its 
name, it is curved within the sagittal and coronal planes. Sagittally, the rectum 
curves anteriorly along the sacrum and makes a sharp posterior curve when the 
rectum penetrates the levator ani and reaches the anal canal. In the coronal 
plane the rectum is S-shaped. 

The rectum is surrounded by an integral layer of fatty tissue: the meso
rectum. Most of the arterial blood supply and the venous and lymphatic 
drainage of the rectum passes through the mesorectum. The proximal third of 
the mesorectum is covered with peritoneum on the anterior and partly on the 
lateral sides. The middle third of the mesorectum may be covered with peri
toneum but only on its anterior side, while the distal third of the mesorectum is 
not covered with peritoneum at all. All of these structures are contained within 
the visceral pelvic fascia. 

Visceral Pelvic Fascia 

The posterior and lateral surfaces of the mesorectum are covered with a thin 
fascial leaf; the visceral fascia (Figs. 1, 2). The caudal border of the visceral 
fascia is at the internal anal spincter, where it joins with the parietal pelvic 
fascia. Laterally, the visceral fascia ends on the internal iliac arteries where it 
forms dense fibrous connections with the parietal pelvic fascia. Superiorly, the 
visceral fascia ends gradually as it meets the sigmoid mesocolon close to the 
sacral promontorium. The visceral fascia resembles a hammock, suspending 
the mesorectum between the left and right internal iliac arteries. 



Anatomical Basis of Total Mesorectal Excision 135 

Fig. 1. Midsagittal hemisection of a male pelvis in supine position. 1, Retrorectal space; 2, 
visceral fascia; 3, parietal fascia; 4, rectos acral fascia; 5, peritoneal cavity; R, rectum; M, 
mesorectum; B, bladder; P, prostate; S, symphysis pubis; SA, sacrum; C, coccyx 

Fig. 2. Midsagittal hemisection of a male pelvis in supine position. Visceral fascia (VF) and 
parietal fascia (PF) are demonstrated 
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The embryological origin of the visceral fascia was studied by Fritsch [3). In 
a 9-week-old human fetus, a rectal adventitia can be found, consisting of 
condensed mesenchyme. In 18- to 20-week-old fetuses, this mesenchyme de
velops into fibrous connective tissue. Later in the development, fat tissue starts 
to grow within this adventitia, separating the adventitia into lamellae. The 
outermost lamella forms a dense sheath which envelops all of the other visceral 
layers and can be regarded as the visceral fascia. 

Parietal Pelvic Fascia 

The parietal pelvic fascia pertains, as its name implies, to the pelvic walls 
(Fig. 2). On the posterior aspect of the pelvis, the parietal fasica covers the 
muscles of the pelvic side walls (piriformis, coccygeal, and levator ani muscles) 
and the anterior surface of the sacrum and coccyx. 

The parietal fascia is continuous with the fasciae of the pelvic muscles and 
can easily be demonstrated in these areas. The parietal fascia covering the 
periosteum of the sacrum and coccyx is very thin. Posterior to the parietal 
fascia, between the fascia and the sacrum, the presacral artery and veins are 
found. The sacral spinal nerves are also located posterior to the parietal fascia. 

Retrorectal Space and Rectosacral ligament 

Between the visceral and parietal fascia a layer of loose connective tissue is 
found. This layer can easily be divided so that a space is opened: the retrorectal 
space (Fig. 1). The borders of this retrorectal space are identical to the borders 
of the visceral fascia: inferiorly, the internal anal sphincter; laterally, the in
ternal iliac artery; and, cranially, a vague border as the visceral fascia thins out 
in the sigmoid mesocolon. Some small branches of the internal iliac veins and 
the presacral venous plexus cross the retrorectal space. The loose connection of 
the visceral fascia to the parietal fascia allows the rectum some functional 
mobility, so that the rectum can straighten out during defecation as the pelvic 
floor lowers. 

Anterior to the fourth sacral vertebra, the parietal and visceral fascia are 
more strongly connected by a dense band of fibers: the rectosacralligament or 
rectosacral fascia (Figs. 1, 3). This ligament runs in a craniocaudal direction 
from the parietal fascia to the visceral fascia. The middle 3-4 cm of this liga
ment is a strong fibrous structure. As the rectosacralligament extends laterally 
to the lateral border of the retrorectal space it becomes thinner and sometimes 
transparent. A small branch of the middle rectal artery or vein may be found 
within the rectosacral ligament. 

Distal from the rectosacral ligament, the visceral fascia is a bilayered 
structure, with an anterior and posterior leaf (Fig. 4). The rectosacralligament 
is continuous with the posterior leaf of the visceral fascia. Although the rec
tosacral fascia is sometimes referred to as W aldeyer' s fascia, this is, in fact, 
incorrect as the rectosacral fascia is the only fascia not described by Waldeyer 



Fig. 3. Midsagittal hemisection of a male pelvis in supine position. Detail of rectosacral fascia. 
RS, retrorectal space; F, rectos acral fascia; R, rectum; M, mesorectum 

Fig. 4. Detail of the pelvic side wall. A, anterior leaf of visceral fascia; P, posterior leaf of 
visceral fascia; PF, parietal fascia, SP, sacral splanchnic nerve covered by parietal fascia; SV, 
sacral splanchnic nerve covered by visceral fascia; MR, branches of middle rectal artery and 
vein 
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[1, 7]. A functional role for the rectosacralligament may be the anchorage of 
the rectum to the sacrum, preventing prolapse. 

Hypogastric Nerves, Sacral Splanchnic Nerves, 
and Pelvic Autonomic Nerve Plexus 

The hypogastric nerves are formed from the pre-aortic sympathetic plexus. 
They enter the pelvis at the sacral promontorium, approximately one cm lateral 
to the midline and two cm medial to the ureters. The hypogastric nerves lie 
posterior to the peritoneum and directly anterior to the visceral fascia. The 
hypogastric nerve continues caudal and laterally, following the course of the 
ureter and the internal iliac artery along the pelvic wall (Figs. 2, 5-8). 

The splanchnic branches of the sacral nerves originate from the sacral 
foramina. Splanchnic branches are usually formed by the third and fourth 
sacral nerve root, the third root usually being the major contributor. Some
times, a splanchnic branch from the second sacral nerve is present. After 
leaving the foramina, the splanchnic nerves run laterocaudal and anteriorly 
along the pelvic wall over the piriformis muscle. From the sacral foramina to a 
point approximately 3 cm more lateral, the splanchnic nerves are covered by 
the parietal fascia. To enter the visceral compartment the nerves then pierce 
the parietal fascia, cross the retrorectal space, and continue anteriorly to the 

Fig. 5. Midsagittal hemisection of a male pelvis in supine position after removal of the rectum 
and mesorectum. H, hypogastric nerve; S, sacral splanchnic nerves; P, pelvic autonomic nerve 
plexus; PF, parietal fascia; I, internal iliac artery; U, ureter 
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Fig. 6. Midsagittal hemisection of a male pelvis in supine position. H, hypogastric nerve, S, 
sacral splanchnic nerves, M, middle rectal vein, VF, visceral fascia, PF, parietal fascia 

parietal fascia between the posterior and anterior leaves of the visceral fascia 
caudal to the rectosacral fascia. During the crossing of the splanchnic nerve 
from the parietal to the visceral compartment, the splanchnic nerves are always 
ensheathed by fascia. As the splanchnic nerves enter the visceral compartment, 
small branches from the splanchnic nerves can be identified running medially, 
entering the mesorectum. These branches constitute the specific para
sympathetic nerve supply of the rectum. However, most fibers of the 
splanchnic nerve continue forward to the anterior visceral compartment, i.e., 
the genitourinary organs (Figs. 4, 5, 9, 10). 

The hypogastric nerve and the sacral splanchnic nerves come together on 
the lateral pelvic wall to form the pelvic autonomic nerve plexus (Fig. 5). This 
plexus is a rhomboid-shaped plaque of nervous tissue. From this plexus the 
nerves to the genitourinary organs originate as do branches to the rectum. Just 
cranial from the pelvic autonomic nerve plexus branches of the middle rectal 
artery and vein can be identified. 



140 K. Havenga et al. 

Fig. 7. Midsagittal hemisection of a male pelvis in supine position. Demonstration of the 
position of the hypogastric nerve (H) between the visceral fascia (VF) and the meso rectal 
fat (M) 

The middle rectal artery invariably crosses the third sacral splanchnic nerve 
cranially. The autonomic nerves to the rectum, along with the middle rectal 
vessels, are embedded in fat and fibrous tissue. When the mesorectum is pulled 
medially, this complex of vessels and nerves forms a "ligament," extending 
from the pelvic wall to the mesorectum-. This structure has been described as 
the "lateral ligament" by surgeons [2, 4, 5]. It is important to realize that the 
lateral ligament is merely an artifact created by surgical dissection and traction 
and not an anatomical structure. 

Mesorectum 

~==========~...-Hypogastric nerve 
.......... Visceral fascia 

r:--:-::~~~-:-,:~::-::-~~-'~~-Parietal fascia 

Fig. 8. The relation of the hypogastric nerve to the visceral, parietal fascia, and mesorectum 
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Fig. 9. Detail of the sacral splanchnic nerve, dissected from the parietal fascia. 53, third sacral 
splanchnic nerve; 54, fourth sacral splanchnic nerve; 1, medial splanchnic branches (to rec
tum); M, middle rectal vein; VF, visceral fascia; PF, parietal fascia; SA, sacrum 

Surgical Relevance 

Total meso rectal excision in the surgical treatment of rectal cancer consists of 
removal of the intact mesorectum, the mesentery of the hindgut (see Chap. 15). 
Important to this operation is a bloodless, sharp dissection in the presacral 
plane under direct vision (see Chaps. 15, 16). Slight differences in surgical 
technique exist. Some choose their presacral plane between the parietal and 

Mesorectum 

Visceral fascia<=~==:;:::-~~~S3ca~c;:r;alj;s~p~la~n;;;c;h;n~ic 

Parietal fascia_=====~~n=e=rv=e==;;::=== 

Fig. 10. The relation of the sacral splanchnic nerve to the visceral, parietal fascia and me
sorectum 
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visceral fascia, leaving the visceral fascia on the specimen. The visceral fascia 
can easily be demonstrated on their specimens (see Chaps. 16, 17). Alter
natively, the plane of dissection can be between the mesorectal fat and the 
visceral fascia, leaving the thin visceral fascia on the pelvic wall (see Chap. 15). 

When the level of dissection between the visceral and parietal fascia is 
chosen, a step in level is neccessary when the hypogastric nerves are en
countered. Medially to the hypogastric nerves, the visceral fascia will be on the 
specimen. Laterally to the hypogastric nerves the visceral fascia along with the 
hypogastric nerves will be on the pelvic wall. 

The rectosacral ligament may play an important role in the outcome of 
surgery for rectal cancer. During conventional surgery, which is associated 
with blunt dissection, the rectum is traditionally mobilized by entering the 
hand in the presacral space. During this procedure, the rectosacral ligament 
will be encountered. If the rectosacral ligament is pushed bluntly, avulsion of 
the ligament from the sacrum may occur, causing bleeding from the presacral 
venous plexus. To avoid this possibility, most surgeons instinctively deviate 
anteriorly, unaware that the rectosacral ligament guides the dissecting hand 
into the mesorectum, leaving portions of the mesorectum behind, attached to 
the pelvic wall (Fig. 3). Quirke has shown that locally recurrent rectal cancer 
can be directly predicted by positive circumferential margins of the specimen 
[6] and the defects in the mesorectum which are associated with blunt versus 
sharp dissection. There is a drastic reduction in the rates of local recurrence 
when the mesorectum is removed completely (5%-8%) (see Chaps. 15, 16) as 
compared to conventional surgery (see Chap. 14). 
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Introduction 

The sequences of spread from rectal carcinoma are determined by the biology 
of the tumour and the resistance of the tissue components to invasion by 
neoplastic cells. Rectal carcinomas show a diverse spectrum of malignant ag
gressiveness: from slow-growing tumour with poor ability to invade lymphatic 
channels or blood vessels to a disease with rapid growth and early metastasis. 

The malignant potential of a tumour cannot be measured directly by any 
method, but the combination of gross examination and microscopy of selected 
histologic slides are the most reliable methods of determining the extent of 
local growth and estimating the risk of distant spread and prognosis. This 
presentation focuses on histologic features which can be identified as statistical 
variables and which may express the risk of spread of the tumour and thus 
have independent prognostic significance. This is of importance for the eval
uation of new treatment modalities, whether surgery or adjuvant therapy. New 
molecular markers and indirect imaging techniques have recently been in
troduced, but meticulous morphologic evaluation is still superior to other 
methods in evaluating the malignant potential and extent of spread of rectal 
carcinomas. 

Spread of Carcinoma 

Continuous Spread 

Rectal adenocarcinoma is first diagnosed when dysplastic glandular tissue 
invades the submucosal layer of the large bowel [13]. When the lesion is 
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limited to the mucosal membrane, the proliferation of dysplastic glands is 
designated as an adenoma (tubular, tubulovillous, or villous) with different 
grades of dysplasia. We do not recommend using the term "intramucosal 
carcinoma" in describing large bowel neoplasms so as to reduce the risk of 
surgical resection of tumours at this stage, since this is generally not required. 
The risk of metastasis from a tumour confined to the mucosal membrane, even 
with severe dysplasia, is close to zero if the tumour is small « 1 cm) and 
pedunculated. More care should be taken if the adenomas are large and sessile 
and have severe dysplasia. Multiple sections of a locally resected broad-based 
tumour confined to the mucosa of the rectum, including the resection margins 
at the base of the lesion, should be performed before the diagnosis of an 
adenocarcinoma can be excluded. 

By the formation of highly, moderately, or poorly differentiated glands, the 
tumour invades through the muscularis mucosa to the submucosal layer (Tl) 
and muscularis propria (T2) and to the mesorectal tissue (T3) [8]. A tumour is 
defined as being limited to the bowel wall if it extends no further than the outer 
edge of the muscularis propria. Untreated, the tumour will invade the serosa, 
the pelvic wall, and other neighbouring organs (bladder, vagina, cervix uteri) 
(T4). 

The continuous spread is followed by a variable desmoplastic reaction of 
fibrous tissue which is generally first observed when the tumour infiltrates the 
submucosal layer. Such a reaction is rarely observed in adenomas, even with 
severe dysplasia. Desmoplastic fibrosis may have diagnostic importance for the 
confirmation of the malignant nature when the level of tumour invasion into 
the bowel wall cannot be properly ascertained in small biopsies of a rectal 
neoplasm. 

Longitudinal Spread. Ulcerating carcinomas usually undermine the lateral in
tact mucosa by longitudinal spread, but there is generally no neoplastic tissue 
beyond 1-2 cm from the macroscopic tumour margins [1]. Exceptions do 
exist, most commonly for the very rare occurrence of signet-ring-cell carci
nomas. This allow the surgeon to resect the rectum very close to the macro
scopic distal edge of a rectal carcinoma ("close shave") [7]. Only with resection 
margins of less than 3 cm is it recommended to take a histologic section to 
ascertain free margins. 

Invasive Margins. The invasive margin is where the tumour penetrates the 
bowel wall and perirectal tissue has been claimed to be of diagnostic im
portance [11]. Carcinomas are called "expanding" when the invasive margin is 
pushing or circumscribed and "infiltrating" if the tumour invades in a diffuse 
manner with widespread penetration of normal tissue. The diffusely infiltrating 
pattern is the most unfavourable feature, whereas patients with expanding 
tumours seem to have a better prognosis [5]. J ass [11] found that about 25% of 
rectal carcinomas invaded in a diffuse manner, whereas Harrison et al. [6] 
found a proportion of 80%. Such differences indicate severe difficulties in 
diagnosing the two histologic types of invasion margin, which is probably 
related to poor interobserver reproducibility. 
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Lymphatic Spread 

It has been emphasized that the diagnosis of a rectal carcinoma should only be 
considered if the tumour infiltrates the submucosal layer (13). One argument is 
related to the assumption that the lamina propria of the mucosal membrane do 
not contain lymphatic vessels [14] and that, biologically, a tumour confined to 
the mucosa cannot spread to local or regional lymph nodes. In addition, me
tastases from rectal tumours confined to the mucosal membrane or even in
filtrating the submucosal layer are exceedingly rare (13), according to empirical 
observation. Dukes (3), in his original study of rectal carcinomas, did not 
record any tumour with lymph node metastasis if the tumours were confined to 
the bowel wall. However, lymphatic vessels, particularly at the lower third of 
the mucosal membrane, do exist and can frequently be identified by light 
microscopy in biopsy material in inflammatory bowel disease. Series of rectal 
carcinomas have demonstrated that the frequency of lymph node metastases is 
around 5% when the tumour invades the submucosal layer [13). 

The dissection of lymph nodes is a key element for pathologists in the 
proper evaluation of tumour spread. The presence or abscence of lymph node 
involvement determine the stage of the disease and is one of the most im
portant variables for estimating prognosis [11]. Hida and coworkers [9] found 
an average of 21.2 lymph nodes in the mesorectal tissue in patients with car
cinoma of the rectum examined by a conventional manual method. This in
creased to 73.7 lymph nodes when a "clearing method" was used. The TNM 
staging system requires that a minimum of 12 lymph nodes be examined in a 
resection specimen from the colon or rectum. The necessity of detecting a high 
number of lymph nodes is based on the fact that a strong statistical association 
between the number of dissected perirectal lymph nodes and the detection rate 
oflymph node metastasis exists [8]. The number of positive lymph nodes with 
metastatic tissue is also of importance. A significant drop in survival rate 
between patients with 1-3 (N1) and those with more than four positive lymph 
nodes (N2) has repeatedly been demonstrated in several series and is thus 
included in the TNM staging system. 

However, there is individual variation in the number of detected lymph 
nodes, which may be related to the patient's constitution, but also to other 
factors such as T stage of the tumour and preoperative radiation. In Dukes' 
stage A carcinomas the number of lymph nodes may be few and they may be 
small in size [11) and thus difficult to identify using a conventional dissection 
technique even in mesorectal tissue adjacent to the tumour. Such identification 
problems also exist in patients who have had preoperative irradiation [8). In 
Dukes' stage Band C carcinomas the lymph nodes frequently display reactive 
hyperplasia in addition to metastatic tissue and are thus easier to find during 
preparation of the specimen. 

Lymphatic tissue may be detected microscopically in the mesorectal tissue 
without any discernible lymph node structure. The capsule and the internal 
sinusoidal system are lacking in such lymphatic tissue. However, metastasis to 
these lymphatic elements may frequently occur and give rise to tumour islands 
in the mesorectal tissue at a distance from the main tumour margins (Fig. 1). 
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Fig. 1. "Discontinuous growth" with clusters of metastatic glands to lymphatic tissue with no 
lymph node structure located in the mesorectum remote from the main tumour. (H&E, 800) 

These tumour satellites are defined as "discontinous growth" if they are less 
than 3 mm in diameter and if no lymph node structure can be identified [8]. 
Tumour satellites larger than 3 mm without any remnants of lymph node 
structure are, for practical reasons, defined as a lymph node metastases. 

Apart from the presence or absence of metastasis to lymph nodes and the 
total number of lymph nodes involved, it may be of importance to know where 
the involved lymph nodes are located (adjacent or remote from the tumour). 
The "apical node" (N3) - the lymph node most remote from the tumour at the 
proximal end of the resected specimen along the vascular channel - should 
always be examined [11]. In addition, we prefer to devide lymph nodes into 
"adjacent," i.e., nodes in the mesorectal tissue within 3 cm distal and proximal 
from the tumour margins, and "remote" lymph nodes, which include all nodes 
more than 3 cm from the tumour margins. This gives the opportunity to 
evaluate the metastatic tumour burden at different longitudinal levels from the 
tumour in the meso rectal tissue. 

Vascular Spread 

Rectal carcinomas may infiltrate blood vessels in the bowel wall or in the 
mesorectal tissue. Intramural vascular infiltration, especially of thin-walled 
vessels in the submucosa and muscular layer may be difficult to diagnose in a 
tumour penetrating the bowel wall. The prognostic implication of vascular 
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Fig. 2. A thick-walled vein with cluster of tumour cells invading the wall and also present in 
the vessel lumina. (H&E, SOO) 

infiltration in the bowel wall is not properly documented. Of more importance 
is infiltration of extramural vessels (Fig. 2). The presence of extramural venous 
invasion can be demonstrated in 10%-22% of all carcinomas of the large bowel 
(Table 1) and has been shown to have independent prognostic significance in 

Table 1. Influence of venous invasion on survival among patients with colorectal cancer and rectal 
cancer 

Author Tumour No of Frequency Statistical significance on survival 
localization patients of venous 

invasion Univariate Multivariate 
analyses analyses 

Deans et al. [2] Colon and rectum 312 10% p=0.02 p=0.17 
T. Eide 
( unpublished) Colon and rectum 152 lS% P < 0.001 P < 0.01 
Horn et al. 
[IO] Rectum 128 22% P < 0.0001 P < 0.002 
Harrison et al. 
[6] Rectum 348 20% P < 0.001 P < 0.001 
Newland et at. 
[16] Colon and rectum 579 19% P < 0.001 P < 0.001 
Shirouzu et at. 
[18] Colon and rectum 376 p < 0.005 
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multivariate statistical analyses. The presence of this histologic feature corre
lates well with the risk of hepatic metastases. Shirouzu et al. [18] found 
metachronous liver metastases in about 30% of all patients with venous in
vasion. Efforts have been made to classify different histologic types of venous 
invasion and to grade the extent of the vessel infiltration [15]. It is probable 
that the interobserver reproducibility may be poor by the inclusion of different 
features of venous invasion. We therefore recommend that only the presence 
or absence of neoplastic cells within thick-walled veins in rectal carcinomas be 
reported. If doubt exists as to true venous infiltration, an elastin stain, or factor 
VIII immunohistochemical examination or both should be performed to 
confirm the nature of the luminal structure. 

Perineural Spread 

Tumour infiltration of the mesorectal tissue may involve nerves. Univariate 
analysis of perineural infiltration has shown that such a feature correlates 
significantly with tumour recurrence [10]. However, the typical histologic 
feature of perineural infiltration observed in adenoid cystic carcinomas of the 
salivary glands is generally not present in rectal carcinomas. The observation 
of clusters of tumour cells adjacent to nerves in the bowel wall and the me
sorectum may be a coincidence in most of the cases and not reflect a specific 
biological behaviour of the tumour. Multivariate analyses have not shown 
perineural infiltration to be a statistically strong factor predicting survival, but 
may to some extent predict an increased risk of local recurrence [10, 19]. 

Crohn's-Like lymphoid Reaction 

Lymphocytic infiltration adjacent to the tumour margins has long been con
sidered to be a marker of a more favourable prognosis of malignant tumours 
than in those cases in which no such reaction can be observed. This is also so 
for colorectal carcinomas. The interobserver reproducibility of the presence of 
lymphocytic infiltration is, however, weak [6], since there always are some 
lymphocytes in the bowel wall, especially if ulceration and secondary infection 
are present. Graham and Appelman [4] introduced the term "Crohn's like 
lymphocytic reaction" and this feature has been shown to have a higher degree 
of reproducibility [6]. The typical nodular arrangement of lymphoid tissue, 
often with germinal centres in the vicinity of the tumour margins, especially at 
the interface between the mesorectal tissue and muscularis propria (Fig. 3), 
could indicate a host reaction against the tumour and seems to have in
dependent prognostic importance [6]. 
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Fig. 3. Crohn's like lymphocytic reaction with lymphoid nodules in the interface between the 
mesorectal adipose tissue and bowel wall invaded by adenocarcinoma (upper left corner). 
(H&E, 100) 

Conclusion 

The gross appearance of local spread of rectal carcinomas through the bowel 
wall into the mesorectal tissue corresponds fairly well with the subsequent 
histologic evaluation in most of the cases. Therefore, a meticulous macroscopic 
examination of 5-mm-thick sections of the tumour with a subsequent selection 
of section for histologic confirmation is the method of choice for evaluating the 
extent of local spread of rectal carcinomas. It is particularly important to 
describe the spread related to the excision margin of the mesorectum [17]. The 
final description should always be based on histologic confirmation. 

Further, it is decisive that the mesorectal tissue is meticulously dissected in 
order to identify an appropriate number of lymph nodes. For a standard rectal 
resection this should be at least 12 nodes, particularly for Dukes' stage Band C 
tumours. All lymph nodes adjacent to the tumour within 3 cm proximal and 
distal to the tumour margins should be included. Lymph nodes remote from 
the tumour (more than 3 cm) and the apical node should be examined sepa
rately to confirm the presence or absence of distant lymph node involvement. 

Infiltration of extramural, thick-walled veins should be recorded when 
present and the lymphocytic infiltration close to the tumour with the ap
pearance of Crohn's like reaction should also be included in the pathology 
report. 
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Introduction 

Spread of rectal cancer occurs via lymphatics and blood stream, by direct 
invasion into adjacent organs and by peritoneal seeding. The goal of surgical 
treatment is en bloc resection of both the primary growth and lymphatic 
metastasis. A comprehensive understanding of both intrapelvic lymphatics and 
lymph node status in patients with rectal cancer is therefore required in order 
to offer the patient an optimal surgical procedure. 

Extramural Lymphatics of the Rectum and Anal Canal 

Extramural lymphatics in the mesorectum mainly follow the blood vessels, 
especially the arterial system supplying the rectum and anal canal. The lym
phatic distribution can be divided into three categories: (1) upward or me
senteric, (2) lateral or extramesenteric, and (3) downward (Fig. 1). 

Upward lymphatics 

Upward lymphatics are the main stream in any part of the rectum and anal 
canal. They follow the superior rectal vessels and join the lymphatics from both 
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Fig. 1. Rectal lymphatic channels as outlined by Blair and coworkers [1] 

the sigmoid and descending colon to drain into the inferior mesenteric nodes 
and then into the lumbar para-aortic lymphatic chain. Upward lymphatics also 
form anastomoses with the lateral and downward lymphatic vessels, as well 
with the lymphatics of other pelvic organs such the bladder and the genital 
organs. 

lateral lymphatics 

Lateral lymphatics are found along the middle rectal arteries, where they meet 
lymphatics along the internal iliac vessels. Together they join the lymphatics 
from the external iliac vessels at the bifurcation of the common iliac vessels. As 
absence of middle rectal arteries was observed in more than 50% of the studied 
cadavers [6], it is not clear that the lateral lymphatics always follow the middle 
rectal arteries. 

It is well known that the lymphatic drainage pattern is related to the level of 
rectum. In other words, lymphatics from the upper or intraperitoneal rectum 
drain exclusively in an upward direction, while lymphatic flow from rectum at 
or below the peritoneal reflection can occur either laterally or in an upward 
direction. Lateral lymphatics in the pelvis consist of channels from pelvic 
organs such as the bladder, genital organs and rectum. Generally speaking, 
lymphatics from organs located more anteriorly in the pelvis tend to drain into 
a more proximal part of the internal iliac vessels. As the rectum is located in 
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the most posterior part of the pelvic space, lateral lymphatics of the rectum 
drain into the distal part of the internal iliac vessels near the root of internal 
pudendal artery. Lymphatic vessels from the rectum extending laterally are 
relatively small compared with lymphatic channels from other pelvic organs 
such as the bladder and genital organs. The relative density of lymphatics, 
however, does not reduce their importance in the lymphatic spread of rectal 
cancer. 

The history of research in lateral pelvic lymphatics may provide important 
information. In 1895, Gerota described the presence of lateral lymphatics for 
the first time. In 1925, the French researcher Villemin described the detailed 
lymphatic pathways in the pelvis, using the dye injection technique [7]. At that 
time, surgery of rectal cancer was dominated by the influence of Ernest Miles 
and his description of abdominoperineal resection (APR) [3]. Miles, however, 
had a misconception concerning the intrapelvic lymphatics (clearly demon
strated in Fig. 34 of his 1908 paper), which he believed to pass through the 
levator ani muscle to the bifurcation of the iliac artery. This misconception 
prevailed until 1950, when Blair [1] documented the three directions of lym
phatic drainage from the rectum precisely in the way we describe them here. 

Downward lymphatics 

Downward lymphatics drain directly into inguinal nodes. In the case of rectal 
adenocarcinoma, inguinal lymph node metastasis occurs when the primary 
lesion grows down to the anal cancer. Downward metastasis appears to be 
fairly infrequent in anal canal cancer and/or peri-anal skin cancer. 

Concept of lymphadenectomy 

Generally speaking, primary rectal cancer is characterized by the fact that it is 
localized for a long time and is slow growing compared with other gastro
intestinal malignancies. This localized and slow tumour growth is also quite 
often observed not only in lymph node metastases, but also in metastases to the 
liver and lung. The concept of extended lymphadenectomy is based upon such 
biological behaviour. 

Lymph node metastasis first occurs along the lymphatic channels and fol
lows a well-known pattern. Figure 2 shows a schematic presentation of such 
spread. It starts at the pararectal nodes (curve Nl) and finally reaches the para
aortic nodes (curve N4). In the case of N2 metastasis, lymph node dissection 
performed along the limited surgical line would result in only a temporary 
curative resection, and the patient will most likely develop local recurrence 
about 1 year later. In patients with T3 rectal cancer, it is therefore our well
founded opinion that lymph node dissection should be carried out along the 
standard or extended line illustrated in Fig. 2. 

The upward lymphatics are in the perirectal mesenteric lymphatic complex 
and are enclosed within the proper rectal fascia. This fascia is a strong 
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Fig. 3. Relation between upward and lateral lymphatic channels 

membrane and may playa role as a barrier against cancer spread directly into 
extramesenteric lymphatics, such as to the internal iliac nodes. However, there 
is no strong membrane along the lateral lymphatic channels similar to the 
proper rectal fascia. Due to the surgical anatomy (Fig. 3) and the lack of a well
defined fascial covering of either the pelvic nerve plexus or the internal iliac 
vessels, it is more difficult to dissect lateral lymph nodes compared with up
ward or mesenteric lymph nodes. 
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According to Site and Depth of Invasion 
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According to the Japanese guidelines for colorectal cancer [2] (Fig. 4), regional 
lymph nodes for colon and rectum are identified by numbers. For example, 
pararectal nodes are given the number 51. This numbering is similar to that 
used for gastric cancer. The extent of lymphatic spread according to Japanese 
guidelines is classified into pararectal and/or paracolic nodes (Nl nodes), in
termediate node (N2) and main node (N3) and is identical for both cancer 
forms. This N classification is therefore different from the N category in the 
TNM system; the latter combines both the number of lymph node metastases 
and the level of lymphatic spread (see Chap. 4). 

Description of lymphatic site involvement is as follows: upward spread 
consists of pararectal (51), superior rectal (52), and inferior mesenteric lymph 
node (53) metastases, and lateral spread consists of middle rectal (62), ob
turator (82), internal iliac (72) and common iliac lymph node (73) metastases. 

Fig. 4. Grouping map of extramesenteric or lateral lymphatics for rectal cancer, modified from 
guidelines for treatment of large bowel cancer in Japan [2] 
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Table 1. Lymph node (LN) spread in 149 patients with Dukes' 
C tumour and node mapping according to Japanese guidelines 

Direction of LN spread Patients 

(n) (% ) 

Upward alone 91 61 
Upward and lateral 44 30 
Lateral alone 12 8 
Downward and upward 2 

Total lateral node metastasis 56 38 
Unilateral 43 29 
Bilateral 13 9 

Lymph node site 
Inferior mesenteric artery (site 53) 3 2 
Superior rectal artery (site 52) 32 21 
Pararectal (site 51) 102 67 
Common iliac artery (site 73) 3 2 
Internal iliac artery (site 72) 18 12 
Middle rectal artery (site 62) 38 26 
Obturator artery (site 82) 25 17 
External iliac (site 93) 0 0 

Also see Fig. 4. 

The incidence of lymph node metastasis in 149 patients with Dukes' C 
tumour at or below the peritoneal reflection showed upward spread in 61%, 
and upward plus lateral spread in 30%. Lateral spread alone was seen in only 
6% of patients with Dukes' C tumour at or below the peritoneal reflection. 
Needless to say, the most commonly affected site in upward direction were the 
pararectal lymph nodes (lymph node site 51; 67%), followed by the superior 
rectal lymph nodes (lymph node site 52; 21 %). 

To simplify the matter, there were two distinct categories: the incidence of 
upward spread was 91%, and lateral spread 38%. Frequently affected lateral 
lymph node sites were the middle rectal (lymph node site 62; 26%) and ob
turator nodes (lymph node site 82; 17%). The incidence of common iliac and 
external iliac node metastases, however, was low in patients operated on with 
curative intent (Table O. 

A further analysis was undertaken to elucidate the relation between depth of 
wall invasion and the incidence of lateral spread. The incidence of lateral 
metastasis was nearly 15% in patients with lower rectal cancer. In those with 
cancer invasion of the proper muscle layer, the overall rate of lateral spread 
was 12%, increasing to 37% in patients with Dukes' C cancer invading the 
proper muscle layer (Table 2). On the basis of these node findings, we re
commend that a wide intrapelvic lymphadenectomy should be added, in 
contrast to the practice of a more limited node dissection and more localized 
excision often seen in Western hospitals. 

Retrograde lymphatic spread is reported, and in patients with massive 
lymphatic infiltration, retrograde spread is a real possibility. However, retro-
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Table 2. Rate of lateral lymph node (LN) metastasis according to depth of invasion 

Depth Total patient population Patients with Dukes' C tumour 

Total Lateral LN spread Total Lateral LN spread 

(n) (n) (% ) (n) (n) (%) 

Proper muscle 59 7 12 19 7 37 
Beyond muscle layer 80 7 9 36 7 19 
Through rectal wall 134 35 26 80 35 43 
Invasion into 

neighbouring organ 24 7 29 14 7 50 
Total 297 56 19 149 56 38 

grade lymphatic spread in patients undergoing resection with curative intent is 
quite rare, and in these patients a distal surgical margin of 2 or 3 cm will 
suffice. 

A case history will demonstrate the importance of lateral dissection. A 44-
year-old woman was admitted with a 2-month history of difficulties in defae
cation. A rectal carcinoma was found in the lower rectum down to the anal 
canal. A vaginal examination revealed a recto-vaginal fistula in the posterior 
wall of the vagina. Preoperative computed tomography (CT) and magnetic 
resonance imaging (MRI) demonstrated a circular rectal cancer with enlarged 
lymph nodes in the obturator space (Fig. 5). Endorectal ultrasonography 
showed multiple nodes in the mesorectum. On the basis of these findings at 
imaging, a Miles-type resection (APR) was performed combined with resection 
of the internal female genitalia. An extended lateral lymph node dissection on 
the right side and partial preservation of the pelvic nerves on the left side were 
also performed. The patient received no adjuvant therapy after surgery. His
tologically, the lesion was a signet-ring cell carcinoma. Nodal metastasis was 

Fig. 5. Magnetic resonance imaging (MRI) of a patient with rectal cancer. The black arrow 
points to lymph node metastasis in the right obturator space 
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diagnosed in four out of 64 nodes, with one positive node in the right obturator 
space (Fig. 6). The patient has regained her health and is still alive after 5 years 
without recurrence. 

Indication for lymph Node Dissection 
Based on the Extent of Primary Growth 

As there is a close correlation between the extent of lymphadenectomy and the 
risk of denervation of the autonomic nervous system, the surgical procedures 
undertaken can be classified into four types [5]: 

1. Limited surgery with total autonomic nerve preservation 
2. Standard surgery with complete preservation of pelvic nerves 
3. Extended surgery with partial preservation of pelvic nerves and lateral 

dissection 
4. Extended surgery without autonomic nerve preservation 

Based on our extensive experience and documentation, procedure 1 should 
be used in patients with Dukes' A tumour, procedure 2 in patients with Dukes' 
B lesion, procedure 3 in patients with Dukes' C tumour and procedure 4 in 
patients with suspected or definite metastasis in the lateral lymphatic nodes. 
The final selection of operative approach should be based on combined find
ings obtained from endorectal ultrasonography, CT scan, MRI and intra-op
erative palpation of the mesorectum. Owing to the progress of pelvic imaging, 
especially using endorectal ultrasonography, the extent of the primary growth 
(depth of invasion and lymph node metastasis in the mesorectum) can be 
ascertained with an accuracy up to 83% and 74%, respectively. In diagnosing 
lateral lymph node metastasis prospectively, however, there are still unsolved 
problems, particularly in how to detect nodes less than 1 cm in size. 

Fig. 6. Sites of four lymph node metastases (see text for details) 
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Technique of lymphadenectomy Emphasizing lateral Dissection 

Upward Dissection 

In procedures 2-4, para-aortic and paracavallymphatic tissues from the level 
of the left renal vein to their bifurcation are completely removed along the 
adventitial layers of the inferior vena cava and abdominal aorta (Fig. 7). In 
procedure 1, in which sympathetic nerves are preserved, upward dissection is 
carried up to the root of the inferior mesenteric artery (Fig. 8). 

lateral Dissection 

After the anterior and posterior aspects of the rectum have been mobilized 
from the adjacent organs, dissection along the internal iliac artery and vein are 
carried out in procedures 2 and 3. First of all, the internal iliac vessels are 
exposed and dissected from the common iliac vessels to uncover, if possible, 
the root of the middle rectal artery and the middle rectal vein. A meticulously 
sharp cut of the fascia on the piriform muscle can expose not only the recto
sacral fascia posterior to the internal iliac vein, but also the roots of the S3 and 
S4 pelvic nerves close to these structures. The middle rectal vessels are ligated 
and divided at their root. After complete mobilization of the lateral aspect of 
the rectum, the lateral vesical and obturator spaces are opened between the 
internal iliac vessels and the pelvic side wall, and clearance of lateral lymphatic 
tissue in these spaces is carried out while preserving the obturator nerve and 

Fig. 7. Upward dissection in procedure 2-4 (see text). Sympathetic nerve fibers are completely 
resected 
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Fig. 8. Upward dissection in procedure 1. The superior sympathetic plexus and paired hy
pogastric nerves are preserved and demonstrated 

vessels and the visceral and parietal branches of the internal iliac vessels, such 
as the superior gluteal and the pudendal vessels (Fig. 9). In cases where there 
are metastatic nodes or if metastases are suspected along the internal iliac 
vessels, in particular around the middle rectal artery (lymph node site 62) and 
in the obturator spaces (lymph node site 82), en bloc excision of the internal 
iliac vessels (both artery and vein) must be performed, preserving the superior 

Fig. 9. Completed lateral node dissection without preservation of autonomic nerves 
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vesical artery and obturator nerve. This type of dissection is called extended 
lateral dissection [4]. 

Perineal Phase 

After the rectum has been completely mobilized, it is attached to the pelvic wall 
only by the levator ani muscles and the anal canal. In patients with distal rectal 
cancer, the problem is whether to perform an APR or a sphincter-saving 
procedure. The final decision is made in the light of tumour site, histological 
type and node status. During a Miles-type APR, the perineal procedure consists 
of wide peri-anal skin resection and clearance of ischio-rectal adipose tissues 
and levator ani muscles from their attachment to the pelvic wall. 

Survival After Extended lymphadenectomy 

The disease-free 5-year survival rate was analysed in 147 patients with Dukes' C 
tumour who had undergone lateral lymph node dissection for low rectal cancer 
according to direction of spread (Fig. 10). The 5-year survival rate was 54% in 
patients who had only upward lymph node spread. A similar survival rate 
(58%) was obtained in patients with only lateral lymph node spread. However, 
the disease-free survival rate was relatively poor in patients with spread in two 
directions (upward plus lateral). Consequently, two-directional spread offers 
important prognostic information. 

Furthermore, survival rates were analysed according to the mode of lateral 
spread (uni- versus bilateral; Fig. 11). The overall survival rate was 41 % in 
patients who had lateral node metastasis (including any combination of di-

L_~~~~~~ __ .58% 
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Fig. 10. Disease-free survival rate in 147 patients with Dukes' C tumour according to direction 
of spread. Black circles, lateral alone (n=12); triangles, upward alone (n=91); asterisks, upward 
and lateral (n=44) 
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Fig. 11. Disease-free survival rate in patients with lateral node metastasis. Triangles, unilateral 
(n=43); asterisks, overall lateral (n=56); black circles, bilateral (n=13). p<O.OI 

rection spread). The disease-free 5-year survival rate was significantly better in 
patients with unilateral than in those with bilateral lateral node metastases 
(48% versus 22%, respectively). 

Extended lymphadenectomy offers the potential to improve survival rates in 
patients with rectal cancer and lymph node metastasis. However, survival rates 
in patients with two-directional spread or bilateral lateral node metastases are 
still poor. Consequently, adjuvant chemo-radiotherapy should be offered to 
patients with local extension of primary growth. 
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The history of modern rectal cancer surgery, which started with Kraske in 
1885, can be divided into four periods, each initiated by an epoch-making 
proposal of a specific surgical procedure addressing a particular clinical issue. 
Kraske and Quenu argued for sacral or perineal approach to the primary 
tumor, but how to approach a higher located rectal tumor was still discussed 
and was undergoing research. 

In 1908, Miles [1] described the abdominoperineal resection (APR) as a 
radical procedure for rectal cancer. He suggested furthermore that lymph node 
dissection played an important role in curing cancer. Discussion centered now 
on the extent to which lymph node dissection should be carried out. 

Just as consensus formed that there were no other radical operations for 
rectal cancer apart from APR, Dixon [2] proposed the alternative of anterior 
resection which not only cured cancer, but also preserved the anal sphincter. 
Later, several sphincter-preserving procedures were designed and used. 

The fourth period started in the early 1980s, when we in Japan started 
devising an autonomic nerve-preserving procedure with the intention of pre
serving intrapelvic organ functions. 

Rectal Cancer Surgery in Japan 

The history of rectal cancer surgery in Japan goes back to Dr. Yoshikiyo Senba, 
a Japanese surgeon and anatomist, who investigated lymphatic drainage of the 
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rectum in 200 fetuses. He published his findings and conclusions in 1927 
making special reference to their clinical importance [3] (Fig. 1). In 1940, 
Dr. Masaru Kuru reported his results on the clinical use of Senba's research 
and stressed the importance of lateral lymph node dissection and high ligation 
of the inferior mesenteric artery in radical surgery [4]. His successor, Dr. 
Tamaki Kajitani, clarified the well-defined dissecting planes around the rectum 
in accordance with the anatomy of lymphatics [5]. Currently, the nerve-pre
serving procedure is the preferred treatment option for rectal cancer surgery 
nationwide in Japan. 

As outlined above, the development of surgical procedures in Japan has 
followed a different route from that taken in the West. The history of rectal 
cancer surgery in Japan also started with the sacral excision. Soon after, ab
dominoperineal amputation became the standard operative procedure. As a 
consequence of Senba's and Kuru's investigations, lateral dissection (clearance 
oflymph nodes around the internal iliac artery and in the obturator space) and 
high ligation of the vascular pedicle were added to rectal amputation. 

Even after sphincter-preserving procedures became standard in radical 
surgery, the latter two technical steps were considered to be necessary if cure of 
a rectal cancer should be the goal of treatment. Then, autonomic nerve pre-
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Fig. 1. Lymphatic pathway of the rectum. Original drawing by Yoshikiyo Senba (1927) with 
modifications 
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servation (ANP) was introduced as another possible option for rectal cancer 
surgery in around 1980 (Fig. 2). 

Determining Factors for Improvements 

Four factors led to improvements in rectal cancer surgery in Japan: 

- There has always been a tendency toward extending the areas of dissection; 
- The primary objective of surgery is to develop a procedure which can cure 

100% of all patients; 
- There has been little consideration given to operative morbidity and quality 

of life after surgery; and 
- Neither time nor money is spared to achieve cure. 

The only important issue was the balance between the proposed largest 
extent of dissection and the mortality rate. Morbidity, quality of life, and cost 
benefit were not seen as particularly relevant. Such considerations are based on 
two concepts in the Japanese way of thinking: 

- People exist for the community, usually for their family, not for themselves. 
They are not afraid of losing nonessential body functions; 

- Recovering from illness is the deepest concern in people's lives; not only for 
themselves but also for their family or relatives. They easily give up all 
money, assets, and time for that goal. 
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Fig. 2. Historical milestones in the development of surgery for rectal cancer (ANP, autonomic 
nerve preservation) 
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It can be said that the trend toward larger dissections in cancer surgery in 
Japan reflects a trend in clinical experimentation as a whole. Larger dissections 
give us the benefit of analyzing: 

- Spread of rectal cancer, i.e., the main risk factor affecting the patient's 
outcome after a surgical procedure; 

- Types of morbidity, commonly postoperative dysfunctions of intrapelvic 
organs with reference to clinical anatomy. 

These analyses can be done on the basis of data from patients operated on in a 
uniform and standardized way with the maximum amount of dissection. 
Consequently, we can discuss and set up precise indications for several types of 
dissection. 

Personal Experience 

Lymphatic spread of rectal cancer was analyzed retrospectively on the basis of 
data from 1136 curative rectal resections in the period 1950-1989 at the Cancer 
Institute Hospital, Tokyo. The modes of upward and lateral lymphatic flow are 
analyzed separately, and a correlation between the two is made with special 
reference to the incidence of metastases and the effect of nodal dissection. 
Then, dissecting planes around the rectum are discussed related to the lymph 
node dissection procedure, as is the rationale for attending to a particular 
dissecting plane. Finally, results after surgery are given in two groups of pa
tients, those treated before and after the introduction of ANP. This has been 
done to document the appropriateness of dissecting in defined tissue planes 
and the efficacy of ANP by analyzing 5-year survival rates for each type of 
dissection, the sites and rates of tumor recurrence after surgery, and sexual 
dysfunction after surgery in male patients. 

lymphatic Spread of Rectal Cancer 

General State 

From the rectum, the lymphatics drain in three directions; upward along the 
inferior mesenteric artery to the origin from the aorta; laterally along the 
internal iliac artery and inside the obturator space; and downward to the 
inguinal nodes. The direction of the lymphatic flow is related to the level in the 
rectum. Therefore tumor location (defined as level of the lower tumor margin) 
is categorized as Rs (rectosigmoid; 12-15 cm above dentate line, DL), Ra 
(upper rectum; 6-12 cm above DL), Rb (lower rectum; 1-6 em above DL), and 
P (anal canal; less than 1 cm from DL). Each location has almost the same 
incidence of nodal involvement in the three directions of lymphatic flow 
(Table 1). The rate of nodal metastases in upward dissection was independent 
of level of tumor. We can therefore conclude that upward lymphatic flow has 
an uniform collecting basin in the entire rectum. For lateral flow, the Rb and 
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Table 1. Lymphatic spread of rectal cancer related to tumor location 

Lower Number Cases of Upward Lateral Downward 
margin of node +ve node +ve" node +veb node +ve 

of tumor patients n % n % n % n % 

Rs 26 11 42.3 11 42.3 
Ra 355 148 41.6 148 41.6 11 3.1 
Rb 561 257 45.8 251 44.7 70 12.5 
P 194 97 50 93 47.9 44 22.6 20 10.3 
All 1136 513 45.1 503 44.2 125 11 20 0.7 

Data based on findings in 1136 patients undergoing a curative rectal resection in the period 
1950-1988. 
Rs, location at 12-15 em from dentate line; Ra, 6-12 em from dentate line; Rb, 1-6 em from 
dentate line; P, anal canal < 1 em from dentate line. 
"Pararectal, intermediate and main node(s). 
bInternal iliac and obturator node(s). 

the P groups have a high incidence of involvement in contrast with very low, 
almost negligible rates for tumors at Ra and Rs. Lateral lymphatic flow 
therefore has its collecting area exclusively in the lower rectum and anal canal. 
The data also suggest that the lower the level of the tumor, the more important 
the lateral flow. 

Upward Spread 

In the Japanese staging system of lymph node metastases, there are three 
grades of upward lymphatic spread determined by the anatomic site of the 
lymph nodes involved. These are Nl (lymph nodes along the superior rectal 
artery or anorectal nodes of Gerota; pararectal), N2 (lymph nodes along the 
main trunk of the inferior mesenteric artery; intermediate), and N3 (lymph 
nodes around the origin of the inferior mesenteric artery; main). 

The incidence of involvement for each N stage and the crude 5-year survival 
rates for patients with nodal involvement are shown in Table 2. Nl-positive 
patients have a high survival rate of 54.6%, and N2-positive patients also have a 
high survival rate of 41.7%. Even for N3 positive patients, we can expect that 
13.6% of the patients will survive for more than 5 years. 

Lateral Spread 

There are also three stages of lateral lymphatic spread, namely, NI (lymph 
nodes along the superior rectal artery; same as for upward spread); N2 (lymph 
nodes along the internal iliac artery); and N3 (lymph nodes inside the ob
turator space). 

The incidence of and crude 5-year survival rates for Nl-positive lateral 
spread are quite the same as for Nl-positive upward spread as the Nl stage 
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Table 2. Lymphatic spread of rectal cancer: upward spread 

Anatomic site 

Pararectal 
(anorectal) 

Intermediate Main 

Japanese lymph 
node stage (N stage) 

Incidence of node +ve 
(%; n) 

5-Year survival rate 
of node +ve patients 
(%; n) 

N1 
22.8 
(260/1136) 
54.6 
(142/260) 

N2 
17.5 
(199/1136) 
41.7 
(83/199) 

N3 
3.8 
(4411136) 
13.6 
(6/44) 

Data based on findings in 1136 patients undergoing a curative rectal 
resection in the period 1950-1988. 

designates the same lymph nodes. The incidence of N2-positive and N3-pos
itive involvement is almost the same. On the other hand, the 5-year survival 
rate for N2-positive patients is significantly higher than that for N3-positive 
patients (Table 3). 

Relation Between Upward and Lateral Spread 

The combination of lateral with upward spread was analyzed in 755 patients 
with Rb and P level cancer. As already discussed, these cancers tend to spread 
laterally to the iliac and obturator nodes as well as upwards along the inferior 
mesenteric artery. 

Nl nodes are common in both directions of spread, showing a 25.5% node
positive rate and a 52.3% 5-year survival rate in these patients. The incidence 
of N2-positive lateral nodes is lower than that of N2-positive upward nodes, 
although the 5-year survival rate for N2-positive patients is quite similar 
(Fig. 3). For N3 nodes, the incidence of lymph node involvement and 5-year 

Table 3. Lymphatic spread of rectal cancer: lateral spread 

Japanese lymph node stage 
(N stage) 

Incidence of node +ve (%; n) 
5-Year survival rate of node 

+ve patients (%; n) 

Anatomic site 

Pararectal 
(anorectal) 

Nl 

22.8 (260/1136) 
54.6% (142/260) 

Internal iliac 

N2 

5.7 (65/1136) 
41.5 (27/65) 

Obturator space 

N3 

5.2 (60/1136) 
18.3 (11/60) 

Data based on findings in 1136 patients undergoing a curative rectal resection in the period 
1950-1988. 
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survival rate of involved patients are almost equal. On the basis of these figures, 
we can make two conclusions related to the clinical importance of lymph node 
dissection for rectal cancer: 

- The lateral and upward spread of Rb and P rectal cancers are equally 
prevalent. 

- The staging system is reasonable and corresponds for both directions. 

Analysis of Lateral Node Involvement 

In order to analyze the mode of lateral spread further, the incidence of positive 
nodes was calculated for relevant tumor variables. First, tumors were cate
gorized by the depth of invasion (Table 4). The deeper the tumor invades, the 
higher the incidence of lateral node involvement. For tumors with penetration 
of the bowel wall (AI or A2 invasion), lateral node metastases rate was 17.4%. 
Ten out of 114 patients (8.8%) in this series showed metastatic nodes limited to 
the lateral flow only. 

Next, the patients were analyzed by level of the lower margin of tumor. The 
incidence of lateral node involvement increases the lower the tumor is located. 
For tumors located less than 3 cm above the dentate line, the rate of positive 
lateral nodes is l3.8% or more (Table 5). 

7.0%(~66) 

16.6%~3) 

8 . 1%(~66) 

41.6%(~1) 

4.2%(~66) 

12.5%<X2) 

25.5%(1~55) 

52.3%(1V';'93) 

Fig. 3. Lymphatic spread of rectal cancer. Comparison between upward and lateral spread in 
755 patients with lower margin of tumor at Rb (1-6 cm above dentate line) or P « 1 cm from 
dentate line). First figure gives incidence of node positive patients, second figure 5-year 
survival rate 
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Table 4. Analysis of lateral spread: depth of tumor invasion 

Depth of invasion Number of patients Number of node 
+ve patients 

n % 

SM 41 1 2.4 
MP 185 14 7.5 
Al 222 36 16.2 
A2 255 46 18 
Ai 52 17 32.6 
All 755 114 15 

Incidence of involved iliac and/or obturator nodes according to the depth 
of invasion of the tumor in 755 patients with lower margin of tumor at Rb 
(1-6 cm from dentate line) or P (anal canal < 1 cm from dentate line). 
SM, Submucosa; MP, muscularis propria; AI, reached adventitia; A2, 
exposed on adventitia; A3, invasion of organ. 

Table 5. Analysis of lateral spread: level of lower tumor margin 

Level of lower margin Number of Node +ve 
(distance from patients n % 
dentate line) 

5.1-6.0 122 10 8.1 
4.1-5.0 132 13 9.8 
3.1-4.0 123 17 13.8 
2.1-3.0 88 14 15.9 
1.1-2.0 96 16 16.6 

0-1.0 194 44 22.6 
All 755 114 15 

Incidence of involved iliac and/or obturator nodes according to 
level of lower tumor margin in 755 patients with lower margin 
of tumor at Rb (1-6 cm from dentate line) or P (anal canal < 1 
cm from dentate line). 

Dissection Strategy 

Dissecting Planes Around the Rectum and Extent of Nodal Dissection 

The correct dissecting plane around the tumor is carefully attended to during 
the operation, not only to obtain a safe margin around the tumor but also to 
carry out appropriate lymph node dissection. The dissecting plane is, therefore, 
clearly linked to the extent of lymph node dissection. The dissecting plane 
followed for an operation will automatically define the grade of lymph node 
dissection for that operation. 

Figure 4 is a transectional schematic drawing of the pelvis at the level of 
midrectum. The rectum is located in the center and is surrounded by three 
"ellipses", with three natural, anatomic spaces between them. There are two 
anatomic landmarks in the border of the spaces, namely, the pelvic nerve 
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Fig. 4. Schematic transection of the midrectum. P. PLX, pelvic nerve plexus; 1. fL. A, internal 
iliac artery; D-F, Denonvilliers' fascia 

Fig. 5. Schematic presentation of three dissecting planes 
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Fig. 6. Location of the pelvic nerve plexus 

plexus on the border between the innermost and middle compartment, and the 
internal iliac artery between the middle and outer compartment. Each com
partment has a group of lymph nodes staged as Nl, N2, and N3 in that order 
from the inner to the outer compartment. 

On a technical note, and with reference to Chaps. 8-10 in this volume, it is 
important to realize that the visceral endopelvic fascia is the border between 
Nl and N2 and that the parietal endopelvic fascia divides N2 from N3. 

Figure 5 gives a different view of the three dissecting planes around the 
rectum. If the surgeon dissects in the innermost plane (the limited dissection), 
Nl nodes are removed by clearing tissue inside the proper rectal fascia, i.e., the 
visceral endopelvic fascia, from all elements of the autonomic nerve system of 
the pelvis and anteriorly from the Denonvilliers' fascia. 

Table 6. Indication for type of dissection 

Limited dissection 
Standard dissection 
Extended dissection 

Upward node 
dissection 

Nl,N2 
Nl,N2,N3 
Nl,N2,N3 

Lateral 
dissection 

Nl 
Nl,N2 
Nl,N2,N3 

Indicated for 

Early stage cancer 
Advanced cancer upper rectum 
Advanced cancer lower rectum 
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In the middle plane (standard plane in Fig. 6), a clearing process is carried 
out along the parietal pelvic fascia posteriorly and the internal iliac artery 
laterally. The Denonvilliers' fascia is also excised anteriorly. Attending to the 
middle plane results in a complete excision of N2 lymph nodes and nerve 
system. The middle plane is called the standard dissecting plane in Japan. 

The outer plane or extended dissecting plane is an addition to the standard 
dissection. In this plane, the excision of tissue inside the obturator space, 
which is located between the iliac artery and true pelvic side wall, is carried out. 
It is, therefore, apparent that the extended dissecting plane is designed for 
complete clearance of lateral lymph nodes (N3 nodes). 

In summary (Table 6), dissection in the limited plane removes only lateral 
N1 nodes and N1 and N2 upward nodes. Such operation is indicated for an 
early stage cancer. By dissection in the middle plane, the surgeon excises N2 
lateral nodes and N2 and N3 upward nodes, and is chosen for an advanced 
cancer located in the upper rectum. Staying in the extended plane, both lateral 
and upward N3 nodes are removed. Such operation is indicated for advanced 
cancer of the lower rectum. 

Results Related to Surgical Strategy 

Five-Year Survival Rates in Patients Operated on from 1974 to 1983 (Series I) 

During the 10-year period from 1974, 341 patients underwent operation for 
rectal cancer with a curative intent along one of the three dissecting planes 
discussed above. Most of the "limited operations" were for Dukes' A stage 
cancers. The 5-year survival rate in these patients was 97.4% (Table 7). 

Cancer in the upper rectum (located above the peritoneal reflection) were 
operated on within the "standard" dissecting plane. The 5-year survival rates 
were 90.9% for Dukes' A patients, 84.0% for Dukes' Band 64.7% for Dukes' C 
patients. 

Lower rectal cancers were removed using the "extended" dissecting plane. 
The survival rates of 97.8% (Dukes' A), and 80.6% (Dukes' B) were as high as 
that for standard dissection for upper rectal cancer. Even Dukes' C cancer in 
the lower rectum had a 5-year survival rate of 51.1 %, which was almost as high 
as that for standard dissection for upper rectal cancer. 

These figures contrast with the general consensus that lower rectal cancer 
usually has a worse prognosis than upper rectal cancer. A survival rate for 

Table 7. 5-Year survival rates of series 1(1974-1983) 

Patients Dukes' A Dukes' B Dukes' C 

% n % n % n % n 

Limited dissection 97.4 (38/39) 97.4 (38/39) -

Standard dissection 75.4 (801106) 90.9 (10111) 84.1 (37/44) 64.7 (33/51) 
Extended dissection 71.4 (140/196) 97.8 (45/46) 80.6 (50/62) 51.1 ( 45/88) 
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lower rectal cancer as high as that for upper rectal cancer is considered to be a 
reflection of an effective clearance of the lymphatic spread of the lower cancer. 

Sexual Dysfunction in Male Patients Operated on from 7974 to 7983 (Series I) 

Significant pelvic dysfunction was seen after radical surgery with standard and 
extended dissection. One and 2 years after surgery, 155 male patients were 
surveyed for sexual dysfunction, i.e., loss of erection and ejaculation. Radical 
surgery with limited dissection did not damage any element of the pelvic 
autonomic nerve system. There were no patients who lost erection or ejacu
lation following this operation (Table 8). 

As discussed above, standard dissection was used for cancer in the upper 
rectum and all cancers were excised by anterior resection of the rectum. 
Therefore, the operations using standard dissection comprise two groups, one 
with "high" anastomosis (more than 4 cm above dentate line) and the other 
with "low" anastomosis (less than 4 cm above dentate line). Almost none of 
the patients in the "high" anastomosis group lost the ability of erection. On the 
contrary, the "low" anastomosis group did not regain this function after sur
gery. All patients in both groups lost the ability to ejaculate. 

These results are a clear reflection of the anatomic location of the hypo
gastric nerve fibers and the pelvic nerve plexus. The hypogastric nerves, which 
control ejaculation, are included in the tissue to be excised in a standard N2 
lymph node dissection. In patients with "high" anastomosis, the dissection 
does not reach the level of the pelvic nerve plexus located 4 cm above the 
dentate line, which plays a role in promoting erection. In patients with "low" 
anastomosis, both the hypogastric nerves and the pelvic nerve plexus are 
completely excised (Fig. 6) which results in loss of erection and ejaculation in 
nearly all patients. 

Patients with low rectal cancer operated on with extended dissection, and 
with either coloanal anastomosis or rectal amputation, and patients with low 
anastomosis following a standard dissection complained of loss of erection and 

Table 8. Sexual dysfunction in 155 men 1 and 2 years after surgery, results of series I (1974-
1983) 

Loss of erection at Loss of ej aculation at 

1 year 2 year 1 year 2 year 
----
n 0/0 n 0/0 n 0/0 n 0/0 

Limited dissection (n=16) 0 0 0 0 6 6 
Standard dissection" 

High anastomosis (n=28) 2 7 1 4 26 93 24 86 
Low anastomosis (n=31) 30 96 30 96 31 100 31 100 

Extended dissection (n=80) 78 97 78 97 80 100 80 100 

" Higher or lower than 4 em from dentate line 



The Lymphatic Spread of Rectal Cancer and the Effect of Dissection 177 

ejaculation. All elements of the autonomic nerve system are sacrificed in an 
extended dissection and in a standard dissection with low anastomosis. 

Tumor Recurrence in Patients Operated on from 1974 to 1983 (Series I) 

In 75 out of 341 patients in Series I, tumor recurrence was diagnosed clinically, 
and verified by imaging (X-rays, computed tomography, CT, scans, or ultra
sonography). No recurrence was found in patients undergoing limited dis
section (Table 9). 

For "standard" and "extended" dissection, the modes of recurrence were 
investigated. Hematogenous metastases was the most frequent type of recur
rence for both groups, with an incidence of approximately 15%. The rate of 
local recurrence after "standard" and "extended" dissection was low (6%). 
This indicates that the complex lymphatic spread of low rectal cancer is 
eradicated by means of extended dissection. 

Five-Year Survival Rates in Patients Operated on from 1984 to 1988 (Series I/) 

During the 5 years from 1984, 197 patients were operated on with curative 
intent. In this group, an ANP, either partial or complete preservation, was 
added to a "standard" or "extended" dissection. The operative details of ANP 
are as follows: As an initial step, a limited dissection is carried out, leaving 
every element of the autonomic nerve system intact. Then, a "peeling process" 
of tissue lateral to the nerve system is started from the hypogastric nerve plexus 
down to the pelvic plexus if required. Finally, a "standard" or an "extended" 
dissection is performed so precisely that the hypogastric nerve plexus and 
fibers, and pelvic nerve plexus and fibers on both sides can be isolated. 

Partial nerve preservation means that one or more parts of the autonomic 
nerve system, like a unilateral side of the system or a part of the pelvic plexus, 
are preserved. Complete preservation indicates that the entire system of the 

Table 9. Recurrences in series I (1974-1983) 

Number Patients Tumor recurrence 
of with 
patients recurrence Hematogenous Local Lymphatic Peritoneal 

n % n % n % n % n % 

Limited 39 0 0 0 0 0 0 0 0 0 0 
dissection 

Standard 106 27 25.4 19 17.9 7 6.6 4 3.7 7 6.6 
dissection 

Extended 196 48 24.4 31 15.8 12 6.l 7 3.5 0.5 
dissection 

All 341 75 21.9 50 14.6 19 5.5 11 3.2 8 2.3 
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autonomic nerves, from the lurnbal splanchnic nerves cranially to the neuro
vascular bundle of the urinary bladder on the anal side, is completely preserved 
on both sides. 

Five-year survival rates in this series are almost the same as for patients 
operated on in the period 1974-1983 (Series I). Even for Dukes' B and Dukes' C 
tumors treated with "extended" dissection, 5-year survival rates are fairly si
milar to those of the group operated on before 1983 (Table lO). This shows that 
the modification of ANP in radical rectal cancer surgery does not reduce 
curability. 

Sexual Dysfunction of Male Patients Operated on with ANP from 1984 to 1988 (Series II) 

The 58 men in Series II were surveyed for the ability of erection and ejaculation 
1 and 2 years after surgery (Table 11). After "standard" dissection with ANP 
and with high anastomosis, 75% of the men could regain the ability of ejac
ulation 2 years after surgery. This contrasts with the fact that all patients lost 
ejaculation function after an identical operation without ANP. Around 75% of 

Table 10. 5-year survival rates of series II (1984-1988 after introduction of 
autonomic nerve preservation) 

Patients Dukes' A Dukes' B Dukes' C 

% n % n % n % n 

Limited 96.2 26127 100 26126 0 0/1 
dissection 

Standard 83.6 51/61 100 12/12 100 15/15 70.5 24/34 
dissection 

Extended 70.6 77/109 86.3 19122 87.0 27/31 55.3 31/56 
dissection 

Table 11. Sexual dysfunction in 58 men 1 and 2 years after surgery, results of 
series II {1984-1988) 

Loss of erection at Loss of ejaculation at 

1 year 2 year 1 year 2 year 

n % n % n % n % 

Limited dissection (n=8) 0 0 0 0 0 0 0 0 
Standard dissectiona 

High anastomosis (n=12) 2 16 8 3 25 3 25 
Low anastomosis (n=lO) 3 30 2 20 4 40 3 30 

Extended dissection (n=28) 7 25 5 17 14 50 9 33 

aHigher or lower than 4 cm from the dentate line 
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patients with low anastomosis or "extended" dissection could also resume 
erection and ejaculation after surgery modified by ANP. Sexual function tended 
also to improve as time passed after surgery. 

Tumor Recurrence in Patients Operated on from 7984 to 7988 (Series II) 

Out of 197 patients, 38 (19.3%) had recurrence of the tumor within 5 years 
after surgery (Table 12). This is almost the same rate of proven recurrence as 
in the former group (Series I). Hematogenous metastases were the most 
prevalent mode of recurrence. As for local recurrence, rates of 4.9% and 6.4% 
for "standard" and "extended" dissection, respectively, were about the same as 
for the former group. This is highly suggestive of the notion that ANP as used 
in Japan does not adversely affect the radicality of rectal cancer. 

Conclusion 

A retrospective analysis of a large series of patients operated on for rectal 
cancer using a technique of extended dissection demonstrated the modes of 
lymphatic spread of rectal cancer. The importance of lateral lymphatic spread 
as well as upward spread for the outcome of the patients with low-lying rectal 
cancer was emphasized, and it was conclusively shown that "standard" dis
section should be used for cancer of the upper rectum and "extended" dis
section with lateral clearance for cancer of the lower rectum. 

"Standard" and "extended" dissection decrease the patient's postoperative 
quality of life, with sexual dysfunction seen in male patients. ANP, however, 
could preserve sexual function in most without reducing survival. 

Table 12. Recurrence in series II (1983-1988 after introduction of autonomic nerve 
preservation) 

Number Patients Tumor recurrence 
of with 
patients recurrence Hematogenous Local Lymphatic Peritoneal 

n % n % n % n % n % 

Limited 27 3.7 3.7 
dissection 

Standard 61 13 21.3 8 13.1 3 4.9 1.6 1.6 
dissection 

Extended lO9 24 22 15 13.7 7 6.4 2 1.8 0 0 
dissection 

All 197 38 19.3 24 14.6 lO 5.0 3 1.5 0.5 
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Despite advances made in diagnostic, anaesthetic and operative technology 
over the past five decades, results after curative surgery for rectal cancer have 
not improved, reflected by a reported local failure rate varying from 4% to over 
30%, and an overall survival of less than 50% [1]. Although figures on recur
rence rate may be partially dependent on the length of follow-up, and the 
diagnostic tools and the diagnostic criteria employed, such variation is unique 
in cancer surgery [18]. 

Recurrence is mainly found within the pelvis, and in contrast to colonic 
cancer, often unaccompanied by distant metastatic disease [102]. Obviously the 
traditional surgical approach is not optimal and readjustment must be con
sidered. 

The basic surgical principles in the treatment of colorectal cancer was for
mulated by Lord Moynihan in 1908 [89]. Early in this century the local re
currence rate following surgery for rectal cancer was nearly 100%. Miles 
developed a combined radical abdominal and perineal approach (APR) to 
remove the pelvic mesocolon and the "zone of upward spread" to solve this 
problem [81]. The procedure carried a 42% mortality rate in his first 12 pa
tients reported on in 1908. In 1923 he reported a postoperative mortality rate of 
9.5% and a local recurrence rate of 29.5% in 65 patients, which indicated that 
APR could cure rectal cancer [82]. However, recurrence rates remained around 
50% up to the 1950s with survival rates varying from 16.6% to 37.5% [44]. 
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The Initial Standard Operation 

Mr. Miles' operation was for a long time the "gold standard" for treatment of 
rectal cancer, even for tumours above 15 cm from the anal verge. This is 
somewhat surprising in view of its mutilating nature and its impact on urinary 
and sexual function. Indeed, "one had not done a proper cancer operation if 
the man was not impotent thereafter" was a frequently heard comment. 

The standard dissection in rectal cancer surgery is a blunt dissection of the 
rectum along the presacral pelvic fascia, as is even illustrated in a recently 
edited textbook on colorectal surgery [21]. Little attention is paid to the me
sorectal integrity and the urogenital nerves. In order to prevent nerve damage, 
a "cone-wise" dissection of the mesorectum is often carried out, which results 
in incomplete removal of lymphatic tissue. This increases the risk for tumour 
regrowth [63]. 

The choice between low anterior resection (LAR) or APR for distal rectal 
cancer is still a controversial issue. Even in major institutions, APR is per
formed in more than half of the patients [58,66,95]. A general trend towards 
sphincter-saving procedures is, however, evident (Table O. Today APR can be 
limited to 15% of the total rectal cancer population. 

LAR Versus APR 

Sphincter-preservation techniques were introduced early in this century and 
were popularised in the late 1940s [12, 68]. This initiated the still ongoing 
controversy as to which method gives the lowest risk of local recurrence. 
Analysis of the Large Bowel Cancer Project in UK demonstrated that LAR for 
rectal and rectosigmoidal carcinoma was followed by a 18% local recurrence 

Table 1. Decreasing role of APR in rectal cancer surgery 

Author Year Country Reference Patients APR 
(n) (proportion) 

Mettlin 1981 USA 77 4610 61 % 
Jones 1982 UK 62 269 65% 
Phillips 1984 UK 98 848 56% 
Enker 1986 USA 26 412 62% 
Neville 1987 USA 91 373 52% 
Carlsson 1987 Sweden 102 319 41 % 
Gerard 1988 Europe 36 341 81 % 
Horn 1990 Norway 58 309 60% 
Treurniet 1991 Netherlands 113 174 48% 
Amato 1991 Italy 3 147 47% 
Dixon 1991 UK 23 211 33% 
Fandrich 1994 Germany 29 353 39% 
Goldberg 1994 UK 38 468 24% 
Cedermark 1995 Sweden 20 849 61 % 
Enker 1995 USA 28 246 28% 
Heald 1995 UK 47 303 14% 
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Table 2. Incidence of local recurrence after APR and LAR for rectal 
cancer 

Author Year Reference APR LAR 

n % n % 

Jones 1982 62 15/917 8.5 12/92 13.0 NS 
Williams 1984 118 7/83 8.0 8/71 11.0 NS 
Phillips 1984 98 57/478 12.0 67/370 18.0 NS 
Neville 1987 91 36/192 19.0 36/181 20.0 NS 
Amato 1991 3 7/69 11.0 9/78 12.0 NS 
Dixon 1991 23 3/61 5.0 6/150 4.0 NS 
Fandrich 1994 29 13/137 9.5 241216 11.0 NS 
Isenberg 1995 61 3/53 5.7 11189 12.5 NS 

NS; not significant 

rate compared with 12% after APR [74]. In a group of patients with tumours 
located 7-10 cm from the anal verge the local recurrence rate in stapled 
anastomosis was 32% versus 13% for APR [91]. Similar results have been found 
in a recent German study, although the difference between the two methods 
was not significant [61]. 

Fandrich could not demonstrate a significant influence of the type of op
eration on long-term results, although a higher local recurrence rate was seen 
after LAR for low T4 tumours [29]. They concluded that patients with large 
tumours of the lower rectum seemed to benefit from APR. Others have dem
onstrated a 74% 5-year survival rate after sphincter-saving procedures and 
62% after APR, but this difference was not statistically significant [118]. The 
general consensus is now that there are no differences in recurrence rates 
between APR and LAR (Table 2). 

One explanation for the observed poor local tumour control following 
sphincter-saving procedures could be the so-called "coning effect" [4, 103]. 
The plane of dissection during a LAR will potentially be closer to the rectal wall 
than during APR. However, excellent local control after LAR can be achieved if 
careful sharp dissection under direct vision in well-defined anatomic planes is 
carried out [45]. 

All patients should therefore be considered for a sphincter-saving procedure 
provided that the tumour does not involve the anal sphincter and that pre
operative evaluation does not indicate irresectability [117]. APR remains the 
procedure of choice for patients with large cancers in the lower third of the 
rectum while some still advocate APR in patients with tumours of the mid
rectum [61]. 

We conclude that any difference in outcome between the two operations is 
likely to be related to the skill and experience of the surgeons. 

No Touch Isolation Technique 

Turnbull introduced the technique of lymphovascular isolation and ligation 
prior to mobilization of the tumour-bearing colonic segment, ligation of the 



186 C.W. Taat et al. 

bowel lumen, and retroperitoneal lymph node dissection in 1967 [114]. This 
concept was based on the observation that tumour cells often appeared in 
venous blood after surgical manipulation [32]. An increase in (uncorrected) 5-
year survival of 16% in favour of this technique was demonstrated in Turnbull's 
original non-randomized study. In Dukes' C patients, the survival benefit in
creased to 30%. Others demonstrated that venous invasion was associated with 
worse prognosis, although no correlation could be demonstrated between the 
presence of circulating tumour cells and survival [40]. 

A prospective randomized multi centre study evaluating the effect of the "no 
touch" concept failed, however, to demonstrate a benefit with respect to overall 
survival. Subgroup analysis revealed a significant benefit if microscopic vas
cular invasion was present in the tumour [116]. This phenomenom was par
ticularly evident in tumours of the rectum [80]. 

Although the concept on which this "no touch" technique is based may be 
correct, its impact will be greatly restricted by wide variations in lymphatic and 
vascular anatomy and numerous bypass routes through retroperitoneal com
munications between the caval and portal system. 

High ligation of the Inferior Mesenteric Artery 

En bloc resection of lymph nodes at the origin of the inferior mesenteric artery 
(IMA) from the aorta, often called "high ligation", was assumed in the 1960s to 
give a survival benefit compared with "low" ligation, which allows selective 
preservation of the left colic artery. Such benefit was demonstrated for cancer 
of both the left colon and the rectum [6]. 

Two more recent comparative studies have failed, however, to show a sur
vival benefit for "high" ligation irrespective of Dukes' stage [96, 110]. Un
fortunately no information has been given as to the indication for "high" or 
"low" ligation. This raises the possibility that selection bias may affect out
come. Lymphatic drainage may not only be along the primary route following 
the inferior mesenteric artery, but may occur along alternative routes following 
the portal vein [109]. 

The number of involved lymph nodes is a significant factor determining 
survival. Hojo and Koyama [55] demonstrated in a retrospective study that life 
expectancy decreased with increasing number of affected nodes, with the IMA 
nodes only rarely being involved. In a prospective study, Moran showed 
prognosis to be poor if more than four nodes were involved [84]. The number 
of involved nodes is often underestimated, as nearly 75% will be found in 
nodes smaller than 5 mm by special node-clearing techniques [54]. It might be 
argued that once tumour has spread to the "high" nodes the disease is gen
eralized and surgery for cure cannot be achieved. 

In our opinion, the level of IMA ligation does not influence recurrence and 
survival rates significantly. As yet, no conclusive data on the merits of "high" 
IMA ligation have been published. 
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Resection Margins 

Intramural Spread 

The length of the distal bowel resection margin has been repeatedly discussed 
in the literature, particularly after the introduction of the circular stapling 
device. A much cited study reporting distal intramural spread up to 4 cm distal 
to the rectal cancer was used as an argument for wide distal resection margins. 
This finding was also responsible for the adoption of the "5 cm rule" [42]. This 
was allowed to happen although it had already been shown in 1949 that only in 
less than 1 % of resection specimens was tumour extension found more than 
2 cm away from the primary lesion [12]. 

Pollet and Nicholls [100] attempted later to define safe margins based on 
recorded length of the distal resection margin. A total of 334 patients were 
divided into three groups, namely those with a resection margin of less than 
2 cm; those with a margin of between 2 and 5 cm; and those with a margin of 
more than 5 cm. No difference in crude 5-year survival, cancer-specific death 
and recurrence rates were demonstrated. 

In another well-performed study, the importance of distal intramural spread 
in resection specimens was examined. Patients with distant spread beyond 
1 cm were found to have a poorly differentiated Dukes' C carcinoma. All 
patients were dead within 3 years of the operation [119]. The authors con
cluded that extensive retrograde intramural spread signifies aggressive disease 
with unfavourable prognosis. Such findings should, therefore, not constitute 
the basis for distal margin guidelines. We will argue that routine application of 
the 5 cm rule is against the patient's best interest, unnecessarily sacrificing the 
anal sphincter in many patients. The palpable lower edge of a rectal carcinoma 
is nearly always also its microscopic lower edge [119]. 

Extramural, Mesorectal Spread 

The problem of extramural distal spread has been addressed by Heald and his 
group [51]. He described five patients in whom minute foci of adenocarcinoma 
were present in the mesorectum several centimetres distal to the apparently 
lower edge of the tumour. Based on their findings, Heald and coworkers argued 
that distal mesorectal deposit(s) could not be detected before or during sur
gery, or even suspected after routine histological examination. Therefore 
mesorectal spread was presumably more dangerous than distal intramural 
spread and led to the recommendation that complete excision of the mesor
ectum should be performed routinely [51]. 

They also demonstrated that the distal bowel resection margin could be 
safely reduced to less than 1 cm. No difference in local recurrence rates were 
found between a group of 42 patients with distal resection margin of up to 
1 cm and a group of 110 with distal margins of more than 1 cm following a 
curative TME [63]. Although the more than 1 cm margin group had sig
nificantly less Dukes' A tumours and selection criteria were not given, these 
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results are impressive. Admittedly, however, no formal consensus on distal 
margins exists among surgeons [120]. 

Pelvic lymph Node Dissection 

The orderly pattern of lymphatic spread from perirectal to inferior mesenteric 
lymph nodes has been noted by several authors in the past [33, 41]. Lateral 
lymphatic spread was infrequently found [41]. 

The presence oflymphatic tissue draining laterally was demonstrated in vivo 
by injecting dye in the rectal mucosa [106]. It was argued that such findings 
could explain the high local failure rate. Failure was also related to the site of 
the tumour, i.e. the lower the tumour in the rectum, the higher the frequency of 
local recurrence, ranging from 30% for the lowest lesions to 6.3% for the upper 
third of the rectum [7]. This justified the plea for a more radical pelvic lymph 
node dissection (PLND) [106]. 

Data on survival in 80 patients who underwent radical abdominopelvic 
lymph node dissection failed to demonstrate a significant survival benefit in 
rectal and distal left colonic cancers [8]. Later Stearns and Deddish [108] 
reported on 122 patients with cancer within 20 em from the anal verge. Lymph 
node dissection was performed along the aorta and caval vein, between the 
ureters from the duodenum to the levator ani muscles, including presacral 
external and internal iliac and obturator spaces. 

In 91 % of Dukes' C patients lymph node metastases were found in dissected 
tissues beyond the standard excision area. The 5-year survival rate for all 
patients was 54%, comparable to the results demonstrated in an earlier series. 
Though Dukes' C patients undergoing extensive node clearance fared better 
than patients who underwent conventional operations, the procedure-related 
complications and the long recovery time led the authors to conclude that 
radical abdominopelvic lymph node dissection should not be used routinely. 

Radical lymph node dissection in colorectal cancer has also been addressed 
by other authors from different centres [25, 89, 37]. Enker and co-workers 
[25] reported on patients treated between 1966 and 1970; 5-year survival was 
45.5% in 48 patients with rectal cancer. The local recurrence after resection of 
Astler Coller C2 stage tumours was 27.9%. C2 patients, who had a hypogastric 
lymph node dissection added, experienced a local recurrence rate of 18.2% 
[24, 25]. 

A report in 1986 from the same group [26] gave the results in 192 patients 
with rectal cancer. The aortoiliac pelvic lymphadenectomy included removal of 
nodes caudad to the aortocaval bifurcation, along the common iliac arteries 
and veins and the internal iliac and middle haemorrhoidal branches. The re
sults were compared with those of 220 patients who underwent a conventional 
rectal cancer resection. Superior 5-year survival rate was observed in Dukes' C 
patients after LAR plus en bloc pelvic lymphadenectomy (57.6% versus 32.1 % 
after conventional resections). Following APR, the 5-year survival was 37.0% in 
the extended group and 20.8% for the Dukes' C patients operated on con
servatively. 
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The overall pelvic recurrence rate after LAR or APR with or without ex
tended node dissection was 27.8% and 28.6%, respectively. The extent of the 
procedure did not have an impact on the pelvic recurrence rate [26]. It was 
concluded that only patients with tumours penetrating the bowel wall should 
be selected for this operation as the incidence of nodal metastases in such 
patients exceeded 50%. 

In another American series of 154 rectal cancer patients, 64 had extended 
pelvic node dissection. Although the local recurrence rate in these patients was 
9.4% versus 16.4% in the patients who underwent conventional operations, this 
difference did not reach statistically significance [78]. 

McCall and coworkers [75] reviewed 51 papers published between January 
1982 and December 1992 reporting on 10 465 rectal cancer patients operated on 
for cure, without adjuvant therapy. The median local recurrence rate was 
18.5%, and for Dukes' C tumours 28.6%. In 476 patients, collected from four 
papers, who underwent extended pelvic lymphadenectomy, the local recur
rence rate was 12.4%. Patients in this group tended to have slightly more 
advanced disease (based on Dukes' stage) than 1033 patients, collected from 
eight papers, who underwent TME. These patients were reported to have a local 
recurrence rate of 7.1 %. 

At the National Cancer Center Hospital in Tokyo, Japan, experience with 
PLND for rectal cancer has been accumulated over a long period. In the past, 
patients with rectal cancer below the peritoneal reflection were found to have 
metastases to the lateral pelvic nodes in 23% [55]. Metastases to such sites 
indicated a 5-year survival below 10%. Extended lateral PLND was, therefore, 
added, the rationale being to reduce failure rates. 

Their 'conventional' operation included dissection along the adventitia of 
the major abdominal and pelvic vessels removing para-aortic and para-caval 
lymphatic tissue, and resecting the aortic sympathetic plexus from the level of 
the left renal vein. The IMA was divided flush with the aorta. The pelvic iliac 
nodes were removed, and the obturator fossa was cleared of all lymphatic 
tissue. If metastatic involvement in the lymphatics around the internal iliac 
artery and vein was suspected, extended lateral dissection was added. The 
internal iliac vessels were sacrified to the branching of the superior gluteal 
vessels, preserving only the superior vesical artery and obturator nerve. No 
long-term sequelae of the procedure were reported. 

The first report on 163 patients in whom such an extensive lateral PLND 
was added showed statistically increased 5-year survival rates in Dukes' Band 
C staged patients (83.2% and 52.5% versus 62.7% and 30.8%, respectively 
compared with patients who underwent conventional dissection). The fre
quency of pelvic recurrence was 24.5% for Dukes' C patients with extended 
lateral dissection versus 44.3% in patients who underwent conventional dis
section [65]. 

Later Moriya and associates reported on lateral dissection in 232 patients 
with advanced rectal cancer at or below the peritoneal reflection [86]. After 
'conventional' dissection, disease-free 5-year survival was 67.4%, while after 
'extended' lateral dissection, survival increased to 75.8%. The survival benefit 
was, however, not statistically significant. In Dukes' C patients, the disease-free 
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survival appeared better in the 'extended' group (68.0% versus 43.7%), but 
even this difference did not reach statistical significance. The local pelvic re
currence rate was 12% in the 'extended' group versus 19% in patients operated 
on «conventionally". Again no statistically significant difference could be 
demonstrated. Involvement of lateral nodes only was observed in 6% of pa
tients. Postoperative neurogenic bladder and sexual dysfunction developed in 
virtually all of 232 patients and intermittent self-catheterisation was required in 
10% of patients. Some 90% regained their ability to void after 1 year, while 
sexual function rarely improved. 

Critics of PLND focus on the increased operation time and blood loss, and 
particularly the high rate of urinary and sexual dysfunction. To limit the fre
quency of such comorbidity which follow PLND, the concept of pelvic auto
nomic nerve preservation (ANP) gradually emerged [27, 87]. The principle was 
based on the surgical anatomy of the pelvic nerves so well described for benign 
disease by Lee and associates in 1973 [67]. 

Enker presented in 1992 a series of 42 men who underwent a curative ANP 
side wall dissection in conjunction with a sphincter-preserving procedure for 
rectal cancer below 11 cm [27]. This procedure is less extensive than the 
Japanese pelvic dissection as no clearance of lateral pelvic nodes was per
formed. Out of 38 patients, 33 remained potent, and 29 of these had normal 
ejaculation. Only one local recurrence was seen (2.4%) after a follow up of 20 
months. 

In a small series Michelassi and Block [79] reported on 91 patients who 
underwent wide pelvic lymphadenectomy, a more extensive dissection than 
that described by Enker. Three patients needed self-catheterisation post
operatively, but not for more than 8 months. Only two out of seven sexually 
active males regained postoperative sexual potency. 

Recently Moriya reported results of his autonomic nerve sparing technique 
in 185 patients with rectal cancer at or below the peritoneal reflection [87]. 
Depending on the stage of the disease, the surgical approach allowed for dif
ferent types of ANP, varying from selective unilateral or a bilateral sacrifice of 
the inferior hypogastric nerves or presacral nerves to a combination of these. 
In 81 patients, the autonomic nerves in the pelvis and preaortic region were 
preserved. When evaluated 30 days after operation, 91 % of patients could void 
spontaneously. None of them was incapable of erection, but 30% experienced 
difficulties with ejaculation. 

In the remaining patients who had either partial or near complete sacrifice 
of the autonomic nerves, all had severely impaired erection and none of them 
had normal ejaculation. Pelvic recurrence rate in this series was 4%, which is a 
surprisingly low figure given the 24.5% local recurrence rate in Koyama' series 
[65] following the more extended en bloc lateral pelvic lymphadenectomy. One 
may wonder whether this remarkable difference was caused either by operating 
on patients with less advanced tumours or by accomplishing a more complete 
excision of the meso rectal structures, and not due to the pre-aortic and lateral 
PLND. 

Others have reviewed the long-standing controversy on the questionable 
comparability of Western and Japanese patients and emphasised the absence of 



Surgical Options in Rectal Cancer 191 

prospective randomized trials required to determine the true value of radical 
pelvic node dissection [107]. 

In a comment to a much cited paper by Hojo and coworkers [56], it was 
concluded that lateral lymph node metastases were demonstrated in only 3% of 
patients, and that the corresponding 5-year survival even after extended 
lymphadenectomy was only 6% [46]. Support comes from Moreira et al. who 
compared retrospectively 95 Japanese patients who had undergone extended 
lateral PLND with 83 patients who had conventional dissection [85]. Recur
rence and survival rates correlated more with intrinsic tumour factors, i.e. 
venous and neural invasion and tumour spread, than with the extent of nodal 
dissection. 

Most studies on PLND are retrospective and lack proper control groups, and 
some even lack information on the effect of radical lymphadenectomy in pa
tients whose excised nodes contained metastases [1]. An additional confusing 
aspect is the lack of uniformity in surgical technique, in the extent of the 
procedures, and in the anatomical nomenclature. 

Total Mesorectal Excision 

In 1982 Heald and coworkers pointed out that spread of rectal cancer occurred 
not only upwards, but also distally within the mesorectum. He (and others) 
also stated that extensive downward intramural spread is an infrequent oc
currence [42,51,52]. The distal spread is restricted to only a few millimetres 
[52]. 

The pathology data and the experience that division of the mesorectum itself 
was bloody and non-anatomical led Heald to suggest a different surgical ap
proach, dissecting in the avascular plane surrounding the mesorectum 
(Chap. 15). This resulted in complete removal of the mesorectum, sparing the 
anal sphincter and leaving a small rectal remnant to be anastomosed with the 
colon. The autonomic nerves were unharmed. Complete excision of the me
sorectum and the mesentery containing the inferior mesenteric artery and vein 
gives, according to Heald, a "perfect tumour and pedicle package". 

This "package" is the block of tissue in which rectal tumour spread com
monlyoccurs [47]. In general rectal cancer will not spread beyond the borders 
of the mesorectum, embryologically defined by the plane between the visceral 
and parietal fascia. This forms the basis of the "total mesorectal excision hy
pothesis" [45, 47]. TME should theoretically decrease the incidence of local 
recurrence following surgery for cancer of the mid and low rectum. Further
more, TME comprises a meticulous sharp dissection under direct vision along 
the delicately defined fascial layers, to prevent tearing into the mesorectum and 
opening up tumour "areas" and disrupting lymphatic channels, thereby re
ducing potential contamination of the operative field with tumour cells [93]. 

Since April 1978, 333 patients have been operated on with 261 "curative" 
resections at the Colorectal Research Unit of the North Hampshire Hospital. 
The local recurrence rate is 4% [47]. This contradicts the expectations of his 
critics that, with time, the local recurrence rate will undoubtedly increase. In a 
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previous publication [50] reporting on 115 curative anterior resections, a cu
mulative risk oflocal recurrence at 5 years was 3.7% and the overall survival at 
5 year 87.5% (tumour free survival 81.7%). All operations were performed or 
closely supervised by Mr. Heald. No patient received adjuvant therapy. 

However, many investigators have questioned these findings and have 
pointed to the possibility of patient 'case mix' and analytical techniques [60], 
vague selection processes [90], and incorrect use of definitions [72] as ex
planations for such results. 

MacFarlane and associates [70], revised independently the Basingstoke data 
and compared them to results from the much cited North Central Cancer 
Treatment Group (NCCTG) adjuvant trial [66]. In 'high-risk' patients (Dukes' 
B and C), only five out of 126 (3.8%) developed local recurrence after LAR in 
the Basingstoke series. Two of nine (22%) patients developed local recurrence 
after APR. The overall local-plus-distant recurrence rate was 18%. These results 
were clearly superior to those reported after conventional surgery and adjuvant 
radiotherapy in the NCCTG study (5% local recurrence at 5 years in Basing
stoke compared with 25% in the NCCTG study). In the latter study, conven
tional surgery followed by radiotherapy and chemotherapy gave a 13.5% local 
recurrence rate. 

A point of concern is the anastomotic leakage rate associated with the TME 
procedure. Out of 219 patients who underwent TME at Basingstoke symp
tomatic anastomotic leakage was found in 24 of them (11.0%); in 14 patients 
(6.4%) a minor leak was detected by contrast enema [64]. Three patients with 
major leaks died. 

The relatively high incidence of anastomotic leakage might be caused by 
devascularization of the anorectal stump during dissection of the distal 'tail' of 
the mesorectum in TME, presumably due to the vascular anatomy of the 
posterior lower part of the rectum [5, 115]. In that area there is no anasto
mosing vascular bed between the superior and inferior rectal artery. Such 
vascular anastomosis is present ventrally. Furthermore the middle rectal artery 
is only present in 50% of cases, and in 50% of these only found unilaterally. 
Dissection may further compromise the already poorly vascularised dorsal 
aspect, subsequently impairing anastomotic healing. The problem with post
operative anastomotic dehiscence led Heald to recommend a temporary co
lostomy in patients with low anastomosis (less than 6 cm from the anal verge) 
[64). 

Dixon has reported on 202 patients with cancer of the distal sigmoid and 
rectum in whom TME was performed by one single surgeon. In 150 patients 
undergoing a curative anterior resection, only six developed local recurrence. 
The 5-year survival was 64% after anterior resection [23). McCall reported a 
pooled (eight papers) local recurrence rate of 7.3% in 1033 patients who un
derwent TME [75). 

Major support for the impact of precise excision of the mesorectum on local 
recurrence rate has come from pathologists. Quirke and associates [101) 
demonstrated that an involved circumferential margin carried more than 80% 
risk for local recurrence. Quirke suggested that lateral spread of tumour at the 
lateral circumferential margin of the specimen might well have been en-
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compassed by total removal of the mesorectum. Others have failed to confirm 
the correlation between lateral margin involvement and local recurrence [19]. 

A prospective study on 190 patients by Quirke's group [2] demonstrated 
that involvement of the circumferential margin affected independently both 
local recurrence rate and survival. The status of the lateral margins and the 
distance between tumour and the lateral margin are now accepted as in
dependent prognostic factors [120]. 

A regional project in The Netherlands has demonstrated that these results 
are reproducible in a multicentre setting [43]. The lateral resection margins of 
253 patients operated on for rectal cancer were examined according to Quirke's 
method. A positive resection margin was in this study an independent prog
nostic factor for both local recurrence and distant metastases. 

Enker actually performs the same procedure as Heald. This was documented 
and video-taped during a joint effort in Basingstoke where each of these two 
surgeons performed one side of the dissection in a patient with a lower third 
rectal cancer [47]. 

One should bear in mind that Heald's results are a personal series of which 
the epidemiological characteristics have not been studied in detail. The Ba
sings toke study is challenging and provocative but otherwise inconclusive [31]. 
The benefit of this technique for instance on a national level can only be 
demonstrated through evaluation of large-scale multicentre studies, whether 
these are randomized or "benchmark" studies. 

local Excision 

Local excision has been used to treat low rectal cancer to reduce morbidity, 
such as male impotence and bladder and sexual dysfunction, and to avoid 
permanent colostomy. Such local approaches should be considered in low
lying tumours otherwise needing APR, or when APR or LAR is not justified. 

Local excision may be performed by transsphincteric, transsacral or trans
anal routes [69, 73]. In view of the risk for postoperative complications af
fecting anal continence [11], trans anal local excision is the preferred route. 
This has met with success, results in early cancers being comparable with that 
of radical procedures [34, 57]. Graham et al. [39] reported on published series 
and found a cancer specific 5-year survival of 89% in mainly Tl (submucosal 
invasion only) and T2 (muscularis propria invaded) tumours, within 6 em of 
the anal verge, and without enlarged lymph nodes. The local recurrence rate 
was 19%. 

The tumour should be excised in toto to allow histological examination with 
assessment of resection margins, depth of penetration of the bowel wall, tu
mour grade, and other tumour-related prognostic features. Such an approach 
will not clarify the nodal status, and recommendations as to adjuvant therapy 
or surgery will often be difficult. Accurate assessment of lymph node status is 
difficult and reliable in only 80% of patients [13, 22]. 

Criteria used for selection are: tumours should be no more than 3 em in 
diameter, mobile at palpation, within 10 em of the anal verge, not within the 
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range of the vaginal wall, and histologically moderately or well differentiated. 
Tumours should be confined to the rectal wall (Tl or T2), without evidence of 
lymph node metastases, as established by preoperative intraluminal ultra
sound. An extension of the trans anal local excision technique is transanal 
endoscopic microsurgery with special instruments [16, 88]. 

The risk for loco regional failure is high in all local excision techniques. One 
should realise that patients who undergo a salvage APR or LAR for subsequent 
local recurrence have a significantly worse prognosis than those who undergo a 
primary radical procedure for adverse pathologic features found in the initial 
local excision specimen [9,88]. The impact of adjuvant radiotherapy has been 
the subject of other studies [71,83]. Future randomized studies are required to 
evaluate the merits of adjuvant radiotherapy following local excision of rectal 
cancer. 

Results After Rectal Cancer Surgery 

Local recurrence is the most important outcome variable when reporting on 
results of rectal cancer surgery. A note of caution should be given when 
comparing and interpreting published data. There is no uniformity as to the 
applied nomenclature of either "rectal cancer" or "local recurrence". Some 
authors include in their series tumours that are localised in the rectum or 
rectosigmoid, others include only patients with tumours at or below the 
peritoneal reflection [2, 86, 87, 94,105,121]. In general, rectal cancer is defined 
on the basis of the distance from the anal verge to the distal tumour margin as 
measured by a rigid sigmoidoscope. Unfortunately this distance varies to a 
great extent. Thus different 'rectal cancer' series may well represent a wide 
variety of tumours, with different growth and spreading patterns (Table 3). 

The distance from the tumour to the anal verge depends on the type of 
endoscope used. With a rigid scope, the distances are smaller than if a flexible 
endoscope is used in the same patients. Several papers lack accurate in-

Table 3. Definitions of rectal cancer 

Author Year Reference Distance tumour-anal verge 

Enker 1979 25 < 12 em 
Phillips 1984 97 < 18 em 
McDermott 1985 76 < 18 em 
GITSG 1985 35 < 12 em 
Neville 1986 91 < 15 em 
Heald 1986 50 < 15 em 
Krook 1991 66 < 12 em or below the sacral promontory 
Amato 1991 3 < 15 em far below promontory at laparotomy 
Michelassi 1992 80 < 14 em 
Enker 1992 27 < 11 em 
MacFarlane 1993 70 < 12 em 
Moriya 1993 87 at or below the peritoneal reflection 
Fandrich 1994 29 < 15 em 
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formation on how the height of the tumour has been assessed [29, 45, 99]. 
There is an urgent need for an internationally accepted, standardized definition 
of "rectal cancer" to be used in communications and publications. 

The site of the tumour is of prognostic importance. Tumours at or above 
12 cm carry a significantly lower risk for local recurrence than more distally 
located lesions [99]. Anteriorly located tumours in the middle and lower third 
of the male rectum are said to carry a higher risk for local recurrence than 
posteriorly located tumours, but no reliable data are found in literature con
cerning this aspect. 

The risk of tumour recurrence is also stage related; patients with Dukes' B or 
C lesions within 10 cm from the anal verge have a two- to fourfold increased 
risk for locoregional recurrence compared with patients with a tumour above 
that level [10, 61]. McCall, Cox and Watchow found in their survey a local 
recurrence rate of 8.5% for Dukes' A tumours, 16.3% for Dukes' B, and 28.6% 
for Dukes' C [75]. 

Recurrent disease is either local, distant or a combination of the two. It is 
called "local recurrence" if found adjacent to the primary tumour site or in the 
lesser pelvis [1]. The incidence of local recurrence after curative resection 
varies widely and Table 4 gives an overview of reported results. 

The term "local recurrence" covers a wide range of definitions, each having 
an impact on reported results. In a recently published series on 284 patients, it 
was demonstrated that the local recurrence rate could vary from 4% to 43.3% 
by in- or excluding patients according to the definition of "local recurrence" 
[72]. Local recurrence after operation for rectal carcinoma should therefore be 
defined as: "any detectable local disease at follow-up, occurring either alone or 

Table 4. Local recurrence after 'curative' surgery 

Author Year Reference Patients Type of tumour recurrence 

Local Local + distant Total local 

(n) n 0/0 n 0/0 n 0/0 

Rich 1983 105 142 24 16.9 19 13.3 43 30.2 
Phillips 1984 99 848 124 14.6 
Pilipshen 1984 97 382 87 14.4 50 13.1 105 27.5 
McDermott 1985 76 934 107 11.0 84 9.0 193 20.0 
Carlsson 1987 19 231 16 7.0 56 24.2 72 31.1 
Zirngibl 1990 121 1153 265 23.0 
Amato 1991 3 147 16 10.9 
Dixon 1991 23 224 9 4.0 
Moriya 1993 87 185 8 4.3 
Norstein 1993 94 275 69 25.1 12 4.4 81 29.5 
Adam 1994 2 141 32 23.0 
Fandrich 1994 29 371 42 11.3 10 2.7 52 14.0 
Bogne! 1995 14 339 53 15.9 10 3.0 63 18.6 
SAKK 1995 111 185 47 25.4 
Isenberg 1995 61 142 14 9.9 
McCall 1995 75 10465 167 18.8 167 2.7 2183 21.5 
Heald 1995 48 261 7 3.0 7 3.0 
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in conjunction with distant recurrence, in patients who underwent resection of 
rectal cancer". Furthermore, it is common practice to report only isolated local 
recurrence after 'curative' surgery, although local recurrence in combination 
with distant disease none the less constitutes treatment failure. Evaluation of 
rectal cancer surgery should include all failure areas [1, 72]. 

There are also problems related to the term 'curative' surgery, which gen
erally means that all visible tumour is removed. Such a statement is based on 
the surgeon's judgement, and inclusion of only 'curative' patients may well 
introduce bias. This could partially be overcome if only postsurgical "curative 
resection" cases were included, where "curative" is defined as a histologically 
complete excision of the tumour and free resection margins (including cir
cumferential margin). 

Another confounding factor in the analysis of local recurrence rates is the 
potential impact of follow-up. The methods used for detecting local failure 
differ in accuracy, and the incidence of local recurrence increases with time 
[18]. Autopsy in all patients with a history of cancer surgery who die is 
probably not routine anywhere, but may affect recurrence rates [18, 112]. The 
reported incidence of local recurrence might be an underestimation of reality 
in many studies [1]. Authors should clearly define the outcome variables to 
avoid confusion and to facilitate interstudy comparison or evaluation of future 
novel therapies. 

The individual surgeon seems also to be a prognostic factor. Among 20 
consultant surgeons who reported on more than 30 patients in The Large 
Bowel Cancer Project in UK [74], local recurrence rates ranged from below 5% 
to more than 20%. The "surgeon factor" persisted after correction for other 
prognostic tumour characteristics. This surgeon-related phenomenon, first 
reported by Phillips et al. [97] in 1984, has been confirmed by McArdle and 
coworkers [74]. With recurrence rates ranging from nil to 21% among 13 
surgeons, we may assume that some of the differences in outcome reflect 
differences in patient characteristics, but even after adjusting for known risk 
factors substantial differences remained. 

Recently Hermanek reported on local recurrence rates from surgical de
partments entering patients into the German Color ectal Cancer Study [53]. 
Local failure rate ranged from 1% to 18% for TNM stage II patients, and from 
9%-38% for stage III patients. The local recurrence rates related to individual 
surgeons ranged from 5% to more than 50%. The subsequent 5-year survival 
ranged from 80% to 40% and was inversely correlated to local failure rates. 
This shows that optimal local control does have an impact on survival [49]. The 
failure rate in the German study did not show any relation with the total 
number of rectal operations performed by each surgeon. The operating sur
geon appears to be an independent prognostic factor even after stratification 
for tumour-related factors, a finding confirmed by others [30]. 

The best results in Table 4 come from personal series where surgeons nearly 
always have adopted the principle of TME. Despite possible confounders, as 
discussed above, the unprecedented good results do suggest that the TME 
technique will contribute significantly to the future outcome of rectal cancer 
surgery. Others report less favourable outcomes (Table 4). It is apparent that 
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conventional resection technique for rectal cancer does not meet the standards 
set by "TME surgeons". 

The presented data support the contention that surgery for rectal cancer 
should be performed by surgeons with a special interest and skill in colorectal 
surgery. This is supported by a recent investigation on the effect of the sur
geon's specialty interest on the type of resection performed [104]. Surgeons 
with experience and interest in colorectal cancer did wider resections in left
sided colonic and rectal cancers than surgeons with other interests. 

The surgeon as a prognostic factor has also impact on the interpretation of 
results of adjuvant studies. The Gastro-Intestinal Tumour Study Group 
(GITSG) and the NCCTG demonstrated the efficacy of postoperative adjuvant 
radio- and chemotherapy in rectal cancer, treatments leading to significantly 
reduced recurrence rates and improved survival [35, 66, 95]. Local recurrence 
rate in the 'surgery alone' control group in the GITSG study [35] was 25%, and 
5-year local recurrence rate in the NCCTG study [66] after surgery plus 
radiotherapy was 24%. The local recurrence rate following adjuvant treatment 
was 13% [95], a figure regularly encountered in European publications fol
lowing surgery alone. Notably, only in the NCCTG study were the operative 
records reviewed by a surgical board to ascertain that minimal surgical criteria 
had been met. Quality control of surgery should be an essential item in future 
studies. 

On the basis of the GITSG and NCCTG studies, the NIH Consensus De
velopment Conference (1990) recommended that combined surgical and ad
juvant therapy was the optimal management for rectal cancer patients with a 
poor prognosis (TNM stage II and III) [92]. Given the impact of the operating 
surgeon on patient outcome, the results from any trial addressing the question 
of adjuvant therapy needs to be interpreted with caution [2]. 

The system of specially trained surgeons has been validated in the pre
viously conducted Dutch Gastric Cancer Trial comparing Japanese style D2 
lymph node dissection to routine dissection [15]. Surgical quality control 
turned out to be crucial in testing the hypothesis [17]. In addition to quality 
control within the operating theatre, the role of the pathologist, which has been 
discussed before, is emphasized [2, 19, 101]. For rectal cancer trials, the 
method of examination of the specimen as described by Quirke (Chap. 5) 
should be introduced as the "gold standard". Through accurate feedback 
from the pathologist, the surgeon can evaluate the completeness of his rectal 
excision. 

A more careful attention to surgical details should be followed by improved 
results. The impact on patient outcome might be greater than that of any of the 
adjuvant therapies currently under study [53]. Hermanek predicted that op
timal surgery would increase 5-year survival from 45% to around 80%, a 75% 
improvement, whereas the contribution of adjuvant modalities is commonly 
not greater than 10%-20%. 
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Introduction 

Surgery has never been a science. Most of the "standard" operations that are 
regularly performed were established, like the boundaries of the countries in 
which we live, as accidents of history. Most of the surgical papers with pre
tensions to real scientific method are about the trappings of surgery rather than 
the actual craft which is the essence of its daily practise. Chemotherapy, an
aesthetic and antibiotic agents, and sometimes the consequences and outcomes 
of surgery are often well reported and are the subject of controlled prospective 
trials, but the actual building blocks themselves remain poorly defined. 

Perhaps this is the reason why the assumption is widely made in the medical 
profession by those concerned with colorectal cancer that the only major 
improvements to be achieved are in respect of adjuvant therapies. Indeed, from 
the management of this, the commonest of all curable major cancers, a 
worldwide chemotherapy health care revolution is daily reaching the headlines 
and the corridors of power, while major changes in the daily practise of surgery 
are regarded as being largely matters of technical detail. 

In Great Britain, for example, plans are afoot to reorganise cancer services 
on the basis of the availability of medical oncology services with scant regard 
for the background realities. It is surgeons, radiologists and radiotherapists, 
backed by the skills of histopathologists, who currently manage and, for 
practical purposes, are the only sources of permanent cure of any of the major 
epithelial neoplasms. 

The standard operation for rectal cancer in most of the Western world 
throughout the whole of this century has been the abdominoperineal resection 
(APE), as advocated by Miles in 1908 [l3]. As recently as 1993, Murray and 
Veidenheimer described it as the "gold standard by which all other operations 
must be judged, not only for carcinomas of the distal third of the rectum but 
for all bulky tumours of the middle third as well" [14]. 
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There can be few more dramatic examples of the limitations of historically 
based "standard operations". Miles had scarcely published his procedure be
fore it had become standard practice, and relatively few references appear in 
the literature apart from the written proceedings of the Medical Society of 
London, where he gave three Lettsomian lectures on the subject many years 
after it had become widely practised. 

In the English-speaking world, the more thoughtful and scholarly con
tributions of Henri Hartmann [7, 8] have been largely disregarded, and a huge 
block of tissue including the levator ani muscle, the anal sphincter and the 
contents of the ischio-rectal fossa have been offered up by the surgical pro
fession on a daily basis as a "ritual sacrifice". In my opinion, the sacrifice of 
these tissues is a "standard" for which no scientific evidence can in fact be 
adduced at all. 

A history of restorative excision would not be appropriate here, but its 
arrival in the 1940s and 1950s did seem on a common sense basis to threaten 
the apparent "radicality" of Miles' original operation as illustrated in his own 
diagram from the Lettsomian Lecture (Fig. Ia). The cluster of lymph nodes in 
the ischio-rectal fossa on his diagram have not once occurred in the last 407 
cases referred to me. Their existence was largely a figment of Miles' imagina
tion based on the frequency with which he saw recurrences after APE. 

Some early reports of anterior resection (AR) raised doubts in many minds 
about whether the local control and cure rates would be unacceptably in
creased by this challenge to orthodoxy [11]. Famous surgeons such as Gabriel 
at St. Mark's intoned against the evils of such irresponsible challenges to es
tablished practice. Those who were determined to persevere produced a further 
orthodox "standard" for which no scientific evidence whatever was forth
coming, i.e. the "5 cm rule" [2, 3, 6]. All subsequent data have demonstrated 
quite clearly that the palpable lower edge of the tumour is indeed the micro
scopic lower edge in all but a very tiny percentage of cases [16]. The arbitrary 
choice of the 5 cm rule for the muscle wall of distal clearance has cost millions 
of people their anal canals! 

The battles of the 1940s and 1950s were to be fought again in the 1970s and 
early 1980s after the introduction of circular stapling devices. These instru
ments, which were developed and improved rapidly by American technological 
know-how, made it easier for surgeons to go lower with their anastomoses than 
they had felt happy and safe to do with manual anastomoses. Early reports 
gathered in profusion to suggest that this new wave of liberties was being paid 
for by both anastomotic leakage and, more seriously, by locally recurrent 
disease [11]. 

Fig. 1. a Ernest Miles' original diagram demonstrating his concept of a "cylindrical" field of 
spread justifying abdominoperineal excision. b Our opinion on lymphatic spread within the 
mesorectum 
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Concept of the Mesorectum 

The word "mesorectum" appears in no anatomical textbooks, and a Medline 
search of the surgical literature conducted in June 1995 shows no references to 
the structure prior to 1980. I believe that I can claim responsibility for writing 
about it first, although its existence was alluded to by Dukes and pointed out to 
me by one of my chiefs at Guy's Hospital, Rex Lawrie [9]. It commanded 
attention then because its division during anterior resection as performed in 
the 1960s constituted a tiresome and haemorrhagic phase of the operation. A 
later mentor in my surgical upbringing, Professor John Goligher, elaborated on 
the word mesorectum by clarifying my own concept of an "integral visceral 
mesentery of the hind gut" - precise words with a precise meaning. He did so 
to explain to others what he believed I meant by the word and in doing so gives 
us a perfect definition for standardising a block of tissue which it is rational for 
us to excise in a rectal cancer operation. 

At the beginning of this century, Moynihan, that hero of British surgical 
history, very beautifully described cancer surgery as being "the applied anat
omy of the lymphatic system". This is most particularly true of colorectal 
cancer, which has been frequently shown to have lymphatic involvement in 
more than one half of all cases; modern "best" results confirm that this is often 
the only spread, i.e. it is present without distant metastases which would 
preclude cure. The very fact that an avascular plane could be developed around 
the mesorectum and that it is embryologically distinct from the surrounding 
parietal structures led me to argue the inherent probability that this lymphatic 
spread would be confined within it (Fig. 1 b). This may be the first example of 
the practical reality that the field of spread of cancer may remain for a con
siderable time within a specific embryological entity - and that optimal surgery 
requires removal of this entity intact. 

The concept of the mesorectum, however, does not appear in the anatomy 
books because it does not readily come from the dissection of the cadaver - a 
fact which has been brought home to us in recent months when we have tried 
to establish anatomical prosection workshops at the Royal College of Surgeons 
in London. This anatomical concept comes instead from surgeons dissecting 
human tissues in their live state. The areolar planes between tissues of em
bryologically distinct origins are the essential stock in trade of every abdominal 
surgeon. They are much more clearly apparent in the live patient, where they 
provide the means of movement of one tissue upon another, and the means of 
access for the surgeon to a relatively bloodless separation zone between one 
organ and another. 

Surgeons in the first half of this century were more than a little restricted by 
the inaccessibility and the bleeding which tended to occur when they strayed 
into the lower reaches of the pelvis. Thus when most of today's surgeons were 
taught about anterior resection and about APE, there was more than a hint of 
"sleight of hand" and "mystery" to the delivery from the depths of a tattered 
and sometimes torn tube of rectum with an irregular and patchy covering of 
fat. Most of us "trainees" could not really see how this block of tissue had been 
created, and very few of our chiefs explained it to us. Miles considered that the 
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procedure was easy enough and stated that it should be accomplished in less 
than 45 min. 

As has been recently emphasised by Enker and others [5], the practice of 
inserting one's hand into the loose areolar tissue between the mesorectum and 
the sacral promontory was fraught with hazard because of the condensation 
that occurs lower down, rather firmly binding the back of the mesorectum to 
the front of the middle part of the sacrum. This condensation has been called 
the recto-sacral ligament and, as Enker emphasises [5], the hand thrust down 
in this way will be directed by the ligament straight into the mesorectum and 
thus across the commonest field of spread of the typical mid-rectal carcinoma. 
It must be particularly borne in mind in this regard that the superior rectal 
artery and vein with their surrounding lymph nodes are very close to the 
posterior margin of the mesorectum, so that respect for its covering areolar 
tissue is crucial to the whole practice of total mesorectal excision: involved 
nodes may be only 1-2 mm away from the plane of excision. 

Operative Technique 

Total mesorectal excision and stapled reconstruction were therefore an attempt 
at a spoken and written description of what I felt in the early 1980s to be a 
sensible way to improve this "snatch and run" approach. The mesorectum was 
a rational monobloc to remove to optimise rectal cancer cure and to preserve 
as many anal canals as possible [9]. Criticism and attention had been drawn to 
the dangers of going still lower with AR after the arrival of the circular stapling 
devices in the late 1970s [11]. It was therefore determined in Basingstoke at 
that time that fastidious efforts would be directed towards the complete ex
cision of the mesorectum by careful pursuit of the innermost proper areolar 
plane around the integral visceral mesentery of the hind gut. 

The upper limit was determined as the origin of the inferior mesenteric 
artery from the aorta, but preserving 1 cm so as to safeguard the divisions of 
the sympathetic nerves around its origin. On occasions where it was deemed 
desirable, several more centimetres of the artery would be stripped distally of 
their mesenteric surround so that the ascending left colic artery could be 
preserved. Subsequent studies showed this to be of rather little practical value, 
and it is certainly of little oncological importance in defining the upper limit of 
the mesorectal package [4]. 

Following the posterior plane downwards towards the aortic bifurcation, the 
"pedicle package" is carefully dissected from the sympathetic nerves on the 
front of the aorta and its bifurcation and the top of the mesorectum identified 
within the "wishbone" bifurcation of the pre-sacral nerves. This is carefully 
preserved, and there is good clinical evidence that its sacrifice leads to retro
grade ejaculation. 

In the mid-line posteriorly, the plane between mesorectum and pre-sacral 
tissues is developed downwards and the condensation called the rectos acral 
ligament cut through under direct vision in such a way as to preserve the 
coverings of the mesorectum. This provides access to the depths of the pelvis, 
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where the bi-lobed mesorectum can be painstakingly dissected out from the 
levator gutters. 

Laterally, the plane is developed between the hypogastric nerves (pre-sacral 
nerves) and the lateral surface of the mesorectum. As this plane is developed, 
it becomes apparent that the tethering points of the mesorectum are in reality 
points of adherence between the mesorectum and the flattened confluence of 
sympathetic and parasympathetic nerves, which is called the inferior hypo
gastric plexus. The principal parasympathetic contributor to this plexus comes 
forward from the anterior aspects of the third and fourth sacral nerve roots 
and comprises the principal pelvic splanchnic parasympathetic outflow. In the 
experience of the author, the largest of these is to be found just distal to the 
piriformis muscle under the sacral fascia, sometimes a prominent pillar 
running from back to front adherent to the mesorectum and sometimes 
covered with fascia and somewhat overshadowed by piriform muscle itself. 
Thus in conventional surgery it is presumably protected in some people, 
though it is often damaged or removed. This flattened nerve plexus curves 
slightly medially behind the vas deferens to become the neurovascular bundle, 
which has been so well described and demonstrated by Walsh lower down in 
his descriptions of the operation of radical prostatectomy [12]. Where they 
most obviously abut on to the rectal surgeons "tumour package", they are 
running along the lateral edge of Denonvillier's fascia behind the lateral ex
tremities of the seminal vesicles. Lower still, they run along the postero-lateral 
aspect of the prostate, where only a little areolar tissue separates them from 
the anterior aspect of the muscle of the anorectum. Damage to them at this 
point is rather common if the surgeon feels motivated to remove a "sliver" of 
prostate in his attempt to clear an anteriorly situated cancer below 5 cm in a 
male patient. 

The definition of the anterior plane of the rectal cancer specimen deserves 
special attention in male patients; if the seminal vesicles are approached 
anterior to the peritoneal reflection by division of the peritoneum a perfect 
plane can be entered anterior to Denonvillier's fascia. This distinct fascia is well 
developed in men as a shiny anterior surface of a complete circumferential 
surrounding mesentery, i.e. the mesorectum. Thus the pathologist can readily 
identify the front of the specimen because it is the site of the peritoneal re
flection and, below it, of the shiny Denonvillier's fascia. Lower down, this fascia 
becomes adherent to the tissues at the back of the lower part of the seminal 
vesicles and the top of the prostate, so that the lowest part of the anterior wall 
of the rectum has little intervening tissue between muscle and the posterior 
wall of the prostate, i.e. at this level the mesorectum is virtually absent. 

Lower down at the back, however, the mesorectum is generously provided as 
a bilateral globular expansion of the mesentery out into the lower recesses of 
the pelvis, distal to the pillars of the autonomic nerves at the sides. This is 
clearly the basis for the damage which so often occurred in the past to the 
parasympathetic nerves with consequent loss of sexual potency and the ability 
to achieve an erection. It is said that many of the great names in British surgery 
used to teach that "if you had not made the patients impotent you would not 
have cured them of cancer". A second site for possible damage, as already 
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described, is behind the prostate, where the lowest anterior rectal cancers pose 
the greatest technical difficulties of all. 

The middle rectal arteries are usually absent or negligible in size, and the so
called lateral ligaments have been confirmed in six out of six biopsy ex
aminations to be what I believe they are, i.e. the parasympathetic and sym
pathetic nerve supply of the rectum itself. The secret of not making the patient 
impotent is the division only of the horizontal limb of the "stub" of nerve 
entering the mesorectum, i.e. of not removing the whole T junction. 

Standardisation of Rectal Cancer Surgery 

The first requirement for standardisation of rectal cancer surgery is to define 
the package of tissue to be removed. In surgical terms, this is as described as 
above. In terms of conventional anatomy, the relations of the block of tissue 
can readily be described. 

Anteriorly within the pelvis in males, the upper third of the rectum is 
covered with peritoneum and related therefore to intraperitoneal structures 
such as ileum. Below the peritoneal reflection Denonvillier's fascia, its anterior 
surface, is related to the back of the seminal vesicles, while below this again the 
lower third is related to the back of the prostate. 

Posteriorly, the mesorectum is related to the aorta and its bifurcation with 
its covering nerve plexuses. Lower in the pelvis lie the pre-sacral fat pad and 
the sacrum, coccyx and ano-coccygeal raphe, which give the mesorectum its bi
lobed appearance posteriorly. Hence my rule of thumb that if you have not 
seen the bi-Iobed lipoma you have not done a proper TME. 

On each side, the nerve plexuses and fasciae lie on the surface of the piri
formis muscle and, beyond this, the pelvic floor and levator ani muscles. At its 
extreme caudal end, the rectum joins the internal sphincter of the anus with an 
acute posterior curve. At this point, the anorectal junction is within the sling of 
the puborectal muscle, which is important in the maintenance of continence -
particularly in guarding against faecal and flatal stress incontinence. 

In females, these relations are altered anteriorly, where both the middle and 
the lower third of the rectum lie behind the posterior vaginal wall. De
nonvillier's fascia and anterior mesorectum between it and the anterior rectal 
wall are often rudimentary in females. However, it is common, even in ante
riorly placed cancers, for there to be a satisfactory mobile plane due to the 
areolar tissue which lies between the vagina and the anterior aspect of the 
rectum. 

"On table" vaginal examination is a key precursor to TME, as this mobility 
determines whether excision of the posterior vaginal wall is necessary. This is 
important because surgical orthodoxy used to dictate that the posterior vaginal 
wall must be sacrificed - most particularly in all anteriorly placed rectal car
cinomas. It is inherent in the hypothesis of TME that cure and local control 
depend upon the liberation of the embryologically determined specimen only 
along such planes. I would suggest that sacrifice of the posterior vaginal wall is 
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rarely necessary, except when it is tethered to or involved by the primary 
tumour. 

In addition to the basic definition of the mesorectum given above, there are 
two major practical objectives for the operating surgeon. The first relates to the 
avoidance of tearing of the specimen - a TME may conceivably be "total" but 
not "curative" if it is torn close to the edge of the primary tumour. The second 
of these "dynamic" objectives for the surgeon is the avoidance of implantation 
of exfoliated cells. This, like so many other aspects of cancer surgery, remains 
unproven as a significant hazard. Nevertheless, it is my view that steps should 
be taken to guard against it. Therefore it is necessary that the lower edge of the 
specimen along the muscle tube should be defined and either clamped or 
stapled. This staple line may be called the pathologist's staple line and is an 
alternative to the clamp. It is essential that the distal segment is thoroughly 
washed below this seal. Either a manual purse string or a second staple line 
(the patient's staple line) will be needed prior to the use of a circular stapling 
device to join the colon or a short colon pouch to the anal canal. 

The actual technique for stapling has undergone steady development during 
the last 17 years and has been the crucial facilitator in improving the quality of 
deep pelvic dissection. The original Russian SPTU gun of the late 1970s has 
been replaced by successively improved circular and linear staplers. The mid-
1990s "state of the art" combination for low pelvic reconstruction would in
volve a U.S. Surgical Corporation (USSC) GIA (or equivalent) for creating an 
ultra-short colon pouch (2x5 cm) and two P130 linear staple cartridges (or 
equivalent), one to seal the specimen and another in place of a "purse string". 
These set the scene for a stapled low colorectal or colo anal anastomosis with a 
flip-top Premium EE 31 or 34 circular stapler (or equivalent). This is a lot of 
staplers, and it is expensive. However, it represents one of the most worthwhile 
examples of higher initial costs saving money in the end - colostomy bags for 
life and a higher risk of local recurrence are the two largest "real" costs of 
rectal carcinoma, and they can both be avoided by better technique. The cost of 
the staplers is readily recouped in under 6 months in terms of colostomy bags 
alone. In national terms (e.g. for the UK) this could save £ 10 million in one 
year - a figure which would be cumulative with each year of survival. 

Personal Results 

The application of these principles has been tested in Basingstoke on 407 
consecutive patients referred with rectal cancer. Figure 2 shows the distribu
tion of operations, reflecting a profound distaste on my part for the perfor
mance of APE. A total of 86% of patients had AR of the rectum and only 7% 
had APE, both incorporating TME. Only for the very highest rectal tumours 
between 12 and 15 cm where 5 cm of mesorectum distal to the tumour could 
readily be excised without tapering inwards closer than 5 cm was the low pelvic 
dissection avoided and mesorectal transection and anastomosis around 8-
10 cm undertaken. 
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Fig. 2. Choice of operation in 407 consecutive referrals. AR, anterior resection; APE, abdo
minoperineal excision 

Thirteen patients in a 17-year period were excluded because they failed to 
reach the operating theatre (97% operability). Thus over 90% of those un
dergoing radical surgery had AR and 85% of these TME. 

Survival analysis by the lifetable method in 359 patients with sufficient data 
for inclusion on 1 June 1994 is given in Fig. 3a. In the two minority survival 
curves at the top and bottom of the lifetable, it will be seen that local excision 
was used very rarely and so far without adverse consequence in terms of local 
failure. It will also be seen that the small number of patients undergoing 
palliative Hartmann surgery or colostomy only died very rapidly indeed. 

A number of critics of this series have alluded that undue selectivity has 
been applied to the referrals. We will refute the assertion that any significant 
differences that may exist between this series and other published series can be 
attributed to the exclusion of unfavourable cases. We agree with Hermanek's 
observation that the general rule is that, provided prospective and consecutive 
data collection has been used, those units with the best results are usually those 
with the least exclusions [10]. This is important because the view that good 
results reflect selection bias is very widely held and has significantly slowed the 
acceptance of TME. The failure to identify clearly in the past every single 
exclusion, even those 13 who died before reaching the operating room, has 
perhaps contributed to this delay. 

The survival data are based on an unusually comprehensive regime of in
tensive follow-up; 3-monthly for 2 years, 6-monthly for 3 years and annually 
thereafter. Senior consultant staff have examined the patients on virtually every 
visit, carcino-embryonic antigen (CEA) tests have been undertaken routinely, 
and endoscopies, ultrasound and computed tomography (CT) scans as clini
cally indicated, and no patient has been lost to follow-up. Figures 4-6 refer to 
both local recurrence and overall recurrence including local recurrence; only 
deaths proven to be from other causes with proven freedom from recurrent 
disease are censored at the point on the lifetable where the relevant death 
occurred. Figure 4 shows the expectation of cure in all patients considered to 
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Fig. 3. a Survival analysis (by lifetable method). Event is death with recurrence of any kind. 
Only deaths proven to be from other causes in patients free of tumour are censored. b Survival 
until recurrence by Dukes' stage at operation 
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Fig, 5. a Survival analysis until local recurrence of all rectal cancer operations excluding only 
those with distant metastases, i.e. no exclusion for local residual disease. The local recurrence 
rate is 6% at 5 years (95% confidence interval, CI, 2%-10%), and 7% at 10 years. b Survival 
until recurrence of any kind of all rectal cancer operations, excluding only those with distant 
metastases, i.e. no exclusion for local residual disease. The recurrence rate is 26% at 5 years 
(95% CI, 19%-32%), and 28% at 10 years 
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Fig. 6. a Survival until local recurrence for all rectal cancers including locally incurable and 
those with metastases. Local recurrence is defined as any recurrence detectable within the 
pelvis by any means. Actual local recurrence was 7% (95% confidence interval, cr, 3%-11 %), 
and 7% at 10 years. b Survival until recurrence for all rectal cancers, including locally in
curable and those with metastases. 32% overall recurrence at 5 years (95% cr, 25%-38%), and 
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have had a curative operation, Fig. 5 in all those who had an operation without 
metastases with no exclusion for adjudged local failure and Fig. 6 the results 
for all patients whether presenting with metastatic disease or not. 

Conclusion 

The figures presented raise the possibility that specialisation in and con
centration on the detailed technique of TME can virtually eliminate locally 
recurrent disease as a problem in patients with rectal carcinoma. This is po
tentially one of the most exciting developments in cancer treatment at this 
time. It does, however, pose enormous problems in both the organisation of 
surgical services and the need for the establishment of specialised surgical 
training facilities. 

In the organisation of hospital operating lists, it entails a fundamental 
change in the attitude to one of the common branches of surgery. Rectal 
carcinoma ceases to be a 2-h operation which can be performed by any general 
surgeon and becomes instead the ultimate endeavour of a specialist taking 
anything from 3 to 5 h. Two committed specialist surgeons are necessary to 
achieve the best results. Demand on blood transfusion and support services is 
increased, and the markedly increased risk of anastomotic leakage means that 
short-term morbidity rates are likely to be increased unless the profession can 
accept the need for routine temporary defunctioning. 

It is necessary to take the longer view on behalf of the patient before the 
major benefits and cost saving become apparent. The disadvantages for sur
geons are substantial both in time and in terms of acceptance that the re
sponsibility for local failure rests with them. 

I have spent most of my surgical lifetime steeped in the performance of this 
one operation and yet I still consider it to be the most difficult operation which I 
ever perform. Once the defined objectives have been accepted, the rough com
promise of former times must be abandoned and the rigorous demands of a 
lengthy, precise, deep dissection accepted and incorporated in the working week. 

Specialisation itself poses huge organisational problems. Most hospitals in 
most countries still embrace rectal carcinoma as a part of general surgery. In 
the United Kingdom, most of the six to ten trained surgeons that might be at 
work in a District General Hospital would regard themselves as qualified to 
undertake rectal carcinoma operations. If we accept that standardisation is 
desirable and that it brings substantial benefits to patients, then the number 
of surgeons in each unit performing such surgery must be reduced to one or 
two. The educational institutions will need to provide a new kind of surgical 
training facility which enables people actually to see in the depths of the 
pelvis. 

Happily in the aftermath of the widespread introduction of laparoscopic 
surgery, much of the basic infrastructure necessary for television teaching of 
surgery is coming into existence in most Western countries. In the Royal 
College of Surgeons in England, for example, a new skills workshop (the Hill 
Skills Centre) has been established largely on the back of the urgent demands 
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posed on surgical training by the introduction of laparoscopy. In Elancourt, 
South of Paris, the u.S. Surgical Corporation has opened a truly magnificent 
teaching facility which could similarly be harnessed to this enterprise. My visits 
to Scandinavia have combined with developments at the Royal College and 
with a background interest in audiovisual matters to give me some insight into 
the requirements of an audiovisual teaching programme for TME. 

The first need is for a high-quality image. The impact of video in surgical 
training has probably been minimal in the past for the simple reason that the 
quality of readily accessible formats such as VHS and of readily affordable 
cameras was inadequate. Only the highest-quality images can command the 
attention of surgeons for the time necessary to acquire the expertise. High
definition television would be ideal, but it is formidably expensive and it seems 
likely that broadcast-quality conventional television, 625 lines in Europe and 
525 lines in the United States, will prove to be the most effective compromise. 
Standard broadcast cameras are too bulky for the operating theatre, and most 
operating room gantries are unsatisfactory for one reason or another. Even 
cameras mounted on operating lights are not ideal because of the tendency of 
surgeons to get their head in the way of the camera. Thus for the Scandinavian 
Workshops and for the first live transmission to the Royal College of Surgeons 
"Masterclass", a special Sony camera was used which has a broadcast-quality 
lens and camera head block mounted on a mobile counterbalanced arm which 
can be moved by the surgeon with a sterile handle similar to those used for 
operating room lights. The rest of the camera electronics are mounted on a 
trolley some way from the patient, while all the modalities of lens control and 
adjustment are in the hands of a cameraman with a monitor. The scene for a 
typical workshop is completed by two-way sound communication and a suit
able intermediary expert in the room with the workshop participants. In the
ory, such a workshop could be transmitted to, or involve, very large audiences, 
but at the present time attempts to increase the size of the audience have been 
rather unsuccessful. Small participating groups taking turns to scrub and to be 
involved in the viewing room alternately seem to have been the most effective, 
as the sense of participation and involvement appears to be a crucial in
gredient. The new digital formats will probably bring virtually broadcast
quality images within ready reach of hospital departments using less bulky 
equipment at lower cost. 

At the time of going to press this teaching programme has expanded to more 
than 80 TV demonstration operations in over forty cities in 11 countries. 
Nothing of this kind has ever occurred in the history of surgery. Problems 
remain in the collection of data to facilitate measurement of the impact of all of 
this work. It is possible to prescribe standards for TME, and it is possible to 
provide practical training workshops to describe the operation. It is more 
difficult to define the number of surgeons who are genuinely convinced that the 
extra effort is worthwhile so that they embark on the painstaking performance 
of the operation in their future practice. Thus identification of "TME surgeons" 
that may be tagged in the cancer registries is clearly a practical problem. 
Fortunately, the efforts of Quirke in the correlation of outcomes with the 
involvement of circumferential margins on careful histopathological assess-
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ment provide a way of auditing the specimens produced by any surgeon [1]. 
Histopathological workshops to demonstrate detailed audit and to correlate 
details of surgical technique with success or failure of tumour clearance at the 
margins seem a rational and constructive way forward. In January 1994, one 
such workshop at the Rikshospital in Oslo, Norway, attracted pathologists from 
28 hospitals, and there is evidence of improved histopathology reporting in 
Norway as a consequence. It appears probable that really convincing data will 
first emerge from Norway and Sweden where major changes are already in 
place. 

Certain key issues emerge from this broad spectrum of endeavour. The 
starting point is the identification of enormous variations in cancer cure rates 
between surgeons, first by Fielding in the United Kingdom [15] and most 
recently by Hermanek in Germany [10]. The latter study suggests that the 
"best" surgeon offers his or her patient five times the prospect of local control 
and doubles the prospect of permanent cure. No such differences exist in any 
other major cancer; they spell out clearly the need for a standard operation 
producing a specimen that can be accurately audited. Teaching methods need 
to overcome the fundamental difficulties of seeing and understanding the 
details of deep pelvic dissection. Broadcast-quality audiovisual technology is 
necessary, together with special experience by surgeons, who must commit 
their efforts to their surgical audience as well as to the patient. It is probably 
true to say that the rewards for· successful training in pelvic surgery are po
tentially greater than in any other area of surgical development or of cancer 
management. 
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Total mesorectal excision (TME) has been advocated as the appropriate op
eration for rectal cancer, reducing the rates of pelvic recurrence and distant 
spread and improving survival in comparison with conventional operations, 
even when accompanied by adjuvant therapy [31]. TME appropriately ad
dresses the pathophysiology of rectal cancer, as 65%-80% of patients with 
rectal cancers present with regional disease limited to the mesorectum, i.e., 
either full-thickness penetration of the rectal wall or involvement of mesorectal 
lymph nodes [12]. The rectum and the potentially affected mesorectum must 
be regarded as a single unit of regional disease to be resected en bloc, with 
intact negative margins. Anatomically, this unit corresponds to the posterior 
visceral compartment of the pelvis, in which the rectum and the mesorectum 
are enveloped within the visceral pelvic fascia [7]. 

As an operative procedure for primary rectal cancer, TME is reported to 
accomplish these goals. In recent studies, MacFarlane et al. [31] and Enker et 
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al. [14] have reported a local failure rate of only 5%-8% in over 400 Dukes' B 
and C patients undergoing resections utilizing the principles of TME. All pa
tients would have been considered "high-risk" patients, meeting the conven
tionaleligibility criteria for adjuvant radiation therapy (RT) and chemotherapy. 
In contrast to most studies, where metastases occur in 65% of patients, rates of 
distant metastases were only 23%-25% in both studies, suggesting the cure of 
regional disease [14, 31]. To examine the success of this approach, we have 
analyzed the outcome of TME in our own surgical experience. 

Methods 

From 1979 to 1993, all patients with primary rectal cancer (0-12 cm from the 
anal verge) who underwent resection for their curable primary disease were 
included in a personal consecutive series (WEE). Only the presence of syn
chronous distant disease determined incurability. If patients underwent re
section of all gross disease they were considered curable. No patients were 
excluded from this series because of locally advanced primary rectal cancer, 
i.e., regional disease at risk for marginal resectability, resectable pelvic sidewall 
involvement, including major vascular resection (i.e., internal iliac artery), or 
adjacent organ involvement. 

The location of the primary tumor was determined by a rigid proctoscopy in 
the left lateral Sims' position. Clinical, operative, and pathologic data were 
recorded prospectively and were included in a database, beginning in 1980. 

Patients were examined quarterly to 6-monthly for 5 years or longer, de
pending upon their clinical circumstances. Follow-up included an updated 
history, a physical examination and rigid proctoscopy, colonoscopy 1 year 
following resection and at 1- to 3-year intervals thereafter, complete blood cell 
count (CBC), sequential multiple analysis (SMA; including liver function tests), 
and carcinoembryonic antigen (CEA) at each office visit, and annual chest 
X-rays. Imaging studies (i.e., computed tomography scans, CT) were per
formed only when clinical or laboratory evidence suggested the possibility of 
recurrent disease. Potentially curable solitary metastasis, i.e., liver or lung, were 
pursued aggressively. 

Local recurrence was defined as any recurrence within the field of the re
section, most commonly the true pelvis. Pelvic recurrence was defined as 
clinical, endoscopic, radiologic, or pathologic documentation of disease with/ 
without CEA elevation. Pelvic recurrence was reported in either the presence or 
absence of distant metastases. Distant spread was defined as metastases to the 
liver, lung, bone, brain, peritoneum, or other distant site. 

Technique of Operation 

All operations reported in this paper were performed at the Colorectal Service 
at the Memorial Sloan-Kettering Cancer Center and in the setting of a Surgical 
Oncology Fellowship Training Program. Patients underwent resection in the 
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Trendelenburg-lithotomy position, through a midline abdominal incision. 
Although not universally practiced, the majority of patients underwent high 
ligation of the inferior mesenteric artery (above the left colic branch). Very low 
anastomoses (i.e., at or below the levator ani muscle) were facilitated both by 
high ligation and by division of the inferior mesenteric vein at its apex. 

For the most part, all operations were conducted as previously described 
[11]. Dissections were performed using sharp (i.e., scissors or electrocautery) 
technique under direct vision, along the parietal plane of the pelvic fascia, 
medial to the sympathetic and the pelvic parasympathetic nerves. Based upon 
cadaver dissections [23], some authors define this as the plane between the 
parietal and the visceral layers of the pelvic fascia. In contrast to the disrupted 
mesorectum that can be seen after some conventional resections, the meso
rectum is excised completely enveloped within the visceral pelvic fascia, pro
ducing an uninterrupted, smooth surface to the specimen. This surface feature 
may be photodocumented. 

In rare cases, portions of a dissection were performed along the adventitia of 
one or the other internal iliac vessels and included a segment of the internal 
iliac vessels and/or other sidewall structures in order to accomplish the en bloc 
resection of any lateral extensions of disease or of any adjacent organ in
volvement. No routine attempt was made to perform iliac or obturator 
lymphadenectomy. 

Over the past 7 years, a deliberate attempt has been made to identify and 
preserve all of the major components of the pelvic autonomic nervous system 
in conjunction with TME. Truncal autonomic nerve preservation (ANP) [11] is 
defined as preservation of the superior hypogastric nerves, the anterior nerve 
roots of S2, S3, and/or S4, and the pelvic autonomic nerve plexus (PANP) along 
the pelvic sidewall along with the deliberate sacrifice of all autonomic branches 
passing from these main trunks to the mesorectum and rectum. Only the direct 
extension of tumor to a nerve or adverse clinical circumstances (i.e., in some 
male patients > 100 kg) have precluded the use of TME in combination with 
ANP [11,24]. 

The pelvic dissection is begun with the division of the pelvic peritoneum, 
generally along the peritoneal planes which outline the entire mesorectum. The 
deeper dissection is performed between the parietal and visceral planes of the 
pelvic fascia. The parietal plane covers the presacral fascia, the piriform 
muscles, the internal iliac vessels, the sympathetic and parasympathetic nerves, 
and the pelvic autonomic plexus. The parietal plane is not the vascular ad
ventitia, but is a sheet of fascia located more medially and covering all of the 
above-named structures. The vessels and their adventitia and lymph nodes are 
located either within or lateral to the parietal fascia. 

The dissection first separates the visceral layer of the pelvic fascia and the 
contained mesorectum from the adjacent hypogastric nerves. Local traction 
and countertraction are essential. The nerves are sharply dissected along their 
medial edges from the bifurcation of the nerves, overlying the sacral prom
ontory, to the pelvic sidewall, where they join the P ANP. The dissection con
tinues between the parietal plane of the pelvic fascia, and the visceral plane 
surrounding the mesorectum, along the presacral fascia. Only minor vessels are 
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encountered and these may be cauterized. Long instruments are required, e.g., 
DeBakey forceps, cautery extension, long scissors (12-14 inches). Below the 
level of 53 (which is invariably associated with the anterior sacral curvature), 
the rectosacral fascia (or ligament) is encountered [7, 22]. The rectosacral 
fascia, which fuses the parietal and visceral layers of the pelvic fascia in the 
posterior midline, is divided sharply, resulting in a wide opening of the pre
sacral space, which is then sharply dissected to the tip of the coccyx. 

At the outset of the dissection, the pelvic peritoneum is divided approxi
mately 1 cm anterior to the pouch of Douglas. The deeper dissection continues 
using sharp technique anterior to Denonvillier's fascia until the prostate is 
reached or to the base of the rectovaginal septum. 

The lateral dissection is characterized by two main features, i.e. sharp dis
section of the mesorectum away from (1) the PANP and (2) the anterior 
parasympathetic sacral nerve roots of 53 and/or 54. The pelvic splanchnic 
nerves are also referred to by some as the nervi erigentes or as "the pelvic 
nerves." 

The P ANP is a dense plaque of nerve tissue situated anterolaterally along 
the pelvic sidewall, at the level of the seminal vesicles or the cervical vaginal 
junction. The P ANP is the junction of the sympathetic and parasympathetic 
nerves. When present, the middle rectal artery penetrates the P ANP heading 
medially towards the rectum from the lateral pelvic sidewall [59]. What is 
generally regarded as the "lateral ligament" is really a surgically developed 
structure which does not exist in the absence of medial traction. The "fixed" 
origin of the "ligament" is actually the fusion of the lateral mesorectum to the 
P ANP with the middle rectal artery running through the bunched up tissues 
created by medial traction [59]. Meticulous sharp dissection is needed in 
order not to injure the plexus laterally or to penetrate the mesorectum 
medially. 

The parasympathetic nerves, particularly 53, may be visible as they exit the 
sacral foramina or, more laterally, as they exit from beneath the piriform 
muscles. These very fine nerves course anterolaterally to meet the P ANP and 
almost invariably run caudad to the middle rectal artery. The P ANP and the 
nerves along and posterolateral to the lateral ligaments are the two most likely 
sites of nerve injury, the latter due to medial tenting of the nerves with in
advertent transection. (In blunt dissection, these nerves are commonly avulsed 
from the pelvic sidewall or are cut blindly, remaining entirely unrecognized.) 
Meticulous proactive hemostasis is important, as "chasing" a bleeding vessel 
into the pelvic sidewall can lead to parasympathetic nerve damage. 

Once the rectosacral ligament has been divided, and the mesorectum has 
been dissected away from the parasympathetic nerves and the PANP, the le
vator ani muscles are visible. In some cases, S3 and S4 may be observed 
running anteriorly towards the bladder neck. The left and right paravesical 
tissues (or extensions of the mesorectum) must be dissected without inad
vertent nerve injury. 

The sharp dissection continues to the levators and the remaining dissection 
continues along the levator fascia to the anal hiatus. At this point, complete 
rectal mobilization is achieved and the rectum is straightened and elevated out 
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of the sacral curvature. Sphincter preservation is accomplished when mobili
zation of the rectum produces a tumor-free rectal wall distal to the lowest 
palpable edge of the primary tumor. The mesorectum and the rectum are 
divided at the same level, at least 3-4 em distal to the lowest palpable edge of 
the primary cancer. In the case of mid- to upper rectal tumors (i.e., 6-11 em 
from the anal verge), no attempt is made to upwardly dissect the distal me
sorectum into the specimen, a significant departure from the method of Heald. 
As a consequence, the level of the anastomosis varies in relation to the level of 
the primary and does not invariably fall within several centimeters of the 
levators. If any uncertainty exists as to the level of the tumor, a rectal ex
amination may be performed prior to selecting the site for transection of the 
rectum. In the patient, a distal margin of normal rectal wall of 3-4 em is 
generally accepted, especially in cases of lower rectal cancers being treated by 
colo anal anastomosis. 

In the case of sphincter preservation, the anastomosis is accomplished by 
standard colorectal circular stapling techniques or by lower anterior resection 
with stapled or hand-sewn colo anal anastomosis [49]. A rectal "washout" is 
not routinely performed prior to transection of the rectum. Instead, the pelvis 
is irrigated with normal saline directly following transection of the rectum. 
(Clearly, this act, together with the data reported in this paper, both imply 
that in my opinion "seeding" plays no role in the etiology of pelvic recur
rence.) 

In the case of abdominoperineal resection (APR), the pelvic dissection is 
performed to the anal hiatus of the levator ani prior to beginning the perineal 
phase of the operation [10]. 

A temporary, de functioning colostomy is employed in over 50% of cases, 
especially when the anastomosis is less than 5 em from the anal verge. It is 
generally closed after 8-12 weeks. 

Staging Methods 

Pathologic staging was performed according to 1932 version of the Dukes' 
classification [9] and according to the 1987 version of the AJCC/UICC staging 
classification for colorectal cancer [8]. TNM stages corresponding to Dukes' 
stage C include all patients with lymph node involvement, i.e., T(any)NI-3MO. 
Nevertheless, Nl or N2 disease can encompass a wide range of Dukes' C 
substages, i.e., stages Tl-4, as well as other adverse pathologic features. To 
strictly characterize our results, survival and local pelvic recurrence rates are 
provided for these various substages (see Tables 1-4). Adverse pathologic 
features, including positive margins of resection, lymphatic vascular invasion 
(LVI), blood vessel invasion (BV!), perineural invasion (PNI), degree of dif
ferentiation, extracapsular nodal penetration, and non-nodal mesenteric im
plants, were reported separately. 
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Adjuvant Therapy {Clinical Guidelines Determining Its Use} 

Patients considered to be marginally resectable at the time of their initial 
presentation were offered preoperative RT under Institutional Review Board
approved protocols, which administered clinically significant doses of RT 
(>4500 cGy) and chemotherapy [35]. Patients with positive lymph nodes 
(T3NI or T3N2), especially in the presence of adverse pathologic features, who 
did not receive preoperative RT were offered the option of receiving post
operative RT and/or chemotherapy in accordance with the adjuvant therapy, 
which ultimately became the NIH consensus guidelines [43]. Patients with 
T3NO disease were routinely advised not to undergo RT. The earlier published 
results of TME and of my evolving experience with local control were also 
explained to the patient [10, 11, 31J. In view of the very low incidence of local 
failure associated with TME, most patients deferred postoperative adjuvant 
therapy. Peri operative RT (with or without chemotherapy) involving the ad
ministration of 4500 cGy or more was administered to 70 patients with Dukes' 
B or C stages of disease. 

Statistical Methods 

Survival and time to recurrence curves were estimated by the Kaplan-Meier 
method, which also yielded estimates of 5-year survival and recurrence per
centages. Deaths due to causes unrelated to the rectal cancer were treated as 
censored. Statistical significance of potential prognostic factors, such as Dukes' 
stage (B or C) or perineural involvement (present or absent), was evaluated by 
the generalized Wilcoxon test. Factors were evaluated both univariately and 
multivariately, adjusting for other significant pathologic factors. For com
parative purposes, results are reported as 5-year percentages, while significance 
tests are based on the full curves. All computations were done using SAS 
software PROC LIFETEST [58]. 

Results 

From 1979 to 1989, a total of 246 consecutive patients with primary rectal 
cancers stages T3NOMO or T(any)Nl-2MO underwent resection by one sur
geon. All patients underwent resection according to the principles of TME (or 
TME with ANP) as outlined above, except for one female patient in whom TME 
was not possible because of short stature and extreme obesity, despite a gy
necoid pelvis. The mean age was 61.4 years, the median age 62 years, and the 
range 29-90 years. 

Of the 246 patients, 170 (69.1%) underwent low anterior resection (LAR), 
while 76 (30.9%) underwent an APR. A total of 145 patients (85.3%) with 
lesions between 6 and 11 em from the anal verge underwent sphincter pres
ervation. 
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The median potential follow-up time was 6 years. There were 133 men 
(54.1 %) and 113 women (45.9%). The distal edge of the primary tumor was 
located between 0 and 5 cm from the anal verge in 51 patients, between 6 and 
12 cm from the anal verge in 193 patients. 

Stage 

Of the 246 patients, there were 99 patients with Dukes' B (T3NOMO) tumors and 
147 patients with Dukes C, i.e., T(any)Nl-2MO disease (of whom 105 patients 
with Dukes' Chad T3Nl-2MO cancers). Substages of Dukes' C disease which 
underwent further evaluation for survival and local recurrence included stages 
Tl-2Nl-2MO, T3Nl-2MO, T3N1MO, and T3N2MO, which were analyzed sep
arately. 

A separate group of patients comprising 141 patients with Dukes' A lesion 
(Tl-2NOMO) are reported for completeness, but are not included in the sig
nificant analyses, as they are not considered "high risk" by any adjuvant 
therapy definitions. 

Survival 

Total hospital mortality (after less than and more than 30 days) was 0.8% (two 
out of 246 patients). Both died of cardiovascular complications ranging from 
the first to the 50th postoperative day. The overall 5-year survival for all pa
tients (n=246) was 74.2% (Fig. 1). Survival by stage and by substage is listed in 
Table 1. The progressive worsening with increasing stage was statistically 
significant at each stage (p < 0.0001). 

Survival was statistically related to nodal status (p < 0.0003), i.e., NO versus 
N1 versus N2. Patients undergoing LAR had a 5-year survival rate of 80.7%, 
while patients undergoing APR had a 5-year survival rate of 60.2% (p < 
0.0003). There were no differences in the survival attributable to sex (men, 
78.1 %; women, 69.5%). No differences in survival were attributable to the level 
of the primary tumor (0-5 cm, 74.4%; 6-11 cm, 73.4%; >11 cm, 85.1%). 

Patterns of Failure 

Pelvic Recurrence 

A total of 246 patients had Dukes' B (n=99) or Dukes' C (n=147) rectal can
cers, a group comparable to the "high-risk" groups of Krook [30] and of 
MacFarlane [31]. The Kaplan-Meier estimate of the overall rate of pelvic re
currence within 5 years for all stages of disease was 7.3% (18 out of 246; 
Fig. 2). Pelvic recurrence rates by stage are listed in Table 2. These data in
clude all pelvic recurrences, whether in the presence or absence of distant 
metastatic disease. 
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Fig. 1. Kaplan-Meier survival of 246 patients with Dukes' Band C rectal cancers 

Table 1. Rectal cancer Dukes' Band C stages: Kaplan-Meier 5-year survival 
by stage 

Dukes' TNM 
stage stage 

B T3NOMO 
C T(any)NI-2MO 

T3NI-2MO 
Tl-3NI-2MO 

CIa T3NIMO 
C2b T3N2MO 

aOne to three positive nodes. 
bPour or more positive nodes. 

Patients 
(n) 

99 
147 
105 
141 
69 
36 

Died of 5-year 
disease survival 
(n) (% ) 

l3 86.7' 
43 64' 
29 68 

67c 

69.9 
60 

cExciudes six patients with stage T4Nl-2MO diesease, of whom five died of 
disseminated disease or local failure; Kaplan-Meier 5-year survival rate, 17%. 
·p<O.0003. 

Pelvic recurrences were observed in 14 of 246 patients (5.7%) with stages B 
or C disease who did not develop evidence of distant metastases. Pelvic re
currences by stage in the absence of distant metastatic disease are listed in 
Table 3. 

There were no differences in the overall 5-year pelvic recurrence rates by sex 
or by height of the tumor location. There were no pelvic recurrences observed 
when the primary lesion was situated more than 11 cm from the anal verge, 
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Fig. 2. Local recurrence; free survival for all "high-risk" patients 

Table 2. Dukes' Band C rectal cancers: all pelvic recurrences in the presence or absence 
of distant metastases 

Dukes' TNM Patients Pelvic recurrences 
stage stage (n) 

(n) (%t 

B T3NOMO 99 3 4.0 
C T(any)Nl-2MO 147 15 12.0 

Tl-3Nl-2MO 141 13 11.0d 
Band C T3NOMO and 

T(any)Nl-2MO 246 18 7.3%e 
C2 T3Nl-2MO 105 8 8.1 f 
C1 a T3N1MO 69 3 4.8 
C2b T3N2MO 36 5 14.0 

aOne to three positive nodes. 
b Four or more positive nodes. 
cKaplan-Meier estimates at 5 years. 
dExcludes six patients with T4Nl-2MO disease, of which two had local recurrence 
(Kaplan-Meier local recurrence rate, 58%). Five of six patients died; 5-year survival rate, 
17%. 
WHigh-risk" group of Krook (NCCTG) [30] and of MacFarlane [31]. 
fAstier-Coller Modified Dukes' Classification [3]. 
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Table 3. Dukes' Band C stages of rectal cancer: pelvic recurrence in the 
absence of distant metastases 

Dukes' TNM Patients Pelvic recurrences 
stage stage (n) 

(n) (% )C 

T3NOMO 98 2 3 
C T(any)NI-2MO 147 12 10 

Tl-3NI-2MO 141 8 6.8d 
Band C T3NOMO and 

T(any)NI-2MO 245 14 5.7e 

C2 T3NI-2MO 103 6 5.8f 
CIa T3NIMO 68 2 3.3 
C2b T3N2MO 35 4 11.4 

aOne to three positive nodes. 
b Four or more positive nodes. 
cKaplan-Meier estimates at 5 years. 
dExcludes six patients with stage T4NI-2MO (see footnote d, Table 2). 
""High-risk" group of Krook (NCCTG) [30] and of MacFarlane [31]. 
fAstler-CoUer Modified Dukes' Classification [3]. 

confirming our previous data that 11-12 cm seems to be a physiologically 
appropriate level for defining the rectum in relation to cancer [13]. The two 
factors which were statistically most predictive of pelvic recurrence were nodal 
status (NO vs. Nl vs. N2: univariate p=0.0002, adjusted for perineural invasion 
p=0.0043; perineural invasion: univariate p=0.0002, adjusted for nodal status 
p=0.0043). Overall, no differences in local recurrence rates were observed when 
patients undergoing LAR were compared with patients undergoing APR. In the 
most advanced stage patients, i.e., those involving T4 disease, the local re
currence rate after APR was significantly higher than after LAR (Table 4). 

Distant Metastases 

Disseminated failure without pelvic recurrence was observed in 58 patients 
(23.6%). These figures are practically identical to the figures reported by 
MacFarlane et al. [31], who compared the results of TME with the results of 
conventional surgery plus adjuvant therapy, as reported by the NCCTG [40]. 

Radiation Therapy and Pelvic Recurrence 

The influence of RT was examined in relation to the presence or absence of 
pelvic recurrence in group T(any)NI-2MO. Published data from the MRC 
Working Party indicated no differences in local control attributable to 
2000 cGy of preoperative irradiation [43]. Under these circumstances, patients 
from the early 1980s who were included in protocols of "sandwich" radiation, 
receiving only 1500 cGy of preoperative irradiation, were included in the 
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analyses as patients who have received minimal or no radiation. There were too 
few pelvic recurrences in Dukes' B (T3NOMO) cases (three out of 99) to analyze 
for significance. Of the 70 Dukes' C (T(any)Nl-2MO) patients who received 
adjuvant perioperative RT of more than 4500 cGy, nine developed a pelvic 
recurrence. Of the 78 Dukes' C patients who either had minimal or no peri
operative RT, six developed a pelvic recurrence. For all Dukes' C patients, there 
was no statistically significant difference in the incidence of local failure at
tributable to RT (two-tail p value=0.41). 

Under specific circumstances, however, RT was marginally significant 
(p=0.07) in a multivariate analysis (involving multiple risk factors) of local 
failure after adjusting for perineural involvement and nodal status. The specific 
benefit of RT was observed in patients at highest risk, namely N2 nodal disease 
(n=70) or perineural involvement (PNI+; n=15). This group comprised 78 
patients in total (seven had both factors), of whom two had missing data 
making them unevaluable. Among these 76 evaluable patients, full-course RT 
was significantly related to reduced risk of local failure (p=0.05). 

Other Parameters Related to the Operation 

Clinical anastomotic leaks were observed in five out of 170 patients, a leak rate 
of 2.9%. No patients died as a result of an anastomotic disruption. In three 
patients who underwent LAR, severe rectal strictures and/or fistulae led to the 
establishment of a permanent colostomy. All had received full-course post
operative RT. 

For the most recent 100 patients undergoing LAR by means of TME with 
ANP, the mean patient weight was 77.8 kg (median, 79 kg; range, 41-137 kg). 
The average duration of the operation was 250 min (median, 4 h 10 min; 
range, 150-420 min). The average measured blood loss was 594 cc (range, 100-
2000 cc). During this same period for APR, the mean weight was 66.6 kg 
(median, 71.5 kg; range, 43-91 kg). The mean operating time was 249 min 
(median, 4 h 9 min; range, 180-360 min), and the mean blood loss was 448 cc 
(median, 600 cc; range, 140-1000 cc). 

Discussion 

Importance of the Mesorectum in Relation to Pelvic Recurrence 

In 1986, Quirke and coworkers proved that pelvic recurrence is a direct con
sequence of inadequate meso rectal excision, leaving regional disease in the 
pelvis [53]. Conventional operative technique commonly violates the cir
cumference of the mesorectum during blunt dissection along undefined planes, 
leaving residual mesorectum in the pelvis. Pelvic recurrence more often than 
not is the clinical presentation of this persistent disease. These data and the 
importance of the mesorectum as the repository of regional disease have been 
corroborated by others [2, 42, 53, 54, 56]. 



Total Mesorectal Excision with Pelvic Autonomic Nerve Preservation 231 
T

ab
le

 4
. 

T
ra

di
tio

na
l 

ra
te

s 
of

 p
el

vi
c 

re
cu

rr
en

ce
 i

n 
re

la
tio

n 
to

 c
on

ve
nt

io
na

l 
su

rg
er

y 

.u
th

or
 

Pa
tie

nt
s 

Lo
ca

l 
A

dj
uv

an
t 

C
om

m
en

ts
 

(n
) 

re
cu

rr
en

ce
 (

%
) 

T
he

ra
py

 

A
da

m
 [

2]
 

19
0 

23
 

N
o 

Po
si

tiv
e 

m
ar

gi
ns

, 7
8%

 N
eg

at
iv

e 
m

ar
gi

ns
, 

10
%

 D
uk

es
' B

 n
ot

 a
 ra

tio
na

l 
ba

si
s f

o
r a

dj
uv

an
t R

T
 

C
as

s 
[6

] 
67

 
*B

2 
22

 
N

o 
*M

od
ifi

ed
 D

uk
es

 C
la

ss
if

ic
at

io
n 

by
 A

st
le

r 
an

d 
C

ol
le

r [
3]

 
*C

2 
38

 
G

ilb
er

t 
[2

0]
 

54
 

*B
2 

35
 

N
o 

C2
 

65
 

R
ic

h 
[5

7]
 

14
2 

**
A

 
8 

N
o 

R
ec

tu
m

 a
nd

 r
ec

to
si

gm
oi

d 
Pr

es
en

t 
or

 a
bs

en
t 

di
st

an
t 

m
et

as
ta

se
s 

B 
31

 
**

M
od

ifi
ed

 A
st

le
r-

C
ol

le
r 

st
ag

in
g 

by
 G

un
de

rs
on

 a
nd

 S
os

in
 [2

1]
 

C
 

50
 

B
2m

 
17

 
B

3 g
 

54
 

C
I 

36
 

C
3 

67
 

W
al

z 
[6

4]
 

88
 

*B
2 

16
 

N
o 

C2
 

37
 

G
un

de
rs

on
 [

21
] 

**
C

1 
24

 
N

o 
Se

co
nd

 l
oo

k 
or

 s
ym

pt
om

at
ic

 r
ec

ur
re

nc
es

 
C2

 
70

 
Pa

te
l 

[4
7]

 
43

5 
A

 
13

 
N

o 
Pr

es
en

t 
or

 a
bs

en
t 

di
st

an
t 

m
et

as
ta

se
s 

B 
17

 
C

 
37

 
Pi

lip
sh

en
 [

51
] 

41
2 

A
 

14
 

N
o 

In
 s

om
e 

pa
tie

nt
s 

pr
eo

pe
ra

tiv
e 

R
T

 2
00

0 
cG

y;
 0

-1
1 

cm
 3

0%
, >

11
 c

m
 6

%
 

B 
30

 
C

 
40

 
M

oo
sa

 [
36

] 
15

2 
32

 
N

o 
0-

5 
cm

 f
ro

m
 a

na
l 

ve
rg

e 
In

tr
ap

er
ito

ne
al

 r
ec

tu
m

, 4
%

 

A
th

lin
 [

4]
 

99
 

*B
1 

27
 

N
o 

B2
 

48
 

C2
 

55
 

W
ill

ia
m

s 
[6

6]
 

10
7 

A
PR

 
24

 
N

o 
C

um
ul

at
iv

e 
LR

 r
at

es
 a

t 
5 

ye
ar

s"
 

LA
R 

20
 



T
ab

le
 4

 (
C

o
n

td
.)

 
I~ 

A
ut

ho
r 

P
at

ie
nt

s 
L

oc
al

 
A

dj
uv

an
t 

C
om

m
en

ts
 

(n
) 

re
cu

rr
en

ce
 (

%
) 

T
he

ra
py

 

N
ev

il
le

 [
41

] 
37

3 
A

 
5.

3 
Y

es
 

A
dj

uv
an

t 
R

x 
n

o
t 

sp
ec

if
ie

d.
 R

et
ro

sp
ec

ti
ve

 r
ev

ie
w

 
B

 
14

.9
 

C
 

36
.5

 

W
il

le
tt

 [
65

] 
26

1 
**

B
2 

13
 

~
 4

50
0-

50
40

 c
G

y 
C

he
m

ot
he

ra
py

 (
po

st
op

er
at

iv
e)

 
B

3 
17

 
C

2 
23

 
C

3 
77

 

T
ep

p
er

 [
62

] 
**

B
2 

23
/9

 
S

ur
ge

ry
 a

lo
ne

/ 
C

l 
50

/2
0 

S
ur

ge
ry

 +
 5

04
0 

cG
y 

P
os

to
pe

ra
ti

ve
 R

T
 

C
2 

47
/2

1 
C

3 
67

/5
3 

G
as

tr
o-

in
te

st
in

al
 

95
 

17
 

45
00

 c
G

y+
F

U
+

M
eC

C
N

U
 

50
%

 s
ev

er
e 

ac
ut

e 
to

xi
ci

ty
. 

T
w

o 
(l

%
) 

tr
ea

tm
en

t-
re

la
te

d 
T

u
m

o
r 

S
tu

dy
 

10
4 

16
 

45
00

cG
y+

es
ca

la
ti

ng
 F

U
 

de
at

hs
 

G
ro

up
 [

17
] 

F
is

he
r 

[1
5]

 
55

5 
S

ur
ge

ry
 

24
.5

 

N
SA

B
P 

R
-O

l 
C

R
x 

21
.4

 
FU

, 
M

eC
C

N
U

, 
vi

nc
ri

st
in

e 
R

ec
ta

l 
ca

rc
in

om
as

. 
E

xt
ra

pe
ri

to
ne

al
 D

uk
es

' 
B

&
C

. 
O

nl
y 

R
T

 
16

.3
 (

n.
s.

) 
46

00
 c

G
y 

A
P-

PA
 f

ie
ld

s 
si

gn
if

ic
an

t 
su

rv
iv

al
 b

en
ef

it
 t

o 
m

al
e 

pa
ti

en
ts

 r
ec

ei
vi

ng
 

C
R

x 

N
lh

lm
an

 [
46

] 
20

9 
n

=
2

6
 

12
 (

p=
0.

02
) 

47
00

-4
90

0 
cG

y 
(p

re
op

er
at

iv
e)

 
*S

ig
ni

fi
ca

nt
 d

if
fe

re
nc

e 
in

 D
uk

es
' 

B
, 

no
 d

if
fe

re
nc

e 
in

 
20

4 
n

=
4

3
 

21
 

50
00

-6
00

0 
cG

y 
(p

os
to

pe
ra

ti
ve

) 
su

rv
iv

al
 

S
to

ck
ho

lm
 

33
1 

n
=

3
7

 
18

 (
n.

s.
) 

25
00

 c
G

y/
5-

7 
da

ys
 

*p
=O

.O
I 

(D
uk

es
' 

B
) 

:s 
R

ec
ta

l 
C

an
ce

r 
[6

1]
 

34
8 

n
=

8
6

 
31

 
S

ur
ge

ry
 o

nl
y 

n.
s.

 i
n 

D
uk

es
 C

 
rn 

G
er

ar
d 

15
 (

p=
0.

00
03

) 
34

50
 c

G
yl

19
 d

ay
s 

*n
.s

. 
S

ur
vi

va
l 

tT
l 

16
6 

n
=

2
4

 
::s i'<

" 
E

O
R

T
C

 [
19

] 
17

5 
n

=
4

9
 

30
 

S
ur

ge
ry

 o
nl

y 
'" ... 

K
ro

ok
 

10
4 

13
.5

 (
p=

0.
03

6)
 

45
00

-5
04

0 
cG

y+
F

U
+

M
eC

C
N

U
 

<
12

 c
m

 f
ro

m
 a

na
l 

ve
rg

e 
o

r 
at

 s
ac

ra
l 

pr
om

on
to

ry
. 

;?
 

~
 



N
C

C
T

G
 

10
0 

25
 

45
00

-5
04

0 
cG

y 
S

tu
dy

 G
ro

up
 [

30
] 

E
st

im
at

ed
 5

-y
ea

r 
re

cu
rr

en
ce

. 
R

T 
on

ly
 6

2.
7%

 
R

T
+

C
R

x 
41

.5
%

 

G
IT

SG
 [

16
] 

58
 

n=
14

 
24

 
S

ur
ge

ry
 o

nl
y 

F
ir

st
 s

it
e 

o
f 

48
 

n=
13

 
27

 
FU

 +
 M

eC
C

N
U

 
re

cu
rr

en
ce

 5
-y

ea
r:

 s
ur

vi
va

l 
B

2,
 7

4%
; 

C
1,

 5
2%

, 
C

2,
 3

5%
 

50
 

n=
10

 
20

 
40

00
-4

80
0 

cG
y 

(p
os

to
pe

ra
ti

ve
) 

R
T

 +
 C

rx
 

46
 

n=
5 

11
 

M
R

C
 W

or
ki

ng
 

27
5 

43
.2

 
S

ur
ge

ry
 o

nl
y 

A
ct

ua
ri

al
 r

at
es

 1
7 

U
K

 C
en

te
rs

 
P

ar
ty

 [
40

] 
27

7 
44

.6
 

50
0 

cG
y 

pr
eo

pe
ra

ti
ve

 R
T 

27
2 

47
.1

%
 

20
00

 c
G

y 
pr

eo
pe

ra
ti

ve
 R

T 
P

hi
ll

ip
s 

[5
0]

 
84

8 
15

 
N

ot
 r

ep
or

te
d 

R
ec

tu
m

 a
nd

 r
ec

to
si

gm
oi

db
 

LA
R

 
18

 
A

PR
 

12
 

W
il

li
am

s 
[6

7]
 

15
4 

LA
R

 
12

 
N

ot
 r

ep
or

te
d 

M
id

-t
hi

rd
 r

ec
tu

m
, 

7.
5-

12
 e

m
 f

ro
m

 t
he

 a
na

l 
ve

rg
e 

A
PR

 
9 

M
cD

er
m

ot
t 

[3
3]

 
80

1 
19

-2
4 

N
o 

E
SR

 H
ug

he
s 

se
ri

es
 

M
ar

sh
 [

32
] 

14
1 

36
.5

 
S

ur
ge

ry
 

N
o 

su
rv

iv
al

 d
if

fe
re

nc
e 

M
in

im
um

 f
ol

lo
w

-u
p,

 4
 y

ea
rs

 
14

3 
12

.8
 (

.0
00

1)
 

S
ur

ge
ry

 +
 2

00
0 

cG
y 

0-
13

 c
m

b 

N
or

st
ei

n 
[4

4]
 

28
4 

29
 

N
at

io
na

l 
R

eg
is

tr
y 

LR
 r

at
e 

o
f 

37
%

 (
32

/8
6)

 i
n 

m
id

re
ct

al
 

tu
m

or
s 

L
A

R
, 

lo
w

 a
nt

er
io

r 
re

se
ct

io
n;

 A
PR

, 
ab

do
m

in
op

er
in

ea
l 

re
se

ct
io

n;
 R

T
, 

ra
di

at
io

n 
th

er
ap

y;
 L

R
, 

lo
ca

l 
re

cu
rr

en
ce

; 
FU

, 
5-

fl
uo

ro
ur

ac
il

; 
M

eC
C

N
U

, 
se

m
us

ti
ne

; 
A

P-
PA

, 
an

te
ro

po
st

er
io

r-
po

st
er

oa
nt

er
io

r;
 n

.s
., 

no
t 

si
gn

if
ic

an
t;

 B
2 2

, 
B2

 m
ic

ro
sc

op
ic

; 
B

3 g
, 

V
3 

gr
os

s;
 R

x,
 t

he
ra

py
; 

C
R

x,
 C

he
m

ot
he

ra
py

. 
'S

ee
 F

ig
. 

2.
 

b1
nc

lu
si

on
 o

f 
re

ct
os

ig
m

oi
d 

tu
m

or
s 

(i
.e

., 
>1

2 
em

) 
fa

vo
rs

 l
ow

er
 r

at
es

 o
f 

lo
ca

l 
re

cu
rr

en
ce

. 
Se

e 
P

il
ip

sh
en

 [
51

]. 

-
I
 a !l!

. 
3:

 
~
 

o ;;; ~ g' V
i' o· :::s
 ~ ::
r "" '" <" ;::;. >
 

c:
 

C)
 

:::s
 

o 3 ;::;
. 

z '" :2 '" "" ~ '" ~ o· :::s
 

IV
 

V
J 

V
J 



234 W.E. Enker et al. 

In a recently reported prospective study of 190 patients, Adam and coworkers 
examined the circumferential margins for tumor involvement [2]. Of 141 
curative cases, 35 patients (25%) had involvement of the circumferential 
margins by tumor, and the overall rate of local recurrence was 25%. Where the 
circumferential margins were positive for tumor, 78% of these patients de
veloped pelvic recurrence, while local recurrence occurred in only 10% of those 
patients with no circumferential involvement. Circumferential tumor involve
ment significantly influenced both survival and local recurrence rates. 

Quirke and coworkers have emphasized the importance of a visibly intact 
smooth outer surface of the dissected mesorectum, i.e., the surgical cir
cumferential margins in the grossly examined specimen. They have also made 
a very compelling case for revising the standard method of examining the 
pathologic specimen following resection of the rectum for cancer. They suggest 
that serial slices through the tumor, the rectum, and the mesorectum are a 
more sensitive means of evaluating the pathology in relation to the prognosis 
than the traditional methods in current practice [52]. 

Defining Total Mesorectal Excision 

TME is defined as the complete excision of the intact unit, i.e., rectum and its 
mesorectum, with negative margins of resection. TME accomplishes the re
moval of the mesorectum and the rectum and any potential spread, enveloped 
within the visceral layer of the pelvic fascia [7, 11,31,59]. Such spread may be 
represented by any number or variety of pathologic findings within the me
sorectum and is not limited to lymph node involvement [2, 42, 53, 54, 56]. 

Virtually all regional forms of spread of disease (with the exception of pelvic 
sidewall attachment or adjacent organ involvement) are to be found within this 
anatomic unit of the rectum and the mesorectum, enveloped by the visceral 
layer of the pelvic fascia [7, 11]. 

In my opinion, TME defines the planes of pelvic down to the anal hiatus 
within the levator ani muscle. The bowel and the mesorectum may be tran
sected approximately 4-5 cm distal to the lowest edge of the primary cancer. 
TME does not imply the dissection of the lowest parts of the mesorectum 
upward with every resection, particularly in the high lesions. Under such 
circumstances, if disease is found in the most distal mesorectum, it is a re
flection of highly aggressive pathology, for which TME alone will not be 
curative. 

Conventional Resection 

Conventional operations for rectal cancer, i.e., the operations most commonly 
taught and practiced worldwide, are associated with blunt dissection, at best 
along the visceral plane of the pelvic fascia. Violation of the mesorectum, albeit 
inadvertent, occurs both because of the undefined planes and possibly because 
of resistance to blunt dissection encountered at the rectosacral fascia [23]. This 
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structure, situated in the posterior midline in the vicinity of S3, must be incised 
sharply or blunt dissection deviates anteriorly into the mesorectum, precisely 
where regional tumor may be found. 

Conventional operations are associated with a worldwide incidence of pelvic 
recurrence averaging 30% [2, 30, 44] (Table 4) and are also associated with a 
total failure rate, i.e., disseminated metastases, of 60%-65% in patients with 
Dukes' C disease [2, 4, 6, 20, 21, 30, 32, 33, 36, 41, 47, 50, 51, 57, 64, 66, 67]. 
Various trials of adjuvant RT have reduced the incidence of local failure to 
about 15% [17-19, 30, 40, 46, 61, 62, 65]. Nevertheless, RT alone offers no 
reported impact on survival. While combined modality treatment, i.e., che
motherapy and RT are reported to yield significant "reduction in risk" of 
recurrence [16, 17,30,63], the survival and local recurrence rates achieved by 
combined-modality adjuvant therapy following conventional resection have yet 
to approach the rates achieved by TME [31]. 

Rather than considering significant changes in the operative approach, 
surgeons are often influenced to consider evolving forms of combined adjuvant 
therapy. Often ignored in this equation is the fact that adjuvant therapies have 
their own significant mortality and morbidities. In the most widely referenced 
combined-modality adjuvant therapy trials, treatment-related mortality (two 
out of 46; 4.3%) exceeded any acceptable levels of operative mortality [16, 30]. 

Despite the survival advantage of postoperative combined-modality therapy, 
the incidence of grade 3+ toxicity in patients receiving RT and chemotherapy 
in the GITSG trial was 26% hematological and 35% nonhematological [16]. 
Long-term morbidity has also been encountered, with 6.7% of patients re
quiring reoperation for radiation-related small-bowel obstruction [30]. Long
term mortality has been attributable to methyl-CCNU (semustine)-related 
leukemia [5]. 

Recently, two institutions have reported abnormal bowel function attrib
utable to postoperative irradiation in patients undergoing LAR or LAR with 
coloanal reconstruction. Statistically significant impairment of function related 
to both altered bowel habits and incontinence represented lifelong deleterious 
consequences of radiation [29,48]. All of these factors deserve consideration in 
the planning of patient care. Adjuvant therapy should be examined under 
optimal circumstances, after the best results that surgery can offer, rather than 
as a compelling substitute for less than optimal surgical outcomes. 

Extended Resections 

Extended operations have evolved in an effort to enhance the cure of what is 
viewed by surgeons as a regional disease in the majority of patients with rectal 
cancer. The pros and cons of TME should be considered in relation to these 
extended operations, which include en bloc resections of the internal iliac, 
obturator, and paravesical lymph nodes, together with LAR or APR [26, 27]. 

All such potential spread is regarded as "regional" by the advocates of 
extended operations. Studies which initially plotted the location of excised 
lymph nodes from these extended operations documented an incidence of up 
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to 7% positive lateral nodes [27]. Among patients with positive lateral nodes, 
fewer than 10% of patients survived 5 years, with most deaths due to dis
seminated disease. Subsequently, Moriya claims an incidence of positive lateral 
adenopathy in 14% of patients and a 5-year survival of 49% [39]. However, 
most Japanese surgeons do not employ radiation therapy for obturator-node 
positive patients, extended resections being used for cure and for local control. 

Recently, Morikawa and associates [38] have reported an overall incidence 
of lateral lymph node spread of 8.8%. The majority of patients with lateral 
spread had Dukes' C primary cancers, i.e., axial mesenteric spread. Higher 
rates of lateral spread were only observed in low rectal cancers. Survival rates 
and rates of pelvic recurrence were not provided in relation to lymph node 
distribution. 

Most recently, it has been reported that local failures and survival rates are 
not altered by extended operations when compared with Japanese standard 
operations [37]. Moreira and coworkers reported on 95 patients who under
went extended operations. Only ten patients (11 %) had lateral lymph node 
spread, and all ten patients had Dukes' C tumors. Lymphatic invasion was 
present in 50%, and perineural invasion in 27%. There were no statistically 
significant differences in local control, distant metastases, or overall survival 
when compared to patients undergoing the Japanese "standard" operation, 
resection and internal iliac lymphadenectomy. Recurrence and metastases were 
related to the adverse pathologic features, and not to the extent of lympha
denectomy [37]. 

The survival data associated with lateral lymph node spread suggests that 
most "lateral" nodal spread is a form of systemic, not of "regional" disease. 
While dramatic individual cases of cure have been achieved, most such survival 
is anecdotal. The morbidity of extended operations remains high, despite at
tempts to preserve all sympathetic and parasympathetic fibers of the pelvic 
autonomic nervous system. Sexual dysfunction is observed in 75%-95% of all 
patients and urinary dysfunction in 40%-50%, largely due to the lateral dis
section which devascularizes nerves [28, 39]. While urinary function may 
improve over time, sexual dysfunction remains permanent [28, 39]. In the 
absence of improved survival and/or local control compared with TME, the 
price of such significant morbidity is too high to advocate extended operations 
as a routine procedure. In addition, the logistics of performing extended dis
sections in 70- to 90-kg Western men, as opposed to 40- to 50-kg Japanese 
patients, virtually precludes the adoption of extended lymphadenectomy as a 
standard operative approach in most Western centers. 

Total Mesorectal Excision Versus Extended or Conventional Operations 

Total mesorectal excision solves many of the problems which are inherent in 
both the conventional and the extended approaches. The publications by 
MacFarlane [31] and Enker [14], as summarized in this report, both indicate 
that the local control and cure rates with TME are among the highest reported 
for any operative approach to rectal cancer, with or without adjuvant therapy. 
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In this study we confirm that local failure is observed in only 5%-10% of 
patients, including all "high-risk" patients, even those with locally advanced 
disease, without significant benefit from RT [31]. In MacFarlane's study, only a 
rare patient presenting with locally advanced disease received any periopera
tive irradiation. These results suggest that the benefits of TME are independent 
of RT in most patients and represent the optimal operative approach in patents 
with locally advanced disease which should be treated in conjunction with RT. 

Regarding the reduction of morbidity, sphincter preservation was accom
plished in 85% of our patients with cancers situated 6-11 cm from the anal 
verge. When TME is combined with truncal ANP, we have reported the 
preservation of sexual function in 95% of men under the age of 60 years [11] 
and can now report the preservation of sexual function in 85% of men and 
women, with no observed loss in urinary function [24]. Deterioration in sexual 
function following TME-ANP is observed in men over the age of 60 years and 
in patients undergoing APR. The results of our investigations and the possible 
causes associated with these changes have been reported by Havenga et al. [24]. 

In addition to preventing pelvic recurrence, adequate resection appears to 
improve survival, reducing systemic metastases from the range of 60%-65% to 
23%-25% in "high-risk" patients [30,31]. After TME, distant spread remains a 
far greater concern than does local recurrence, which only exceeds 10% in the 
presence of T4 or N2 disease. Even in N2 disease, TME reduces the local 
recurrence rate to 11 %-14% from the 40%-67% which is commonly reported 
with conventional operations [55,63]. 

Several studies have reported a statistically significant increase in local re
currence rates in patients undergoing APR for low rectal cancers when com
pared with anterior resection for midrectal cancers [1, 44, 50]. Our data 
indicate that local failure is not a function of sphincter preservation, so long as 
total regional excision of tumor is accomplished (Table 5). 

Table 5. Pelvic recurrences by stage and by operation performed" 

LAR APR P Value 

Total Recurrences Total Recurrences 
(n) (n) (% ) (n) (n) (%) 

T3NOMO 68 2.6 30 0 0 n.S. 

T3NIMO 48 0 0 21 7.7 n.S. 

T3N2MO 29 2 4.5 7 0 0 n.s. 

T2NI-2MO 77 2 1.5 28 5.3 n.S. 

Tl-3NI-2MO 101 4 4.5 40 4 13.7 O.oI8 

T(any)NI-2MO 101 4 4.5 46 5 13.8 O.oI 

Total 167 5 3.8 76 5 7.6 n.S. 

n.s., not significant. 
"All pelvic recurrences, either in the presence or in the absence of distant metastases. 
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Table 6. Influence of adverse pathologic risk factors on subsequent sites of failure, i.e., 
patterns of recurrence 

Adverse pathologic risk 
factor 

Cases 
observed 
(n) 

Blood vessel invasion (BV!) 34 
BVIonlya 24 

Lymph vascular invasion (LVI) 16 
LVIonlya 9 

Perineural invasion (PN!) 9 
PNIonlya 6 

Mucinous component 32 
MC only" 23 

Grade III 26 
Diff onlya (DIFF) II 
Three or more adverse 6 

pathologic features 

DIFF, degree of differentiation. 
aln the absence of any other adverse risk factors. 
bOne was both distant and local. 

Adverse Pathologic Features 

Total 
recurrences 
(n) 

11 
7 
6b 

5 
7 
5 
7 
4 
9 
5 
2 

Local 
recurrences 
(n) 

Distant 
metastases 
(n) 

The role of additional risk factors is less clear. The presence of perineural 
invasion is a significant independent prognostic variable for local recurrence. 
Despite the role of PNI in local failure, the presence of any additional adverse 
pathologic risk factor seems to be a marker of systemic spread more than of 
local failure (Table 6). For each adverse pathologic feature, whether alone or in 
combination with other risk factors, the incidence of systemic spread con
siderably outweighs the incidence of local failure. 

Role of Adjuvant Therapy in Relation to Total Mesorectal Excision 

Our findings suggest that, after TME, the following is true: 

1. Adequate resection alone offers excellent local control in stages T3NOMO 
and T3NIMO rectal cancers. 

2. Risk factors for local failure are N2 disease and perineural invasion. 
3. Systemic metastases outweigh local failure rates in "high-risk" patients. 
4. Adverse pathologic risk factors increase the likelihood of local failure, but 

really suggest the stronger likelihood of systemic recurrence. 

Based upon these findings, the current use of adjuvant therapy deserves 
serious reconsideration. Currently, it would appear that two standards of 
surgery exist, based upon the documented type of operation: treatment by the 
conventional operation or treatment by TME. In the aftermath of conventional 
operations, and in the absence of preoperative treatment, local failure can be 
expected in 30% of patients and systemic disease in 60%-65%. Under these 
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circumstances, adjuvant therapy should be advocated consisting of combined 
chemotherapy and RT, as outlined by the NIH Consensus Report [43], the 
NCCTG [30], and by O'Connell [45]. 

For patients undergoing TME, adjuvant therapy should be considered under 
the following circumstances: 

1. Preoperative combined chemotherapy and RTin patients presenting with 
locally advanced, i.e., marginally resectable or unresectable disease, as ad
vocated by Minsky [34]. 

2. Combined postoperative chemotherapy and RT in patients with N2 disease, 
or perineural invasion, or with multiple adverse pathologic features in the 
mesorectum (even in the presence of T2 disease). Patients with T3NOMO or 
T3N1MO disease without additional risk factors need not be subjected 
routinely to RT [2, 10,31]. If they are studied as part of an adjuvant therapy 
trial, the standard of surgery should be documented in accordance with 
agreed definitions. 

3. For patients with T3N1MO disease, based upon the incidence of distant 
spread versus local failure, systemic adjuvant chemotherapy alone should 
also be examined in the setting of a controlled trial, in an attempt to confirm 
its reported efficacy in primary rectal cancer [15]. Some compelling results 
of the combinations of 2500 cGy preoperatively are reviewed by Glimelius 
(see Chap. 28). 

Surgical Oncology and Education 

Recently, prospective efforts have begun involving large numbers of co
operating surgeons in Norway [44] and in the Netherlands [25], attempting to 
define and to alter the standards of operations for rectal cancer. The goal of 
these efforts is to shift the emphasis from conventional operations (together 
with conventional failure rates) to TME with ANP, improving cure, local 
control, and morbidity. Preceptorship has played a key role in these efforts. 

In addition to improving cure, these efforts will influence ongoing multi
disciplinary studies. The results of our study and those obtained by MacFar
lane [31] suggest that future protocols in adjuvant therapy must document the 
standard of operation, i.e., TME or conventional resection. No matter how 
much improvement in local control can be accomplished by the addition of 
adjuvant RT and chemotherapy, the benefits of combined-modality adjuvant 
therapy will be best appreciated in the setting of optimal surgical results [60]. 

Efforts to standardize the criteria for, and to formalize the nomenclature of 
the various operations for rectal cancer are currently underway. There are five 
planes for the anatomic dissection of the pelvis in relation to rectal cancer. 
These are: (1) the rectum itself, (2) the visceral layer of the pelvic fascia, (3) the 
parietal layer of the pelvic fascia, (4) the vascular adventitia, and (5) the fascia 
covering the vessels, defining the spaces lateral to the true pelvis, i.e., the 
obturator spaces. Based upon these data, we recommend consideration of the 
following standards for nomenclature of operations, i.e., resections (not in
cluding any form of local excision) related to rectal cancers: 
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1. Operations performed along the wall of the rectum should be referred to as 
DO resections. Violation of the mesorectum either by blunt dissection or by 
inadvertently incomplete resection of the mesorectum, lacking an intact 
visceral pelvic fascia as an envelope, will qualify as a DO resection. 

2. Operations performed between the parietal and the visceral planes of the 
pelvic fascia, producing an intact visceral layer as an envelope for the entire 
resected mesorectum, should be referred to as D1 resections. TME will 
qualify as an Dl resection. TME with ANP is a D1 resection. 

3. Operations which are performed along the internal iliac, i.e., hypogastric 
vessels, and which include an internal iliac or hypogastric lymphade
nectomy should be referred to as D2 resections. 

4. Operations which dissect the lymph nodes of the obturator spaces, or which 
resect the internal iliac vessels and obturator nodes en bloc with the primary 
cancer and the mesorectum, should be referred D3 resections. 

5. The en bloc resection of adjacent viscera, i.e., bladder, seminal vesicles, 
prostate, uterus, vagina or ovaries, small bowel or an adjacent portion of the 
colon, should be designated by the subscript letter A, i.e., D1 A • 

6. Sphincter preservation or APR should not influence the D designation of the 
resection, although other subscript letters, i.e., sp or AP might be a useful 
descriptor. 

Conclusions 

1. TME resects the entire unit ofregional spread, enveloped within the visceral 
fascia, achieving negative margins of resection in the vast majority of cases 
of rectal cancer, improving survival and reducing pelvic recurrence rates in 
curable patients. 

2. Local recurrence rates in "high-risk" patients range from 5% to 8%, while 
systemic spread is observed in 23%-25% of patients. 

3. As currently reported in this study, RT does not appear to reduce the local 
failure rate in the overall setting of TME, except for a borderline effect 
observed only in patients with N2 disease or with perineural invasion, 
conditions associated with locally advanced disease. 

4. TME is compatible with ANP and with sphincter preservation, further re
ducing the morbidity of resections for rectal cancer. 

5. In comparison with patients undergoing conventional resections, the ex
tremely low pelvic recurrence rates in patients undergoing TME suggest that 
the routine use of adjuvant postoperative RT in T3NOMO disease is not 
warranted and should be reevaluated in patients with T3NIMO disease. In 
the setting of protocol-based treatment, preoperative RT may be of value in 
patients who will shortly undergo TME. 

6. In view of the higher incidence of systemic spread, there is a possible role 
for adjuvant chemotherapy alone in high-risk rectal cancers treated by TME. 

7. Efforts should be extended to teach TME to the surgical community dealing 
with curable primary rectal cancer. 
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8. Adjuvant therapy trials should document the standards of operation em
ployed and should examine the impact of the type of surgery on rates of 
local recurrence and distant metastases within their trials. 

9. Standard nomenclature for designating the extent of operations in rectal 
cancer is suggested. 
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Rectal cancer is generally characterized by being relatively slow growing and 
localized compared with other gastrointestinal malignancies. The character
istics of localized tumour growth are also observed both in lymph node me
tastasis and in metastases to the liver and lung. The Japanese treatment concept 
of extended lymphadenectomy is based upon such biological behaviour. 

However, disturbances of micturition and sexual function are frequently 
seen after extended rectal cancer surgery including lymphadenectomy. Such 
consequences imply that aggressive surgery must not only be evaluated in 
terms of tumour control, but also by its functional end-results. Since 1984, 
based on a better understanding of the anatomy of the pelvic autonomic 
nervous system, we have been actively undertaking autonomic nerve-sparing 
surgery with wide lymphadenectomy for lower rectal cancer [3, 4] in order to 
optimize function without compromising the concept of local and regional 
tumour control. 

Surgical anatomy of the autonomic nervous system, patient selection and 
techniques for three different nerve-sparing procedures will be discussed here. 

Surgical Anatomy of the Pelvis 

The organs in the pelvis are supplied with both sympathetic and para
sympathetic innervation. These autonomic nerves radiate and intertwine quite 
differently (Fig. 1) [2]. 
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Fig.!. Intrapelvic autonomic nervous system 

The sympathetic nerve system in the pelvis arises from aortic plexuses, 
which represent the downward extension of the celiac plexuses on the ab
dominal aorta. The aortic autonomic nerve plexuses are reinforced by 
splanchnic branches from the bilateral lumbar sympathetic trunks located in 
front of the lumbar vertebrae. The fibres on the left side of the aorta are denser 
than those on the right and form the inferior mesenteric plexuses roughly 
where the inferior mesenteric artery originates from the aorta. 

Fibers of the aortic plexuses extend downward in front of the abdominal 
aorta. At the level of the aortic bifurcation, the fibres merge to form the su
perior hypogastric plexus, which descends 2-3 em and divides into the paired 
hypogastric nerves below the promontorium of sacrum. At this junction, the 
superior hypogastric plexus comes to lie in the interiliac trigon, behind the 
mesorectum. In order to preserve the sympathetic nervous system, an exact 
understanding of these anatomical details is highly important. Thus, first of all, 
the superior hypogastric plexuses should be identified at the interiliac trigon 
just behind the mesorectum after having mobilized the base of the sigmoid 
mesocolon. As almost all fibres forming the inferior mesenteric plexus arise 
from the aortic plexuses, the superior hypogastric plexus is usually displaced 
somewhat to the left. 
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Fig. 2. Relation of intrapelvic organs, blood vessels and the pelvic nerve plexus 

The superior hypogastric plexus shows several anatomical variations in its 
arrangement. Although progress has been made in our understanding of the 
anatomy and distribution of autonomic nerves, variations are not easily de
tected during surgery. The right and left hypogastric nerves proceed downward 
between the internal iliac vessels and the proper rectal fascia and finally enter 
the antero-superior parts of the pelvic plexuses (Fig. 2). 

The paired hypogastric nerves are one of three routes of the sympathetic 
nervous system extending into the pelvis. The other two routes are the sacral 
sympathetic trunks, which extend along the anterior surface of the sacrum just 
medial to the internal iliac vessels, and the superior rectal plexus downward 
from the inferior mesenteric plexuses. 

The function and anatomy of the superior rectal plexus are not important, 
because the plexus is included in the resected area in the case of advanced 
rectal cancer. Although the sacral sympathetic trunks present extremely fine 
connections to the pelvic plexuses, their functional importance is as yet ob
scure. In order to perform a nerve-sparing procedure, it is therefore important 
to visualize the routes of the superior hypogastric plexus in the pelvis. In the 
absence of visual identification in a para-aortic lymphadenectomy designed to 
remove upward lymphatic node spread, serious damage to the nerves may 
occur, adversely affecting male ejaculation. 

Just below the peritoneal reflection on each side, the hypogastric nerves join 
at an antero-superior angle the pelvic plexus or the inferior hypogastric plexus, 
which lies antero-Iaterally close to the sidewall of rectal ampulla (Fig. 3). The 
pelvic plexuses are relatively narrow, flattened, plexiform bands, 3-4 cm in 
diameter, and are the direct continuations and extensions both of hypogastric 
and pelvic splanchnic nerves or nervi erigentes. 
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Fig. 3. Pelvic anatomy (cross-section) focusing on the fascial structures and the hypogastric 
nerves 

The pelvic splanchnic nerves arise from the anterior surfaces of the sacral 
nerves located downward and laterally on the piriform muscle. In applied 
surgical anatomy, the largest contribution from the sacral nerve to the pelvic 
plexuses is from the S3 root, but with contribution also from the S2 and S4 
roots. Fibres from S4 are usually larger than those from S2 [4]. The pelvic 
splanchnic nerves enter the postero-Iateral angle of the pelvic plexuses. In
trapelvic organs receive subsidiary visceral branches from the pelvic plexuses. 
The main trunks of the nerves to the bladder and proximal urethra lie outside 
the pelvic fascia [5]. The entire left colon receives its parasympathetic supply 
from the pelvic plexus through the mesorectum; this parasympathetic supply 
reaches the inferior mesenteric plexus and finally runs along the inferior me
senteric artery. 

It is of paramount importance to appreciate the anatomical relationship 
between the internal iliac vessels, the fascial structures and the intrapelvic 
autonomic nervous system, taking the following four aspects into account: 

1. The entire sympathetic and parasympathetic nerves are located medial to 
the internal iliac vessels. 

2. The endopelvic fascia covering the iliac vessels also sheathes the roots of the 
pelvic splanchnic nerves. 

3. The parietal fascia fuses with the proper rectal fascia at or below the caval 
bifurcation and then gradually separates from the proper rectal fascia. 

4. From the level of the third or fourth sacral segment, the rectosacral fascia 
are seen in the retrorectal space. 

During surgery, a natural dissection layer exists between the proper rectal 
fascia (mesorectum) and pre-sacral fascia in the loose areolar tissue of the 
retrorectal space. The pelvic splanchnic nerves pierce the endopelvic fascia, 
which is a lateral continuation of the rectosacral fascia, in order to enter the 
pelvic plexuses. The importance of the rectosacral fascia when performing 
autonomic nerve-sparing surgery lies in the following point: a sharp dissection 
of the rectosacral fascia on the right and left sides brings into view the root of 
the pelvic splanchnic nerves, which are seen as white bundles. After dissecting 
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the rectosacral fascia, Waldeyer's fascia appears posteriorly as a white leaf 
covering the sacrum and coccyx. 

If urinary and sexual functions are to be preserved, a complete anatomical 
understanding of the nerve supply and of the musculature in the perineum is 
also important [6]. The main nerve in the perineum is the pudendal nerve, 
which is derived either from the second and third, from the second, third and 
fourth or from third and fourth sacral nerves. The pudendal nerves leave the 
pelvis below the piriform muscle and immediately enter the pudendal (Al
cock's) canal, which contains three structures (artery, vein and nerve) medial 
to the ischial tuberosity. After branching of the inferior rectal nerves, the 
pudendal nerve divides into two further branches: the perineal nerves and 
dorsal nerve of the penis or clitoris. These branches are found along the under
surface of the ischium and pubic bone, where they innervate the striated ex
ternal urethral sphincter. 

The perineal muscles are more complicated than the nerve supply. The 
central tendon or perineal body is a fibromuscular septum intervening between 
the urogenital diaphragm and the anal canal. There are many aspects 0f co
ordination between urogenital and anal regions, not only neurologically but 
also anatomically. Therefore, in the case of abdominoperineal resection, uri
nary and sexual disturbances occur more frequently than after a sphincter
saving operation because of the complete resection of the levator ani muscles 
and impairment both of the central tendon and branches of the pudendal 
nerve. 

Patient Selection 

Based on a comprehensive understanding of the anatomy and functional 
consequences of denervation of the autonomic nervous system, nerve-sparing 
surgery can be divided into four major categories (Fig. 4). 

1. Total preservation of the autonomic nervous system. Such an operation also 
include total mesorectal excision (TME). The nerve-sparing effect of this 
procedure has been outlined and stressed by Heald and Ryall [1]. 

2. Resection of the sympathetic nervous system but complete preservation of 
pelvic nerves. This ensures undisturbed micturition in both sexes and 
erection in males. 

3. Partial preservation of pelvic nerves. This is designed to preserve, to some 
extent, undisturbed urinary function. This type of resection is commonly 
undertaken during lateral lymph node dissection. 

4. Extended lateral lymphadenectomy without nerve preservation. 

Based on our extensive experience and taking into account the information 
from TNM staging, total preservation of the autonomic nervous system (cat
egory 1 operation) is best applied in patients with T2 tumour. Complete pre
servation of pelvic nerves (category 2 operation) is offered to patients with T3 
tumour, and partial preservation of pelvic nerves (category 3) to patients with 
node-positive rectal cancer. The so-called extended lymphadenectomy without 
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Fig. 4a-d. Types of nerve-sparing techniques. a Total preservation of autonomic nerve. b 
Complete preservation of pelvic nerve. c Partial preservation of pelvic nerve. d Extended 
lymphadenectomy without nerve preservation 

nerve preservation (category 4) is carried out in patients with definite lateral 
node metastasis. 

Such criteria of patient selection for specific procedures are based not only 
on the relationship between the cancer and pelvic nerves, but also on the 
neuroanatomical features in which the paired sympathetic hypogastric nerves 
after branching off from the superior hypogastric plexuses are strongly ad
herent to the mesorectum (Fig. 3), in particular to the proper rectal fascia. 

Endorectal ultrasonography should be routinely be used to assess invasion 
of the rectal wall and to identify lymph node metastasis preoperatively. If 
further imaging is necessary, magnetic resonance imaging (MRI) and/or 
computed tomography (CT) scan of the pelvis should be carried out. 
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Surgical Technique 

Proximal Dissection 

The preferred approach is a long median incision extending from the pubis to a 
point near the level of the xiphoid process. After inserting an abdominal re
tractor, the loops of the entire small bowel are displaced out of the abdominal 
cavity using two or three large moist packs to allow better access to the inferior 
mesenteric artery. 

While retracting the sigmoid mesocolon, an incision is made in the white 
tendon at the base of the sigmoid mesocolon to expose the superior hypo
gastric plexus in the interiliac trigon, where this plexus is easily identified 
between the mesorectum and a point just distal to the aortic bifurcation. After 
lifting the plexus with a band, fibres of the sympathetic nerves including both 
the aortic plexuses and the lumber splanchnic nerves are seen. They must 
remain untouched while the mesorectum and mesocolon are freed of sympa
thetic fibers up to the root of the inferior mesenteric artery. 

Although such sympathetic nerve-preserving techniques were performed 
without technical problems for para-aortic lymph node dissection (Fig. 5) 
during the development of our nerve-sparing technique, the incidence of 
ejaculation disturbance was very high after this type of dissection owing to 
damage of both blood and lymphatic supply to the sympathetic nervous sys
tem. Therefore, we now recommend that the layer of separation should be 
more superficial to the autonomic nervous system (i.e., in front of it). Fol
lowing identification of sympathetic nerves, the inferior mesenteric artery is 
doubly ligated and cut at its origin from the abdominal aorta. The inferior 

Fig. 5. Sympathetic nerve-preserving procedure with para-aortic lymph node dissection 
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mesenteric vein is likewise cut several centimetres cephalad to the inferior 
mesenteric artery at the lower border of the pancreas. The sigmoid mesocolon 
is fashioned to prepare the colon stump for colostomy or low anterior ana
stomosis. 

Posterior Pelvic Dissection 

Pulling the rectum antero-caudally, the retrorectal space is opened using the 
deep pelvic retractor or long scissors while looking for the middle sacral 
vessels. By sharp separation, the rectum is mobilized posteriorly down to the 
coccygeal bone (Fig. 6). While dissecting in the retrorectal space, three im
portant manoeuvres have to be performed. The first is to prevent injuries to the 

~' . - -' - right ureter 
" . 

b 

Fig. 6a,b. Dissection of the retrorectal space 
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hypogastric nerves, which run downward close to the proper rectal fascia along 
the pelvic side wall. The paired hypogastric nerves should therefore be 
meticulously dissected off the rectum. Secondly, the root of the pelvic 
splanchnic nerves arising from S3 and S4 sacral nerves should be identified. 
This should be an entirely bloodless process, and complete haemostasis should 
be achieved by diathermy coagulation if small veins between the rectum and 
the middle sacral veins are encountered. It is dangerous to insert the right hand 
(blind manipulation) to dissect the retrorectal space; bleeding into the loose 
areolar tissue will result in inadequate identification of the fine anatomical 
details that are an integral part of the nerve-sparing operation. Whenever a 
correct dissection of the retrorectal space is performed, the pre-sacral venous 
plexuses can be clearly seen. The third manoeuvre is to estimate the appear
ance of lymph nodes in the mesorectum by palpation. 

Anterior Pelvic Dissection 

The peritoneal incisions are now extended distally around the rectovesical 
pouch or more widely on the transverse vesical fold in patients with definite 
serosal invasion of the anterior wall of the rectum. While retracting the bladder 
toward the pubis by a long pelvic retractor, the rectum is retracted cranio
posteriorly by the surgeon's left hand, and cautious diathermy dissection is 
gradually deepened in the plane just behind the seminal vesicles. Denonvillier's 
fascia should be kept on the rectal side. The anterior dissection should proceed 
in this plane to the base of the prostate gland. 

Lateral Dissection 

In the course of the above-mentioned surgical manoeuvres, the rectum has 
been freed both posteriorly and anteriorly, but will still remain strongly at
tached on either side by the so-called lateral ligament. This "ligament" 
consists, however, nearly exclusively of autonomic nerves fibres. The auto
nomic nervous system in the pelvis is found, as previously described, between 
the internal iliac vessels and the rectum. Dissecting the lateral ligament is the 
most intense and challenging phase during a rectal excision, particularly 
when partial preservation of pelvic nerves is combined with lateral dissection. 
For this reason the nerve-sparing dissecting techniques are described in de
tail. 

First of all, the ureter is gently lifted and retracted to prevent injury. The 
dissection is started along the inner side of the internal iliac vessels down to the 
middle rectal artery, while removing lymphatics and fatty tissue covering the 
vessels. While doing this, the fascia on the piriform muscle which connects 
with the rectosacral fascia (see Chap. 9) is identified. By meticulous sharp cuts 
of these fascial structures, the root of the pelvic splanchnic nerves arising from 
the anterior sacral foramen can be exposed (Fig. 7). It should be noted that 
veins from the internal pudendal venous plexuses exist in this region that 
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Fig. 7. Root of pelvic nerves on right side 

anastomose with the internal iliac veins. To proceed successfully, bleeding in 
this region must be avoided at all costs. 

The pelvic nerve plexuses lie closely attached to both the internal iliac 
vessels and the side wall of the rectal ampulla. While maintaining traction of 
the rectum in the antero-cephalad direction and at the same time ascertaining 
the position of the root of the pelvic nerve, it is essential that the pelvic 
plexuses are freed from the proper rectal fascia; all the branches to the rectal 
wall from the pelvic plexus have to be cut. After completion of nerve dissection, 
the deep or lower pararectal space can be opened and the superior surface of 
the levator ani muscle can be seen. The rectum on the right side is now 
completely free of any attachment to the pelvic wall. After dissection of the 
right lateral ligament, the opposite ligament is then dissected similarly. 

Finally, the paravesical and obturator spaces are opened between the lateral 
border of the internal iliac vessels and the true pelvic wall, and the lateral 
lymphatic tissues in these spaces are cleared while preserving the obturator 
nerve and vessels as well as vesical and parietal branches arising from the 
internal iliac vessels and the sacral nerve plexuses (Fig. 8). However, when 
affected nodes are found or suspected in the lateral lymphatic channels around 
these vessels, en bloc excision of the internal iliac vessels (both arteries and 
veins) and re-resection of the preserved autonomic nervous system should be 
carried out aggressively. 

Distal Dissection 

After completing both rectal mobilization and lateral dissection, the rectum is 
attached only to the levator ani muscles and the anal canal. At this stage, the 



254 Y. Moriya: Nerve-Sparing Surgery: Surgical Neuroanatomy and Techniques 

Fig. 8. Lateral lymph node dissection internal iliac artery 

surgeon has to decide whether to perform an abdominoperineal resection or a 
sphincter-saving procedure. This decision is based on tumour site, histological 
type, local extent of primary tumour and node status. If a free distal margin of 
more than 2 em can be obtained, a sphincter-saving procedure using a stapler 
device is the recommended alternative. 

Conclusion 

Our current policy focuses on individualization or case-oriented procedures. 
Aggressive use of various nerve-sparing operations in patients with advanced 
rectal cancer is the key element of the surgical procedure, taking into account 
the extent of cancer spread based on both preoperative imaging diagnosis and 
intra-operative findings. 
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The stimulus to develop a wider pelvic dissection in the management of rectal 
cancer was initiated by the frustration of surgeons working in this area with the 
poor results of conventional operative approaches. Both local recurrence and 
death from metastatic disease seemed to be unacceptably high and it was 
hoped that using wider-field procedures would eliminate the last cancer cell, 
thus effecting a cure. 

The spread of rectal cancer from the bowel wall locally into adjacent tissues, 
regionally into lymphatics and the draining nodes, and eventually via the blood 
stream to distant sites has been the subject of many classical studies dating 
back to Gabriel and Dukes [8]. Attempts to remove the nodes were frustrated 
by the location of the tumour within the bony pelvis, where the use of a wide 
local resection as the paradigm of management was felt to be virtually im
possible. 

Although the commonest pattern of spread was proximal in the mesentery, 
lateral spread was recognised as early as the 1950s by Stearns and Deddish [28] 
and Bacon [3], who reported that their more radical approach to rectal cancer 
nodal dissection produced better local and overall control than conventional 
operations. 

The adoption and modification of the technique beginning in the mid-1960s 
by the Japanese authors Koyama [16], Moriya [22], Hojo [15], Moreira [21] and 
others (see Chaps. 13, 17) has stimulated considerable debate in the literature. 
The surgical tour de force and outstanding technical expertise of these surgeons 
has led to a serious look at their results in the West [7, 11,26]. A parallel trend 
in the management of gastric carcinoma, again championed by the Japanese, 
has led to a randomised study of extended lymph node dissection in North 
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America and Europe. This will test the current oncological principle which 
views lymph nodes in general as indicators of the aggressiveness of the tumour 
rather than as the focus of subsequent metastatic spread. 

At the same time as these reports were reaching the Western journals, 
Heald [13, 14], MacFarlane [18], Enker [6], Aitken [1] and others were re
porting extraordinarily low local recurrence rates from an operation in which 
great care was taken to remove the mesorectum intact in every case of rectal 
cancer operated upon with the hope of cure, whether with permanent co
lostomy or anal preservation. Thus, although direct comparisons are not 
possible, the results of a less radical procedure were at least as good, if not 
somewhat better than those obtained with the most radical of dissections. The 
results of the extended operations will be reviewed and the role of this pro
cedure assessed in the light of the total mesorectal excision (TME) experience 
as reported above. 

Definitions of Terms 

It is important to define the terms used in this paper to describe the various 
surgical procedures for rectal cancer treatment. The "conventional" rectal 
resection as performed by Western surgeons since the description of Miles [20] 
is a procedure to remove the pelvic mesocolon by the abdominoperineal ap
proach comprising the "zone of upward spread", which became the gold 
standard for rectal cancer up to 15 cm from the anal verge. This procedure 
combines both sharp and blunt dissection in the pelvis and often results in 
residual mesorectal tissues being left in situ to provide the nidus for pelvic 
recurrence. 

The seminal publications of Heald [13, 14] and his colleagues from Ba
sings toke in the early 1980s pointed out the importance of a complete dis
section of the mesorectum under direct vision in a definable and relatively 
avascular plane. This procedure was called TME and resulted in surprisingly 
low local recurrence rates. TME corresponds to the category I lymph node 
dissection described by Japanese authors (see Chap. 17). It has subsequently 
been adopted by other investigators, as noted above. 

Operations which extend beyond the mesorectum into the lateral pelvic 
tissues and remove the lymph nodes along the iliac and obturator vessels are 
characterised as lateral node dissection or extended pelvic lymphadenectomy 
(EPL). Such a procedure corresponds to category II-IV operations in the Ja
panese terminology (see Chap. 13). Thus the conventional resection is felt to 
leave perirectal lymph nodes in situ as well as tumour within the mesorectal 
lymphatics, whereas TME and EPL procedures remove such nodes. The ex
tended operations incorporate pelvic lymph nodes beyond the mesorectum 
and are more radical and complex procedures. They result in a number of 
unavoidable neurological complications which are avoided by TME. 
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Review of literature 

Frequency of Nodal Involvement 

EPL results in the retrieval of a variable number of involved lymph nodes 
(Table O. Stearns and Deddish [28] reported a 9% incidence of lateral node 
involvement in 122 patients reported in 1959, while Moriya et al. [22] showed 
an overall incidence of 18.1% in 231 patients reviewed in 1989. Their results in 
114 Dukes' C patients yielded 36% lateral nodal positivity. Hojo et al. [15] 
divided their node-positive rate into cancers above and below the peritoneal 
reflection and reported a 23% rate with tumours centred below the peritoneal 
reflection compared with only 8.8% above that point. Finally, Moreira et al. 
[21] reported an 11% nodal involvement in 95 patients in 1994. A detailed 
discussion of the current results of lateral node dissection appears in Chaps. 
12, 13. The other field of putative lymph node spread is proximal along the 
inferior mesenteric artery and vein, and the so-called "high ligation ad
vocates", such as Ault [2], State [27], Rosi [25] and Grinnell [10], all deserve 
mention in this discussion. Enthusiasm for high ligation of the inferior me
senteric and vein in an effort to clear lymphatic metastases from colorectal 
cancer to the para-aortic region was reported in the 1960s. 

Rosi et al. [25] reported that the addition of left hemicolectomy to the Miles 
procedure resulted in a 6.9% improvement in the 5-year survival rate over a 
conventional procedure which left the left colon intact. Grinnell's report in 
1965 suggested additional lymph node metastases retrieved with high ligation 
of the inferior mesenteric artery at the aorta. However, the results in patients 
with lymph node involvement at this level were discouraging, and no addi
tional survival was felt to be achieved by this more extensive proximal dis
section. The failure of high ligation to salvage patients with nodal metastases 
above the level of the left colic artery was attributed to the aggressiveness of the 
tumour with such high lymph node metastases, and the presence of micro
scopic metastatic disease beyond the resection margins, which became clini
cally relevant in follow-up, was uniformly present. 

Table 1. Results of extended 
pelvic lymphadenectomy (EPL) 
- frequency of nodal involve
ment 

Authors 

Stearns and Deddish [28] 
Moriya et al. [22] 

Hojo et al. [15] 

Moreira et al. [21] 
Takahashi et al. (Chap. 13) 

Patients (n) 

122 
231 
114 
389 

95 
125 

Frequency (%) 

9.0% 
18.1% 
36.0% (Dukes' C) 
8.8% (upper rectum) 

23.0% (lower rectum) 
11.0% 
11% 
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Table 2. Rate of pelvic recurrence 

Authors Pelvic recurrence (%) 

Moriya et al. [22] 
Hojo et al. [15] 

Moreira et al. [21] 

Yasutomi et al. [29] 
Koyama [16] 

n.a., not applicable. 

Extended pelvic 
lymphadenectomy 

16.0 
6.3 

23.6 
4.0 

12.0 
13.2 
8.4 

24.5% 

*Statistically significant difference. 

Rate of Pelvic Recurrence 

Dukes' Conventional 
tumour stage operation 

C n.a. 
B 21.8* 
C 32.9* 
B 15.0 
C 20.0 

13.7 
B 26.1 
C 44.3 

The results of extended pelvic dissection of lymph nodes are reported in Ta
ble 2. In each study, the pelvic recurrence rate of EPL is compared with that 
noted in conventional dissections. None of these studies is randomised, and 
significant differences are seen in the Hojo paper for Dukes' Band C lesions as 
well as for the overall results in the Moreira report. 

The pelvic recurrence rate varies considerably from a low of 4% for the 
Dukes' B cases reported by Moreira [21] to a high of 24.5% for Dukes' C 
patients operated on by the Hojo group [15]. No comparative group is reported 
on by Moriya [22], and Yasutomi [29] has noted no significant difference 
between the EPL group and the patients subjected to conventional dissections. 
Additionally, he has a historical control group which does not differ sub
stantially from the results reported in this later study. In no instance was a 
"conventional dissection" defined, making these comparisons somewhat dif
ficult to interpret. 

Survival 

The effects on 5-year survival of EPL patients are summarised in Table 3. Each 
of the reported studies is non-randomised, and the results reported from 
conventional lymphadenectomy are either historical or contemporaneous with 
those reported for EPL. The Hojo report [15] and Koyama [16] claim a sta
tistically significant difference in both the Dukes' Band C categories and 
additionally note a difference between Dukes' Band C both for the EPL and 
conventional dissection groups. Each of the other reports, although seeming to 
favour the EPL category, fails to reach statistical significance. 
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Table 3. Five-year survival 
(non-randomised) related to 
type of lymph node (LN) dis
section 

Authors 

Stearns and Deddish [28] 
Bacon [3] 
Moriya et al. [22] 

Hojo et al. [15] 

Moreira et al. [21] 
Glass et al. [9] 
Enker et al. [6] 

'Dukes' C tumour. 
bDukes' B tumour. 
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Survival (%) 

Extended pelvic Conventional 
lymphadenectomy operation 

54.0 
54.0 
75.8 
68.0' 
88.0b 

61.0' 
76.0 
54.0 
48.0' 

46.0 
49.0 
67.4 
43.7 
74.0b" 

43.0'" 
72.0 
52.0 
28.0' 

"Statistically significant difference. 

Complication of Pelvic Dissection 

Finally, the complication rate of pelvic dissection was reported on by four 
authors and is presented in Table 4. Hojo [15] notes a 39.4% bladder dys
function at 1 year following EPL and a 76% overall sexual dysfunction rate in 
patients under the age of 60 years with previous normal sexual function. 
Moriya [22] notes that 10% of his patients who underwent EPL require peri
odic catheterisation for bladder emptying at 1 year, and virtually no return of 
sexual function is noted with time following an initial experience of over 90% 
impotence. In contrast, Enker [5], with his autonomic nerve-preserving me
sorectal excision, has an overall 4.7% bladder dysfunction with a 13.3% sexual 
dysfunction rate in the long-term follow-up of patients in his series. 

Hojo [15] reports the morbidity rates in terms of anastomotic pelvic in
fection and intestinal obstruction as being the same in both groups. Overall 
operative mortality rates in all of the series remain acceptably low at 2% or less, 
and no differences are seen between patients treated with EPL when compared 
with the conventional surgical approach. 

Table 4. Complications of pelvic dissection 
Authors Type of Complications (%) 

operation 
Bladder Sexual 

Hojo [IS] EPL 39.4 76.0 
Moriya [22] EPL 10.0 >90.0 

(catheter) 
Enker [5] TME 4.7 13.3 
Michelassi [19] EPL 18.0 100.0 

EPL, extended pelvic lymphadenectomy; TME, total 
meso rectal excision. 
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In North America, Fabrizio Michelassi [19] retrospectively analysed 27 pa
tients treated at the University of Chicago Medical Centre between 1988 and 
1990 as to the effect of wide pelvic lymphadenectomy on early and late com
plications. The study defined wide pelvic lymphadenectomy as an en bloc 
resection of the left colon rectosigmoid and rectum as outlined by Block [4]. 
The choice of lymphadenectomy was left to the discretion of the surgeon, but 
the more conventional approach was reserved for patients with "earlier tu
mours". 

The morbidity and mortality associated with the two procedures was not 
significantly different in terms of intra-operative blood loss, length of post
operative hospital stay or mortality. The neurogenic complications of the wide 
pelvic lymphadenectomy produced a temporary neurogenic bladder in 18% of 
the patients so treated. However, sexual dysfunction was high in both groups in 
that only seven of the 16 males in the series were sexually active prior to their 
surgery and two from the conventional dissection group remained so post
operatively, whereas none of the four patients treated in the wide pelvic 
lymphadenectomy group were sexually active postoperatively. This suggests 
that the morbidity of the wider pelvic lymphadenectomy is significant in the 
long term and deserves serious consideration. 

Attempts at autonomic nerve preservation associated with wide pelvic 
lymphadenectomy (for technical details see Chap. 17) are reported by Moriya 
and his colleagues [23, 24] and by Takahashi and co-workers (see Chap. 13). 
While the results reported in these recent papers are very good in terms of local 
recurrence and disease-free survival, specific reference to functional results 
indicate that 84% of male patients had "acceptable urinary function after 
surgery", and of 31 patients with total preservation of the autonomic nerves, 
ten were unable to ejaculate and only three were capable of erection. Although 
these recent results of a concerted effort to preserve the autonomic nerves are 
somewhat better than prior results, these meticulous efforts at nerve-sparing 
do not produce the kind of results reported by Enker [5] and others with TME 
alone. 

Comments 

The postulated mechanism for spread of cancer cells into adjacent lymphatic 
drainage sites is retrograde flow due to blockage of local and regional nodes in 
the mesorectum. Involvement of adjacent soft tissues outside the mesorectal 
envelope and occasional skipped metastases occur with high-grade histologies 
noted by Dukes in his original studies. The presence of lateral lymph node 
spread therefore implies a poor prognosis malignancy [17]. The rationale for 
extending the limits of lymph node dissection resides in the apparent lack of 
completeness of traditional dissection methods, the nodes themselves being a 
focus for both metastatic disease and local recurrence, and the hoped-for 
improvement in long-term survival. Further stimulus to surgical innovation in 
this area comes from the relative failure of adjuvant therapy strategies in rectal 
cancer. Early efforts in surgical innovation were championed by Stearns and 
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Deddish [28] as well as Bacon [3] and his co-workers. The results of their 
attempts at improving the 5-year survival rates using extended lymph node 
dissection produced a minor impact on the overall survival, ranging from 5% 
to 8% improvement. Subsequent studies by Glass [9] and co-workers failed to 
show any such improvement in results, and the concept of extended lymph 
node dissection was abandoned in the Western surgical world until re-in
troduced in the late 1960s by the Japanese. During this interval, the paradigm 
of lymph nodes as a focus for dissemination came under some scrutiny, 
especially in studies of breast, lung, melanoma and other tumours. Thus the 
current notion that nodal involvement is more an indicator of aggressive be
haviour than a focus for dissemination has gained favour. Nonetheless, the 
mesorectal envelope in rectal cancer may well place the rectum in a somewhat 
different category, and thus the results of the Japanese experience become a 
focus of interest. 

There is no question that the completeness of the lateral node dissection is 
greater than that in the traditional or mesorectal dissections. A large number of 
nodes is always recovered, and 8%-23% node-positivity rates have been re
ported. The question is to the clinical relevance of these positive nodes. The 
results would seem to favour their presence as a potential for local (pelvic) 
recurrence, although the modest improvement in survival reported suggests 
that the dissemination of tumour has already occurred in most of the patients 
in whom the nodes are found to be involved. 

The best figures for local control of rectal cancer are reported with me
sorectal dissection (TME). The additional of lateral node removal has failed to 
improve on the results reported from series where TME is practised. It is 
tempting, therefore, to postulate that the observed improvement in results 
reported from lateral pelvic dissection over conventional surgery could be 
attributed to the inclusion of the total mesorectum in the more radical ap
proach and not to the removal of nodes at a distance. 

It should be noted that the best 5-year survival results reported by the 
Japanese in the range of 76% overall do not differ significantly from the 78% 5-
year actuarial survivals reported by Heald and the Basingstoke group [12] 
using TME without lateral lymph node removal. 

The frustration that adjuvant strategies have failed to cure more patients 
challenges the surgeon to adopt the best surgical procedure as the operation of 
choice and to investigate new approaches to adjuvant treatment, including 
biological, genetic and targeted radiation methodologies. 

Finally, the complications of lateral node pelvic dissection, which do not 
differ significantly from conventional approaches in terms of anastomotic 
leaks, pelvic infections or subsequent obstruction, do differ considerably when 
long-term effects on bladder and sexual function are included in the follow-up. 
There is no doubt that the wide dissection compromises neurological function 
in the pelvis and results in an unacceptably high long-term dysfunction rate in 
both of these categories. 
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Conclusions 

It must be concluded, therefore, that the inclusion of lateral node dissections of 
any magnitude is not warranted in the management of primary operable rectal 
cancer. The increased long-term morbidity and the lack of significant im
provement in either local control or actuarial survival of EPL over TME sup
port this position. The challenge for the future remains in the appropriate 
utilisation of adjuvant therapy strategies, both conventional and investigative, 
in the attempt to improve on the results of mesorectal excision as the cor
nerstone of treatment for cancer of the rectum. 
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The recent application of laparoscopic surgical techniques to colorectal re
section is controversial, and the value of this new treatment modality is, as yet, 
unclear. The laparoscopic approach may confer benefit to the patient in terms 
of reduced wound-related morbidity, shorter duration of ileus and decreased 
hospital stay [6, 7, 12, 17,20,29]. However, the oncological safety of laparo
scopic techniques is unproven. Histological examination of resected specimens 
has provided data suggesting that the lymph node clearance and excision 
margins achieved laparoscopically may be comparable to those obtained using 
conventional surgical techniques [7, 8, 12, 24, 25]. However, the loco-regional 
recurrence rates consequent upon the laparoscopic approach are not yet 
known. There are also reports of wound recurrence following laparoscopic 
surgery, some of which have occurred after "curative excision" of early can
cers, and these have yet to be adequately explained [18, 28]. 

These issues are of particular relevance in surgery for rectal cancer. The only 
hope of cure ofrectal cancer lies in adequate surgery [21]. The consequence of 
inadequate surgery is commonly disease recurrence within the pelvis with the 
likelihood of untold misery and debilitation. Wide variations in the success of 
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rectal cancer surgery both between surgeons and institutions are apparent [21]. 
While the principal prognostic variable in rectal cancer is the tumour stage and 
grade, the major treatment variable is the surgeon. Routine excision of the 
intact mesorectum during resection of cancers of the mid- and lower rectum 
has resulted in the lowest results of local recurrence ever reported [14]. These 
standards, established by Heald and co-workers, are those against which any 
new technique must be evaluated. 

These factors have led many surgeons to argue that, given the current state 
of laparoscopic technology and its uncertain efficacy, tumours of the low 
rectum and their corresponding mesorectum should only be excised by spe
cialist surgeons using conventional techniques [19]. However, we have been 
struck by the excellence of the magnified views, deep within the pelvis, which 
may be obtained at laparoscopy. It is possible that this technology may permit 
the combination of a mesorectal excision, comparable to that advocated by 
Heald and co-workers, with the potential advantages of minimally invasive 
surgery. Unfortunately, during laparoscopic-assisted anterior resection, the 
pelvic dissection is often carried out during the open stage of the procedure so 
that real doubt exists as to the ability of the laparoscopic approach to perform 
an adequate, "closed", mesorectal excision. 

After some preliminary comments on those factors pertinent to case se
lection and preoperative preparation, this chapter will present our techniques 
for laparoscopic-assisted anterior resection and abdominoperineal resection. 
The results of our preliminary experience with laparoscopic mesorectal exci
sion during these procedures are also discussed. 

Preoperative Preparation 

The preoperative considerations in patients who are to undergo laparoscopic 
rectal surgery are broadly similar to those in patients subjected to conventional 
resection. There are certain areas which require particular attention, and these 
will be reviewed. 

Clinical Assessment 

Particular attention must be paid to the general fitness of the patient. Lap
aroscopic rectal surgery requires prolonged periods of pneumoperitoneum, 
often in extremes of patient position. The potentially hazardous effects of 
pneumoperitoneum include derangements of acid-base balance, altered pul
monary mechanics and cardiovascular impairment [4, 23]. It is unclear 
whether laparoscopic colorectal surgery is associated with an increased in
cidence of such complications, but we currently perform baseline arterial blood 
gas estimations as part of the ongoing investigation of the anaesthetic im
plications of laparoscopic colorectal surgery. At present we suggest that pa
tients with significant cardiovascular impairment should be operated upon by 
conventional means, although there is little data with which to quantify the 
risks of pneumoperitoneum under such circumstances. 
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Gross obesity and the presence of multiple surgical scars constitute, in our 
view, only a relative contra-indication to the laparoscopic approach, provided 
such cases are approached with a low threshold for conversion to formal 
laparotomy. 

Imaging 

Computed tomography (CT), intrarectal ultrasound (USS) (Fig. 1) and, more 
recently, magnetic resonance imaging (MRI) enable delineation of local tu
mour spread and nodal metastasis [2]. Such imaging techniques are still under 
evaluation, but may provide a guide towards preoperative radiotherapy in 
patients with significant extrarectal spread or obvious nodal disease. These 
modalities may also have an important role in the decision as to whether to 
undertake laparoscopic or conventional surgery and might be based on factors 
such as tumour bulk and local invasion. The value of these techniques in this 
latter capacity is at present under intense investigation. 

As with open surgery, the entire large intestine should be examined by either 
contrast radiology or colonoscopy to exclude the presence of synchronous 
tumours. In the presence of stenosing rectal lesions, such examination may not 
be possible and may then be legitimately postponed until the postoperative 
period. We feel that contrast radiology is particularly important, since colo
noscopy may be inaccurate with regard to the anatomical position of lesions 

Fig. 1. Preliminary transrectal ultrasound (USS) in a patient about to undergo a laparoscopic 
anterior resection with full mesorectal excision (USS staging of Dukes' B was confirmed by the 
pathologist) 
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[3]. Tumours without obvious serosal involvement may be overlooked at 
laparoscopy, and the potential exists for removal of the wrong segment of 
bowel [11] or a failure to identify synchronous lesions at laparoscopy [15]. 

Examination Under Anaesthesia 

Abdominoperineal excision must be reserved for those cancers which invade 
the anal sphincter complex or for tumours which are so close to the sphincter 
that, after full mobilisation of the rectum, a clamp cannot be placed below the 
palpable edge of the tumour with adequate clearance. In specialist hands, some 
80%-90% of rectal cancers will be suitable for anterior resection [10]. If these 
strict guidelines are adhered to in patients undergoing abdominoperineal ex
cision, the laparoscopist may not in fact visualise the tumour, which will be 
excised by the perineal surgeon. The whole of the rectum can be mobilised 
laparoscopically. However, the decision as to whether the patient is suitable for 
restorative resection may then require manual palpation of the tumour to 
assess distal clearance, which in turn necessitates an abdominal incision. 
Therefore, if inappropriate sphincter sacrifice is to be avoided, laparoscopic 
abdominoperineal excision without a facilitating abdominal incision must be 
reserved for patients with sphincteric involvement, where the indication for 
excision of the rectum is beyond doubt. This decision should be made at a 
preliminary examination under anaesthesia, when appropriate biopsies should 
also be taken. 

Bowel Preparation and Other Measures 

Standard regimens of bowel preparation and antibiotic prophylaxis should be 
utilised as for open colorectal surgery. Thrombo-embolic prophylaxis is also 
important. In our practice, this comprises subcutaneous heparin and grad
uated compression stockings commenced preoperatively and continued until 
the patient is mobilised. All patients should be visited by the stoma therapist 
and counselled as to the likelihood of requiring a stoma. For those patients 
undergoing abdominoperineal resection, the stoma site should be marked. 

Operative Techniques 

Instrumentation 

Full videolaparoscopy facilities are required along with the standard range of 
laparoscopic instruments, including Babcock-type graspers, curved endoscopic 
scissors and an endoscopic linear stapling device (with vascular cartridge) 
which can be used to divide the bowel and mesenteric vessels. In addition, USS 
transducers specifically designed for laparoscopic use are now available [13] 
and may prove to be of value in hepatic assessment during laparoscopic 
colorectal surgery. 
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Positioning the Patient 

The anaesthetised patient should be placed in a modified Lloyd-Davies posi
tion. This differs from the traditional Lloyd-Davies position in that the legs are 
held almost straight (if the legs are flexed at the hips, they tend to impinge 
upon the long-handled laparoscopic instruments). A urinary catheter and 
nasogastric tube should be inserted to help prevent trocar injury to the viscera. 
The abdomen and perineum are then prepared and draped in the usual 
manner. Prior to abdominoperineal excision, the anus is closed with a stout 
purse-string suture. 

Preliminary Laparoscopy 

Carbon dioxide pneumoperitoneum of 12-15 mmHg is achieved by standard 
insufflation techniques (either "open" or "closed", depending upon the bodily 
habitus of the patient and the likelihood of extensive adhesions). The pressure 
is thereafter maintained by an automatic insufflator. A lO-mm 0° telescope is 
then inserted through a sub umbilical port, and preliminary laparoscopy per
formed. The whole of the peritoneal cavity should be systematically examined, 
paying particular attention to the liver, the surface of which should be in
spected for the presence of metastases. We also perform a laparoscopic USS 
examination of the liver at this point (Fig. 2). 

Subsequent trocars are inserted under direct vision to minimise the risks of 
visceral injury. For laparoscopic rectal surgery, we have found the most useful 

Fig. 2. Laparoscopic ultrasound (USS) examination of the liver with a flexible-tipped trans
ducer during laparoscopic rectal surgery 
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configuration of the additional ports is for one to be suprapubically, with single 
ports in the right and left flanks. During abdominoperineal resection, the left 
flank port should be placed at the intended site of colostomy formation. All 
ports must be at least 10 mm in diameter so that instruments and camera may 
be interchanged. 

The principle steps in laparoscopic rectal surgery are of course identical to 
those followed at open surgery; first the bowel is mobilised by division of its 
peritoneal attachments, the vascular supply to the bowel is then interrupted 
and the appropriate segment resected and, finally, intestinal continuity is re
stored or a stoma is fashioned. During laparoscopic-assisted operations, a 
varying proportion of the procedure can be carried out "open", through the 
incision required for specimen delivery. As will be evident, this leads to 
problems of definition and makes comparison between series difficult. Al
though intracorporealleft-sided anastomoses can be constructed as part of a 
"totally laparoscopic" approach, we remain to be convinced that the extra time 
required and technical difficulties are recompensed by the advantages of 
smaller abdominal wounds. Intracorporeal anastomosis plays no part in our 
current practice, so that all our procedures, with the exception of abdomino
perineal excision, are best termed laparoscopic-assisted resections. 

Our techniques for anterior resection of the rectum and abdominoperineal 
excision will now be presented according to this schema. 

Mobilisation of the Left Colon 

The left colon is mobilised by a combination of medial retraction and division 
of the lateral peritoneal attachments. The descending colon is grasped with 
Babcock graspers and retracted cranially and towards the mid-line, and the 
sigmoid colon is retracted caudally and towards the mid-line. The left paracolic 
gutter is best exposed by tilting the operating table so that the patient's left 
shoulder is uppermost. The lateral peritoneal reflections of the colon are then 
divided with electrocautery scissors, commencing at the sigmoid and moving 
cranially towards the splenic flexure. The gonadal vessels and left ureter are at 
risk of injury during this stage of the procedure and must be identified and 
preserved. 

During abdominoperineal excision, only the sigmoid colon need be mobi
lised. During anterior resections, we always mobilise the entire left colon and 
splenic flexure in order to guard against tension at the subsequent anasto
mosis. When taking down the splenic flexure, the patient should be placed in 
the reverse Trendelenburg position so that gravity is able to assist in retraction. 
The transverse colon is grasped at its mid-point and retracted caudally and 
medially, and the descending colon is grasped and retracted in the same di
rection. The peritoneal attachments of the flexure are then divided. 
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ligation and Division of the Inferior Mesenteric Vessels 

The inferior mesenteric vessels should be ligated high. During laparoscopic
assisted anterior resections, this can be performed, if desired, during the open 
phase of the procedure after an abdominal incision has been made for sub
sequent specimen delivery, but high ligation may be difficult to accomplish 
through the small, low, Pfannensteil-type incision normally made for specimen 
delivery. We always attempt to perform a high ligation of the inferior me
senteric artery close to its origin from the aorta, and of the vein close to where 
it disappears beneath the lower border of the pancreas. Intracorporeally, di
vision of these vessels is accomplished with a linear stapling device with vas
cular cartridge (Fig. 3). In the case oflaparoscopic abdominoperineal resection 
of the rectum, early division of the inferior mesenteric pedicle is particularly 
advantageous. The blood loss during the subsequent pelvic dissection is much 
reduced, and elevation of sigmoid and rectum during rectal mobilisation is also 
much facilitated. 

Rectal Mobilisation 

The importance of removal of the complete mesorectum as part of the opti
mum oncological clearance of mid- and low rectal tumours is being increas
ingly recognised. With care and strict attention to haemostasis, the intact 
mesorectum can be excised laparoscopically as follows. 

Rectal mobilisation is commenced by using a Babcock forceps inserted via 
the left iliac fossa to elevate and retract the rectosigmoid junction cephalad and 

Fig. 3. High ligation of the inferior mesenteric artery with an endoscopic linear stapler during 
laparoscopic anterior resection 
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to the left. The mid-rectum is elevated by further Babcock forceps used via the 
suprapubic port. In this way, the peritoneal reflection to the right of the rec
tosigmoid junction is exposed under tension. The parietal peritoneum at this 
point is incised with electrocautery scissors, thus gaining access to the rela
tively avascular areolar tissue between the fascial capsule of the intact me
sorectum anteriorly and Waldeyer's fascia posteriorly (Fig. 4) - the so-called 
"Holy plane" of rectal surgery [141. This plane is developed in this way down 
into the pelvis by incising the peritoneum along the right pelvic side wall until 
the mid-line is reached in the rectovesical or rectovaginal pouch. The right 
ureter must be identified and preserved (Fig. 5). 

The "lateral ligaments" (see Chaps. 9, 10, 15) are divided by diathermy 
under direct vision. Posteriorly, the pelvic nerves are readily identified thanks 
to the magnified views at laparoscopy and can be identified and preserved. 
These same magnified views permit accurate sharp dissection of the mesor
ectum, which can be excised intact (Fig. 6). In female patients, as this dis
section proceeds towards the pelvic floor, retraction of the pouch of Douglas 
may be facilitated by an assistant's fingers placed in the vagina. This helps in 
elevation of the cervix and body of the uterus and thus dissection of the rectum 
from the vagina. 

Most of the rectal mobilisation can be completed via this right-sided ap
proach, in that starting on the right lateral aspect the rectum is mobilised 
forwards and the plane of dissection is developed posteriorly and around to the 
left. A small amount of dissection may remain on the left pelvic side wall, and 
this is best approached from the left side. 

The importance of adhering to open surgical principles during laparoscopic 
dissection cannot be over-emphasised. On encountering difficulties in ori-

RECTUM 

SACRUM 

Fig. 4. The beginnings of the avascular pre-sacral plane during a laparoscopic total mesorectal 
excision for rectal cancer 
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/" RIGHT URETER 

Fig. 5. Identification of the right ureter at the pelvic brim during laparoscopic rectal surgery 

entation, or where there is difficulty defining the correct anatomical planes, the 
surgeon must not hesitate to complete the procedure through the low trans
verse incision that will inevitably be required for specimen delivery. It is far 
better to admit defeat at laparoscopy than to leave a patient with positive 
excision margins. 

M SORECTUM 

Fig. 6. The magnified views obtained deep within the pelvis at laparoscopy permit accurate 
accurate excision of the intact mesorectum 
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Resection and Anastomosis During Anterior Resection 

Having completed a total rectal mobilisation, when dealing with cancers of the 
low or middle third of the rectum, or mobilising the rectum sufficiently to 
obtain an adequate distal clearance for high anterior resections, the bowel is 
resected. There are a number of options at this point. 

The distal rectum may be transected intracorporeally using a linear stapler. 
The mobilised bowel is then exteriorised through a 5- to 7-cm transverse 
suprapubic incision, whereupon the proximal bowel is transected. A standard 
end-to-end anastomosis can then be completed under direct vision by placing 
the anvil of a circular stapling gun into the proximal bowel and then the head 
of the gun into the stapled rectum via the anus in the usual fashion. The 
"completeness" of the doughnuts is checked, and the integrity of the anasto
mosis is tested by air insufflation techniques. 

The above approach is somewhat limited by the current generation of 
laparoscopic linear cutters, which are on the whole not readily capable of 
satisfactorily dividing the distal rectum deep within the pelvis, particularly in 
male patients. During laparoscopic-assisted anterior resections, we most fre
quently make use of the low abdominal incision in order to place a con
ventional linear stapler across the distal rectum under direct vision, so that 
the anastomosis is then constructed exactly as would be the case at open 
surgery. 

We have adopted a policy of temporarily defunctioning all low rectal 
anastomoses with a loop ileostomy. A suitable loop of terminal ileum is 
therefore selected during the open phase of the procedure and brought out 
through the right iliac fossa trocar site. The stoma is then matured in the usual 
fashion once the abdominal wounds have been closed. These defunctioning 
stomas are reversed at 6 weeks after surgery, after sigmoidoscopy and a water
soluble contrast study performed down the distal limb of the loop have shown 
the anastomosis to be intact. 

Perineal Phase of laparoscopic Abdominoperineal Resection 

As described above, the mobilisation of the rectum and meso rectal excision 
can, with care and strict attention to haemostasis, be continued down to the 
level of the pelvic floor (Fig. 7). The proximal colon must be transected with an 
endoscopic stapler before the perineal dissection is commenced, since this 
would be impossible to safely complete without an adequate pneumoperi
toneum. The perineal phase is then commenced - somewhat later than is the 
case during open surgery. This proceeds in the conventional manner. Division 
of the skin and subcutaneous fat allows the laparoscopist to make a window in 
Waldeyer's fascia by cutting down directly onto the perineal surgeon's fingers. 
The seal provided by the perineal operator's fingers allows the pneumoper
itoneum to be usefully maintained for some moments while the remainder of 
the perineal dissection is performed with laparoscopic guidance where nec
essary. The laparoscopist then places the proximal end of the bowel in the hand 
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L ATORS 

Fig. 7. Completed mobilisation of the rectum down to the level of the pelvic floor 

of the perineal surgeon, who then withdraws the specimen, at which point the 
pneumoperitoneum is lost. 

Closure 

Following laparoscopic-assisted anterior resection, the abdomen is closed 
without drainage, the port sites are closed and the loop ileostomy matured in 
the usual fashion. After laparoscopic abdominoperineal excision, the port sites 
are closed, the colostomy matured and the perineum is closed in the usual 
manner, after two suction drains have first been placed into the pelvis either 
via the abdomen or through the perineum. 

Postoperative Care 

The postoperative management of patients following laparoscopic rectal sur
gery should be identical to that following open colorectal surgery. Antibiotic 
prophylaxis should be completed. The nasogastric tube is removed on the first 
postoperative day, and oral fluids are commenced. The oral intake is thereafter 
gradually increased as tolerated, and a light diet is commenced with signs of 
resolution of the ileus. All patients receive chest physiotherapy, and the patient 
is mobilised as soon as possible. Thrombo-embolic prophylaxis is continued 
until the patient is fully mobile. The patient is discharged when he or she is 
tolerating a normal diet and managing their stoma if present. 
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Results 

Since November 1993, our unit has attempted a laparoscopic approach to 
elective resection in 30 consecutive patients with rectal cancer, all procedures 
being performed by a single surgeon (the senior author). A total of 21 of the 
attempted procedures were successfully completed (five laparoscopic abdom
inoperineal excisions and 16 laparoscopic-assisted anterior resections). Con
version to formal laparotomy was required in the remaining nine patients 
(giving a conversion rate of 30%), for the reasons detailed in Table 1. 

Congenital absence of the left kidney was confirmed at laparotomy in the 
patient in whom the laparoscopic approach was terminated because the left 
ureter could not be identified. The patient in whom a fixed tumour was found 
to be lying at the rectosigmoid junction underwent a Hartmann's resection 
after the bladder had been opened during a trial laparoscopic dissection. On 
two of the three occasions on which there was definite doubt as to the re
sectability of the lesion at laparoscopy, irresectability was confirmed at lap
arotomy and the patients were simply defunctioned. The third patient 
underwent a Hartmann's resection. In two patients gross obesity was felt to 
preclude a laparoscopic approach, and an early decision was made to convert 
to formal laparotomy. A single patient had such dense adhesions that the 
tumour could not be identified at laparoscopy. 

Amongst those 16 patients in whom a laparoscopic-assisted anterior re
section was completed successfully, the proportion of the rectal dissection that 
was performed laparoscopically varied. In two patients, the open phase of the 
operation commenced once the left colon had been mobilised, and in a further 
four patients the whole of the rectal dissection was performed "open", giving a 
total of six patients in whom the rectal dissection was performed during the 
open phase of laparoscopic-assisted anterior resection. 

In total, therefore, 14 patients underwent a complete laparoscopic rectal 
dissection with full mesorectal excision, including four patients in whom this 
was performed as part of an abdominoperineal excision. All but one resection 
was considered curative, the exception being a 55-year-old man with locally 
advanced disease who was felt at the time of abdominoperineal excision to 
have residual disease on the pelvic side wall, evidenced by microscopically and 
macroscopically positive resection margins. 

Table 1. Reasons for conversion from laparo
scopic approach to rectal cancer to formal 
laparotomy 

Reason for conversion 

Fixed tumour 
Doubtful resectability 
Gross obesity 
Dense adhesions 
Ureter not identified 
Camera failure 
Total 

Operations (n) 

1 
3 
2 

1 

1 
9 (30%) 
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Table 2. Characteristics of patients undergoing curative rectal excision with 
total meso rectal excision 

Age (years) Sex (n) Dukes' stage (n) 

Mean Range M F A B C 

Laparoscopic approach 66 (37-82) 10 3 3 7 3 
(n=13) 
Open surgery (n=12) 67 (53-78) 10 2 5 6 

The total specimen length, lymph node yield, longitudinal excision margin 
and radial excision margins in these resection specimens were compared with 
the same parameters from 12 consecutive curative rectal resections, with me
sorectal excision performed by a single consultant colorectal surgeon using 
conventional techniques. These two groups were similar in terms of age and 
sex distributions and in the Dukes' stage of the resected tumours (see Table 2). 
All resection specimens were examined according to standard techniques, as 
described by Quirke and co-workers [22], by a single colorectal pathologist 
who was blinded to the method of resection. The results of this assessment are 
presented in Table 3. 

The operative times associated with the two surgical approaches, the 
duration of ileus (time to passage of flatus or first bowel motion), analgesia 
requirements (number of days that the patients required parenteral opiates) 
and length of hospital stay are presented in Table 4. 

The complications which resulted from the two surgical approaches are 
presented in Table 5. Three of the five patients who suffered a clinical anas
tomotic leakage had been defunctioned at the time of surgery and were 
managed conservatively. The two remaining patients required a laparotomy, at 
which time a loop ileostomy was fashioned. 

A single patient developed mechanical small-bowel obstruction after an 
abdominoperineal resection. This was not resolved with conservative mea
sures, and the patient required a laparotomy and division of a band adhesion. 

Table 3. Histological examination of the adequacy of surgical excision achieved using laparoscopic 
and conventional approaches to curative excision of rectal cancer (median values with interquartile 
range) 

Group Specimen Longitudinal Radial Positive Lymph 
length (cm) margin (cm)' margin (cm) margins node yield 

(n) 
Median Range Median Range Median Range Median Range 

Laparoscopic 26.0 24-30 3.75 3.13-4.5 0.65 0.33-1.25 0 7.0 4.25-9.5 
approach 
(n=13) 
Open surgery 26.5 22.5-32.3 3.0 1.5-3.0 1.0 0.3-1.5 0 7.0 5.0-11.0 
(n=12) 

·p=0.02 (Mann-Whitney test for non-parametric data). 
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Table 4. Operating times and duration of ileus, analgesia requirements, and length of hospital stay 
associated with curative laparoscopic and conventional resections of rectal cancer, including total 
meso rectal excision (median values with interquartile range) 

Group 

Laparoscopic 
approach 
(n=13) 

Open surgery 
(n=12) 

Operation time 
(min)' 

Median Range 

180 168-218 

125 104-144 

Duration of 
ileus days) 

Analgesia 
requirements (days) 

Median Range Median Range 

3.0 3.0-4.0 4.0 3.0-6.0 

4.0 3.0-5.0 4.0 3.0-5.0 

Hospital stay 
(days) 

Median Range 

13.5 10.25-27.0 

15.0 11.75-28.5 

·p=0.003 (Mann-Whitney test for non-parametric data). 

Table 5. Complications resulting 
from curative laparoscopic and open 
resections for rectal cancer, includ
ing complete mesorectal excision 

Complication Laparoscopic (n) Open (n) 

Wound infection 
Respiratory tract infection 
Wound haematoma 

o 

Clinical anastomotic leakage 4 
Bowel obstruction 0 
Urethral injury 

1 
I 
o 

o 

A single patient sustained a partial urethral tear during the perineal phase of a 
laparoscopic abdominoperineal excision. This was managed conservatively 
with good functional results. 

Comments 

The application of laparoscopic techniques to colorectal surgery is in the early 
stages of clinical evaluation. Although these methods have yet to undergo the 
rigors of a randomised controlled trial, there is now sufficient experience to 
confirm the technical feasibility of the approach. Relatively large series of 
laparoscopic colorectal procedures for benign and malignant disease have been 
reported [6, 7, 12, 17, 20, 29]. The only study published to date which is 
confined to laparoscopic anterior resection did not report the radial excision 
margins [24]. Quirke and colleagues have established circumferential margin 
involvement as the key determinant of outcome after conventional surgery [1]. 
The single study to date which has compared radial excision margins from 
laparoscopic and conventional approaches to rectal cancer was confined to 
abdominoperineal excision [5]. Our own experience with laparoscopic resec
tions for rectal cancer raises a number of points of discussion. 

Firstly, while we would argue that total mesorectal excision can be achieved 
by a totally laparoscopic approach, there are inevitably patients in whom such 
an approach cannot be successfully pursued. Our rate of conversion to lap-
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arotomy (30%) is higher than most reported figures [12, 16, 20, 25, 29]. This 
may reflect our policy of offering the laparoscopic approach to all comers in 
the elective situation, while maintaining a low threshold for conversion. Most 
of our cases were converted because tumour fixity or invasion meant that there 
was doubt as to the resectability of the lesion. We felt it unwise to make such 
decisions without recourse to formal laparotomy, which on most occasions 
confirmed the inoperable nature of the tumour. With further experience, 
imaging modalities such as MRI and endorectal USS may be found to be 
capable of identifying those patients in whom a laparoscopic approach should 
not be undertaken. 

Protracted operation times have been a characteristic of the laparoscopic 
approach in our hands, though this finding has not been confined to laparo
scopic rectal surgery [9]. Disappointingly, we have demonstrated no advantage 
for laparoscopic rectal surgery in term of in-patient morbidity or hospital stay. 
These findings are at odds with most [6,7,12,17,20,29]' but not all [9,26,27] 
of the published literature. During laparoscopic-assisted anterior resections, 
the abdominal incision required must be of a size at least sufficient to allow 
insertion of a pelvic retractor and linear stapler. In practice, this means an 
average length of some 7-10 cm. We feel that it is questionable whether one 
ought to expect a major difference in clinical outcome between conventional 
and laparoscopic approaches under these circumstances. Indeed, to date, most 
of the series reporting significant differences in postoperative analgesia re
quirements, return of bowel function and length of stay consequent upon the 
laparoscopic approach have been composed largely of right- and left-sided 
segmental resections. At open surgery, such resections would not be con
sidered as significant in terms of risks of morbidity and mortality as an 
anterior resection or abdominoperineal excision. We would speculate that such 
distinctions are likely to be maintained with laparoscopic surgery. This may, 
however, not hold true for laparoscopic abdominoperineal excision, where the 
requirement for a significant abdominal incision is avoided. The absence of an 
abdominal incision, together with the fewer cancer concerns (since the tumour 
is not dissected laparoscopically), may make this the ideal indication for a 
laparoscopic approach. Clearly, further experience is required to confirm or 
refute this hypothesis. 

On a more negative note, the rate of anastomotic leakage among those 
patients who underwent laparoscopic total mesorectal excision is worryingly 
high. However, at open surgery, total mesorectal excision with ultra-low 
anastomosis is, with very few exceptions, associated with a clinical leak rate in 
the region of 10%-15% [10]. We feel that our own rather higher leak rate in 
this series of patients, while disturbing, is unlikely to be a function of the 
laparoscopic approach; the splenic flexure was mobilised in all cases, and the 
anastomosis was constructed extracorporeally in a manner identical to that 
used at open surgery. Our policy is now to temporarily defuncti on all patients 
in which a total mesorectal excision has been undertaken with a loop ileost
omy. 

Finally, it is encouraging to note the results of our histological assessment of 
laparoscopic resection specimens, which suggest that initial cancer clearance 
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may at least be comparable to that which can be achieved using conventional 
methods. Parity in these parameters between laparoscopic and open surgery 
has been demonstrated by other investigators [7,8,12,17,25]; however, we are 
the first to report the radial excision margins achieved during laparoscopic
assisted anterior resections where the pelvic dissection is performed laparo
scopically. The difference in longitudinal margins achieved using the two 
surgical techniques may simply be an index of the height of the lesion from the 
anal verge. Although reassuring, these are early data which must be viewed in 
the context of the long-term loco-regional recurrence rates as these become 
available. 

In conclusion, the goals of rectal cancer treatment remain fewer stomas, low 
rates of local recurrence and low rates of autonomic nerve damage. Our ex
perience confirms the technical feasibility of a laparoscopic approach to the 
resection of rectal cancer. However, this feasibility does not, of itself, provide 
justification for the approach. The short-term benefits to the patient of this 
form of surgery remain unproven, and the rates of recurrence and nerve 
damage can only be judged with larger numbers of patients and longer follow
up. The answers to these outstanding issues are likely to be provided by the 
properly controlled randomised studies which are underway in the United 
States and about to start on this side of the Atlantic. 
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Introduction 

Surgeons have traditionally attempted to find new methods to treat their pa
tients, methods that would concomitantly reduce injury caused by the treat
ment. The application of minimally invasive techniques to operations for 
colorectal disease follows in this tradition. The introduction of laparoscopic 
cholecystectomy in 1987 illustrates the potential benefits of minimally invasive 
approaches to gastrointestinal disease [20]. 

The tremendous success of laparoscopic cholecystectomy, along with the 
influx of new technology has stimulated application of the laparoscope in the 
treatment of other gastrointestinal diseases. Application of videolaparoscopic 
techniques to colorectal operations was initially limited by the lack of appro
priate instruments [75]. Consequently, the first laparoscopic colon resections 
were "laparoscopic-assisted" colectomies. The introduction of laparoscopic 
intestinal staplers allowed intraperitoneal transection of the bowel. 

The results of improved cost, less pain, shorter hospitalization and con
valescence as well as other benefits obtained with laparoscopic cholecys
tectomy have not been universally borne out in other forms of laparoscopic 
surgery. Specifically, in laparoscopic colorectal surgery, these above-mentioned 
benefits are ill defined [2]. There are five fundamental differences between 
laparoscopic colorectal surgery and almost all other procedures. 

Firstly, laparoscopic colorectal surgery is typically a multiquadrant proce
dure. Most segmental colectomies require mobilization of the colon in at least 
two quadrants. Therefore, it is often necessary to move personnel as well as to 
change position of the instruments, monitors and patient to adequately access 
these quadrants. These maneuvers are in marked contradistinction to lap-



282 J.R. Macias and S.D. Wexner 

aroscopic cholecystectomy or other procedures where the target organ lies in a 
single quadrant. 

Secondly, the colon has numerous arcades of large branching vessels that 
must be ligated. These vessels are often large and, at times, embedded in a 
thick, fatty mesentery. Either numerous clips or, more commonly, vascular 
staplers are used for this ligation. Although the latter method is quicker, it 
certainly adds to the cost of the procedure. 

Thirdly, an enlarged trocar site or a formal, albeit small, incision is neces
sary to remove the specimen in laparoscopic colorectal surgery. 

Fourthly, an anastomosis needs to be fashioned and in a tension-free, well
vascularized manner. Lastly and most importantly, a major indication for 
laparoscopic colorectal surgery is malignancy. All other laparoscopic proce
dures are performed for benign disease. 

Potential Benefits of Laparoscopic Colorectal Surgery 

In evaluating the benefits of laparoscopic colorectal surgery as compared to 
open surgery, it is important to assess postoperative length of stay, pain, 
cosmesis, resolution of ileus, and cost. 

Length of Stay 

In a collective series by Wexner et al. [93] 486 patients were compiled with a 
mean hospitalization of 7.1 days. This length of stay is not different from that 
of many standard "open" colectomies performed in the United States. 
Therefore, comparisons between institutions are difficult. There are some 
series that show a remarkably lower length of stay than 7.1 days (Table 1). 
However, these figures may be attributable to the fact that many patients did 
not undergo resectional surgery, but instead colotomy and polypectomy. We 
recently reviewed our experience with our initial 140 laparoscopic colectomies 
[95]. We found the length of hospitalization for our nonresectional procedures 
to be remarkably similar to that reported by Phillips et al. [60]. 

Pain 

Several series have evaluated pain associated with laparoscopic colon surgery 
as compared to laparotomy. Ramos et al. [67] showed that patients who un
derwent standard surgery used patient-controlled analgesia for 6.2 days post
operatively versus 2.9 days if the procedure was laparoscopically performed. 
More recently, in a more scientifically precise manner, Pfeifer and colleagues 
[59] analyzed two matched groups of patients who had undergone either open 
or laparoscopic colorectal surgery regarding the pain associated with their 
procedure. There were no statistically different responses between open and 
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Table 1. Mean length of stay, morbidity and mortality of recent series 

Author Year Patients Mean stay Range Morbidity Mortality 
(n) (days) (days) (%) (% ) 

Jacobs et al. [34] 1991 14120 4 NS 15 0 
Corbitt et al. [18] 1992 18 4 3-6 0 0 
Monson et al. [45] 1992 40 8 NS 15 2.5 
Phillips et al. [60] 1992 51 4.6 1-30 8 2 
Etienne et al. [22] 1993 35 9 5-23 26 0 
Franklin et al. [25] 1993 19 7.4 NS 16 0 
Larach et al. [37] 1993 18 8.4 4-25 39 
Lointier et al. [40] 1993 6 10 7-16 16 0 
Milsom et al. [44] 1993 9 7 5-12 0 0 
Peters and Bartels et al. [58] 1993 24 4.8 NS 13 0 
Quattlebaum et al. [63] 1993 20 4.4 2-12 30 0 
Scoggin et al. [73] 1993 20 5 2-31 20 
Senagore et al. [74] 1993 38 7 NS 1.5 0 
Wexner et al. [92] 1993 74 7 2-40 34 0 
Bauer et al. [4] 1994 8 6.7 5-10 0 0 
Chindasub et al. [13] 1994 10 8 NS 20 0 
Musser et al. [50] 1994 24 8.5 NS 28 0 
Puente et al. [62] 1994 38 4.8 3-14 24 0 
Sosa et al. [77] 1994 14 6.3 4-10 14.3 
Tucker et al. [83] 1994 114 4.8 NS 7 0 
Van Ye et al. [85] 1994 14 9.1 4-9 7 0 
Vara-Thorbeck et al. [86] 1994 18 7.6 4-12 34 0 
Zucker et al. [99] 1994 65 4.4 3-8 6 0 
Total 618 7.1 1-40 18.8 

(0-39) 

NS, not stated. 

laparoscopic surgery when patients were asked to compare the pain associated 
with their respective procedures. 

(osmesis 

Improved cosmesis is another proposed benefit of laparoscopic surgery. Ob
viously, cosmesis is a very subjective question, as shown by Pfeifer et al. [59]; 
patients who underwent laparoscopic and open procedures were asked to 
compare their incisions to those of either previous surgery or their own per
ceptions. There were no statistically significant differences in the responses 
between the open and laparoscopic groups. 

Ileus 

Early return of bowel function may contribute to shorter hospitalization. It has 
been proposed that laparoscopic surgery results in earlier recovery of bowel 
function (Table 2). Bohm and colleagues [9] found that, in dogs, recovery from 
postoperative ileus is more rapid after laparoscopic than after conventional 
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Table 2. Duration of ileus 

Author Year Number of Resolution of ileus 
patients 

Jacobs et al. [34) 1991 20 90% oral intake day 1 
Phillips et al. [60) 1992 51 100% oral intake day 2 
Peters and Bartels et al. [58) 1993 24 Oral intake day 2-3 (mean) 
Senagore et al. [74) 1993 38 100% oral intake day 3 
Wexner et al. [92) 1993 74 Flatus on day 3 (mean) 
Puente et al. [62) 1994 38 74% fluids or regular diet day 2 
Tucker et al. [83) 1994 114 Liquid intake 2.4 days (mean) 
Vara-Thorbeck et al. [86) 1994 18 Oral intake 3.2 days (mean) 

intestinal surgery. Jacobs et al. [34], in their initial series of 20 patients, noted 
that 18 patients "tolerated" clear fluids on postoperative day one while simi
larly Peters and Bartels [58] reported that laparoscopic patients regained bowel 
function significantly earlier (2.7 versus 4.0 days), tolerated regular diet earlier 
(2.3 versus 4.6 days) and hence had a markedly shorter hospitalization (4.8 
versus 8.2 days). This experience was confirmed by Senagore et al. [74], who 
compared 102 colectomies with 38 unmatched laparoscopic assisted colec
tomies. They found that bowel function resumed quicker and hospitalization 
was shorter in the laparoscopic-assisted group. 

Scrutiny of the "Materials and Methods" sections in these articles revealed 
dietary advancement, despite the absence of objective return of bowel function, 
and passage of flatus or stool. In fact, some of the most staunch proponents 
even discharged their patients from hospital prior to passage of stool. Con
versely, these same surgeons waited for flatus and/or bowel motions prior to 
dietary advancement after laparotomy. Thus, the data become uninterpretable 
as the groups are not comparable. Furthermore, Rajagopal et al. [65] have 
demonstrated that, without the laparoscope, postcolectomy hospitalization has 
decreased from 9.4 days to 6.3 days over the last 10 years. Given a 6.3 day mean 
length of stay after standard colectomy, it is hard to expect a significantly 
shorter stay after laparoscopic intervention. Early resumption of oral feeding 
can be safely tolerated in 89% of patients in the immediate postoperative 
period after open surgery, as demonstrated by Binderow et al. [7] and Reisman 
et al. [68] in two separate prospective randomized trials. 

Cost 

To address the issue of cost, Falk et al. [23] received data from four surgeons in 
three different institutions consisting of medical records, videotapes and 
hospital bills from 66 consecutive laparoscopic procedures (Table 3). Although 
the mean hospital stay for patients who underwent laparoscopic sigmoid or 
right hemicolectomies was significantly shorter, procedure and instrument 
costs were significantly lower in patients who underwent open surgery. The 
total costs were similar in both groups. 
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Table 3. Cost 
Author Year Open (US $) Laparoscopic 

(US $) 

Falk et aI. [23] 1993 14000 13500 
Senagore et al. [74] 1993 14449±696 12131±612 
Vayer et al. [87] 1993 22938 26662 
Hoffman et al. [30] 1994 10213 12464 
Musser et aI. 50] 1994 11207 9811 
Reiver et aI. [72] 1994 19384 23294 
Pfeifer et al. [59] 1995 26903 29626 

Senagore et al. [74] reported that overall cost was lower for patients who 
underwent laparoscopy. They attributed the savings not only to reduction of 
hospital stay, but also to the use of fewer pharmaceutical agents, intravenous 
infusions, and intramuscular injections. When two groups (40 laparoscopic 
procedures and 40 open procedures) of age, sex, diagnosis and operation
matched patients from our institution were compared, there were no sig
nificant statistical differences in the total cost between the two groups [72]. 

Cleveland Clinic Florida Experience 

At Cleveland Clinic Florida, we initiated the use of laparoscopic colon and 
rectal surgery after a 6-month training period (February 1991-August 1991) 
with animal models and laparoscopic cholecystectomy [90]. In August 1991, a 
prospective registry was established according to the guidelines of the Amer
ican Society of Colon and Rectal Surgeons (1991). The registry included in
formation pertaining to morbidity, mortality, duration of surgery, duration of 
ileus, length of hospital stay, age, sex, diagnosis, indication for surgery and 
surgical procedure performed. 

Since the inception of the registry, over 200 laparoscopic colorectal proce
dures have been performed by a single surgeon. From August 1991 to January 
1996, 31 cases of colorectal malignancy were performed as either laparoscopic 
or laparoscopic assisted operations. Indications in 14 patients were rectal 
adenocarcinomas (ten patients), anal carcinomas (two patients), recurrent anal 
leiomyosarcoma (one patient), and Kaposi's sarcoma of the rectum (one pa
tient). The average age was 59 (range 25-79) years, with five men and nine 
women. The procedures performed included laparoscopic assisted low anterior 
resection in three cases, laparoscopic abdominoperineal resection in six cases, 
laparoscopic end colostomy in two cases, laparoscopic loop ileostomy in two 
cases, and laparoscopic liver biopsy in one case. 

We experienced intraoperative complications in two cases, and an un
recognized colotomy in one case in a defunctioning Hartmann's stump. This 
patient developed postoperative peritonitis and required laparotomy and ab
scess drainage in the immediate postoperative period. The second patient had 
bleeding from the left external iliac artery during dissection that needed 
conversion to laparotomy. Another patient was converted due to confusing 
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anatomy making dissection difficult. Fortunately, both intraoperative compli
cations occurred within the first 12 months of performing laparoscopic sur
gery. No intraoperative complications have been noted in the last 4.5 years. 

Only two complications were reported in the postoperative follow-up; one 
patient had small-bowel obstruction and another had small-bowel herniation. 
Five patients had a follow-up of less than 3 months; however, in the remaining 
nine patients, the mean follow-up was 44 (range 9-51) months. There were 
nine operations performed for palliation, four of these patients died in the 
follow-up due to their primary tumor. In the five cases performed with curative 
intent, two patients were lost to follow-up. In the eight patients available for 
long term follow-up, no local or port-site recurrences have been reported. 

The mean operating time for all procedures was 176 (range 45-270) min. In 
procedures specifically for resection, the mean operating time increased to 
213 (range 90-270) min, including the converted cases. When the cases are 
divided into two groups, those performed before and those after December 
1993, the mean operating time decreased from 245 to 151 min, respectively (p< 
0.05), with all the complications and the conversions occurring in the first 
group. Chronologically dividing the cases demonstrates the importance of the 
learning curve and the impact of experience in laparoscopic color ectal surgery. 
In our series of all colorectal procedures, the overall complication rate was 
remarkably reduced from 39% in the first 28 cases, to 12% in the next 44 cases 
[17]. Overall complication rates in the initial series have ranged from 0% to 
39% (Table 1). 

For curative left-sided resections, the inferior mesenteric artery and vein 
were divided at their origins either with clips, endoloops, or with an endo
scopic vascular stapling/cutting device (Ethicon Endosurgery Inc., Cincinnati, 
Ohio). During the rectal dissection, care was taken to ensure total mesorectal 
excision with wide lateral margins. Distal bowel transection was facilitated with 
the application of the 60 mm endoscopic linear stapling/cutting device (Ethi
con Endosurgery Inc., Cincinnati, Ohio). Subsequently, either an incision was 
made or one of the ports was exchanged for the 33 mm port (Ethicon En
dosurgery Inc., Cincinnati, Ohio) and the specimen was delivered. The tumor
bearing segment was then excised, and anastomosis effected with the detach
able head circular stapling device. 

The surgical resection margins and lymph node harvest were identical to 
those achieved during our routine procedures for malignancy [16]. For ab
dominoperineal resections, the laparoscopic procedure was the same as de
scribed above, however the left colon was intra-abdominally transected and 
removed through the perineal incision, with the end colostomy created in the 
left iliac fossa port-site position, preoperatively marked by the enterostomal 
therapist. 

Discussion 

In the absence of prospective, randomized clinical trials comparing laparo
scopy with conventional surgery, most trials compare either historical controls 
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or nonrandomized patients. Long-term follow-up studies addressing cancer 
recurrence and disease-free periods will not be available at least for the next 
few years. Some institutions have initiated these studies to establish not only 
differences in the immediate postoperative period relating to postoperative 
recovery of bowel function, pain, hospitalization, cost, and return to normal 
activity, but also in the long-term relative to cure of cancer. Results of these 
trials in relation to immediate benefit will be available in the not too distant 
future, although the results of cancer resections will not be available for at least 
5 years. 

The learning curve effect is evident in many series [69]. There are specific 
complications relating to the use of the laparoscopic approach, such as from 
insertion of the Veress needle, and damage to the major vessels and underlying 
structures. Specific to colorectal procedures, ureteral injury has been reported 
[21]. Phillips et al. [60], in his report of 51laparoscopic colectomies, noted that 
the circular stapled anastomosis was incomplete in 18% of cases versus only 
2%-8% during laparotomy [39]. 

Another potential but avoidable problem of laparoscopic colorectal surgery 
is the loss of sensation. Corbitt [18] reported conversion in three of 18 pro
cedures due to the inability to identify the colonic lesions. Cohen et al. [17] in a 
survey of the members of the American Society of Colon and Rectal Surgeons, 
reported 18 instances of incorrect segment removal. Sixty-nine percent of 635 
respondents advocated routine use of additional maneuvers such as in
traoperative colonoscopy or preoperative lesion marking to overcome this 
problem. Fingerhut [24], McDermott et al. [41], and Vara-Thorbeck et al. [86] 
have all reported reoperating for unrecognized synchronous lesions. This 
embarassing problem can be avoided by the liberal use of intraoperative co
lonoscopy to confirm the location of the lesion(s). 

At present, surgical excision of colorectal tumors remains the primary 
modality for the management of colorectal carcinoma [81]. The aim of surgical 
intervention is to maximize the chance for cure through en bloc removal of the 
tumor and the lymphatic nodal basin with adequate margins to ensure removal 
of the entire locoregional tumor burden [54]. In the excision of proximal 
lesions, vascular and lymphatic anatomy is fairly-well delineated [47]. In rec
tosigmoid and rectal lesions, however, some controversies exist in the litera
ture. It is accepted that surgical technique closely relates to the rate of local 
recurrence. Incomplete surgical excision of the mesorectum and inadequate 
lateral margin clearance are both associated with locoregional recurrence and 
poor prognosis [12, 29, 42, 64]. 

The controversy of high ligation, however, persists even in conventional 
techniques [3, 49]. Miles [43] advocated ligation of the inferior mesenteric 
artery up to, but not including, the left colic artery in his description of the 
abdominoperineal resection. Morgan and Griffiths [48], however, advocated a 
higher level of ligation to include the left colic artery at the level of its origin 
from the aorta. This experience was not shared with other authors who did not 
glean any benefit from high ligation [27, 79]. 

As increasing reports of laparoscopic resections are published, the number 
of lymph nodes resected has been used as a denominator to compare extent 
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and adequacy of resection. The mean number of lymph nodes excised have 
ranged from 4.2 to 28.4 (Table 4). The number of lymph nodes counted in a 
resected specimen is heavily dependent on not only the method of detecting 
the lymph nodes, but also the pathologist involved. Furthermore, an equal 
number of nodes may be harvested by a proper wedge resection or by a sleeve 
resection. In the former setting, paracolic, middle, and high nodes will be 
harvested whereas in the latter scenario, only paracolic nodes will have been 
retrieved. There is great variability from institution to institution in the 
quantification of the lymph nodes [8]. 

While issues such as lymph node numbers may be controversial, some 
current laparoscopic practices have been proven to be unacceptable. The local 
recurrence rate after colotomy and polypectomy is unacceptably increased 
[91]. The incidence of malignant change in larger sessile polyps is significant 
and therefore a cancer resection should be undertaken [53]. If a recurrence 
occurs after a laparoscopic colotomy and polypectomy, one must attribute this 
problem to the choice of procedure [38]. 

Distal resection margins are another important factor in rectal cancer sur
gery. It has been well accepted that adequate distal resection relates to local 
recurrence [98]. Although the 5 cm rule has been deemed unnecessary, the 
2 cm margin is accepted [96]. The only study in which laparoscopic and 
standard anterior resection have been compared included 11 patients with 

Table 4. Lymph node harvest in laparoscopic colectomy 

Author Year No. of patients No. of nodes Open colectomy 
mean (range) mean (range) 

Jacobs et al. [34) 1991 4 (R. hemi) 25.5 (17-35) 
2 (1. hemi) 8 (NS) 

Monson et al. [45) 1992 28 10 (5-21) 
Phillips et al. [60) 1992 24 14 (8-22) 
Dodson et al. [19) 1993 3 4.2 (NS) 
Franklin et al. [25) 1993 24 14 (8-22) 
Guillou et al. [28) 1993 9 (5-21) 
Larach et al. [37) 1993 13 9.8 (0-22) 
Peters and Bartels [58) 1993 NS (Sig. colect) 7.3 (NS) 4.7 (NS) 

NS (R. hemi) 9 (NS) 8.5 (NS) 
Tate et al. [80) 1993 11 10 (2-14) 13 (2-18) 
Wexner et al. [92) 1993 12 19 (3-84) 
Chindasub et al. [13) 1994 10 10 (8-18) 
Musser et al. [50) 1994 15 10.6 (NS) 7.9 (NS) 
Puente et al. [62) 1994 22 11 (2-28) 
Van Ye et al. [85) 1994 14 10.5 (0-32) 7.6 (2-19) 
Vara-Thorbeck et al. [86) 1994 17 8.5 (6-11) 
Zucker et al. [99) 1994 23 (R. hemi) 28.4 (18-35) 

4 (Sig. colect) 8 (6-10) 
4 (LAR) 7.3 (5-11) 

R. hemi, right hemicolectomies; 1. hemi, left hemicolectomies; NS, not stated; Sig. colect., 
sigmoid colectomy; LAR, low anterior resection 
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tumors located at a mean of20 (range 7-40) cm from the dentate line in whom 
a laparoscopic anterior resection was undertaken. Fourteen patients with a 
mean tumor height of 15 (range 7-30) cm underwent laparotomy and anterior 
resection [80]. Despite the sigmoid location in the former group, the distal 
margins were as small as 5 mm, whereas the smallest margins in the open 
group were 20 mm. Although the authors concluded that the technique was 
acceptable, more critical analysis would have dictated the opposite conclusion. 

The fact that remains incomprehensible is the occurrence of port-site re
currence after seemingly curative resection for carcinoma (Table 5). One might 
reasonably argue that these recurrences could be due to inadequate precau
tions, thus the routine use of specimen bags or wound protectors should 
prevent tumor innoculation into the wound. Surprisingly, however, port-site 
recurrences have not only been confined to advanced lesions as one would 
expect, but have appeared in Dukes' A and B lesions as well. Furthermore, 
Montorsi et al. [46] recently showed port site recurrence in a patient with a 
Dukes' B lesion in whom the specimen was placed in a plastic bag prior to 
extraction. A strikingly disturbing denominator in these reports is the apparent 
rapidity of progression of disease [24, 56, 88]. In a recent review of port site 
metastasis after laparoscopic colectomy, Wexner and Cohen [94] noted 33 
cases. In six series, the actual incidence was reported and ranged from 1.5% to 
21 % with a median of 3.5% and a mean of 6.5%. 

Conversely, isolated wound recurrences without carcinomatosis after lap
arotomy occur less in apparently 0.3% of cases [31]. The five- to tenfold in
creased incidence of this phenomenon in laparoscopy has led to further 
controversy over its role in malignancy. It has been hypothesized that elevated 
intra-abdominal pressure can attenuate the immune response as was hy
pothesized about blood transfusions [6,98]. To refute this theory, investigators 
performing animal experiments have shown that host defenses are less de
pressed in laparoscopy than laparotomy [82]. 

Perhaps the advent of gasless laparoscopy will help reduce the number of 
early recurrences. However, Kockerling [36] failed to show any malignant cells 
in the aerosol, but found them in all of the dissecting instruments during 
diagnostic laparoscopy without resection in patients with malignancies. If the 
answer is to proceed then the surgeon, already capable of performing lap
aroscopic colectomy for benign disease, can proceed with application of these 
techniques in a colectomy for malignancy. If the answer is to stop, then many 
patients with benign disease will have already benefitted from the laparoscopic 
approach. Thus, it remains that until an adequate theory is proposed, caution 
should be exercised in laparoscopic cancer resections [94]. 

In the interim, laparoscopic and laparoscopic-assisted colectomies for cure 
of malignancies should be performed only within the confines of an Institu
tional Review Board-approved prospective randomized trial. Laparoscopy is a 
wonderful tool for the treatment of benign disease of the colon, rectum, and 
anus [35, 55, 70, 71, 76]. Thus, the surgeon can develop expertise and surpass 
the learning curve operating on benign disease. During that time, the answer to 
the question about malignancy will be found. This finding certainly helps 
explain the implantations which have occurred in cases in which no resection 
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Table 5. Port site recurrences 

Author Year Dukes' stage Interval to 
recurrence (months) 

Alexander et al. [1] 1993 C 3 
Walsh et al. [89] 1993 C 6 
Fusco and Paluzzi [26] 1993 C 10 
Guillou et al. [28] 1993 C NS 
O'Rourke et al. [57] 1993 B 2.5 
Stitz [78] 1993 D NS 
Cirocco et al. [14] 1994 C 9 
Wilson et al. [97] 1994 NS NS 
Nduka [51] 1994 C 3 
Prasad et al. [61] 1994 B 6 

A 26 
Berends et al. [5] 1994 B NS 

C NS 
D NS 

Lauroy et al. [38] 1994 A 9 
Boulez and Herriot [10] 1994 NS NS 
Ramos et al. [66] 1994 C NS 

C NS 
C NS 

Ngoi et al. [52] 1994 B NS 
Gionnone (p.c.) 1994 C 2 
Gould (p.c.) 1994 NS 4 
Newman et al. (p.c.) 1994 C 6 
Cohen and Wexner [16] 1994 B 3 

B 6 
C 6 
C 9 
C 12 

Fingerhut [24] 1995 A NS 
B NS 
B NS 

Jacquet et al. [32] 1995 C 1 
B 10 
B 9 

Drouard-Passone- 1995 A 9 
Szerzyna (p.c.) 

B 6 
B 6 
C 5 
C 1 
C 9 
D 2 

Ugarte [84] 1995 C 10 
Beck (p.c.) 1995 NS NS 

TOTAL: A:4 range (9-26) months 
B: 12 range (2.5-10) months 
C: 20 range (1-12) months 
D: 3 
NS: 4 

p.c., personal communication; NS, not stated 
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has been undertaken [33, 88], and those which have occurred remote to the 
extraction site (Beck, personal communication) [11, 15, 84]. 
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Restoration of intestinal continuity and function is an essential element of 
rectal surgery. For over three decades, the use of anterior resection with rectal 
reconstruction has been increasing while the use of abdominoperineal resec
tion (APR) has declined [81]. Technical advances in the creation of low ana
stomoses have contributed significantly to this trend [27, 64]. In most rectal 
resections, colorectal or colo anal anastomosis can be accomplished rapidly and 
safely. In cases where reconstruction is not advisable, the barrier is generally 
oncologic rather than technical. As a result, low anterior resection (LAR) is 
now the primary surgical treatment for rectal cancer. In some specialty centers, 
the use of abdominoperineal excision has declined to less than 10% of resec
tions for primary rectal cancer [47]. 
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This chapter addresses the use of straight colorectal and colo anal anasto
mosis in rectal reconstruction, and discusses the conceptual basis, patient 
selection, operative techniques, and outcomes for colorectal reconstruction. 

Rationale for Sphincter Preservation 

The widespread use of restorative resections for rectal cancer reflects accep
tance of three principles of sphincter preservation: (1) cancer treatment is not 
compromised, (2) colorectal anastomoses can be constructed safely and re
liably at any level within the pelvis or anal canal, and (3) anorectal function is 
acceptable and preferable to a permanent colostomy. 

Oncologic Safety 

For the vast majority of rectal cancers, preservation of the anal sphincters does 
not compromise local control or cure. With regard to lateral and proximal 
clearance, APR and LAR encompass equally the primary sites of regional 
spread, and multiple retrospective studies show that survival and local control 
are no different when cancers of equivalent stage and location are treated [53, 
62, 85]. The obvious exceptions to this rule are carcinomas arising within or 
invading the anal canal, which require APR for adequate removal. When 
performing LAR, obtaining a long (>2 cm) distal mural margin is generally 
unnecessary and is clearly less important than achieving clear lateral margins 
and removing the mesorectum as an intact unit. Fewer than 5% of tumors 
demonstrate any spread within the bowel wall beyond the lowest visible edge of 
the tumor, and only 2% demonstrate spread greater than 2 cm [9, 84]. Longer 
distal margins are recommended for bulky or poorly differentiated tumors. 
Removal of low-lying cancers with low colorectal or coloanal reconstruction 
provides good treatment results when these principles are respected [12, 67]. 
Preoperative pelvic irradiation can downstage tumors and may increase the 
technical ease and oncologic safety of sphincter preservation for low-lying 
tumors [50, 57, 71]. 

Reconstructive Safety 

The introduction of circular staplers has revolutionized the low pelvic ana
stomosis. Both colorectal and coloanal anastomoses can be performed safely 
and expeditiously [5, 15]. Mechanical failure of a stapler is rare [10]. In
traoperative complications are few and nearly always operator-dependent [42]. 
As with hand-sewn anastomoses, the risk of leakage from stapled anastomoses 
increases with very low reconstructions, but overall clinical leak rates of under 
5% have been reported in several series [13, 18, 39, 41]. Staplers have extended 
the feasibility and safety of restorative resection. Complex methods of distal 
anastomosis involving disruption of the anal sphincters or pelvic floor have 
been largely abandoned. 
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Anorectal Function 

Long-term functional results range from excellent to acceptable and are uni
versally preferable to a permanent colostomy [36, 66, 83]. The 10% of cases 
where function is poor are often associated with technical complications such 
as anastomotic stricture or leakage with subsequent fibrosis [31, 38]. Most 
studies have shown that the quality of long-term anorectal function is related 
to the length of the conserved distal rectum [13, 36, 45]. Anastomoses to the 
upper and middle rectum can often result in near-normal long-term function. 
Anastomoses to the anal canal will generally yield complete fecal continence, 
but problems related to frequency, urgency, and incomplete evacuation are 
more common [66]. 

Adequate mobilization of the colon into the pelvis along the curve of the 
sacrum is essential for preserving continence. The well-mobilized colon follows 
the curve of the sacrum, reforms the anorectal right angle at the anal hiatus, 
and is thus configured to flatten rather than evacuate in response to increases 
in abdominal pressure. This creates a mechanical barrier that is essential for 
resting continence [75]. Voluntary continence requires preservation of fully 
innervated anal sphincter muscles. 

Although postoperative continence and evacuation may be imperfect, the 
vast majority of patients are satisfied with their overall anorectal function [66, 
83]. Conversions to permanent colostomy are rare. 

Principles of Intestinal Healing 

Successful healing of suture lines in the large intestine is dependent upon 
numerous local and systemic factors [74]. In elective operations with a well
prepared colon, most of the important variables are under the control of the 
surgeon. In experienced hands, anastomotic failure rates are low. 

Anastomotic Healing 

As in all tissues, optimal healing of rectal anastomoses requires adequate blood 
supply, avoidance of tension, and absence of excessive inflammation or in
fection [5]. Anastomotic integrity is initially dependent on sutures or staples. 
Tensile strength across the anastomosis is acquired by deposition and re
modeling of collagen and under ideal conditions reaches 80% of maximum by 
day 15 [35]. Experiments comparing suture technique - type of suture material, 
one layer versus two layer, continuous sutures versus running sutures - suggest 
that tensile strength develops most rapidly in anastomoses constructed with a 
single layer of continuous, nonabsorbable suture [44, 52]. Stapled colorectal 
anastomoses constructed with the end-to-end anastomosis (EEA) device have 
been shown to be stronger at 4 days after operation than sutured anastomoses 
constructed with a continuous, single-layer nonabsorbable suture [29]. 
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Anastomotic leak 

Anastomotic leakage is the most significant cause of morbidity and mortality 
following anterior resection [21, 74]. Radiologic leaks can be demonstrated in 
5%-35% of colorectal anastomoses [25, 54]. Clinical leak rates are about half 
the radiologic rate, ranging from 1% to 13% in large series [34, 39, 41, 48]. 
Prospective studies have revealed that anastomotic leak rates vary among in
dividual surgeons [21, 22]. Many leaks may, therefore, represent technical 
failures that can be avoided by good surgical judgment and technique. 

Direct comparison of handsewn to stapled technique for colorectal ana
stomoses has been made in five prospective, randomized trials. No difference 
in radiographic or clinical leak rates has been identified (Table 1). The overall 
clinical leak rate for both handsewn and stapled anastomoses is approximately 
7%. The major risk factor for leakage is the level of the anastomosis within the 
pelvis. Low, extraperitoneal anastomoses develop leaks much more frequently 
than high, intraperitoneal anastomoses [13, 19, 21, 28]. Emergency surgery, 
massive hemorrhage, and infection also increase the risk of leakage [74]. 
Preoperative radiation delivered using a three- or four-field technique does not 
appear to increase anastomotic complications [49, 63, 57]. 

Anastomotic Stenosis 

Anastomotic stenosis is usually a complication of low rectal reconstruction, 
occurring in the distal pelvis or anal canal. In some cases, stenosis is un
doubtedly due to technical problems with bowel apposition, but in other cases 
factors such as bowel ischemia, prolonged fecal diversion, high-dose post
operative radiation therapy, or pelvic sepsis may be the predominant cause. 
The definition of a stenosis varies among clinical reports, making comparisons 
difficult. Stapled anastomoses appear to have a slightly higher propensity to 

Table 1. Sutured versus stapled colorectal anastomoses in six prospective, randomized trials 

Reference Type of Number of Radiologic leak (0/0) Clinical leak (0/0) 
anastomosis procedures (n) 

Brennan et al. (1982) [10] Sutured 9 11 22 
Stapled 10 10 40 

McGinn et al. (1985) [54] Sutured 60 6.6 3.3 
Stapled 58 24 12 

Friend et al. (1990) [22] Sutured 125 17 8.8 
Stapled 114 13 3.5 

Fingerhut et al. (1994) [78] Sutured 59 10 8.5 
Stapled 54 7.4 3.7 

Docherty et al. (1995) [14] Sutured 113 14 8.8 
Stapled III 5.2 3.5 

Total Sutured 366 12 6.8 
Stapled 347 12 7.5 
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develop stenosis than do handsewn anastomoses. Stenoses can be detected 
endoscopically in approximately 8%-12% of stapled colorectal anastomoses 
[41,76]. Clinically significant stenoses causing obstructive symptoms occur in 
approximately 1 %-4% of patients [19]. Most symptomatic stenoses will re
spond to dilation or time [19,41]. Reoperation is rarely required [76, 19]. 

Cancer Recurrence 

Cancer cell implantation on a freshly formed anastomosis is believed to be one 
mechanism of true suture line recurrence. Spillage of intestinal contents from 
the transected bowel may also seed cancer cells into the pelvis, leading to 
intrapelvic recurrence. Rectal washouts just prior to transection of the rectum 
are performed to remove free-floating cancer cells from the rectal lumen and to 
minimize the risk of cancer cell implantation. Whether cancer cells shed from 
the tumor actually do implant in this manner is unproven. Tumor cells do 
adhere more efficiently to multifilament and braided sutures than to mono
filament and stainless steel sutures, suggesting a possible physicochemical 
basis for tumor cell implantation in certain sutured anastomoses [55, 56, 79]. 

Rectal anastomoses created by circular staplers have been suggested to be at 
higher risk of local recurrence. However, a careful review of the local re
currences seen in a large prospective rectal cancer trial as well as a thorough 
review of the published literature found no linkage between anastomotic 
technique and local recurrence [1, 86]. Recent evidence from a prospective 
clinical trial suggests that anastomotic leakage may increase the long-term risk 
of local recurrence and cancer mortality [14]. 

Patient Selection for Sphincter Preservation 

Resection margins are never compromised in order to avoid permanent co
lostomy. Therefore, the distance of the rectal tumor from the top of the anal 
canal is the predominant factor determining the feasibility of sphincter pre
servation. Tumors located at least 1 cm above the anorectal ring are usually 
suitable. Tumor bulk, extensive extramural disease, narrow pelvic dimensions, 
prostate enlargement, obesity, or prior pelvic surgery can make reconstruction 
of low-lying tumors unsafe or technically impossible. Tumor invasion into the 
anal sphincter muscles or pelvic floor muscles are contraindications to 
sphincter preservation. Tumor assessment ideally includes digital examination, 
proctoscopy, computed tomography, and intrarectal ultrasound. For certain 
patients, sphincter preservation may be technically achievable but unwise. For 
example, debilitated patients who have impaired sphincter function or who are 
confined to bed may be better served by a permanent colostomy than by a low 
reconstruction. 
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Operative Technique for Sphincter Preservation 

Successful colorectal reconstruction begins with optimal cancer resection and 
treatment. When adequate resection leaves an intact anal sphincter, restoration 
of intestinal continuity can be accomplished safely in nearly all patients. 

Mobilizing the Left Colon 

The sigmoid, descending, or transverse colon may be used for anastomosis. 
However, following high ligation of the inferior mesenteric artery, the blood 
supply to the sigmoid colon is less reliable than to higher segments [77]. In 
addition, the sigmoid colon is sometimes unsuitable due to wall thickening, 
spasm, narrow caliber, or extensive diverticula. In fact, use of the sigmoid 
colon has been associated with higher leak rates than use of a more proximal 
segment [37]. Therefore, for most low reconstructions the descending or 
transverse colon is preferred. The splenic flexure and its mesentery must be 
taken down by mobilization away from the spleen and the pancreas. The 
superior rectal artery and vein are divided, the left colic artery is divided near 
its origin, and the inferior mesenteric vein is divided at the lower border of the 
pancreas. The length, vascular supply, and viability of the colon are then as
sessed. The colon and its mesentery are usually divided at the descending 
sigmoid junction. Arterial pulses should be palpable in the mesentery of the 
colon. If the arterial supply to the terminal colon through the marginal artery is 
inadequate, further colon resection is required to prepare the splenic flexure or 
the transverse colon for anastomosis. 

Transecting the Rectum 

Sharp dissection under direct vision is essential to achieve adequate lateral 
clearance, nerve preservation, and optimal hemostasis [16]. For cancers of the 
mid- and low rectum, the pelvic dissection must be carried down to the anal 
hiatus. Only after full mobilization of the rectum can the distal margin and the 
feasibility of sphincter preservation be determined with safety. A distal margin 
of 2 cm or longer is ideal, but shorter margins may be acceptable for favorable 
tumors. After rectal washout, the rectum is generally transected from the ab
dominal approach. The trans anal approach may be required for low-lying 
tumors or when visualization from above is poor due to tumor bulk or pelvic 
anatomy. 

Techniques of Colorectal Anastomosis 

A variety of technical options are available for color ectal and coloanal re
construction (Table 2). Choice of anastomotic technique is dictated by ex-



Straight Colorectal and Coloanal Anastomosis 303 

Table 2. Technical options in colorectal and 
coloanal anastomosis 

Exposure 
Abdominal 
Peranal 
Trans-sacral 
Trans-sphincteric 

Conduit 
Sigmoid 
Descending 
Transverse 

Anatomy 
Sleeve 
End-to-end 
Side-to-end 
Side-to-side 
J-pouch-to-end 

Fixation 
Stapled 

Pursestring 
Double stapled 

Sutured 
Single layer 
Double layer 

posure and visibility of the distal rectal stump, the condition and length of the 
colonic conduit, and the experience and preference of the operating surgeon. 

Sutured Colorectal Anastomosis 

Handsewn colorectal anastomoses are generally created end-to-end or side-to
end. The suturing technique may be interrupted or continuous, single-layer or 
double-layer. Two random assigment trials have compared one-layer and two
layer suturing of colorectal anastomoses (Table 3). The trial by Everett [17] 
suggested an advantage for the one-layer technique in low anastomoses, but 
this was not confirmed in the trial by Goligher [26], in which a trend toward 
superiority was seen for the two-layer technique in both high and low ana
stomoses. These data again suggest that the skill of execution is more im
portant than the particular method. A recent series reports an overall leak rate 
of3,4% in 370 patients [48]. Sutured anastomoses are difficult to create in the 
low pelvis where exposure and visibility are limited. A number of technical 
variations have been reported to facilitate suturing of low anastomoses [82]. 

Stapled Colorectal Anastomosis 

A circular stapler is preferred for most colorectal anastomoses. In addition to 
offering speed and ease, staplers allow creation of anastomoses deep in the 
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Table 3. Randomized trials comparing one layer and two layer suture techniques for 
colorectal anastomosis 

Reference High anastomosis Low anastomosis 

1 layer 2 layer 1 layer 2 layer 

Everett (1975) [17] 
Number of procedures (n) 29 38 11 14 
Radiologic leak 4 6 6 
Clinical leak 1 1 

Total leaks 5 (17%) 6 (16%) 1 (9%)" 7 (50%)" 

Goligher et al. (1977) [26 J 
Number of procedures (n) 43 41 26 25 
Radiologic leak 15 7 11 6 
Clinical leak 1 0 4 4 

Total Leaks 16(37%)b 7 (17%)b 15 (58%) 10 (40%) 

1 layer, interrupted sutures; 2 layer, continuous suture + interrupted sutures 
"p < 0.05 (chi square analysis) for 1 layer versus 2 layer 
bp=0.05 (chi square analysis) for 1 layer versus 2 layer 

pelvis that might otherwise require colo anal reconstruction [6, 27]. Pursestring 
sutures are applied to the distal colon and to the rectal stump, either manually 
or using pursestring applicators. The circular stapler cuts the two rings of 
tissue held by the pursestring sutures and creates a double row of staples 
between the two ends of bowel. The result is an inverted end-to-end anasto
mosis. The integrity of the anastomosis is checked by air insufflation. 

The techniques and pitfalls of circular stapling have been reviewed in detail 
[69, 28, 19,41, 59]. A number of maneuvers have been described to facilitate 
placement of the distal pursestring. Stay sutures, Babcock clamps, adequate 
light and retraction, and upward pressure on the perineum are helpful. When 
the rectal stump is short and cannot be visualized from the abdomen, the rectal 
pursestring can be applied transanally [23]. 

Improvements in the design of stapling instruments have further enhanced 
the ease of low reconstructions. A detachable anvil (Premium CEEA, United 
States Surgical Corporation, Norwalk, Connecticut, USA) allows the both the 
proximal and distal pursestring sutures to be tied and inspected before the 
colon is brought into the pelvis. Flatter, thinner anvils (Low Profile Anvil, 
United States Surgical Corporation, Norwalk, Connecticut, USA) are available 
that fit more easily into small caliber colons. An anvil that rotates to a hor
izontal position after firing greatly simplifies extraction of the anvil through the 
anastomosis and anal canal (Premium Plus CEEA, United States Surgical 
Corporation, Norwalk, Connecticut, USA). 

Outstanding results for stapled rectal anastomoses have been reported in a 
number of large series (Table 4). Fears of high rates of symptomatic stenoses 
or local tumor recurrence due to the use of stapling techniques have not been 
borne out. The added expense of using stapling devices compared to sutures 
has been estimated to be 5% of the total cost of surgical treatment [80]. 
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Table 4. Clinical results of stapled colorectal anastomoses from selected series 

Reference Number of Radiologic Clinical Stenosis (%) 
procedures (n) leak (%) leak (%) 

Heald and Leicester (1981) [34] 100 17 13 1 
Goligher (1982) [24] 101 9 3 5 
Leff et al. (1982 )[43] 106 ns 8 11 
Fegiz et al. (1983) [20] 134 30 16 ns 
Kennedy et al. (1983) [39] 236 ns 3 ns 
Fazio (1984) [18] 183 6 3 
Antonsen and Kronberg (1987) [2] 178 ns 15 8 
Zannini et al. (1987) [87] 209 ns 9 9 
Kyzer and Gordon, (1991) [41] 215 ns 0.4 13 
Detry et al. (1995) [13] 605 ns 5 ns 

ns, not stated 

Double-Stapled Colorectal Anastomosis 

Double stapling involves transecting the rectal stump just above a transverse 
staple line that substitutes for the distal pursestring suture. The circular stapler 
cuts through the rectal staple line, creating a new double layer of staples 
between colon and rectum. Since its introduction by Knight and Griffen [40], 
this technique has been shown to yield excellent clinical results (Table 5). 
Advantages include elimination of the distal pursestring, less contamination 
since the rectal stump is never opened, and elimination of the size discrepancy 
between colon and rectum. Disadvantages include the possibility of rectal tears 
and/or tumor fragmentation when placing the linear stapler around the rec
tum. A variation in which the rectal stump is transected between two appli
cations of the linear stapler is known as the "triple staple" technique [61]. 

Special Techniques for Low Anastomosis 

Pull-Through Operations 

A variety of operations have been described in which the colon is delivered 
through the anal canal and then amputated [3, 4, 8]. Anastomotic suturing 
between the anus and the colon can be done primarily or at a second stage. 

Table 5. Clinical results of double stapled colorectal anastomoses 

References Number of Clinical leak (%) Stenosis (%) 
procedures (n) 

Griffen et al. (1990) [30] 75 3 3 
Moran et al. (1992) [60] 55 9 5 
Redmond et al. (1993) [70] 111 3 9 
Laxamana et al. (1993) [42] 189 7 ns 

ns, not stated 
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Although good results were reported by selected centers, in most series ana
stomotic complications were frequent and functional results were marginal to 
poor. Pull-through procedures have been largely replaced by circular stapling 
techniques. 

Trans-sphincteric and Trans-sacral Procedures 

Trans-sphincteric and trans-sacral procedures provide direct exposure to the 
distal pelvis for anastomotic suturing either by incising the anal sphincters or 
by removing the coccyx and distal sacrum. Outstanding results have been 
reported in expert hands [46, 51]. However, because they disrupt the pelvic 
floor and increase the risk of fecal fistula and incontinence, these procedures 
are not widely utilized. 

Transanal (oloanal Anastomosis 

Coloanal anastomosis is used for reconstruction when the distal margin of 
resection lies within the anal canal and there is no rectal cuff available for 
intrapelvic anastomosis. Transection of the rectum may be done from the 
abdominal approach with upward pressure on the perineum or from the anal 
approach. The peranal colo anal anastomosis described by Parks in 1972 has 
supplanted nearly all other methods of sutured colo anal reconstruction [64]. 
The colon is delivered into the anus and is sutured directly to the anal canal at 
or just above the dentate line. Retraction sutures and a bivalve retractor pro
vide exposure. This technique is widely used for coloanal reconstruction be
cause of its simplicity, primary healing, and avoidance of anorectal eversion. 
Temporary diversion with either a loop ileostomy or loop colostomy is ad
vocated by most surgeons. 

Several variations in surgical technique have been described. The creation of 
a "sleeve" anastomosis has been advocated for protection against anastomotic 
dehiscence [73]. However, it is not clear from the literature that a long mus
cular sleeve actually reduces anastomotic complications, and its use in rectal 
cancer cases, with potential compromise of the distal resection margin, seems 
unwarranted. Several series of simple end-to-end coloanal reconstruction have 

Table 6. Clinical results of straight coloanal anastomosis 

References Number of Clinical Gross Bowel movements/day 
procedures (n) leak incontinence 

Mean Range 

Parks and Percy (1982) [65] 70 3% 1% ns 
Hautefeuille et al. (1988) [33) 31 3% 2 2-6 
Bernard et al. (1989) [7] 38 5% 7% 3.8 ns 
Paty et al. (1994b) [68] 81 3% 5% 2 0-10 
Cavaliere et al. (1995) (12) 99 10% 18% 3 1-8 
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reported excellent healing and good function [12, 68]. Moreover, ultralow in
tersphincteric dissection with removal of the upper internal sphincter followed 
by end-to-end coloanal reconstruction has been reported with acceptable 
functional results [11, 72]. Other investigators have advocated total eversion of 
the anus to facilitate bowel transection and suturing [33]. 

The oncologic results reported for resection with colo anal reconstruction 
have been excellent, with local recurrence rates of 5%-10% [12, 65, 67]. 
Functional results have been reported from several centers (Table 6). Anorectal 
function is often poor in the first few months after stoma closure. During the 
first postoperative year, problems with urgency, frequency, and episodic in
continence decrease as the neorectum acquires greater capacity and com
pliance. In the long term, the vast majority of patients are continent. Stool 
frequency is variable but acceptable. Approximately 10% of patients have poor 
function, due either to frequency, gross soilage, or impaired evacuation [68]. 

Preoperative Radiotherapy and Sphincter Preservation 

Preoperative neoadjuvant pelvic irradiation with or without chemotherapy can 
downstage many rectal cancers and reduce local recurrence rates. Patients with 
low rectal cancers abutting the anal canal who might otherwise require ab
dominoperineal resection have been treated with preoperative radiation with 
the hope of allowing a sphincter-saving resection. In a series of 161 patients 
from Thomas Jefferson University in Philadelphia, 110 patients with rectal 
cancers lying 3-6 em above the dentate line were treated by preoperative ra
diation and then resection [58]. Only 2% of patients developed anastomotic 
dehiscence, and only 3% ultimately required permanent colostomy for late 
anastomotic complications. The 5-year local recurrence rate was 15%. In a 
similar study from Memorial Sloan-Kettering, 30 patients with distal rectal 
cancers were selected for preoperative radiation with the goal of avoiding APR 
[57]. Median distance of the tumor from the anal verge was 4 em (range 1.5-
6 em). After full dose preoperative pelvic radiation therapy, 29 patients un
derwent resection, 24 of them (83%) by LAR with coloanal anastomosis. Five 
patients required APR. One partial anastomotic disruption and two mild 
anastomotic stenoses were observed. Anorectal function was good or excellent 
in 77% of patients and acceptable in the remainder. Five patients (l7%) de
veloped local recurrence. These studies confirm the safety of preoperative ra
diation and strongly suggest an improved rate of sphincter preservation for 
low-lying rectal cancer. 

Summary 

Successful colorectal or colo anal reconstruction can be accomplished in a large 
majority of rectal cancer patients. With proper patient selection and meticu
lous operative technique, restoration of intestinal continuity improves quality 
of life without compromising cancer treatment. 
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Introduction 

Sphincter-saving procedures are now widely accepted in the treatment of rectal 
carcinoma of the middle and lower thirds of the rectum. The colo anal anas
tomosis described by Parks in 1972 [8] is the ultimate procedure to preserve 
the patient's sphincter and hence avoiding a permanent colostomy. However, 
patients often complain of urgency and increased bowel frequency after a 
straight coloanal anastomosis. This type of poor functional result may be re
lated to the loss of the rectal reservoir. In an attempt to correct this dys
function, we have proposed the creation of a neorectum by incorporating a 
colonic reservoir anastomosed directly to the anal canal [6]. The operative 
technique used and the results from our series and those from the literature are 
discussed in this chapter. 

Operative Technique 

The patient is positioned to allow a combined abdominal and perineal ap
proach. The inferior mesenteric artery is divided at its origin from the aorta or 
below the left colic artery. The inferior mesenteric vein is divided at the inferior 
pancreatic border. The rectal dissection is performed according to oncologic 
principles, and the mesorectum is totally excised down to the levator ani 
muscles, which are exposed. A clamp is applied below the lower margin of the 
tumor. Below this clamp, the rectal muscle can be divided circumferentially at 
the anorectal junction, sparing the mucosa which will be excised later (Fig. 1). 

The splenic flexure and the descending colon are mobilized, and the colon is 
divided proximally at the junction of the sigmoid and descending colon. Its 
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Fig. 1. A minimum distal margin of 2 cm is 
needed. If it is possible with this distal mar
gin to preserve a remaining rectal stump of 
2 cm, the procedure of choice is a straight 
colorectal anastomosis. If the remaining 
rectal stump is less than 2 cm, a colo anal 
anastomosis is indicated. (Reproduced with 
permission from [7]) 
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proximal end is closed by a transverse stapler. A J-shaped reservoir of 8 cm is 
created (Fig. 2). A longitudinal colotomy is performed on the two limbs of the 
reservoir to insert the limbs of a GIA stapler (Fig. 3). Alternatively, one limb of 
the GIA stapler can be introduced into the distal colon left open. The colonic 
pouch is everted to divide the little bridge left over by the stapler. The stab 
wounds are closed with running 4/0 polyglycolic acid suture. The most distal 

Fig. 2. A I-shaped pouch is fashioned using two 8-cm 
limbs of colon. (Reproduced with permission from [7]) 
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Fig. 3. The limbs of the GIA stapler are inserted by two 
longitudinal colotomies. (Reproduced with permission from 
[7]) 

E. Tiret et al. 

part of the reservoir should descend to the symphysis pubis to ensure that the 
coloanal anastomosis will be without tension. 

From the perineal approach, the rectal stump is irrigated and Gelpi (Aes
culap) or Lone Star (Lone Star Medical Products, Houston, TX, USA) retractors 
are placed on the anal margin. Saline containing lignocaine and adrenaline 
(1:10000) is injected into the submucosal plane above the dentate line. A short 
mucosectomy is made, starting 5 mm above the dentate line up to the superior 
limit oflevator insertion on the anorectal junction, where the rectal muscle had 
been divided anteriorly. The specimen is removed through the abdomen, and 
the reservoir brought down to the anus (Fig. 4). It is anchored by three or four 
stay sutures to the upper end of the sphincter. After opening the apex of the 
pouch, a coloanal anastomosis is made at the dentate line using interrupted 
sutures of 4/0 polyglycolic acid (Fig. 5). A Penrose drain is inserted into the 
reservoir through the anastomosis. Two suction drains are positioned in the 
pelvis and brought out through lateral abdominal stab wounds. A temporary 
proximal defunctioning ileostomy or colostomy is constructed and is reversed 
8 weeks later. 

This technique, including a mucosectomy and a hand-sewn anastomosis, 
has been routinely used for all eligible patients in our hospital. Alternatively, 
the distal rectum can be closed at the anorectal junction with a linear stapler 
(TA 30). The apex of the future reservoir is opened, and a 90 mm GIA stapler is 
inserted to create the pouch. The head of a 31-mm CEEA stapler is introduced 
into the reservoir. The coloanal anastomosis is performed mechanically with 
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Fig. 4. The apex of the colonic pouch 
is drawn through the anus with for
ceps. (Reproduced with permission 
from [7]) 
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the double stapling technique, which is quicker, and there is no mucosectomy. 
However, the principal danger is of dividing the distal rectum above the 
anorectal junction, leaving a short rectal remnant which can in turn lead to 
some problems with pouch evacuation. 

Saint Antoine Hospital Experience 

Patients 

Two hundred and sixty patients (61 % males) underwent a rectal resection with 
a colonic reservoir and a colo anal anastomosis between 1984 and 1994 at Saint 

Fig. 5. A coloanal anastomosis is 
constructed using interrupted ab
sorbable sutures. (Reproduced with 
permission from [7]) 
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Antoine Hospital, Paris, France. The mean distance from the anorectal junction 
to the distal edge of the tumor was 3 cm. Twenty seven percent of the tumors 
were Dukes' A, 30% Dukes' Band 33% Dukes' C. Five percent had distant 
metastasis (Dukes' D) and 5% had undergone a previous resection (local ex
cision or anterior resection). 

The ratio of coloanal anastomosis was evaluated in 1994. One hundred and 
forty-five patients underwent a curative resection for rectal cancer. Seventy 
patients (48%) had a colorectal anastomosis, 42 (29%) a coloanal anastomosis 
with a colonic reservoir, 29 (20%) an abdominoperineal resection, and four 
(3%) a trans anal local excision. A distal margin of at least 2 cm on the fresh 
specimen, between the lower limit of the tumor and the anorectal junction, was 
required to make a sphincter-saving procedure. If the distal margin was 
shorter, an abdominoperineal resection was performed. The choice between a 
colorectal anastomosis and a colo anal anastomosis with a reservoir depended 
on the length of the rectal stump above the anorectal junction. A colorectal 
anastomosis was carried out when it was possible to leave a rectal stump of at 
least 2 cm. Coloanal anastomosis with a reservoir was preferred in the other 
patients. 

The results of our series of colonic J pouch anastomosis were published in 
1992 [1]. The first 162 patients operated between 1984 and 1990 were studied. 
Postoperative mortality was 0.6% (one myocardial infarction). Five patients 
(3%) had a pelvic sepsis and/or an anastomotic fistula which healed after 
spontaneous trans anal drainage of the collection. Nine percent of the patients 
had a surgical complication, requiring a relaparotomy in three cases. No res
ervoir had to be removed because of a postoperative complication. 

Five patients had a surgical complication after closure of the covering co
lostomy. Three of them had a tear on the anastomosis which was due to digital 
examination prior to taking down the colostomy. Closure of the colostomy was 
performed uneventfully a few weeks later. 

Functional Results 

The patients were prospectively assessed for functional results at 1,3,6 and 12 
months after the colostomy closure. At 1 month, the mean frequency of bowel 
movements was 2.7 (range 0.3-9) per 24 h. Daytime continence was perfect in 
25% of the patients, and 59% had only minor troubles (imperfect continence to 
gas, occasional minor leak of mucus or stools). Nightime continence was 
perfect in 68% of the patients. Discrimination between gas and stools was 
present in 68% of the patients. Enemas or suppositories were used by 15% to 
facilitate evacuation. Urgency was experienced by 7% of the patients. 

At 6 months, the mean frequency of bowel movements was 2.2 per 24 h 
(range 0.3-8). Daytime continence was perfect in 44% of the patients, and good 
in 34%. Nightime continence was perfect in 88% of the patients. 

The definitive functional result was ascertained between 6 months and 
1 year after stoma closure. At 1 year, the mean frequency of bowel movements 
was 2.1 per day (range 0.3-8). Daytime continence was perfect in 52% of the 
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patients, while 44% of the patients had minor troubles. Five patients (4%) had 
frequent major soiling, but three of them had a local recurrence. 

Discrimination between gas and stools was present in 95% of the patients. 
Four percent suffered from urgency. Seventy-seven percent had a normal 
evacuation and 21 % complained offragmentation. Twenty-five percent needed 
an enema or a suppository to elicit evacuation. 

Oncologic Results 

The 100 first patients consecutively operated on between 1984 and 1987 were 
assessed for oncologic results. All of them were followed for a minimum of 
5 years. Twenty nine percent of the tumors were Dukes' A, 30% Dukes' B, 32% 
Dukes' C, 5% Dukes' D, and 4% unknown. Forty-four patients died during the 
follow-up period. The crude survival was 59% at 5 years. Thirty-two deaths 
were cancer related. Twelve patients (12.5%) developed local recurrence at a 
mean time of 27.6 months (range 6-59 months). Six of these recurrences were 
isolated, while six had distant metastases. Three of the six patients who had an 
isolated local recurrence underwent an abdominoperineal (Miles type) op
eration. 

Other Comparative Studies 

The benefit of the interposition of a colonic reservoir has been evaluated in six 
comparative studies. Lazorthes et al. [3] reported a series of 65 colo anal 
anastomosis. Forty-four patients with a straight colo anal anastomosis were 
compared retrospectively with 20 patients with a reservoir. The anastomosis 
was made via a posterior trans-sphincteric approach. Functional results were 
determined clinically and manometrically. 

During the first year, 60% of the patients with a reservoir and 33% of the 
patients without had one or two stools per day (p<0,05). The mean frequency 
of defecation was 2.4 (SD 1.2) per 24 h versus 3.6 (SD 1.3). After 1 year, 86% of 
the patients with a reservoir and 33% of the patients without had one or two 
bowels movements per day (p<O,Ol), showing that reservoir function improved 
with time. Two out of 20 patients with a pouch had urgency compared with ten 
out of 42 without. 

Nineteen patients without a reservoir were compared manometrically with 
seven patients with a reservoir. The maximum tolerated volume was 250 ml 
(SD 51 ml) in the reservoir group versus 191 ml (SD 60 ml). There was also an 
inverse relationship between the frequency of defecation and the maximum 
tolerable volume of the neorectum. 

Similar conclusions were made by Nicholls et al. [4] who retrospectively 
compared 15 patients with a reservoir with 13 patients without. Functional 
result was assessed after a mean period of 47 months (SD 23 months) for the 
straight colo anal anastomosis versus 7 months (SD 4 months) for the res
ervoir. Despite this difference in observation time, stool frequency per 24 h 
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was less than two in all patients with a reservoir and above two in 40% of the 
straight coloanal anastomosis. There was no significant difference in the rate of 
continence and urgency or the ability to discriminate between gas and stools. 

Pelissier et al. [9] compared 36 healthy controls with 33 patients with a 
reservoir. Patients were evaluated 3 months after colostomy closure and later 
at 16 months (SD 5.7 months). The authors were unable to demonstrate any 
significant difference between patients and controls, except for the ability to 
evacuate which was better in the healthy controls. Only seven patients (21%) 
were able to evacuate fully during a single defecation at 3 months. This in
creased to 13 (48.1 %) at late evaluation, versus 97% in the control group. 

Three prospective randomized studies have compared patients with and 
without reservoir. The first was reported by Kusunoki et al. in 1991 [2], 
comparing 28 patients undergoing a colonic J pouch with eight straight co
loanal anastomoses. Randomization was stopped because the patients without 
a reservoir developed more frequent bowel movements and soiling with 
perineal skin irritation. 

Patients were evaluated preoperatively, before colostomy closure, and from 
1 month to 2 years after closure. The effectiveness of the reservoir was shown 
in the markedly decreased frequency of defecation per 24 h and in daytime 
soiling in the reservoir group in the early period after operation. Frequency of 
defecation and daytime soiling were inversely correlated with the maximum 
tolerable volume of the pouch. The maximum tolerable volume of the J pouch 
increased more quickly and was significantly greater than that of the straight 
anastomosis at any time. 

More recently, Seow-Choen and Goh [10] reported a prospective, rando
mized study comparing 20 patients with a reservoir with 20 patients without. 
All anastomoses were performed mechanically (stapling technique). Patients 
were assessed at 1, 6 and 12 months after ileostomy closure. There was sig
nificantly better postoperative anal function in patients with a reservoir. The 
frequency of motions each day at the three assessment periods was sig
nificantly less in those with a reservoir. The advantage of the pouch was 
confirmed at 12 months after ileostomy closure. All the patients with a pouch 
reconstruction had normal continence compared with 14 of 20 of those who 
had a straight anastomosis. 

Ortiz et al. [5] randomized 38 consecutive patients in two groups of 19 with 
or without reservoir. Functional result was assessed at 1 year. Defecation fre
quency was more than three movements per day in five patients (33.3%) with a 
reservoir and in 11 (73.3%) of those without, the maximum tolerable volume 
was significantly greater in patients with a reservoir 335 ml (SD 195) versus 
148 ml (SD 38). 

Conclusions 

The colonic reservoir decreases the frequency of defecation markedly and 
improves anal function by increasing the maximum tolerable volume of the 
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neorectum. A good functional result can be achieved earlier with a reservoir 
than with a straight colo anal anastomosis and the difference in favour of the 
reservoir increases with time. As construction of a reservoir does not increase 
morbidity, it should be recommended whenever possible. 

Results following a colonic reservoir should now be compared prospectively 
with very low colorectal anastomosis, leaving 3 cm or less of rectal remnant 
above the anorectal junction. Such a study could definitely answer the question 
whether a pouch-anal anastomosis is functionally preferable to a straight low 
colorectal anastomosis. 
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Introduction 

Modern surgical stapling technique can offer most patients with rectal cancer a 
sphincter-saving resection. It has been demonstrated recently that continence 
after anterior resection is related to the length of the residual rectum [12]. Very 
low anastomoses are, however, common and will be particularly frequent in 
centers where total meso rectal excision (TME) is accepted as the standard 
procedure to achieve local radicality. In such operations, the rectum is always 
transected at the levator plane and the anastomosis constructed to the anal 
canal or the most distal part of the rectum [13]. 

Consequences of such a low anastomosis are urgency, frequent bowel 
movements, and occasional fecal incontinence during the first year, but such 
problems may persist even longer. They have been described as "the anterior 
resection syndrome" which can be related to the loss of rectal reservoir function 
and reduced anal pressure [9,20,22]. Such symptoms are particularly common 
after anastomotic leakage, which is a rather frequent problem as it occurs in 
10%-15% of patients undergoing low anterior resection [4, 19]. Improvement of 
symptoms is associated with an increase in neorectal capacity [16]. 

Long-term outcome was compared between one group of 19 patients who 
had symptomatic anastomotic leakage and one group with normal healing, 
matched according to age, sex, height of anastomosis and follow-up. After a 
median of 30 months, there was no difference in sphincter function regarding 
resting and squeeze pressure. Neorectal volume and compliance at sensation of 
filling, urge to defecate, and maximum tolerated volume were significantly 
reduced in patients with leakage. The reduction in neorectal reservoir function 
was reflected in impaired anorectal function measured by a combination of 
frequency of bowel movements, urgency, incontinence score and bowel emp
tying [5]. It is thus of utmost importance to avoid anastomotic leakage, not 
only because of initial morbidity but also with respect to long-term functional 
results. 
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One way to improve healing capacity might be to use a side-to-end ana
stomosis which is well recognized in gastrointestinal surgery, and described by 
Baker for color ectal anastomosis [1]. A retrospective study of anterior resec
tions showed a leak rate of 4% with a side-to-end anastomosis compared with 
23% in the conventional end-to-end anastomosis [23]. 

One technical modification in order to avoid "the anterior resection syn
drome" may be to use the colonic J -shaped pouch as described by Lazorthes 
and Parc in 1986 [10, 15]. Using this side-to-end anastomotic technique the 
surgeon may reduce the leak-rate and increase the "neorectal" volume. Al
though promising this method of reconstruction has not been tested in con
trolled studies. 

Operative Technique of Pouch Construction 

After a standardized rectal dissection including TME [8], the rectum is 
transected at the levator plane, leading to an anastomosis on the top of the anal 
canal, or approximately 4 cm from the anal verge. The colonic pouch (Fig. l), 
about 6 cm in length, is made by folding the colon and creating a side-to-side 
anastomosis with a stapler introduced through the apex of the pouch. A cir
cular stapler is used for the anastomosis. 

The need for a protective stoma is controversial. Some surgeons use it in 
selected patients if any technical problems are noted when constructing the 
pouch or anastomosis. They also use it when healing disturbances may be 
expected or when the patient's general condition is such that an anastomotic 
leak with pelvic sepsis may be life-threatening. Other surgeons favor a pro-

Fig. 1. Colonic pouch anastomosis 

Colonic pouch 
anastomosis 
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tecting stoma routinely even though they accept that the majority of patients 
do not need a stoma and that some complications related to the stoma surgery 
will inevitably occur. The reason for this is that in many hospitals a small 
number of patients have died because of anastomotic leakage and pelvic sepsis 
without having a protective stoma. Therefore, we prefer to use a protecting 
stoma until more knowledge is available regarding how to select those who 
really need it. 

Anastomotic Healing 

The rate of anastomotic leakage has been reported to be less than 5% in 
uncontrolled series of colonic pouch-anal anastomosis [2, 3, 11]. In a con
trolled trial with colonic pouch-anal anastomosis versus conventional straight 
anastomosis symptomatic anastomotic leakage was seen in 2% in the pouch 
group (n=45) and in 15% in the group with a conventional straight anasto
mosis (n=52) [7]. Asymptomatic leaks from the blind end of the J-limb have 
however, been detected in occasional pouch patients. 

One reason for the low rate of anastomotic leakage may be that the mi
crocirculation is better preserved at the apex of the pouch than the bowel end 
in the straight reconstruction. This can be demonstrated by intraoperative 
laser-Doppler flowmetry. In one investigation, the first recording was done 
before dissection of the bowel at one point close to the planned bowel end and 
at another point 8 cm more proximally. A second recording was done at the 
same sites after dissection and construction of the pouch, but before the 
anastomosis was completed. Blood flow levels at the site intended for an end
to-end anastomosis were significantly decreased following dissection of the 
bowel. On the other hand, blood flow levels at the site of the side-to-end 
anastomosis in pouch patients did not change after dissection and pouch 
construction. The unaffected blood flow at the site of the anastomosis of the 
pouch may facilitate and promote anastomotic healing [6]. 

Another technical factor which may be of importance is the reduced risk of 
pelvic hematoma due to better filling of the presacral space with the pouch. If 
such a hematoma becomes infected, it may break through the suture lines in 
the anastomosis and cause a "secondary" anastomotic leakage. One can also 
speculate whether the colonic motility may cause different strains on the 
pouch-anal than on the end-to-end anastomosis. 

Bowel Function 

In a recent study in which four specialized centers of colorectal surgery par
ticipated, 100 patients were randomized to either a straight or a colonic J
pouch anastomosis [7]. Two patients were withdrawn due to inadequate bowel 
length for pouch construction and one patient at her own request. Thus 97 had 
surgery within the trial. All patients had a standardized mesorectal excision. A 
protective stoma was done in 31152 (59%) of patients with a straight anasto-
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Table 1. Postoperative complications after straight or 
colonic J-pouch reconstruction (no. of patients) 

Symptomatic 
anastomotic leakage 

Staple line haemorrhage 
Bronchopneumonia 
Urinary retention 
Wound infection 
Anastomotic stricture 
Mortality 

Straight 
anastomosis 
(n=52) 

8 

0 
3 
4 
4 
7 
0 

Pouch-anal 
anastomosis 
(n=45) 

0 
2 
5 
4 
3 
1 

mosis and in 32/45 (71%) of those with a colonic pouch (difference not sig
nificant). Postoperative complications are shown in Table 1. There was one 
postoperative death because of hemorrhage and subsequent multiorgan failure 
(pouch), two early cancer deaths (one pouch, one straight), and one patient 
declined closure of the loop ileostomy after anastomotic leakage (straight). 

After 2 and 12 months postoperatively, 93 and 89 patients, respectively 
could thus be evaluated. The frequency of bowel movements did not differ 
preoperatively, but after 2 months the straight group had a threefold increase 
compared with a pouch group. After 1 year it was twofold and still significantly 
different from the pouch group. In fact the operation did not change the 
frequency at all in the pouch patients (Table 2). 

An incontinence score from 0-18, where 0 equals no incontinence was used. 
Table 2 shows that after 2 months the score was fourfold in the straight group 
compared with that of the pouch group, after 1 year twofold, and the difference 
was still highly significant. Similar differences were noted regarding the degree 
of urgency which was evaluated by asking the patients whether they could defer 
defecation more than 30 min - always (0), often (1), sometimes (2), or never 
(3). In Table 2, the median values are shown for patients with a pouch and a 
straight anastomosis at 2 and 12 months [7]. 

Table 2. Functional results at 2 and 12 months following straight or colonic I-pouch 
reconstruction (median values) 

Bowel motions (24 h) 
Incontinence score 
Degree of urgency 

Pouch and anastomosis 

2 months 12 months 

2.0 
1.5 
1.0 

2.0 
2.0 
o 

Straight anastomsis 

2 months 12 months 

6.4 
7.0 
2.0 

3.5 
5.0 
2.0 
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In another randomized study frequency of motions per 24 h was two both in 
the pouch group and straight group with a range of 0.4-4 and 0.5-10, re
spectively. The urgency did not differ (deferral ofless than 15 min; 2/17 and 4/ 
16 in the pouch group and straight anastomosis group, respectively). Normal 
continence was noticed in all 19 patients with a pouch and in 14/20 with a 
straight anastomosis [18]. 

The use of a colonic pouch may, however, have a potential drawback as it 
can lead to difficult evacuation. Approximately one-quarter of the patients in 
Parc's original series used medication to empty the pouch [15]. Impaired 
evacuation has been noted by other investigators [14, 17] and seems to be 
related to the size of the pouch - the larger the pouch, the more emptying 
problems [21]. In one of the randomized series [7], there was no statistical 
difference in the ability to evacuate the bowel but, lO% of the pouch patients 
regularly used enemas to elicit evacuation after 12 months, and there was a 
significant decrease within the pouch group in the ability to evacuate between 
2 months and 12 months. In another study, constipation was seen in 1/19 and 
1120, respectively and none used an enema [18]. 

An adaptation period of 1 year is too short to draw firm conclusions about 
the long-term outcome especially regarding evacuation. In one of our patients 
with a straight anastomosis, a permanent sigmoidostomy was fashioned after 
14 months because of poor bowel function following anastomotic leakage and 
subsequent stricture formation. In another patient, a colonic pouch was ex
cised after 2 years because of poor function and symptoms of pouchitis. His
topathological examination of the pouch showed chronic inflammation. 

Conclusion 

It can be concluded that reconstruction with a colonic J-pouch can be done 
with 

- A low incidence of anastomotic leakage 
- No increase in frequency of bowel movements 
- Almost no problems with urgency and incontinence 
- Evacuation problems in lO%-25% 

Imperfections of evacuation in some patients require further studies, e.g., 
regarding the optimal size of the pouch and whether a segment of the sigmoid 
or descending colon should be used for the pouch. Some patients with rectal 
cancer have limited life expectancy and should be offered the best functional 
outcome shortly after the operation. Therefore the colonic J-pouch can be 
recommended routinely in restorative surgery combined with TME, which at 
present is the preferred cancer operation for tumors in the lower two-thirds of 
the rectum. 
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The issue of using a diverting stoma to protect an anastomosis done for rectal 
cancer is a relatively new dilemma. There has been an evolution in both sur
gical beliefs and techniques leading to this point. Initially based on the 
teachings of Miles [15], many believed any rectal cancer necessitated an ab
dominoperineal resection. This belief was challenged by Dukes [4], who found 
that almost no cancers in the rectum spread caudad or laterally. Preservation of 
at least the sphincter mechanism was therefore compatible with cure as long as 
an acceptable distal margin was obtained. This margin was originally felt to be 
5 cm, but this has been scrutinized and in low anastomosis some now accept a 
l-cm margin. 

The circular stapler has provided a significant technical advance. Before 
the advent of the circular stapler, all anastomosis were hand sewn and limited 
at times by a narrow pelvis or short rectal cuff. Most tumors in the lower half 
to third of the rectum still necessitated an abdominoperineal resection with a 
permanent colostomy. With mastery of the circular stapler, it is now possible 
to perform anastomosis just above the anorectal ring. In addition, the 
technique of end-to-end coloanal anastomosis [19] has allowed a handsewn 
anastomosis from the transanal approach preserving the sphincter mecha
nIsm. 

Theoretically, the principle purpose of a stoma is to avoid or decrease the 
deleterious affects of a leak from the anastomosis, most importantly sepsis and 
death. Few would argue against a diverting stoma to protect a coloanal anas
tomosis. Controversy centers around the role of a stoma for a colorectal 
anastomosis. It is difficult to readily determine the need for fecal diversion 
after a colorectal anastomosis from reviewing the literature, as few randomized 
prospective studies exist and the data is confusing. Therefore, this review will 
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provide an overview of the problem of colorectal anastomotic leaks, factors 
affecting leak rates, pros and cons of using a stoma, and practical suggestions. 

Overview of the Problem 

The incidence of an anastomotic leak ranges from 0% [12] to 24% [20], al
though not all leaks are symptomatic. Graffner prospectively performed a 
gastrograffin enema on all patients on postoperative day 10 and found that 30% 
had a radiological leak compared to 8% with clinical symptoms of a leak [7]. 
Similarly, Tuson found that 15.3% of his patients had clinical symptoms 
consistent with a leak. However, an additional 9% of patients were found to 
have an asymptomatic (radiological) leak when a gastrograffin enema was 
performed on postoperative day 9 or 10 [20]. 

When treating patients, the clinical leak rate is probably the more important 
consideration. To assess the problem, Table 1 lists the clinical leak rate from 
several series. The data is divided into anastomosis which are high (above the 
peritoneal reflection) and low. The data is also divided into those with and 
without a stoma. Additionally, the mortality rate is listed for those deaths 
directly related to an anastomotic leak. 

Many surgeons hesitate to construct a stoma based on the premise that it 
may never be closed. When reviewing closure rates for stomas used to protect a 

Table 1. Clinical anastomotic leaks for high and low anastomosis 

High Low 

Patients Clinical leak Mortality Patients Clinical leak Mortality 
(n) (n) (%) (n) (n) (n) (%) (n) 

Karanjia [11] 
Stoma 7 0 0 0 118 1 0.8 2 
No stoma 25 0 0 0 50 11 22 2 

Mealey [14] 
No stoma 40 0 0 0 74 6 8 

Pakkastie [18] 
Stoma 8 1 12.5 
No stoma 74 0 0 0 52 15 28.8 

Mileski [16] 
No stoma 215 11 5.1 4 

Fielding [5] 
Stoma 108 11 10 1 214 50 23.3 4 
No stoma 1299 67 5 23 407 65 16 10 

Graffner [7] 
Stoma 25 1 4 0 
No stoma 25 3 12 0 
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colorectal anastomosis, the majority of patients will safely have their stoma 
closed. Karanjia [11] reported on 125 patients who underwent a stoma at the 
time of anastomosis. Five (4%) were not closed. The complication rate of 
closure was low; of the 120 closed, seven (6%) developed a fecal fistula which 
closed spontaneously. Graffner [7] reported that, of 25 patients with a stoma at 
the time of anastomosis, 23 were closed without complication. Of the re
maining two, one developed an anastomotic leak and underwent a Hartman 
operation and the other patient refused stoma closure. In that same study, of 
the 25 patients who did not receive a stoma at the time of anastomosis, three 
underwent a stoma for sepsis and all were uneventfully closed. 

Considering other reports of stomas constructed secondary to sepsis from a 
low anastomosis, Pakkastie's series had 16 out of 60 patients (27%) with an 
anastomotic leak, and four out of 16 (25%) had a permanent stoma [18]. There 
were six anastomotic leaks in Mealy's 74 patients, and all received a permanent 
stoma [14]. Thus the construction of a stoma at the time of anastomosis or for 
an anastomotic leak does not guarantee that the patient will have a permanent 
stoma. 

Factors Affecting leak Rate 

Certain factors have been found to be associated with a higher rate of anas
tomotic leak. One such factor is the height of the anastomosis. Colorectal 
anastomosis can be divided into high and low anastomosis. Low anastomoses 
are below the peritoneal reflection and are generally less than 7 cm from the 
anus. Table 1 lists the leak rate with high versus low anastomosis. Low anas
tomosis have a much higher leakage rate compared to high anastomosis. 
Pakkastie found the only significant variable for the development of anasto
motic leak to be an anastomosis performed less than 7 cm from the anal verge 
[18]. Tuson also found an increased anastomotic leak rate in low anastomosis 
[20]. 

Regarding other variables, Mileski [16] found that diabetes and cardiovas
cular problems did not increase the chance of an anastomotic leak, but low 
serum albumin, low hemoglobin, steroid dependence, and the need for peri
operative transfusions were associated with an increased incidence. Other 
variables which have been cited include age [14], anastomosis done by a 
trainee [20], prolonged preoperative radiotherapy [6], and fecal loading [11]. 

There is no clear consensus as to whether the type of anastomosis (sutured 
or handsewn) influences the leak rate. Pakkastie [18] found that his overall leak 
rate was 12%. When this was divided into sutured versus handsewn anasto
mosis, 15% of stapled and 3% of sutured had leaks. Tuson found a 24% rate of 
leak and noted that leaks were more common if sutured [20]. Mileski found a 
4% leak rate, with similar leak rates comparing handsewn and stapled anas
tomosis [16]. Thus the two methods of performing anastomosis probably have 
similar leak rates. 
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Surgeon variability may also influence the use of a stoma and leak rate. 
Fielding [5] conducted a multicenter study and divided the surgeons into 
groups based on those who use stomas frequently and those who do not. 
Surgeons who use stomas frequently had a leak rate of 20% with a mortality 
rate of 7.8%. This was compared to surgeons who rarely used stomas and had a 
leak rate of 8.4% with a mortality rate of 3.6%. They concluded that all sur
geons should know their leak rate and if this drops below 5%, a stoma should 
only be used in select circumstances. More importantly, the question begs to be 
asked why surgeons in this study who used stomas more frequently had such 
higher mortality and leak rates. 

The circulation at the proximal end of the bowel has been cited to affect the 
rate of leakage. When resecting the rectum for cure, the lymphatic drainage 
bed should be resected; this infers a high ligation of the inferior mesenteric 
artery. In turn, this can decrease the blood flow to the proximal bowel. Am
brosetti [2] reported a clinical leak rate of only 1 % and a radiological leak rate 
of 1.5%. In 195 out of 200 colorectal anastomoses, the blood supply to both 
ends of the anastomosis was tested by Doppler ultrasound. If the Doppler 
signal was consistent with arterial pulsation, the blood supply was considered 
adequate. In ten patients this signal was absent, and the ends were further 
resected until the Doppler signal was of arterial pulsation. They feel that this 
contributed to their low anastomotic leak rate. Similarly, Novell [17] transected 
the marginal artery at the level of anastomosis and recorded whether blood 
flow was pulsatile. Nonpulsatile flow was observed in 80 patients. Of these, 15 
(19%) developed a leak. This was compared to 195 who had pulsatile blood 
flow, 18 of which (9%) developed a leak. Additionally, in three patients no 
blood flow was observed after transecting the marginal artery, and all three 
developed a leak. They stressed that an absence of pulsatile blood flow did not 
reliably predict an anastomotic leak. Nevertheless, it appears that pulsatile 
blood flow will decrease the incidence of an anastomotic leak. 

Hallb66k [9] used laser Doppler blood flow to assess the microcirculation in 
bowel used for a colonic J pouch versus a straight colorectal anastomosis. They 
compared blood flow before dissection and just prior to anastomosis. Flow was 
unaffected when measured at the side of the bowel as with a colonic J pouch at 
the curved part of the J. In comparison, flow was significantly decreased at the 
end of bowel to be used in a straight anastomosis. They concluded that the 
unaffected blood flow at the site of a colonic J pouch may be favorable in 
anastomotic healing. However, only one out of 16 (6%) patients had an 
anastomotic leak in the straight group versus none out of 14 in the pouch 
group. This may be a pertinent finding, but it did not significantly affect their 
anastomotic leak rates. 

The blood supply to the distal bowel may also be important. This has be
come apparent when total mesorectal excision (TME) is performed. TME 
leaves a tube of rectum which relies on blood flow from the pelvic floor. Heald 
[10] has championed TME, which has heightened the awareness of doing a 
proper cancer operation which yields a low local recurrence rate «5%). 
However, even with his excellent results of low local recurrence, the "refractory 
problem" of anastomotic leakage has persisted. In one report, the rate was 
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about 9% for clinical leaks and was significantly higher in patients without a 
diverting stoma [10]. In a recent study by Aitken [1], eight out of 57 patients 
(14%) had a clinical anastomotic leak after TME. Arbman and coworkers [3] 
reported an anastomotic leakage of 8%. 

Whether TME contributes to leak is a matter of controversy, and no con
trolled study exists. Recently, Arbman and coworkers [3] from Sweden com
pared results after rectal cancer surgery before (1984-1986) and after (1990-
1992) the introduction of TME. The postoperative clinical anastomotic leak 
rate and postoperative mortality due to complications showed no differences 
between the two time periods. Nevertheless, these authors and others [11] 
argue that a protective stoma is required after TME and a conventional low 
anastomosis. 

In summary, low anastomosis have a higher incidence of leak. Low albumin, 
low hemiglobin, steroid use, transfusions, limited experience on the part of the 
surgeon, radiotherapy, and fecal loading may increase the incidence of a leak. 
The type of anastomosis (handsewn or stapled) is probably not significant. 
Pulsatile blood flow to the proximal end of the bowel is most likely beneficial. 
The blood supply to the distal bowel used for the anastomosis must not be 
compromised. 

Pros and Cons of Using a Stoma 

Numerous factors have been cited against a diverting stoma. Tuson found that 
unnecessary colostomies were performed in 19.4% of his patients and that the 
majority of anastomotic leaks could be managed without a colostomy [20]. 
Unquestionably, total hospitalization is increased if fecal diversion is used, and 
stoma closures are not without complication [11], although mortality is rare. 
Since most of these procedures are done in the elderly, the argument could be 
made that a stoma robs them of their independence along with adding financial 
burdens due to the cost of equipment. Additionally, some elderly patients may 
not have their stoma closed, but, as mentioned earlier, the overwhelming 
majority do undergo closure. Some feel that mortality and leak rate without a 
stoma is similar to that in patients who have undergone fecal diversion and 
that the routine use of stomas should therefore be questioned [14]. 

Graffner [7] similarly questioned the routine use of stomas. In the only 
randomized study in the literature, after the tumor was removed and the 
anastomosis completed, patients were randomized to receive a transverse co
lostomy. Since they were randomized after the anastomosis, those which were 
not technically perfect were omitted. There were 25 patients in each group. A 
gastrograffin enema was done on postoperative day 10. There was a 30% 
radiological leak rate in both groups. Clinical evidence of a leak was noted in 
4% of patients in the colostomy group and in 12% of those without a co
lostomy. They concluded that a protective colostomy should not be routinely 
used with a low stapled anastomosis. They felt that, with close observation, the 
majority of patients can be treated with an emergent colostomy. 
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Looking at the positive aspects of a diverting stoma, even though there is no 
evidence that fecal diversion decreases the leak rate, Tuson [20] reported that 
diverting colostomies mitigate local and systemic effects of a leak. He reported 
that "conservative management" of leaks in cases with a covering colostomy 
were successful in most instances (92%). A stoma may also be life-saving, as 
Fielding found that the death rate was lower after an anastomotic leak with a 
stoma (9.6%) that without (26.2%) [15]. Goligher sums up the reasoning used 
by many in support of a diverting stoma: "The main value of (temporary 
transverse) colostomy at the conclusion of an anterior resection is not so much 
to prevent dehiscence as to facilitate its management if it should occur" [8]. 

The choice of stoma for diversion is changing. Initially, a loop colostomy 
was the stoma of choice. The danger with this type of stoma revolves around 
potential injury to the marginal artery, leading to ischemia. Additionally, the 
loop colostomy can be very bulky, leading to pouching difficulties. Conse
quently, construction of a loop ileostomy is gaining popularity. Both stomas 
can usually be closed by a local circumferential incision around the stoma. 
Khoury [13], in his study of 61 patients, found that fecal diversion with a loop 
ileostomy was the preferred method of diversion. The patients were random
ized to receive a loop colostomy or loop ileostomy if diversion was needed. The 
only statistical difference between the two groups was that ileostomies began to 
function earlier. The length of hospital stay tended to be longer with colos
tomies, and ileostomies tended to be closed earlier, but neither reached sta
tistical significance. There was a higher incidence of suture line leaks if a 
colostomy was used, and the ileostomy was felt to be easier to close (although 
the time of operation was similar to colostomy closure). They concluded that 
the loop ileostomy should be constructed rather than a loop colostomy. 

Experience of the Cleveland Clinic 

At the Cleveland Clinic from 1978 to 1985, there were 744 consecutive colo
rectal anastomosis studied (The Cleveland Clinic, unpublished data). Nineteen 
(3%) developed a clinical leak. However, a subgroup of 262 consecutive pa
tients underwent a gastrograffin enema at 10 days postoperatively, with 27 
(10%) having radiological evidence of a leak. The anastomosis were divided 
into high (11-15 cm; n=354, 48%), low (6-10 cm; n=219, 29%), and very low 
«5-cm; n=171, 23%) from the dentate line. Temporary colostomies were used 
in 111 patients (15%), and all were closed by 6 months. In 1985, the colostomy 
rate decreased to 8.5% after confidence was gained with the circular stapler. 
Clinical leaks were found in 0.6% of patients with high anastomosis, 3.2% with 
low anastomosis, and 5.8% with very low anastomosis. 

Practical Guidelines 

Not all colorectal anastomoses require a diverting stoma, and reliably pre
dicting which anastomosis will leak is unlikely. This was emphasized by Kar-
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anjia [11]. In 75 patients, the anastomosis was felt to be perfect and fecal 
diversion was omitted. However, 15% (11/75) developed symptoms attributed 
to an anastomotic leak and all occurred in anastomoses less than 6 em from 
the anal verge. 

Therefore, since predicting which anastomosis will leak is impractical, an 
attempt should be made to do as much as possible to prevent a leak. Easy steps 
at the time of operation to promote a technically satisfying anastomosis in
clude a thorough bowel clean out (even if it requires on-table bowel lavage), no 
anastomotic tension, assessing the marginal artery for pulsatile blood flow, 
checking the doughnuts after a stapled anastomosis for completeness, instilling 
air via the anus with saline in the pelvis checking for escape of bubbles, and 
suture repairing any defect. Use of Doppler ultrasound to assess pulsatile flow 
should be considered if the equipment is available. 

A diverting stoma should be used selectively. I favor a loop ileostomy for the 
reasons mentioned previously. Most anastomosis above the peritoneal reflec
tion probably do not require fecal diversion unless there is a technical problem 
with the anastomosis or there are other adverse circumstances. The conditions 
which favor a stoma with any level of color ectal anastomosis include residual 
pelvic sepsis, colonic obstruction, malnutrition, immunosuppression, fecal 
loading, irradiated bowel, contamination, and limited experience of the sur
geon. 

Overall, it appears that the consequences of a leak are more serious if no 
stoma was initially constructed. Surgeons are rarely sorry to have constructed a 
stoma, but more frequently lament on wishing one had been constructed. 
Consequently, if there is any doubt at the time of initial operation, a diverting 
stoma should be performed. As pointed out by Fielding [5], the surgeon (not 
the patient) is probably the single most important factor affecting anastomotic 
leaks. It is important for the surgeon to use the anastomotic technique he or 
she is most familiar with, to audit results, and to refine the technique. When 
trying any new technique (such as TME), a diverting stoma should be con
sidered until experience is gained in the technique. 
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The goal of surgical treatment for rectal carcinoma is cure with preservation of 
body image and anorectal, urinary, and sexual function. However, this goal 
may not be obtainable in all patients and disease recurrence, the need for a 
permanent stoma, as well as alterations in anorectal, urinary, and sexual 
function may occur. In this chapter we will review the functional results fol
lowing surgical treatment for rectal adenocarcinoma; we will also report on a 
data-gathering protocol which we use at the University of Chicago to help in 
the analysis of postoperative function. 

Anorectal Function 

When a sphincter-saving procedure is performed, anorectal function may be 
temporarily or permanently altered. Patients may experience changes in the 
degree of continence to flatus, feces, or both; inability or difficulty to evacuate; 
changes in the frequency and consistency of bowel movements; and urgency. 
Although these changes may be present even after an anterior resection and 
low coloproctostomy for a rectal cancer located in the upper third of the 
rectum, they are much more frequent and pronounced after a proctectomy and 
coloanal anastomosis for a rectal carcinoma located in the middle or lower 
third of the rectum. It is common experience that the more extensive is the 
proctectomy and the smaller is the residual rectum, the more pronounced are 
these changes. As a consequence, patients undergoing a complete proctectomy 
with colo anal anastomoses often experience the most dramatic changes in 
anorectal function. 
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Paty and Enker [9] surveyed 81 of 90 eligible patients who were treated with 
low anterior resection (LAR) and coloanal anastomoses between 1977 and 
1990. The median number of bowel movements per day was two (range 0.3 to 
15). However, 22% reported four or more bowel movements per day. Fecal 
incontinence was graded according to the Kirwan scale. Half of the patients 
(51%) were completely continent; incontinence to fiatus without soilage was 
reported in 21 %. Minor leakage described as occasional soiling with liquid 
stool, occurred in 27% of patients; significant incontinence to solid stool was 
only reported in 5% of patients. However, these patients posed difficult prob
lems to manage. Overall, 32% of patients used protective pads, at least on a 
part-time basis. 

The inability to defer a bowel movement for at least 10 min was seen in 19% 
of patients. Multiple evacuations or cluster bowel movements (the need to 
return to the bathroom multiple times within a short period of time before full 
evacuation is achieved) was described in 32% of patients. These episodes did 
not occur on a daily basis but when they occurred, they were disruptive to the 
patient's daily routine. Fifty-six percent of the patients had good to excellent 
results. Among the ten patients who experienced poor function, stool fre
quency was a common occurrence in six patients, and four were enema de
pendent. 

The avoidance of certain foods, namely, salads, vegetables and dairy prod
ucts, was observed in 56% of patients. Seventeen percent felt that long distance 
travel was no longer feasible due to their daily bowel habits and 37% required 
the addition of anti motility drugs, stool softeners, or enemas for regularity. It is 
not surprising that adjustments in life style were directly related to the degree 
of functional impairment. Patients with poor results demonstrated a greater 
incidence of altered life style compared with those who had fewer complaints. 
However, most problems appeared minor and were well tolerated. Despite 
some of these inconveniences, patient overall satisfaction with the procedure 
remained high (74%) and the avoidance of a permanent stoma played a major 
role in patient approval. 

Many authors have attempted to correlate treatment variables with im
proved or impaired functional outcomes. Lazorthes et al. examined frequency 
of defecation in 65 patients who underwent an end-to-end (n=45) or a J-pouch 
(n=20) coloanal anastomosis [6]. Age, sex, and tumor characteristics were 
similar in both groups of patients. During the first year there was no significant 
difference in continence rates, but frequency of defecation was lower in 
patients with a reservoir. There was no significant difference in continence 
rates. After the first year, 36 patients without a reservoir and 15 patients with a 
reservoir were available for assessment. Frequency in the reservoir patients still 
remained lower. There was no difference in continence between the two 
groups. 

Kichoffs et al. [8] also demonstrated reduced stool frequency in patients with 
a reservoir. All these results support the hypothesis that increased capacity of 
the neorectum improves functional results after a coloanal anastomoses. 

Another treatment variable potentially affecting postoperative functional 
results may be represented by the use of preoperative or postoperative 
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radiotherapy. Little is known regarding the long-term effects of preoperative 
radiation therapy on sphincter integrity and function, continence, and urgency. 
In a phase I/II trial of preoperative radiation therapy and LAR/coloanal anas
tomosis [7], 22 patients with the diagnosis of invasive, resectable primary 
adenocarcinoma of the rectum limited to the pelvis received a total of 4680 cGy 
followed by an additional 360 cGy to the primary tumor. Of the 21 patients 
who underwent resection 89% reported good to excellent functional results at a 
median follow-up time of 29 months. 

Kollmorgen and associates assessed the long term effect of postoperative 
radiotherapy in 100 patients with Astler-Coller B2 or C2 lesions of the rectum 
[5]. Forty-one patients had postoperative chemoradiation and 59 patients did 
not. To minimize confounding factors, extensive exclusion criteria were used. 
The two groups of patients were well matched for sex, level of anastomosis, and 
length of follow-up. The group that received chemoradiation had more bowel 
movements per day than the group that had surgery only (median 7 vs. 2 bowel 
movements/day); the former group more often experienced clustering of bowel 
movements (42% vs. 3%) and night-time movements (39% vs. 17%), wore a 
protective pad more often (41 % vs. 10%), and were more often unable to defer 
defecation for longer than 15 min (78% vs. 19%). The group that had che
moradiation also had stools of liquid consistency, used antidiarrheal medica
tions, had perineal skin irritation, were unable to differentiate stool from gas, 
and needed to defecate again within 30 min of a movement significantly more 
often that the group that did not receive chemoradiation. 

Other variables may influence the postoperative functional results: Paty and 
Enker [9] analyzed the possible correlation between treatment variables and 
functional outcome. Using multiple linear regression, they found that time 
since operation had a positive influence in reducing the number of daily bowel 
movements, while postoperative pelvic radiation therapy significantly corre
lated with increased frequency. Using multiple logistic regression, use of ad
juvant pelvic radiation and male gender significantly correlated with 
occurrence of bowel movement clustering. 

Careful prospective studies will be needed to investigate the role of other 
possible treatment variables: they include gender of the patient, degree of 
postoperative anorectal angle, removal or preservation of the anal transitional 
zone, level of anastomosis (colorectal vs. coloanal). 

Urinary Function 

The urinary bladder is innervated by the sympathetic and the parasympathetic 
nerves. Stimulation by the sympathetic nerves contracts the bladder neck, 
while detrusor muscle contraction is mediated through S2-S4. Injury of S2-S4 
causes a neurogenic bladder with decreased sensation and increased capacity. 
As a consequence, urinary retention and infections are the most common 
complications following proctectomy. The presence of prostatic hypertrophy 
and the posterior displacement of the bladder after complete rectal excision in 
an abdominal perineal resection may add to the postoperative voiding dys-
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function. Bladder dysfunction can occur in up to 40% of patients [10] with an 
increased risk when a wide ileopelvic lymphadenectomy is added to the re
section. Hojo et al. [3] performing extended pelvic lymphadenectomy and total 
resection of the pelvic autonomic nerve system in advanced rectal cancer have 
reported a decrease in local recurrence and an increase in survival rate. Over 
the years, Hojo and collaborators have gradually extended the indication for 
partial nerve preservation, provided the goal of cure was not compromised [4]. 
Beginning in 1985 complete autonomic nerve preservation (first degree dis
section) was attempted in patients with early rectal carcinomas limited to the 
submucosal layers. When there was suspicion of lateral lymph node involve
ment along the midrectal artery, the hypogastric nerves were preserved but the 
hypogastric plexus was sacrificed (second degree dissection). The hypogastric 
nerves were sacrificed when metastatic involvement of the perirectal lymph 
nodes or the more proximal lymph nodes along the superior hemorrhoidal 
artery was suspected (third degree dissection). Selective preservation of the 
fourth pelvic parasympathetic nerve either unilaterally or bilaterally was per
formed in patients who required a more extensive ileopelvic lymphadenectomy 
(fourth degree dissection). Twenty-four patients underwent first degree pre
servation of the autonomic nerve plexus and six patients, 52 patients, and 16 
patients, underwent second, third, fourth degree, respectively. In 36 patients, 
the pelvic autonomic nerves were completely sacrificed for oncologic reasons 
(fifth degree dissection). 

Most patients with first or second degree dissection of the autonomic pelvic 
nerves and a sphincter-saving procedure were able to void spontaneously by 
the twelfth postoperative day (80% and 100%, respectively). The rate of 
spontaneous voiding by the twelfth post-operative day after a sphincter-saving 
procedure decreased to 25% and 16%, respectively, after third or fourth degree 
dissection of the pelvic autonomic nerves. After an abdominal perineal re
section, no patient regained spontaneous voiding by the twelfth postoperative 
day, except 60% of patients who had complete preservation of the pelvic au
tonomic nerves (first degree dissection). Those patients who underwent a rad
ical pelvic dissection (fifth degree) had severe bladder dysfunction irrespective 
of whether the procedure was a sphincter-saving procedure or an abdomino
perineal resection. Twenty-one of 36 patients with fifth degree dissection had 
not recovered bladder sensation by the 60th postoperative day and 28 (78%) 
were discharged with an indwelling bladder catheter. All but nine patients 
ultimately recovered the ability to spontaneously void. One patient had to 
catheterize himself for more than 2 years before recovering the ability to 
spontaneous voiding. 

Preoperative and postoperative assessment of bladder function can be ob
tained with a cystometrogram. During the filling phase of this test, bladder 
sensation, compliance and capacity can be measured; during the voiding phase, 
urine flow and intravescical pressure can be recorded. Injury to the para
sympathetic nerves causes varying degrees of atonic, neurogenic bladder, 
which can be quantitated with a cystometrogram. 
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Sexual Function 

The sympathetic nerves are responsible for contraction of the bladder neck 
during orgasm and prograde ejaculation in the male and for adequate lu
brication of the vagina in the female. Penile erection is achieved by para
sympathetic stimulation through S2-S4. As a consequence, injury to the 
sympathetic nerves is responsible for retrograde ejaculation in the male and 
diminished vaginal lubrication in the female; injury to the parasympathetic 
nerves is responsible for impotence in the male patient. The incidence of 
impotence reported in the literature after a proctectomy is 3.4% for in
flammatory bowel disease and 48.6% for cancer [2]. 

Cavaliere [1], reporting on the sexual function of 302 patients who had 
undergone a LAR for cancer, found that 60% of male patients were now suf
fering from retrograde ejaculation. Of 40 patients studied by Williams and 
Johnston [11], 28 patients had an active sexual life before sphincter-saving 
procedures and 30% reported impaired function after the procedure. Four 
complained of total erectile impotence and one had difficulty maintaining an 
erection. Of the 11 men who were still sexually active, two complained of 
difficulty in ejaculation. However, of the 20 patients who had been sexually 
active before abdominoperineal resection l3 patients were inactive afterwards. 
Eight of the men (47%) had complete impotence and three had difficulty 
maintaining an erection. Of the five men who reported sexual activity, two were 
not able to ejaculate. Thus 67% developed some degree of sexual impairment 
following abdominoperineal resection. 

Enker [2] examined the combined roles of autonomic nerve-preserving 
sidewall dissection (ANP/SWD) in the cure, local control, and in the pres
ervation of sexual potency. The procedure was characterized by truncal nerve 
preservation within the posterior pelvic compartment with deliberate sacrifice 
of the inferior hypogastric plexus. Assessment of sexual function was evaluated 
with respect to the patient's ability to achieve spontaneous erection. Post
operative potency was defined as the ability to achieve a spontaneous erection, 
to avoid unassisted penetration, and to sustain the erection for the duration of 
sexual intercourse. Thirty-three (86.7%) of 38 evaluable patients remained 
potent. Twenty-eight patients (84.8%) retained an erectile capacity of 75%-
100%, while five patients (15.2%) retained 50%-75% of their preoperative 
erectile capacity. All remained capable of unassisted penetration. Five patients 
became impotent. Twenty-nine patients (87.9%) who remained potent retained 
normal ejaculations. Five patients had either diminished or absent ejaculation 
and no patient complained of pain. Two patients complained of decreased 
sensation soon after surgery, but this symptom disappeared over time. 

The only factor which appeared to be significantly correlated with the 
postoperative sexual outcome of these patients was age at the time of surgery. 
The mean age of the patients who remained potent was 54.3 years, the mean 
age of the patients who became impotent was 64 years. Of 24 patients younger 
than 60, 23 (95.8%) remained potent; of 12 patients aged 60 through 69 years, 
nine (75%) remained potent; and of two patients 70 years or older, one (50%) 
remained potent. 
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In Hojo's series, evaluation of postoperative sexual function demonstrated 
12 of 39 (31%) of male patients under 60 years of age eventually recovered 
erectile function. Preservation of erectile function postoperatively was directly 
correlated to the degree of preservation of the autonomic pelvic nerves: fol
lowing a first, second, third, fourth, or fifth degree of nerve preservation the 
rate of preservation of erectile function was 80%, 100%, 25%, 16%, and 0%, 
respectively. However, only 6/39 (l5%) had normal ejaculatory function after 
the first postoperative year and most of these patients were in the first degree of 
nerve dissection. 

Following proctectomy for malignant disease, decrease in vaginal lubrica
tion and dyspareunia are the major alterations in female sexual function. When 
the posterior wall of the vagina is resected because of tumor involvement, a 
decrease in size of the vaginal canal may interfere with sexual intercourse 
unless the vaginal canal is reconstructed with a vascularized myocutaneous flap 
at the time of the abdominoperineal resection. 

Measurement of penile tumescence is a reliable method to assess male po
tency. The test is obtained with a portable device which measures penile cir
cumference and radial rigidity. Spontaneous nocturnal erections or erections 
following visual stimulation can therefore be recorded and graded. The test is 
not invasive and the assessment of radial rigidity gives an indirect measure
ment of axial rigidity and, in turn, of the degree of the erection. To date, there 
are no tests to assess the ejaculatory function in the male patient and the sexual 
function in the female patients. 

Prospective Assessment of Postoperative Anorectal Function 

At the University of Chicago, we have developed a protocol in an effort to 
systematically collect data on anorectal, sexual, and urinary function that are 
accurate and free from recollection bias of the patient and subjective bias of the 
surgeon. The protocol is composed of questionnaires (Appendix I - II) and of a 
daily diary (Fig. 1). 

The questionnaire is aimed at assessing the use of pharmacological aids and 
diet restrictions to reduce bowel movement frequency, use of enemas to stim
ulate bowel movements, degree of continence (ability to distinguish flatus from 
stool and to defer a bowel movement, use of protective pads) and incidence of 
sexual and urinary complications. The questionnaire also tries to obtain a 
subjective assessment of the patient's quality of life. 

The daily diary is aimed at measuring the timing and consistency of bowel 
movements, as well as the occurrence, timing, and degree of incontinence. It 
consists of seven sheets to record oral intake, sleep pattern, bowel activity, and 
continence daily over one week (Fig. la). A 24-h clock allows patients to record 
the time of each bowel movement and episode of incontinence. Following a 
detailed legend, patients are able to chart the consistency of each bowel 
movement and grade the severity of eventual episodes of fecal incontinence 
(Fig. Ib). 
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PART II. ASSESSMENT OF BOWEL HABITS 

Please indicate timing of your main meals and describe what you ate. 

Date: ___ , ___ , __ _ 

Breakfast: _____ a.m. 

Lunch: _____ a.m.lp.m. 

Dinner ______ p.m. 

Please indicate the time you went to sleep last night ______ _ 
the time you woke up this morning ______ _ 

Using the clock and the symbols in the legend, indicate today's bowel movements and episodes of 
leakage. 

Legend: 
B = bowel movement indicate also stool consistency: srfonned; Bp=pasty; BI=liquid 

S = Leakage of stool Indicate also seepage entity: Sm=minor seepage requiring cleaning with a 

a 

tissue or towel; Sx=major seepage, loss of stool b 

Fig. la,b. Representation of the protocol mailed to patients at 3, 6, 9, 12, 18, 24 months and 
yearly thereafter. a Assessment of the patient's diet and sleep pattern. b Assessment of the 
daily bowel movements 
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The protocol is mailed to our patients preoperatively at 3, 6, 9, 12, 18, 24 
months and yearly after a coloanal procedure or after closure of the temporary 
stoma. Two to three weeks after receiving the protocol, patients come to our 
outpatient clinic where the protocol is evaluated. Answers that appear to be 
unclear or inconsistent with previous answers are clarified; bowel activity and 
episodes of incontinence are averaged over 7 days and expressed with daytime, 
night-time, and 24-h mean values. Diet and medications are reviewed, and 
suggestions are made to improve functional results. A complete physical ex
amination is performed with particular attention given to a digital examination 
aimed at assessing the status of the coloanal anastomosis and anal canal and 
sphincter mechanism. This is complemented by a proctosigmoidoscopy or 
flexible sigmoidoscopy if necessary. 

We believe that the protocol avoids physician subjectivity and minimizes 
patient inaccuracies when evaluating functional outcome. Other methods that 
rely on physician questioning to gather functional data have several drawbacks. 
First, frequency and incontinence may vary daily. Asking the patient about 
bowel function during a physician visit may result in the patient remembering 
only the most recent frequency or the worse or the best day, which may not be 
an accurate reflection of average function. In addition, when asked by their 
surgeon, patients may want to please the surgeon and be hesitant to be com
pletely honest in discussing problems that resulted as a consequence of the 
surgical procedure. 

In conclusion, we believe that this patient-completed protocol is a useful 
adjunct in the assessment of the functional results in patients after proctec
tomy. We believe that emphasis on obtaining accurate and reproducible 
functional assessments after surgery is important for several reasons. First, 
when counseling patients about their therapeautic options, it is important to 
present realistic expectations about their functional outcomes. Second, as 
surgeons, we need a reliable database on which to compare procedures to 
identify the optimal approach for an individual patient. Third, we need to be 
able to appreciate subtle differences in functional outcomes as we change the 
technical aspects of the procedure and try to improve its functional results. 
Finally, being able to correlate modifications of the procedure and functional 
outcome enhances our ability to understand the physiology of continence, 
bladder and sexual function. 

Appendix I: Rectal Cancer - Preoperative Questionnaire 

Part I. Assessment of Performance Status 

A. Anorectal Function 

Please answer the following questions as to give us an idea of your baseline 
bowel habits. If your bowel habits have changed recently because of the rectal 
cancer, try to remember how your bowel habits were before they changed. If 
they have not changed, record your bowel habits as they are now: 
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1. Have your bowel habits changed because of the rectal cancer? 
[]No[]Yes 
If yes, how? 
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2. Are you able to differentiate between stool and gas and pass gas without 
losing stool? 

[ ] Always (everytime) 
[ ] Often (more than half the time) 
[ ] Sometimes (less than half the time) 
[ ] Never 
[ ] Have never tried 

3. Do you have pain during a bowel movement? 
[ ] None 
[ ] Occasionally (less than once a month) 
[ ] Sometimes (more than once a month) 
[ ] Often (more than once a week) 

4. Do you wear a protective pad during the day? 
[ ] Yes [ ] No 

5. Do you wear a protective pad during the night? 
[]Yes[]No 

6. Do you use a protective pad because of: 
Urine incontinence [ ] Yes [ ] No 
Stool incontinence [ ] Yes [ ] No 
Both [ ] Yes [ ] No 

7. Do you alter the times that you eat in order to control your bowel pattern? 
[]Yes[]No 
If "yes" describe 

8. How many times do you have to go to the bathroom before you feel as 
though you're fully evacuated? 

[ ] 1 
[ ] 2-3 
[ ] 4-5 
[ ] 6-8 
[ ] >8 

9. Does this happen 
[ ] Always (every day) 
[ ] Often (at least 1Iwk) 
[ ] Sometimes (at least 1Imonth) 
[ ] Never 

10. Do you have rectal itching? 
[ ] None 
[ ] Occasionally (less than once a month) 
[ ] Sometimes (more than once a month) 
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[ 1 Often (more than once a week) 

11. Do you have rectal bleeding? 
[ 1 None 
[ 1 Occasionally (less than once a month) 
[ 1 Sometimes (more than once a month) 
[ 1 Often (more than once a week) 
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12. Do you use Metamucil or other "fiber" preparations? 
[ 1 Always [ 1 Often [ 1 Sometimes [ 1 Never 
If "Always", "Often" or "Sometimes" specify how often and how much 
each day: 

13. Do you give yourself enemas to have a bowel movement? 
[ 1 Always (every day) 
[ 1 Often (at least 1Iwk) 
[ 1 Sometimes (at least 1Imonth) 
[ 1 Never 

14. Do you give yourself suppositories to have a bowel movement? 
[ 1 Always (every day) 
[ 1 Often (at least 1Iwk) 
[ 1 Sometimes (at least I/month) 
[ 1 Never 

15. Do you alter the times that you eat in order to control your bowel pattern? 
[ 1 Yes [ 1 No 
If "yes" describe 

16. Are you able to delay a bowel movement? 
[ 1 Always [ 1 Often [ 1 Sometimes [ 1 Never 
If "Always", "Often" or "Sometimes" for how long can you delay it? 

B. Sexual Function 

For male patients 

1. Are you capable of spontaneous erections? 
[lNo[lYes 

2. Do you need assistance during penetration into the vagina? 
[ 1 No [ 1 Yes 

3. During orgasm, does sperm come out of the penis or is it dry? 
[ 1 Sperm [ 1 Dry 

Use the following for the next three questions: 

nla Not applicable during past 3 months 
o No reaction 
2 Barely noticeable enlargement 
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4 Slight elevation from body 
6 Moderate elevation from body, not enough for penetration 
8 Full but not firm erection; enough for penetration with help 

10 Full, firm erection 
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4. How full and firm are your erections during night time or early morning? 
nla 1 2 3 4 5 6 7 8 9 10 

5. How full and firm are your erections during attempts at penetration? 
nla 1 2 3 4 5 6 7 8 9 10 

6. How full and firm are your erections during intercourse? 
nla 1 2 3 4 5 6 7 8 9 10 

7. How often do you have difficulty getting an erection with a partner? 
[ 1 Never 
[ 1 Rarely, less than 10% of the time 
[ 1 Seldom, less than 25% of the time 
[ 1 Sometimes, about 50% of the time 
[ 1 Usually, about 75% of the time 
[ 1 Nearly always, over 90% of the time 
[ 1 Not applicable, no sex in the past 3 months 

8. Do you reach orgasm through sexual intercourse? 
[ 1 Never 
[ 1 Rarely, less than 10% of the time 
[ 1 Seldom, less than 25% of the time 
[ 1 Sometimes, about 50% of the time 
[ 1 Usually, about 75% of the time 
[ 1 Nearly always, over 90% of the time 
[ 1 Not applicable, no sex in the past 3 months 

For female patients 

1. Does your vagina usually feel 
[ 1 Nicely lubricated 
[ 1 Dry 
[ 1 With increased secretion 

2. How often do you experience pain during sex? 
[ 1 Never 
[ 1 Rarely, less than 10% of the time 
[ 1 Seldom, less than 25% of the time 
[ 1 Sometimes, about 50% of the time 
[ ] Usually, about 75% of the time 
[ 1 Nearly always, over 90% of the time 
[ 1 Not applicable, no sex in the past 3 months 

3. How often do you achieve orgasm (climax) during sex with a partner? 
[ 1 Never 
[ 1 Rarely, less than 10% of the time 
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[ 1 Seldom, less than 25% of the time 
[ 1 Sometimes, about 50% of the time 
[ 1 Usually, about 75% of the time 
[ 1 Nearly always, over 90% of the time 
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[ 1 Not applicable, no sex in the past 3 months 

C Urinary Function 

l. Do you lose urine, do you dribble, are you incontinent of urine? 
[ 1 Never 
[ 1 Rarely, less than 10% of the time 
[ 1 Seldom, less than 25% of the time 
[ 1 Sometimes, about 50% of the time 
[ 1 Usually, about 75% of the time 
[ 1 Nearly always, over 90% of the time 

2. Do you get up during the night and go to the bathroom to void? 
[ 1 No [ 1 Yes 

3. If yes, how many times? 
I, 2, 3, 4, >5 

Appendix II: Rectal Cancer - Post-Operative Questionnaire 

Part I. Assessment of Performance Status 

A. Anorectal Function 

1. How many months since your ostomy closure? 

2. Are you able to delay a bowel movement? 
[ 1 Always [ 1 Often [ 1 Sometimes [ 1 Never 
If "Always", "Often" or "Sometimes" for how long can you delay it? 

3. Do you alter the times that you eat in order to control your bowel pattern? 
[ 1 Yes [ 1 No 
If "Yes" describe 

4. Are you able to differentiate between flatus and gas and pass gas without 
losing stool? 

[ 1 Always [ 1 Never 
[ 1 Often [ 1 Have not tried 
[ 1 Sometimes 

5. How many times do you have to go to the bathroom before you feel as 
though you're fully evacuated? 

[ 1 1-3 
[ 1 4-5 
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[ 1 6-8 
[ 1 >8 

6. Does it ever happen that you do not feel fully evacuated? 
[ 1 Always 
[ 1 Often 
[ 1 Sometimes 
[ 1 Never 

7. Do you have pain during a bowel movement? 
[ 1 None 
[ 1 Occasionally (less than once a month) 
[ 1 Sometimes (more than once a month) 
[ 1 Often (more than once a week) 

8. Do you wear a protective pad during the day? 
[ 1 Yes [ 1 No 

9. Do you wear a protective pad at night? 
[ 1 Yes [ 1 No 

10. Do you have rectal itching? 
[ 1 None 
[ 1 Occasionally (less than once a month) 
[ 1 Sometimes (more than once a month) 
[ 1 Often (more than once a week) 

11. Do you have rectal bleeding? 
[ 1 None 
[ 1 Occasionally (less than once a month) 
[ 1 Sometimes (more than once a month) 
[ 1 Often (more than once a week) 

12. Do you use Metamucil or other "fiber" preparations 
[ 1 Always [ 1 Often [ 1 Sometimes [ 1 Never 
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If "Always" "Often" or "Sometimes" specify how often and how much 
each day: 

13. Do you use any other medication to control your bowel movements? 
[ 1 Yes [ 1 No 
If "Yes" indicate one(s) and how much: 
[ 1 Imodium 
[ 1 Lomotil 
[ 1 Tincture of opium 
[ 1 Questran 
[ 1 Other 

14. Do you avoid certain foods for fear of watery or increased bowel move
ments? 

[ 1 Yes [ ] No 
If "Yes", describe 
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15. Do you have any irritation or rash on the skin around your anus? 
[ ] None 
[ ] Yes, rare (less than once a month) 
[ ] Yes, often (more than once a month) 
[ ] Yes, always (more than once a week) 
Does such irritation or rash require treatment, such as creams or oint
ments? 
[ ] Yes [ ] No 
If yes, specify 

16. Is it necessary for you to perform self digital dilation because of anasto
moses or stricture: 

[ ] Yes [ ] No 
If yes, signify how often 

17. Do you give yourself daily enemas to aid in evacuation? 
[]Yes[]No 

18. In comparing now to before the first operation please check the following 
as it applies: 

Increased 
Reduced 
Unchanged 

Social activity/recreation 
[][][] 
Physical activity/sports 
[][][] 
Travel 
[][][] 
Work/school 
[][][] 
Sleep/rest 
[][][] 
Family activities 
[][][] 
Community activities 
[ ] [ ] [ ] 
Household chores 
[][][] 
Sense of well-being 
[ ] [ ] [ ] 
Please explain: 

19. Do you think your quality of life compared to before the first operation is: 
[ ] Much worse [ ] Worse [ ] Same [ ] Better [ ] Much better 

20. Do you think that your quality oflife compared to when you had the stoma 
is: 

[ ] Much worse [ ] Worse [ ] Same [ ] Better [ ] Much better 
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21. What is your overall satisfaction with the operation? 
[ 1 Excellent [ 1 Good [ 1 Fair [ 1 Poor 
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22. What is your overall adjustment to the new life-style imposed by the op
eration? 

[ 1 Excellent [ 1 Good [ 1 Fair [ 1 Poor 

23. Finish this statement: When considering this surgery, I wish I would have 
known ...... . 

24. Would you recommend this operation to other patients? 
[ 1 Yes [ 1 No 
If no, specify why: 

Comments: 

B. Sexual Function 

Please answer if this is the first time you're completing the protocol or if you 
are having any problems during sexual intercourse: 

For female patients only: 

Compared to before surgery, is your desire for sexual intercourse: 
[ 1 Increased [ 1 Decreased [ 1 Same 

Do you have pain during sexual intercourse? 
[ 1 Yes [ 1 No 

Did you have pain during sexual intercourse before undergoing the co
loanal procedure? 

[ 1 Yes [ 1 No 

Did you reach orgasm? 
[lYes[lNo 

Did you reach orgasm before undergoing the coloanal procedure? 
[ 1 Yes [ 1 No 

For male patients only: 

Compared to before surgery, is your desire for sexual intercourse: 
[ 1 Increased [ 1 Decreased [ 1 Same 

Can you obtain an erection? 
[ 1 Yes [ 1 No 

If no, could you before surgery? 
[ 1 Yes [ 1 No 

Compared to before surgery, is the erection: 
[ 1 As strong [ 1 Weaker 
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Do you reach orgasm? 
[ 1 Yes [ 1 No 

During orgasm, does sperm come out of your penis or is it dry? 
[ 1 Sperm [ 1 Dry 

C. Urinary Function 

1. Do you lose urine, do you dribble, are you incontinent of urine? 
[ 1 Never 
[ 1 Rarely, less than 10% of the time 
[ 1 Seldom, less than 25% of the time 
[ 1 Sometimes, about 50% of the time 
[ 1 Usually, about 75% of the time 
[ 1 Nearly always, over 90% of the time 

2. Do you get up during the night and go to the bathroom to void? 
[ 1 No [ 1 Yes 

3. If yes, how many times? 
1,2,3,4, >5 
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Patients assume that there are no significant differences in the quality of 
surgery between comparable hospitals. If at all, they may accept some minor 
differences between individual surgeons with regard to postoperative compli
cations, but they will definitely not accept differences in long-term survival 
following surgery for cancer. 

However, in several institutions internal quality control (i.e., auditing) has 
revealed such differences do exist. Commonly, quality of surgery is a matter of 
insider information or of rumours, and opinions and discussions are fre
quently based more on personal "impression" than on scientific evidence. 

There are limited data analyzing the influence of surgeons on short- or long
term outcome after surgery for colorectal cancer. The first study on short-term 
outcome was published by Fielding and coworkers in 1978 [2]. They docu
mented significant variations in postoperative anastomotic leakage rate and 
mortality among 21 participating surgeons. 

In 1984, Phillips and associates [13] in a multicenter trial examined factors 
influencing locoregional recurrences after surgery for colorectal cancer. One of 
the statistically significant parameters was the surgeon. However, the status of 
the surgeon (consultant versus junior) was not important. Such difference 
remained even after stratification by sex and Dukes' classification. 

More recent studies addressing surgeon variability have been published by 
Kingston and associates [9], McArdle and coworkers [11] and M6hner and 
Slisow [12]. 

M6hner and Slisow [12] measured the influence of regional centralization on 
survival for rectal cancer patients. They estimated a "centralization index" that 
gave patient volume in an institution within a specific area relative to the 
overall number of radical resections of the area population. A low index in-
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dicated a small peripheral hospital, a high index a larger center. They con
cluded that larger centers had a significantly better survival. Hence they argued 
for centralization of cancer surgery. However, they did not analyze additional 
factors that might influence survival. 

McArdle and Hole [11] analyzed prospectively postoperative complications 
and long-term survival in patients undergoing surgery for colorectal cancer. 
The proportion of curative resections, rate of locoregional recurrence, and 
long-term survival varied between consultant surgeons. They identified the 
surgeon as an independent risk factor and argued that such operations should 
only be carried out by surgeons with a special interest in colorectal surgery or 
surgical oncology. 

In contrast, Kingston, Walsh and Jeacock [9] did not find differences in 
5-year survival between teaching or nonteaching hospitals in Manchester. 

In keeping with the limited information found in the literature, this topic of 
whether specialization or centralization improve results in certain fields of 
surgery is frequently discussed among professionals all over the world. On the 
basis of data available from a German multicenter study on treatment for 
colorectal cancer, the question raised above will be elucidated and discussed. 

German Study Group Colorectal Carcinoma 

The prospective multicenter German study was conducted between 1984 and 
1992 as a pattern of care study by the German Study Group Colorectal Car
cinoma (SGCRC) [4, 5, 10]. Seven German hospitals participated (five uni
versity, two municipal). The spectrum of surgical activities within these seven 
surgical departments varied to some extent. All participating surgeons prac
tised "general surgery" and all covered the entire field of gastrointestinal 
surgery, some having a particular interest in colorectal surgery. Nearly all were 
routinely involved in endocrine surgery, commonly that of the thyroid. Some 
practised vascular and/or thoracic surgery (cardiac surgery excluded) and very 
few were also engaged with orthopedic surgery, although to a limited extent. 

Before the study started, the standards of the operations to be performed 
were demonstrated by one of the study group chairmen. For rectal cancer 
surgery, the standard in our department is as follows: 

- Complete mobilization of the left colon to the middle part of transverse 
colon 

- Central ligation of the inferior mesenteric vein and artery 
- Preservation of the autonomic nerves 
- Margin of clearance of 5 em of the tubular rectum and the corresponding 

mesorectum for tumors of the upper third of rectum 
- Complete sharp mesorectal excision for tumors of the lower two third of 

rectum 

At that time major emphasis was put on the distal margin of clearance [6,7]. 
During the recruitment period, the use of circular stapler was gradually in-



The Effect of Specialization or Organization of Rectal Cancer Surgery 355 

troduced, and when the study was closed, 68% of all anastomoses were per
formed by stapling techniques [10]. If hand-sewn anastomosis was performed, 
most surgeons intentionally left some perirectal tissue at the distal stump of the 
rectum to secure blood supply to the rectum distally to the rectal transection 
line (Fig. I). With the introduction of circular staplers, however, the meso
rectum [3, Chap. 15] was removed completely as a "clean" distal rectum fa
cilitated application of the suture clamp. Thus when the study started, the 
mesorectum was removed primarily for technical reasons, thus adding more 
radicality as a consequence. The oncologic importance of complete mesorectal 
excision was not completely understood at that time. 

Patients and Methods 

In the SGCRC study, data were collected from 1101 unselected patients treated 
for invasive solitary rectal carcinoma between 1984 and 1986. The median age 
was 64.0 years, the sex ratio (males/females) was 919/482 (l.9:1). The resect
ability rate was 94.0% (l036/1101). A total of 87l patients underwent a re
section for cure (RO) (79.1 % of all patients or 84.1 % of patients with a resected 
tumor). 752 out of the RO patients (86.3%) were treated by surgery alone. The 
number of patients included from the seven participating departments were 
401, 311, 148, 77, 68, 63 and 33, respectively. 

The patients were followed up until death or for at least 5 years. At the 
termination of the study the vital status was unknown in 16 (l.5%), and the 
tumor status unknown in 22 patients (2%). Observed 5-year survival rates were 

Fig. 1. In previous years, part of 
the distal mesorectum was in
tentionally left behind to pre
serve blood supply to the rectal 
stump. The potential risk of re
currences from lymph node me
tastases and other tumor deposits 
left behind was not realized 
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calculated according to the Kaplan-Meier method with death from any cause 
as event. For multivariate analyses of the data, logistic regression techniques 
were used. For further details on patients and methods, see [10, 5,4]. 

Interinstitutional Variability 

All Patients 

Table 1 shows the 5-year survival rates for all 1101 patients as well as for 
patients with tumor resection classified according to the VICC R classification 
[14]. The observed overallS-year survival rate was 45.3 % but varied between 
institutions from 30% to 50%. Similar interinstitutional variations could also 
be observed for patients according to tumor resection group (any R, 31 %-53%; 
RO, 37%-64%; and R 112, 0%-13%. 

Patients with RO Resection 

For more specific analyses of prognostic factors after RO resection, a homo
genous group of patients was selected by excluding patients with any of the 
following features (some patients fulfilled more than one exclusion criterion): 

- Carcinoma in familial adenomatous polyposis (one patient) 
- Carcinoma in ulcerative colitis (three patients) 
- Treatment by procedures other than anterior resection and abdominoper-

ineal excision (68 patients) 
- Distant metastases (22 patients) 
- Postoperative death (25 patients) 
- Local tumor status not specified (15 patients) 

Table 1. Observed 5-year survival rates in all patients with solitary rectal carcinoma 

Patient groups No. of patients 5-year survival rates (%) 

Total" Individual departmentsb 

Total 1101 45.3 50-46-46-45-44-36-30-36-30 
(42.2-48.4) 

Tumor resection 
any R 1036 48.0 53-51-49-48-37-31 

(44.8-51.2) 
RO 871 55.3 64-58-54-54-53-44-37 

(5l.8-58.8) 
R1,2 165 9.8 13-10-9-0-0 

(4.8-14.8) 

"With 95% confidence interval in parentheses. 
bOnly figures for departments with more than ten patients in the respective patient group. 
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This left 744 patients for analysis. Table 2 shows the observed 5-year sur
vival rate in relation to tumor stage. Considerable interinstitutional variations 
could be observed in all stages: stage I, 75%-91 %; stage II, 44%-79%; and stage 
III, 10%-57%. The variability was more pronounced with more advanced 
stages. Locoregional recurrence was observed in 161 (21.6%) of the 744 pa
tients (Table 3). Again a considerable interinstitutional variability was noted 
especially in stage III tumors: stage I, 3%-14%; stage II, 9%-42%; and stage III, 
14%-55%. In a multivariate analysis (Table 4) locoregional recurrence was the 
most important factor influencing survival. Stage, grade, intraoperative tumor 
spillage, and department also had a significant impact on survival. 

Intersurgeon Variability 

To analyze intersurgeon variability data from three departments out of the 
seven, more than 100 patients were analyzed. A subgroup of 603 patients was 
selected to enable homogeneity, and the selection criteria were: 

- No distant metastasis (MO) 
- Treatment by anterior resection (418 patients; 69.3%) or abdominoperineal 

excision (185 patients; 30.7%) 
- No residual tumor (RO) 

Nine patients were excluded (three with multiple synchronous colorectal 
carcinoma, six dying postoperatively). The remaining 594 patients, corre
sponding to 67% of all 887 RO patients, were operated on by 43 surgeons, 14 of 
whom performed more than 15 operations each during the recruitment period 
(16, 16, 19, 19,20,22,23,23,24,27,38,45,51, 111 respectively). Twenty-nine 
other surgeons had done fewer (under 15) operations and were categorized as 
surgeons with low volume. The frequency of locoregional recurrence for each 

Table 2. Observed 5-year survival for patients with rectal carcinoma without distant 
metastases and resected for cure (MO, RO) related to tumor stage (UICC staging system) [14] 

Tumor stage No. of patients 5-Year survival rates (%) 

Total' Individual departmentsb 

Stage I 193 78.7 91-79-77-76-75 
(72.6-84.8) 

Stage II 234 64.1 79-58-55-44 
(57.6-70.6) 

Stage III 317 40.9 57-54-50-46-44-31-10 
(35.3-46.5) 

Total 744 58.3 69-61-61-54-54-45-45 
(54.6-62.0 ) 

'With 95% confidence interval in parentheses. 
bOnly figures for departments with more than ten patients in the respective groups. 
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Table 3. Rectal carcinoma: frequency of locoregional recurrence after resection for cure (MO, 
RO) related to tumor stage (UICC staging system) [14] 

Tumor stage Total Frequency of locoregional recurrence (%): 
n % figures for the individual departments' 

Stage I 18/193 9.3 3-8-9-12-14 
Stage II 41/234 17.9 9-14-19-33-42 
Stage III 1011317 31.9 14-14-31-38-42-44-55 
Total 161/744 21.6 10-15-20-22-25-31-37 

'Only figures for departments with more than ten patients in the respective patient group. 

of the 14 surgeons ranged from 4% to 54%, with a mean for all of 19.7% (117/ 
594). 

There were also striking differences between departments. In two (Depart
ments A and B) the frequency of locoregional recurrence was about the same 
for each surgeon (Fig. 2). In the third department (Department C) the loco
regional recurrence rate showed a significant variability between surgeons. 

In a multivariate analysis (Table 5) it was found that the frequency of 10-
coregional recurrence (Fig. 2) was determined not only by tumor-related fac
tors but also by department and individual surgeon. The low frequency of 
loco regional recurrence experienced by some surgeons cannot be explained by 
a different stage distribution, because the proportion of stage III cases for these 
surgeons was nearly identical to the respective figure for the other surgeons 
(45% versus 42%). 

Table 4. Analysis of independent prognostic factors after curative resection (MO, RO) for 
solitary rectal carcinoma (logistic regression analysis) 

Variable Odds ratio 95% Confidence interval p value 

Locoregional recurrence 
No 1.00 
Yes 12.09 7.17-20.38 0.0001 

Stage 
III 1.00 
II 0.47 0.31-0.71 0.0003 
I 0.25 0.16-0.41 0.0001 

Histological 
Low grade 1.00 
High grade 2.19 1.40-3.43 0.0006 

Intraoperative tumor spillage 
No 1.00 
Yes 2.16 1.24-3.78 0.0069 

Department 
B-G 1.00 
A 0.61 0.40-0.92 0.0182 

Study end-point was observed 5-year survival. 
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Fig. 2. Locoregional recurrence rate in relation to departments and surgeons. Circles indicate 
the recurrence rate for surgeons who performed more than 15 operations. The rectangle shows 
the results in the group of surgeons with low number of operations (15 or less operations) 

Table 5. Factors influencing locoregional recurrence after resection for cure (RO): results of 
multiple logistic regression analysis (n=594) 

Variable Odds ratio 95% Confidence interval p value 

Stage (TNM) 
I 0.47 0.23-0.98 0.0452 
II 1.00 
III 2.83 1.68-4.79 0.0001 

Tumour site 
Upper third 0.43 0.24-0.77 0.0043 
Middle!1ower 
Third 1.00 

Local spillage of tumour cells 
No 0.28 0.15-0.52 0.0001 
Yes 1.00 

Department 
A 0.31 0.18-0.54 0.0001 
B,C 1.00 

Surgeon 
1, 3-14 1.00 
LFa 1.71 1.02-2.86 0.0433 
2 4.32 1.69-11.97 0.0023 

The grade of differentiation was not significant. Surgical procedure was low anterior resection 
versus abdominoperineal resection. 
aLF, low frequency: group of 29 surgeons with low volume of operations (15 or less). 

Figure 3 gives the correlation between the loco regional recurrence rates and 
5-year survival. The Spearman rank-correlation analysis gave a highly statis
tical significance with rs=0.733 (p < 0.005). This indicates that surgeons with 
low recurrence rates have high survival rates and vice versa. This finding 
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Fig. 3. Correlation between locoregional recurrence rate and observed 5-year survival. Circles 
indicate the recurrence rate for surgeons who performed more than 15 operations. The 
rectangle shows the results in the group of surgeons with low number of operations (15 or less 
operations) 

explains the wide inters urge on variability with respect to 5-year survival rates 
(Fig. 4). 

General Comments 

The data presented here demonstrate the influence of institutions and in
dividual surgeons within these departments on long-term results after radical 
operation for rectal cancer. In univariate analysis, the observed 5-year survival 
rate within the institutions differed significantly. The differences were more 
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Fig. 4. Observed 5-year survival rates related to individual surgeons. Circles indicate the 
recurrence rate for surgeons who performed more than 15 operations. The rectangle shows the 
results in the group of surgeons with low number of operations (15 or less operations) 
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pronounced with more advanced stages of the tumor. Long-term survival 
correlated significantly with the rate of locoregional recurrence. 

Locoregional recurrence seems to be the most important problem following 
rectal cancer surgery, as its occurrence is the key factor determining success or 
failure, particularly with regard to long-term survival. In univariate analysis, 
the rate of locoregional recurrence varied significantly between the partici
pating centers, and these differences were more pronounced in stage III than in 
stage II tumors. For patients who developed a loco regional recurrence during 
follow-up, the institution was the most important prognostic factor. 

Years ago, Hohenberger and Hermanek [6] pointed out and stressed the 
influence of locoregional recurrence on final outcome. In RO resection and 
irrespective of any other parameter, the 5-year survival for patients who did 
not develop locoregional recurrence was 85%±5%. In patients with recurrence, 
survival was markedly reduced to 23%±1O%. 

The present study confirmed the correlation between locoregional recurrence 
and survival, and documented the influence of individual surgeons on loco
regional recurrence. In Department A, all surgeons had a rate of locoregional 
recurrences ofless than 18%. Even the less experienced surgeons (fewer than 15 
operations performed) were within this range. In Department B, the results were 
also at an acceptable level (17%-23%). In Department C, however, there was a 
remarkable difference between individual surgeons, ranging from 8% to 55%. In 
multivariate analysis of 5-year survival rates, the most detrimental prognostic 
factor was the presence of loco regional recurrence. 

These findings give substantial support to the notion that the differences 
within the participating centers and individual surgeons do result from dif
fering surgical techniques and standards. What seem to be the critical steps in 
rectal cancer surgery, especially in patients with cancer of the middle and lower 
rectum, that may influence successful surgery? 

1. Heald [3] focused on the interest and expertise of surgeons on total me
sorectal excision (TME) without damaging the "holy plane". The excision 
must be performed by sharp dissection, to avoid tears in the dissection line. 
There is no place for blunt pelvic dissection for rectal cancer [1]. 

2. Avoidance of tears of the specimen, especially in tumors invading the 
peritoneal reflection anteriorly is critical, as is avoidance of incisions of 
tumors at any site, even in men with a narrow pelvis and large tumor. 

3. Another critical point is the decision between sphincter preservation or 
excision for small tumors in the lower third of the rectum. A detailed pre
operative evaluation, including endosonography, is important to select the 
best procedure at an early stage of the operation. 

4. En bloc excision including organs that are attached to the tumor is im
portant. These attachments may be due to adhesions from inflammation, 
but also to true tumor invasion. If the surgeon in the evaluation tries to 
separate the layers, almost none of these patients will survive, even if the 
pathologist confirms true tumor invasion and the surgeon includes all or
gans involved in a second step, finally achieving a RO resection [8]. 
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5. Furthermore, a distant margin of clearance is essential. From earlier studies, 
we conclude that for tumors of the upper rectal third, TME is not necessary. 
However, a resection margin of 5 cm of the mesorectum measured on the 
fresh un stretched specimen is required, and it has to include not only the 
intestinal wall but also the mesorectum without coning. For tumors of the 
middle and lower third treated with TME, a distal margin of 1 cm may be 
sufficient, at least for low-grade carcinomas. 

The prevention of locoregional recurrence will evidently increase long-term 
survival for patients with rectal cancer. The question is whether only highly 
specialized surgeons are able to achieve such a high standard of low recurrence 
rates. Furthermore, is centralization the solution or what is the influence of 
organization and quality management? 

Almost none of the surgeons involved in this study practiced colorectal 
surgery exclusively. All of them were "general surgeons", mainly involved in 
gastrointestinal surgery and with a special interest in colorectal surgery. On the 
other hand, all participating departments are referral centers. Furthermore, 
color ectal cancer is the most frequently resected tumor in all major surgical 
departments in Germany. So, centralization and specialization may certainly to 
some extent positively influence the quality following surgery for rectal car
CInoma. 

Centralization is commonly associated with better quality. We know, how
ever, that there are some surgeons, who are able to maintain a high standard 
even if they move to peripheral institutions with a lower patient volume. It is 
obvious that such surgeons need an ongoing surgical practice with a specific 
procedure. The amount of practice needed differs among surgeons. This study 
reveals that even in large surgical centers there are experienced surgeons who 
do not reach the level of others. So, centralization per se does not guarantee 
high quality. 

In this context, the influence of experience has to be discussed. Surgeons 
with an outstanding experience in a specific field may achieve the best results. 
But even young, less experienced surgeons are able to perform operations to a 
set standard early in their career. The fact that even young surgeons in training 
can achieve high-quality results and that in a single department the "quality 
figures" of all surgeons working there may be close, immediately directs our 
attention to the possible influence of organization. 

Modern terms, commonly encountered in such discussions are "quality 
control" and "quality management". An integrated part of such mechanisms is 
to define a standard. Frequently one will hear surgeons claim that they perform 
the identical procedure although results vary. However, if one looks behind 
such statements and into an operating theater, one may eventually realise that 
differences exist, i.e., between the arguments used and technical steps of spe
cific procedures. This may not only be true for comparison between different 
institutions, but also between surgeons within a department. Only by ensuring 
quality control and the transformation of a set standard to the procedure 
actually performed will the set standard be reached. An important control 
mechanism is the work performed by the pathologists in examining the spec-
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imen, inspecting the resection lines carefully, reporting on the margin of 
clearance, and controlling the completeness of the mesorectal excision. An
other measure of quality is the number of lymph nodes removed. 

Within a department, there must be a named person responsible for au
diting the surgical standard. Both the surgeon and the pathologist must 
document all relevant data including complications and analysis of long-term 
results. 

In summary, specialization, centralization, and personal experience influ
ence the quality of rectal cancer surgery. More important seem to be organi
zation, quality management, and the surgeon's interest. 
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Introduction 

Two important factors must be considered when the relationship between 
treatment volume and results is discussed in rectal cancer surgery; the volume 
required during the training period to attain the appropriate technical skill, 
and the volume needed to maintain and also improve the technical ability. 

During the training period when the young surgeons start to experience the 
difficulty of rectal cancer surgery, it is important that they have the opportu
nity to see numerous procedures. Therefore training should be at a centre 
where rectal cancer surgery is commonly undertaken, and where more than 
one experienced surgeon can assist regularly. 

Secondly, when the surgeon has the technical ability and knows how to 
operate and starts to perform the procedure as the principal operator the main 
question arises about volume. How many procedures should be done yearly to 
assure that quality is maintained, and what numbers give the opportunity for 
further training with a realistic chance of improving surgery? Such questions 
are difficult to answer. I will argue that the whole team has to be well-trained in 
order to achieve exellent results. 

The wide difference in postoperative mortality and local recurrence rates 
noticed in the literature indicates that training is important. Does this imply 
that treatment volume must be high? Other related questions can be raised 
such as: Is low volume equivalent to a small hospital? Does low volume imply 
inferior organization? Or is the difference a matter of inherently "bad" or 
"good" surgeons or perhaps badly or well-trained surgeons? This review will 
discuss the relationship between treatment volume and results, i.e. post
operative mortality and morbidity, long-term survival and local recurrence rate 
after potentially curative rectal cancer surgery. 
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Postoperative Mortality 

In a study from the Royal Infirmary, Glasgow, comprising 645 sequentially 
operated patients with colorectal cancer during 1974-1979, the overall post
operative mortality rate after surgery for colorectal cancer differed from 8%-
30% when the results from 13 consultant surgeons were compared [9]. Among 
patients operated on for cure, the corresponding difference in postoperative 
mortality between the "best" and the "worst" results was 0%-20%. 

Interpretation of such data is difficult as patient selection can differ enor
mously. Some surgeons may have operated on more emergency cases or 
patients with a more advanced Dukes' stage. The degree of tumour differ
entiation may differ, and patients are not equal with respect to concomitant 
diseases. A multivariate analysis with postoperative mortality as the dependent 
variable was undertaken in order to elucidate the effect of age, emergency 
surgery, cardiac or respiratory diseases, local spread, Dukes' stage and degree 
of differentiation. The adjusted relative hazard ratio which express the varia
tion between surgeons varied from 0.56-2.03. Importantly and, as illustrated in 
Fig. 1, there is no data indicating that surgeons with a high case load during the 
study period had better outcome, i.e. postoperative mortality, than surgeons 
who had operated on fewer patients. Thus the hypothesis that volume is im
portant was refuted. 

Similar figures have been found in a Swedish county when postoperative 
mortality was studied in three different hospitals of varying size and with a 
different infrastructure [6]. In a district general hospital, the postoperative 
mortality for rectal cancer was 3%. In one of the small community hospitals 
mortality was 0% compared with 13% in the other small community hospital. 
The number of patients operated on in the period 1989-1990 was 33, 29, and 24 
patients, respectively. 
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Fig. 1. The adjusted relative hazard ratio according to the number of operations performed 
(data from McArdle and Hole [9]) 
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These data suggest that a good organisation with well-trained colorectal 
surgeons can reduce postoperative mortality as demonstrated for the district 
general hospital. At the community hospital with the highest mortality (13%) 
rectal cancer surgery was performed by nearly all consultants, irrespective of 
training and interest. It is interesting that the last group of surgeons have 
decided on the basis of this study to reorganize rectal cancer surgery so that 
only one or two consultants will be responsible for the treatment of rectal 
cancer. 

In the Swedish Rectal Cancer Trial, where almost 1200 patients were re
cruited during 1987-1990, the postoperative mortality ranged from 0%-25% 
among participating hospitals [14]. In this trial, preoperative radiotherapy was 
tested against surgery alone in a randomized fasion. There was no indication 
that radiotherapy had any impact on postoperative mortality. However, a 
tendency was observed to the effect that there was a higher mortality rate in 
hospitals which performed only few rectal resections during the study period 
(less than ten) than in those which operated on more rectal cancer patients. 

In rectal cancer surgery it is not only the operation and the surgeon that are 
crucial. Even the postoperative period is critical, and a well-organized team is 
important to ensure that patients with postoperative complications can be 
evaluated by experienced professionals, and action can be taken as soon as 
problems occur. 

In a part of the Uppsala region, all rectal cancer patients operated on with 
rectal resection (abdominoperineal resection or low anterior resection) during 
1987, were reviewed retrospectively [11]. A total of 21 procedures were per
formed at the university hospital, 43 at two different district general hospitals 
and 64 at eight different community hospitals. The postoperative mortality at 
the university hospital was 0%, at the district general hospitals 5%, and at the 
community hospitals 3%. Some of the community hospitals had high mortality 
rates, which again indicates that the entire treatment structure of patient care 
must be optimal. 

In an unpublished Scottish trial, the outcome after surgery for colorectal 
cancer was explored. A wide difference in postoperative mortality ranging from 
0% to 17% was noticed when the results from surgeons who all had done more 
than 20 procedures during the study period was compared [5]. 

Postoperative Morbidity 

In the Scottish trial from the Royal Infirmary in Glasgow, the frequency of 
wound sepsis varied from 6% to 35% among 13 surgeons [9]. The wound 
dehiscence rate varied from 0% to 11%. Moreover, the frequency of chest 
infections varied from 6% to 24% between surgeons, and the rate of intra
abdominal abcesses from 0% to 10%. These figures represent suggestive evi
dence that the surgeon is probably the most important factor in the treatment 
of patients with colorectal cancer. 

In the study from the Jonkoping county in Sweden, the frequency of wound 
infections noticed between the three different hospitals was 1%, 5% and 14% 
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respectively, and the rate of abdominal abscesses demonstrated at surgery 3%, 
6%, and 5% [6]. The number of anastomotic leaks was 0%, 2%, and 4% be
tween the hospitals, where the district general hospital had better results than 
two community hospitals. 

In the Uppsala region where the results after rectal cancer treatment in the 
university hospital were compared with those from two district general hos
pitals and eight community hospitals, the anastomotic leak rate in 1987 fol
lowing sphincter saving surgery was l3%, 17% and 15%, in the three hospital 
groups respectively [10]. Allthough the rates are identical, a significant dif
ference between the hospitals was noticed. At the university hospital total 
mesorectal excision (TME) with very low anastomosis was done routinely. This 
was not the case in the other hospitals, indicating that the leak rate in the 
smaller hospitals was rather high. A total of 89% of the patients at the uni
versity hospital underwent a sphincter-saving resection compared with 52% at 
the district general hospitals, and 42% at the community hospitals. Such figures 
illustrate the fact that although results appear identical, patient and treatment 
characteristics influence outcome. We also know from other studies that if very 
low anastomoses are performed, the leak rate will increase [7]. 

local Recurrence Rate 

There is evidence from the literature that a reduction in local recurrence rate 
will increase survival [8]. This has been nicely shown by Professor Hermanek 
in Erlangen where the results of rectal cancer surgery were compared among 
eight different surgeons in Germany (Chap. 26). Figure 2 summarizes their 
data and demonstrates the obvious correlation with an increasing survival rate 
if the rate of local recurrence decreases. 

Figures from the Royal Infirmary in Glasgow demonstrate a wide difference 
between surgeons with respect to local recurrence rate which varies from 0% to 
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Fig. 2. Relationship between survival and local recurrence rate after rectal cancer surgery. 
(Figure from Chap. 26) 
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21 % [9]. Similar differences were found in a later Scottish trial in which local 
recurrence rates ranged from 8% to 38% [5]. In the large bowel cancer project 
originating from St. Mary's Hospital, London, the local recurrence rate in 
patients undergoing curative surgery for a rectal cancer was compared among 
20 consultants who treated more than 30 patients during the study period 
(range 31-101 patients). Three surgeons reported less than 5% local re
currences, seven surgeons 5%-10%, three surgeons 10%-15%, six surgeons 
15%-20%, and one surgeon more than 20% local recurrences [13]. The 
variability among surgeons is apparently wide. In the latter series, as in most 
others, the interpretation of the data is that volume per se is of relatively 
limited importance while the outcome of surgery depends more on the quality 
of the surgeon. 

In the Swedish Rectal Cancer Trial, the local recurrence rate differed from 
less than 5% to more than 30% in the hospitals recruiting patients to the trial 
[15]. These figures have not been analysed with respect to surgeon volume. 
However, it was evident that the recurrence rate varied within the same range 
when failure rates from one university hospital were compared with those from 
other university hospitals. The same variation was also noticed between dif
ferent district general and community hospitals. This indicates that both the 
small and larger teaching hospitals showed similarly "good" or "bad" figures. 
If surgery is organized in an optimal way, the local recurrence rate is low if 
well-trained colorectal surgeons perform most rectal cancer operations, irre
spective of the size of the hospital. 

In the J onkoping county, the local recurrence rate at both the district general 
hospitals where two well-trained colorectal surgeons performed all rectal 
cancer operations was 6% compared with failure rates of 14% and 21 % at two 
community hospitals with less subspecialisation. In the community hospitals, 
rectal cancer surgery was performed by several surgeons not specifically 
trained in colorectal cancer surgery [6]. 

In the Uppsala region in 1987, the local recurrence rate at the university 
hospital was less than 5% compared with 17% at the district general hospitals, 
and 20% at the community hospitals [11]. The interesting finding in this ret
rospective study are the good results found at some community hospitals with 
less than 10% local recurrence rate. This suggests that good organization with 
well-trained and interested surgeons can improve results despite low volume. 

The results following rectal cancer surgery at the university hospital in 
Uppsala improved substantially after a reorganisation in the early 1980s. Before 
1980, all general surgeons operated on patients with rectal cancer. The local 
recurrence rate at that time was 50% [12]. At the beginning of the 1980s, rectal 
cancer surgery was concentrated to one unit with well-trained and interested 
surgeons, and at the same time the TME technique was also adopted. Since 
1985, the local recurrence rate has been less than 5% (L. Piihlman, unpublished 
data). 

Similar improvements in local recurrence rate have been noticed in other 
hospitals in Sweden where the TME technique was adopted. In Motala, a rel
atively small community hospital, the local recurrence rate since 1990 has been 
less than 5% (E. Nilsson, unpublished data) and in the Linkoping area, the local 
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recurrence rate was reduced from 18% in the mid 1980s to less than 5% after 
1990 [1]. 

The reduction in the local recurrence rate at the university hospital in 
Uppsala has also had an impact on survival. The overall national survival 
figures for patients with rectal cancer have been slightly improved during each 
successive 5-year period over the last 30 years in Sweden [3]. When different 
areas in Sweden are compared, the figures and trend are similar. However, 
from 1985-1990 the survival figures in Uppsala, an area where TME surgery 
was introduced early, the 5-year survival figures improved approximately 17% 
compared with the overall national figures of Sweden. This is highly suggestive 
of the notion that good surgical technique is of importance [2]. It must be 
added, however, that radiotherapy was used in Uppsala during the same pe
riod, which also might have an impact on survival. 

long-Term Survival 

As stated above the effects of local recurrence on survival are probably of 
significant importance. Data presented by Mr. R.J. Heald [4, 8] and Prof. 
Hohenbergen (Chap. 26) indicate that survival will improve iflocal recurrence 
rate decreases. In the Royal Infirmary, Glasgow, lO-year survival differed be
tween surgeons, ranging from 20% to 63% [9]. This is a further argument for 
the notion that good surgery most probably improves long time survival. The 
2-year survival in Ji:inki:iping county was 73% at a district general hospital 
compared with 67% and 58% at the two community hospitals [6]. The com
munity hospital reporting the highest local recurrence rate (21 %) had the worst 
survival figure (58%), a strong argument for emphasising the importance of a 
low local recurrence rate. 

Conclusion 

It is evident from the data presented in this review that surgery is less than 
optimal as performed by some surgeons or in some hospitals. It is, therefore, 
important to give surgeons the opportunity to undergo training and to adopt 
new and improved techniques. It is more difficult to find good arguments 
which support the hypothesis that treatment volume per se is an important 
factor. Rather, it appears that the relationship between treatment volume and 
results is more a consequence of bad organization or badly trained surgeons 
than volume itself. 

How often must an operation be done to maintain quality once you have 
learned the procedure? Such data are not easily found in the literature. Prob
ably it must be done so frequently that it is possible to evaluate morbidity and 
results yearly in terms of proportions, preferably also with fairly low con
fidence limits. However, in colorectal units where pelvic surgery for other 
indications than rectal cancer is common, the opportunity for training should 
be better. 
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We know the "best" results. It is important to reproduce them and to argue 
for a quality standard set by many surgeons worldwide [10]. The only way to 
reach such aims is to have a prospective registration and to introduce regular 
audit. 
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Surgery has been the standard primary treatment for rectal cancer, with overall 
survival rates below 50% after 5 years and with little improvement in recent 
years [9]. In these patients, peri-operative radiotherapy has been extensively 
investigated and used in order to decrease an often unacceptably high local 
recurrence rate. Since a local recurrence of a rectal carcinoma is often ex
tremely disabling, a gain in local pelvic control represents in itself an important 
achievement of an additional treatment, even if survival is not substantially 
improved. 

The rationale for combining surgery and radiation is that surgery removes 
the bulk of the tumour tissue, whereas radiotherapy kills peripheral tumour 
cells where they are few in a well-vascularized area. Surgery sometimes has to 
leave peripherally located tumour cells to preserve essential normal tissue. The 
major cause of pelvic failure is lateral spread of microscopic foci of tumour 
cells that are not removed at surgery [I, 31]. Surgical techniques aimed at 
removing this lateral spread have also resulted in apparently lower local re
currence rates [21, 27]. 

This chapter presents the collected experience from controlled clinical trials 
to date and discusses the potential value of peri-operative radiotherapy in 
rectal cancer even in instances where surgery is "optimal". 
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Radiation Dose-Effect Relations 

Dose and Fractionation 

The effects of irradiation in terms of local tumour control and acute and late 
damage of normal tissue depend not only on the total dose, but also on the 
dose delivered in each fraction and the total treatment time. 

Several attempts have been made to estimate the biological effect of various 
radiation schedules. In this review, the linear-quadratic (LQ) time formula [13] 
is used to transform the effects of different radiation schedules into the effects 
achieved when a conventional fractionation of 2 Gy daily, lOGy/week is used. 

To achieve a high probability (90% or more) of eradicating subclinical 
disease from an adenocarcinoma in a surgically undisturbed area, it is nec
essary to deliver a dose in the order of 50 Gy [7, 11]. This dose (50 Gy in 25 
fractions over 5 weeks) gives an LQ time of 43 Gy with an cx/~ of 10 Gy for both 
acute responding tissues and tumours. The repair rate (y/cx) is then assumed to 
be 0.6 Gy/day, and the time before proliferation starts (tk) to be 7 days [13, 14, 
43]. 

In order to reduce treatment duration, i.e. to shorten the time period bet
ween start of radiotherapy and surgery, it is necessary to give either multiple 
fractions per day or higher doses per fraction. 

A dose of 5.0 Gy daily has been used in several preoperative trials as a 
suitable alternative both for the patient and the surgeon (see below). Using the 
coefficients selected above, the acute effects of a total dose of 25 Gy in five 5-Gy 
fractions in 5 days correspond approximately to a dose of 42 Gy in 21 2-Gy 
fractions in 29 days. With higher doses per fraction, the therapeutic range 
shrinks due to an increase in the risk of late toxicity [12]. The LQ times for 
acute effects for the various regimens used in controlled clinical trials are 
found in Table 1. Since the size of each radiation fraction (1.75-5 Gy) and the 
time between the first and the last fraction (1-40 days) vary considerably 
between the trials, the LQ times give a better estimate of the relative efficacy of 
the radiation given in the different trials than the total doses do. 

Radiotherapy Before or After Surgery? 

The rationale for additional radiotherapy in patients with an operable rectal 
carcinoma is to kill proliferating tumour cells not removed by surgery. It is 
reasonable to suspect fewer such cells before than after surgery due to tumour 
cell proliferation. For the same cure rate, the efficacy of the radiotherapy must 
thus be higher after surgery than before in terms of residual tumour cell 
proportion. Much evidence also indicates that, for a similar result, a higher 
dose is required post- than preoperatively. The assumption of a greater dose 
efficacy of preoperative compared to postoperative radiotherapy has not been 
tested and confirmed in controlled studies, with the exception of one study 
discussed below. 
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The main reason for choosing postoperative irradiation in rectal cancer is 
that patients with a high probability of cure by surgery alone, i.e. those with a 
tumour in Dukes' stage A, can be excluded. In addition, patients in whom 
generalized disease is found at surgery can be excluded. 

Combination with Chemotherapy 

The purpose of combining radiotherapy and chemotherapy is to achieve a 
better tumour effect without simultaneously increasing normal tissue reac
tions. True clinical synergism has not been shown, and knowledge of how to 
combine the two modalities is limited [25, 44]. An increased frequency of 
severe adverse effects has also been seen with several drug-radiation combi
nations [44]. 

Review of Radiotherapy Trials in Rectal Carcinoma 

local Recurrence Rates After Surgery Alone 

It is known that variables such as patient selection, skill and endurance of the 
surgeon, follow-up routines and definitions of radicality and local failure in
fluence local recurrence rates. These variables can explain the substantial 
variations reported in the literature, from <10% to 65% [20, 21, 27, 33, 34]. 

In published controlled trials with adjuvant radiotherapy (pre- or post
operatively), the local recurrence rate in the surgery alone group has always 
exceeded 20% (average, 27%; range, 23%-46%, see Table 1). Thus the 
knowledge of how much additional radiotherapy reduces local recurrence rates 
is based upon studies where the average local recurrence rates at the partici
pating hospitals are between 25% and 30%. Within all series, the recurrence 
rates are higher when the tumour has penetrated the bowel wall and/or has 
given lymph node metastases (i.e. Dukes' stages B and C). 

local Recurrence Rates After Additional Radiotherapy 

In trials employing low radiation doses, one should probably not expect sig
nificant effects in the light of the dose-response relationship. This notion is 
supported by several early trials [8, 22, 37, 38]. Local failure rates were, 
however, not properly analyzed in some of these studies (Table 1). A com
parison with later trials, where higher doses have been used, can thus not 
always be properly made. 

As presented in Table 1, all controlled trials with preoperative radiation for 
which appropriate data are available have reported a lower local failure rate in 
the irradiated group of patients than in the non-irradiated group ([18, 19, 23, 
29,39,41]; MRC Trial Office 1995, personal communication). The difference is 
statistically significant in six of the eight trials. With radiotherapy delivered 
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postoperatively, a reduction in local recurrence rates is also observed, but 
statistical significance is only reached in one out of six trials ([3, 10, 17, 42]; 
MRC Trial Office 1995, personal communication; EORTC Trial Office 1995, 
personal communication). The relative reduction in local failure rates is 
usually higher in the preoperative trials (range, 22%-65%) than in the post
operative trials (range, 13%-41%) in spite of the fact that higher doses were 
used postoperatively (corresponding to LQ times between 35.4 and 43.8 Gy) 
than preoperatively (LQ times between 22.5 and 37.5 Gy in trials adequately 
reported). 

The results from the trials thus indicate that preoperative irradiation is more 
efficient in reducing local recurrence rate than postoperative irradiation. Lower 
local failure rates were also seen after preoperative than after postoperative 
radiotherapy in the only trial directly comparing the two approaches [35]. A 
similar finding was seen even when a higher dose was used postoperatively 
than preoperatively (Table 1). 

Survival After Additional Radiotherapy 

In 20%-50% of the patients with recurrent disease, a local recurrence is the 
only residual tumour. Thus, in theory at least, preoperative radiotherapy 
should improve survival if the follow-up period is sufficiently long. In a meta
analysis including all controlled trials published up to 1984, a marginal positive 
effect on 5-year survival of 4.3% was demonstrated [5]. Recent trials pre
scribing higher radiation doses and with a more pronounced reduction in local 
failure rates were not included in this meta-analysis. 

The survival curves in two preoperative trials deviate with increasing follow
up time, but the differences do not reach statistical significance [18,29]. In the 
preoperative Stockholm trial [39], no effect on survival was seen except when 
the survival data are corrected for postoperative deaths (see below). In patients 
randomized to either preoperative radiotherapy or to surgery alone in the 
Stockholm area between 1987 and 1993 (between 1987 and February 1990, the 
patients participated in the Swedish Rectal Cancer Trial), a statistically sig
nificant survival benefit of radiotherapy was observed [6]. In these patients, no 
increase in postoperative mortality was seen (see below). Finally, in the 
Swedish Rectal Cancer Trial, a significantly improved overall 5-year survival 
was seen in irradiated patients (58%) compared to non-irradiated patients 
(48%; p=0.004; SRCT Office 1995, personal communication). 

None of the trials using postoperative radiotherapy alone has demonstrated 
any impact on survival. Two trials have, however, demonstrated a survival 
benefit when postoperative radiotherapy was combined with chemotherapy 
[10, 17], but not when radiotherapy was given alone (Table 2). Since another 
trial found that chemotherapy in addition to radiotherapy improved survival 
[24], it is likely that the chemotherapy rather than the postoperative radio
therapy is responsible for the improvement. 

A consensus conference sponsored by NIH discussed adjuvant treatment in 
rectal cancer and recommended that patients with Dukes' Band C tumours 
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Table 2. Pelvic recurrence and overall 5-year survival after surgery and postoperative radiotherapy, 
chemotherapy or both 

Study Additional Total Local recurrences Five-year p value 
treatment no. of patients survival (%) 

(n) (%) 

GITSG None 14 58 24 43 
Chemotherapy 13 48 27 56 NS 
Radiotherapy 10 50 20 52 NS 
Chemotherapy 5 46 11 59 
+ radiotherapy 

NSABP None 45 184 24 43 
Radiotherapy 30 184 16 41 NS 
Chemotherapy 40 187 21 53 * 

NCCTG Radiotherapy 25 100 25 47 
Chemotherapy 14 104 14 58 * 
+ radiotherapy 

NS=p> 0.05. 
*p< 0.05. 

should receive adjuvant treatment with postoperative radiotherapy (45-55 Gy 
in 5-6 weeks) together with chemotherapy, i.e. 5-fluorouracil (5-FU) and se
mustine (me-CCNU). The conclusion was mainly based on the results of three 
trials in the United States (Table 2). Updated results from these studies were 
reviewed in a clinical announcement by the NCI [30]. It was stated once more 
that postoperative radiotherapy and chemotherapy should be the standard 
treatment for Duke's Band C rectal cancer. A subsequent trial indicated that 
the addition of me-CCNU to 5-FU is not required [32]. In this trial, it was also 
seen that continuous 5-FU infusion was more effective than bolus 5-FU during 
radiotherapy. 

Acute/Subacute Toxicity from Additional Radiotherapy 

Before it is possible to evaluate the advantages and disadvantages of different 
treatment approaches, adverse effects and costs of additional treatments must 
also be known. 

Preoperative radiotherapy may influence postoperative morbidity and 
mortality. An increased frequency of perineal wound sepsis after abdomino
perineal resection was found in some trials [36, 39, 40]. In these trials, the 
hospital stay was usually slightly longer, about 3-5 days on average, in pre
operatively irradiated patients. The anastomotic integrity after a low anterior 
resection does not seem to be influenced by preoperative radiotherapy [18, 19, 
36, 39, 40]. 

Both compliance and acute tolerability have usually been better after pre
operative than postoperative radiotherapy. Between 12% and 27% of the pa
tients did not receive the planned postoperative dose [3, 10, 17, 42], whereas 
this occurred in less than 10% in the groups of patients randomized to pre-
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operative radiotherapy [8, 18, 19, 22, 23, 29, 39, 41]. This difference in acute 
toxicity was also seen in the single trial directly comparing preoperative with 
postoperative radiotherapy [36]. 

A higher postoperative mortality was found in patients receiving radio
therapy in two reports [19, 39]. This was observed in patients older than 
75 years and in those with metastatic disease at surgery. The causes of death 
were not obviously related to irradiation, but rather to infection and cardio
vascular causes. In these trials radiotherapy was given with anterior-posterior 
beams, and a large volume of the body thus received the same dose as the 
tumour target. In the Uppsala trial [35], the same target dose was used as in the 
Stockholm trial [39], but the irradiation technique (three beams) spared parts 
of the pelvis and abdomen other than the clinical target volume containing the 
tumour cells. No effect on postoperative mortality was observed, even though 
there was no age limit in this trial [36]. High-dose preoperative radiotherapy 
can thus be delivered without increasing postoperative mortality. It is expected 
that a large tissue volume, irradiated to a high dose, should be deleterious, at 
least in elderly patients. This conclusion is supported by results from the 
Swedish rectal cancer trial with 1168 patients, in which no effect on post
operative mortality was observed in patients treated with three or four beams 
[40]. 

Acute neurogenic pain a few hours after irradiation of the lower lumbar 
region was reported in one of the trials using 5-Gy fractions preoperatively 
[35]. Pain was usually of short duration in the few patients affected, but re
mained for several months in some. Subacute neurogenic symptoms and signs 
have developed in some of the affected patients, leading to inability to walk in a 
few. When the entire experience in Uppsala from 1979 to 1994 was reviewed, it 
was found that 19 out of 550 patients (4%) treated with 5 x 5 (or 5.1 X 5) Gy 
within prospective protocols had reported pain. 

In six patients (1%), the pain lasted more than a few days, and in four of 
them subacute neurogenic symptoms developed. The pain was more common 
in women than in men and appears to occur more often in diabetic patients 
and in patients with previous neurologic disorders. An extensive re-evaluation 
of the treatment did not disclose any technical or human error, and the genesis 
of this acute adverse effect is still unknown [16]. The observation of this rare 
complication probably caused by an effect on the nerves in the lower lumbar 
region does, however, point to the need for correct radiation technique with 
appropriate clinical target volumes and screening of tissue which has a mini
mal risk of harbouring tumour cells. 

late Radiation-Associated Toxicity 

Several studies report late morbidity in the form of intestinal obstruction after 
postoperative radiotherapy [2, 28]. The frequency of obstruction and/or late 
diarrhoea, suggesting bowel damage, has been related to the volume of small 
bowel included in the radiation-treated volume [26]. In this report, radio
therapy with beams extending high up in the abdomen was reported to cause 
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small-bowel intestinal obstruction in 30%-40% of patients, compared to 5%-
10% when only the dorsal pelvic cavity was included. In the Uppsala trial, all 
patients with a follow-up period between 5 and 10 years were re-examined with 
respect to late adverse effects of radiation. Those given preoperative radio
therapy did not differ with respect to bowel obstruction or other possible late 
adverse effects from those given surgery alone [15]. In patients irradiated 
postoperatively, a higher late morbidity was found even when a technique that 
largely avoided irradiation of extended small-bowel volumes was used. This 
could have been anticipated, since the postoperative dose was higher than the 
preoperative one. 

Conclusions 

Until more efficient chemotherapy regimens are available, radiation therapy 
should be included in rectal cancer treatment, primarily since it reduces the 
local failure rate. Contrary to the opinion held in the United States [30], we 
believe that radiotherapy is more effective given preoperatively. Preoperative 
radiotherapy also improves survival, although the magnitude of the survival 
benefit still does not allow firm conclusions about whether the survival im
provement is an additional reason for recommending radiotherapy as an ad
junct to surgery. 

Using a preoperative approach, there is, however, concern about irradiating 
patients with a Dukes' stage A lesion and those with metastatic disease dis
closed at surgery. Dukes' A lesions can now be identified with intraluminal 
ultrasonography before surgery [4] and thus be spared radiotherapy. This, 
however, requires that surgery is properly performed so that local failures are 
kept at a very low level. In the trials reporting a reduced local recurrence rate 
related to Dukes' stage, this also applies to Dukes' stage A, and to the same 
extent as to Dukes' stages Band C [39, 41]. In the latter two trials, non
irradiated Dukes' stage A patients had an unacceptably high local failure rate of 
14% and 11 %, respectively, compared to 5% and 3% among irradiated patients. 

We believe that the proportional reduction in local recurrence rate after 
preoperative radiotherapy might be at least as high following "optimized" 
surgery, as advocated by Heald and Ryall [21], as it is when combined with 
"standard" surgery. It is anticipated that the local failure rate then will be very 
low (perhaps 0%-3%). However, this has not been formally tested in a ran
domized trial. When the local failure rate without radiotherapy is 6%-7%, over
treatment is substantial. Radiotherapy must therefore be safe, both in the short 
and long term. The dose must also be sufficiently high (>40 Gy when given in 
2-Gy fractions, or comparable doses using other fractionation schedules). 

Therefore, radiotherapy must be given with techniques that exclude volumes 
not at risk for tumour cells. All treatment modalities should be used in an 
optimal way so that the severely disabling condition of a local pelvic recurrence 
of a rectal cancer can be entirely eliminated. 
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Introduction 

As surgical techniques have improved and evolved, medical and radiation 
oncologists have been challenged to improve on the results achieved by sur
gical extirpation of cancers of the colon and rectum. Adjuvant therapy ad
ministered preoperatively, intraoperatively, or postoperatively has been the 
subject of many studies. The significance of such research is related to the 
serious health consequences of large bowel cancer. The annual incidence 
worldwide of this malignancy is approximately 575000 [43]. In developed 
countries, the incidence of colorectal cancer increases with age from eight per 
100000 for 40-year-old individuals to approximately 500 per 100000 for a 
cohort of 80-year-old persons. 

As the proportion of aged in the population of western countries increases, 
the absolute number of cases of rectal cancer will also increase, unless primary 
and secondary prevention measures prove more successful. An issue for dis
cussion is therefore the role of adjuvant therapy in the presence of optimal 
surgical therapy, particularly in communities where adjuvant therapy is not yet 
widely used. In attempting to answer this, it is important to understand the 
current status of adjuvant therapy. 

Biology of Rectal Cancer 

Relapse of tumor regionally or systemically following curative resection of 
rectal cancer is potentially life-threatening. The principal risk factors for re
lapse are the depth of intramural and extramural invasion and the presence of 
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regional lymph node metastases [19, 33, 46]. Quirke et al. [41] have demon
strated that local recurrence is related to incomplete circumferential clearance. 
In one series, they showed that 20 of 52 patients (38%) with rectal cancer had 
tumor at the lateral resection margin. In over half of these cases, the surgeon 
believed a curative resection had been performed. 

Reports of local recurrence range from 4% to 30% [8, 22, 41] and some 
authors have pleaded for a standardized method of reporting so as to enable 
accurate comparisons to be made between series. For example, it is rec
ommended by Marsh et al. [27] that "local recurrence after operation for rectal 
carcinoma be defined as any detectable local disease at follow-up, occurring 
either alone or in conjunction with generalized recurrence, in patients who 
have undergone resection. A rate should be given both for all patients and for 
those operated on for cure but not for the latter group alone as this could 
introduce bias." 

The point of view that surgical techniques for rectal cancer have achieved 
maximum effectiveness has prompted trials in the USA of preoperative and 
postoperative adjuvant therapy [36]. However, if it could be conclusively 
shown by prospective randomized studies that a local recurrence rate as low as 
4% as reported by Heald and colleagues [26] and others [28] could be achieved 
outside of a few selected centers, recommendations in the USA for the use of 
adjuvant therapy [36] would require re-evaluation. Published data from both 
Europe and the USA suggest that the rate of local recurrence following rectal 
cancer surgery is substantial. 

The rates of pelvic and systemic recurrence can be ascertained from those 
patients in the surgical control groups in prospective adjuvant therapy trials. 
For example, the European Organization for Research and Treatment of Cancer 
(EORTC) reported a 35% actuarial local recurrence rate [17]. A substantial 
number of patients who develop pelvic recurrences also have concomitant or 
subsequent distant metastases. In the study by Gerard [17], the sites of first 
recurrence in patients followed for an average of 3 years were in the pelvis 
alone in 13%, at distant sites alone in 10%, and both local recurrence and 
systemic metastases were found in 13%. In the Gastrointestinal Tumor Study 
Group Trial, the first recurrence was in the pelvis only in 21 % and at distant 
sites in 31 %. In contrast, in a reoperative series, although 64% had pelvic 
failure as a component of their disease recurrence, 36% in the series also 
developed distant metastases [20]. 

The interpretation of local failure rates in rectal cancer is complex due to 
reported variables such as whether the diagnosis is made by clinical, surgical or 
autopsy criteria; first or cumulative site of failure; sole or component of failure. 
Irrespective of the success of local control measures, it is likely that systemic 
spread will require appropriate systemic therapy. 



386 B. Levin 

Pharmacological Background of Adjuvant Therapy 

5-Fluorouracil and Levamisole 

In Stage III colon cancer, an intergroup trial compared postoperative levami
sole, 5-fluorouracil (FU) plus levamisole and surgery alone in patients with 
Dukes' stage B2 and C colon adenocarcinoma. 5-FU/levamisole improved the 
recurrence-free survival and overall survival significantly in 971 patients with 
Dukes' stage C colon cancer. The recurrence rate was reduced at all sites but 
most strikingly for tumor sites outside the abdominal cavity [31]. In a sub
sequent update the earlier results were confirmed [32]. 5-FU/levamisole re
duced the recurrence rate by 39% (p<O.OOO1). The observed recurrence rate for 
patients with surgical resection only, levamisole, or 5-FU/levamisole was 53% 
versus 52% versus 37%, respectively. The cancer-related death rate was re
duced by 32% (p<0.004) (surgery only 45%, levamisole 44%, 5-FU/levamisole 
33%). Unfortunately, a comparison with 5-FU alone was not performed. 

The mechanism of action of levamisole in this combination is unknown 
although recent evidence suggests that levamisole augments the effect of 5-FU 
on the stabilization (reduced degradation) of human leukocyte antigen (HLA) 
class I mRNAs and furthermore enhances the accumulation of these stabilized 
mRNAs by increasing their rate of transcription [1]. 

Levamisole is now being incorporated into combination treatment programs 
which include 5-FU and Leucovorin. 

5-FU and Leucovorin 

Two major mechanisms of cytotoxicity are associated with 5-FU administra
tion, one directed at DNA and the other at RNA. Inhibition of DNA synthesis 
by 5-FU results from its incorporation into deoxyribonucleotide derivatives. 5-
Flurodeoxyuridine monophosphate (5-FdUMP) is an inhibitor of thymidylate 
synthase. Binding to the enzyme is enhanced considerably by the sequential 
binding of 5,1O-methylene tetrahydrofolate to form a stable ternary complex. 
The extent to which thymidylate synthase is inhibited is dependent upon the 
availability of reduced folate [3]. This can be provided by exogenous Leu
covorin (5-formyltetrahydrofolate). 

The combination of Leucovorin and 5-FU has been evaluated in numerous 
trials in patients with metastatic disease. Despite some variability in study 
results, it is generally considered that a greater percentage of patients respond 
to 5-FU plus Leucovorin and this effect is accompanied by a small survival 
benefit [2, 40]. 

5-FU and Leucovorin have been evaluated as adjuvant treatment and pre
liminary results from four prospective randomized trials indicate that this 
combination is effective (Table 1). In a randomized trial of patients with re
sected Dukes' stage Band C colon cancer, 5-FU and Leucovorin produced an 
improvement in disease-free (73% vs 64%; p<O.OO1) and 3-year overall survival 
(84% vs 77%; p=0.003) rates compared with the combination of 5 FU, se
mustine and vincristine [48]. 
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Table 1. Randomized studies assessing 5-fluorouracil and leucovorin as postoperative therapy 
for colorectal cancer (modified from [14]) 

Reporting group No. of Median Disease-free survival (%) Overall survival (%) 
patients follow-up 

5-FU/LCV Control 5-FU/LCV Control 

NSABP [48] 1081 48 months 73* 64" 84* 77 
Intergroup [37] 309 42 months 77* 64 75 71 
Italian/ Canadian [10] 1493 37 months 72* 63 83* 78 
Francini et al. [12] 239 4.5 years 74* 59 79* 65 

NSABP National Surgical Adjuvant Breast Bowel Project; 5-FU, 5-fluorouracil; LCV, 
Leucovorin. 
*Refers to statistically significant benefit for the treatment cohort versus control patients. 
"Control group received semustine, vincristine, and 5-fluorouracil (MOF). 

An Intergroup Study randomized 309 patients with resected Dukes' stages 
B2 and C cancers to 5-FU plus low-dose Leucovorin (20 mg/m2) for 6 months 
or to an observation arm. After a median follow-up of 3.5 years, a significant 
reduction in disease relapse was noted for the treatment arm (77% vs 64%; 
p<O.OOl). It is not clear whether a statistically significant decrease in overall 
survival will be observed with a more extended follow-up period [37]. 

Recently, European and Canadian investigators randomized approximately 
1500 patients with resected Dukes' stages B2 and C colorectal cancers to receive 
either postoperative 5-FU and high-dose Leucovorin (200 mg/m2) for 
6 months or no additional therapy. After a median follow-up of 37 months, 
treated patients experienced a significant improvement in disease-free survival 
(72% vs 63%; p<O.OOl) and overall survival (83% vs 78%; p=0.03) [10]. 

In an Italian trial, investigators randomized 239 patients with Dukes' stages 
B2 and C colon cancers to receive either postoperative 5-FU and Leucovorin or 
no additional therapy. After a median follow-up of 4.5 years, in Dukes' C 
patients, the estimated 5-year survival rate was 69% in the adjuvant arm and 
43% in the control arm (p=0.0025) [12]. An oral fluoropyrimidine formulation 
[39] has demonstrated activity comparable to 5-FU plus Leucovorin in patients 
with advanced color ectal cancer and may be appropriate for adjuvant therapy. 

Preoperative Radiation Therapy and Chemoradiation 

The rationale for combining radiation and chemotherapy is that randomized 
controlled studies of preoperative and postoperative radiation therapy alone 
have not demonstrated an increase in overall survival [5]. Of the eight modern 
randomized trials of preoperative radiation therapy, two show a statistically 
significant difference in local recurrence rates. 

The first is that of the EORTC [18], in which there was a 12% decrease in 
local failure for the patients who received 3450 cGY (34% vs 22%; p<0.05) [7]. 
The Stockholm trial also showed a significant difference in disease-free survival 
(70% vs 59%; p=0.05 [45]. Concern over the design of the trials of preoperative 
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radiation therapy has not diminished the significance of the conclusion that 
preoperative irradiation alone does not enhance overall survival [13], leading 
to attempts to enhance radiation therapy by co-administering 5-FU. 

Chemoradiation. In vitro and in vivo evidence exists of 5-FU sensitization of 
radiation therapy [6, 30, 35]. In vitro studies have shown that 5-FU produces its 
cytotoxic effects both by inhibiting the synthesis of DNA and by altering the 
processing and tumors of RNA. Radiation enhancement of the action of 5-FU 
could be due to potentiation of these effects or inhibition of repair of sublethal 
radiation injury or by other effects on the cell cycle. 

At The University of Texas M.D. Anderson Cancer Center, Rich and col
leagues have demonstrated preoperative chemoradiation for advanced primary 
and recurrent rectal cancer to be highly effective in controlling pelvic cancer 
[29]. Subsequently, preoperative chemoradiation therapy using infusional 5-
FU (300 mg/m2 ) by continuous intravenous infusion over 120 h/week was 
administered to 77 patients with clinically stage T3 rectal cancer confirmed by 
endorectal ultrasonography in 85% of patients (44). 

Surgery was performed approximately 6 weeks after the completion of 
chemoradiation therapy and included 25 abdomino-perineal resections and 52 
anal-sphincter-preserving procedures. Posttreatment tumor stages were TI-2, 
NO in 35%, T3 in 25% and TI-3, Nl in 11%; 29% had no evidence of cancer. 
Overall pelvic control was obtained in 99%. The actual survival rate was 83% at 
3 years. Acute, preoperative and late complications were not more numerous 
or more severe with chemoradiation therapy than with radiation therapy alone; 
the combination regimen resulted in a significant reduction in rates of local 
recurrence, distant metastasis, cancer-related deaths and all deaths. 

The EORTC has reported the only phase III trial of preoperative chemo
radiation in clinically resectable rectal cancer [4]. Local control was identical 
for the two groups at 85% after 5 years. However, survival was worse in pa
tients who received preoperative chemoradiation than in those who received 
preoperative radiation alone (46% vs 59%; p=0.06) due to a disproportionate 
number of perioperative and intercurrent deaths. The study has been criticized 
on the grounds of a suboptimal total dose and delivery of radiation and che
motherapy [13]. 

Postoperative Combined Modality Therapy 

Postoperative trials allow for selection of those whose surgical and pathologic 
staging has placed them at high risk of recurrence. The results of four pub
lished trials are summarized in Table 2. 

Two randomized trials (GITSG [IS, 25] and Mayo Clinic/NCCTG [9]) have 
demonstrated a decrease in local recurrence and an improvement in disease
free and overall survival following administration of postoperative irradiation 
and chemotherapy for patients with resected high-risk rectal cancer. Although 
initial studies incorporated semustine, a leukemogen, subsequent studies have 
shown that this compound is not a necessary component of combined mo-
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Table 2. Randomized, controlled trials of postoperative adjuvant therapy for rectal cancer 
(modified from [14]) 

Group No. Regimen 5-year disease- S-year over-
of patients free survival (%) all 

survival (%) 

GITSG [15] 227 Observation 47 43 
Radiation therapy 55 56 
5-FU/semustine 55 52 
5-FU/semustinel 
radiation therapy 71* 59* 

NSABP [48] 555 Observation 30 43 
Radiation therapy 33 41 
MOF 42a 53a 

NCCTG [9] 240 Radiation therapy 42 47 
5-FU/semustinel 
radiation therapy 63* 58* 
5-FU/semustinel 
radiation therapy 54b 66b 

GITSG [16] 210 

5-FU/radiation 
therapy 68b 75b 
PVI 5-FU/radiation 
therapy 63b 70b 

Intergroup [37] 660 

Bolus 5-FU/radiation 
therapy 53b 60b 

5-FU, 5-fluorouracil; GITSG, Gastrointestinal Tumor Group Study; NSABP, National Surgical 
Adjuvant Breast and Bowel Program; MOF, semustine (methyl-CCNU), vincristine, and 5-
fluorouracil; NCCTG, North Central Cancer Treatment Group; PVI, protracted venous 
infusion. 
*Refers to statistically significant benefit for treatment cohort versus control cohort. 
aTreatment advantage was observed only in men over 65 years of age. 
bFour-year data. 

dality therapy (Table 2) [16]. While the first NSABP study [11] initially failed 
to show a benefit for combined modality therapy (Table 2), a more recent 
study from the NSABP showed benefit for combined modality treatment [42]. 
An Intergroup study [38] compared protracted infusion 5-FU with bolus 5-FU 
during radiation therapy. As indicated in Table 2, infusional 5-FU was asso
ciated with improved relapse free and overall survival. 

Current Trials. A current Intergroup trial will define further in the post
operative setting, the role of continuous infusion 5-FU, 5-FU and Leucovorin 
as well as levamisole when combined with radiation therapy. Other trials in the 
USA are comparing preoperative versus postoperative chemoradiation therapy 
in patients with Dukes' stage B2 and C rectal cancers. 

Biomarkers 

Even in the face of optimal surgical therapy it may be particularly useful to 
identify individuals at especially high rate of pelvic recurrence or distant 
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spread. Although still under investigation, DNA ploidy [34], tumor prolifer
ation (by Ki-67, proliferating cell nuclear antigen, PCNA, determination) [47] 
and molecular genetic techniques (allelic loss, p53 mutations) [21, 23] have 
been reported to have prognostic significance in colorectal cancer. Im
munohistochemical quantitation of thymidylate synthase has been used to 
evaluate likelihood of response to adjuvant therapy in rectal cancer [24]. 

Conclusions 

Despite optimal surgical techniques, the issue which cannot be influenced in a 
major way is that of systemic spread. Systemic therapy or combined che
moradiation may still be required. However, a definitive demonstration of the 
benefits of such therapy in the face of optimal surgical technique will require 
appropriately designed prospective trials. Measures to be evaluated include 
local recurrence, distant spread as well as duration and quality of survival. 

The concept of introducing a standardized surgical technique into a specific 
population (e.g., Norway) to be followed later by prospective clinical trials of 
adjuvant therapy, seems feasible and appropriate. Standardization of reporting 
surgical and pathological outcome data will be an important first step in this 
process. 
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Introduction 

In clinical epidemiology, modern statistical and epidemiological methods are 
used to answer questions that arise in clinical practice. The study designs can 
be either observational or experimental. With its roots in analytical epide
miology which is based mainly on observational methods, clinical epidemiol
ogy has inherited its mother discipline's concern with methodological issues. 
Special attention is paid to threats to the external and internal validity of the 
studies. Particularly, clinical epidemiology regularly uses methods developed 
to accommodate the influence of confounding factors and other co factors 
which cannot be controlled by the investigator. 

Given the complexities associated with the evaluation of adjuvant therapy 
for rectal cancer, it seems therefore relevant for clinical epidemiologists to 
comment on methodological aspects of such studies. In this chapter, we will 
address a few questions related to the design of studies of adjuvant therapy. 
Thus, our intentions are neither to discuss state of the art in colorectal adjuvant 
therapy, nor to contribute with ideas regarding new therapeutic modifications. 
Instead, we will focus on how to best evaluate adjuvant therapy in clinical trials, 
with special emphasis on the case where surgery has been optimized. 

A Common Cancer Form 

Rectal cancer is an important public health concern. In Sweden, rectal cancer is 
the sixth most common malignancy in men, afflicting approximately 900 an
nually (the age-adjusted incidence rate in 1991 was 20.5 per 105 per year) [6]. 
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Also in women, rectal cancer ranks number 6 among all cancers, with 800 new 
cases annually (the age-adjusted incidence was 14.4 per 105 per year in 1991). 
The incidence has increased over the past decades with an annual change of 
about 0.7% [6]. In the United States, the estimated number of new cases in 
1993 was 43000 [4]. 

Although it has been repeatedly stated that the prognosis of rectal cancer has 
remained virtually unchanged [27], survival has, in fact, improved slowly. In 
Sweden, the I-year crude survival among all patients diagnosed with rectal 
cancer, computed with the life-table method [10], has increased from 62% in 
men diagnosed in 1961-1963 to 74% in men diagnosed during 1987-1989 and 
from 65% to 78% in women [18]. Relative I-year survival, defined as crude 
survival divided by the expected survival (based on the survival experience in 
the demographically corresponding background population) [11], increased 
from 65% to 79% in men and from 68% to 81 % in women. The improvement in 
survival did not occur exclusively during the first year of follow-up, which 
indicates that postoperative mortality was not the only reason for the im
provement. The crude and relative 5-year survival in Swedish men with rectal 
cancer increased from 26% and 34% to 36% and 45%, respectively. The cor
responding increase in crude and relative survival among women was from 
34% and 42% to 43% and 53%, respectively [18]. 

These data are in accordance with American national end result statistics, 
which showed that the overall 5-year survival among men and women was 35% 
[28]. In a French study, it was shown that the improvement in rectal cancer 
prognosis was essentially confined to patients with Dukes' stage C at surgery 
[24], indicating that a shift in stage distribution is unlikely to explain the 
development, and that improved treatment may have had a significant impact. 
Still, however, approximately half of the patients succumb to their disease 
within 5 years. 

What Are the Relevant Endpoints? 

According to the recommendations by the 1990 National Institutes of Health 
Consensus Conference on adjuvant treatment of colorectal cancer [20] the 
efficacy should be evaluated by the following three independent primary 
endpoints: (i) incidence of pelvic recurrence; (ii) disease-free survival (time to 
any relapse); and (iii) overall survival. All endpoints are highly relevant, not the 
least the first one; the symptoms caused by a pelvic recurrence can induce 
considerable morbidity, and it is often refractory to conventional management 
with surgery or radiation therapy [3, 16, 19]. The pelvic recurrence rate is 
generally given as the percentage who have experienced that endpoint at 1, 5, 
or 10 years after the operation, but sometimes the time base is less clear. Also, 
survival is commonly expressed as the proportion still alive at fixed follow-up 
times. These data are conceptually easy to understand and are suitable for 
comparisons between studies. The dynamics over time, however, are less well 
expressed, and no account is taken of patients who did not reach these ob
servation points. Thus, considerable improvement of the short-term survival 
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among those surviving less than 5 years may be overlooked if only 5- or 10-
year survival is computed. 

The solution is the construction of survival curves (also named 'actuarial', 
'product-limit', or 'Kaplan-Meier' curves) [22], which has become the most 
common way of describing the time-to-event. The treatment groups are usually 
compared using the log-rank test [26]. Stratified analyses [33] and multivariate 
regression techniques are now widely used to adjust for the influence of 
prognostic factors. The latter techniques include simple linear logistic regres
sion without consideration to the time aspect [8] and modeling that accounts 
for survival time, e.g., the proportional hazards regression model of Cox [9]. 

In order to control for the influence of prognostic factors, these factors must 
be measured reliably and without systematic errors. This may not always be 
accomplished. Of particular concern is preoperative adjuvant therapy, which 
may have the potential of down-staging the tumor selectively in the treatment 
arm. The introduction of biased measurements of prognosis in the multivariate 
models may distort the results. Although short-term radiation followed by 
surgery shortly thereafter will rarely cause any down-staging, it may sometimes 
be more appropriate to use the results of preoperative diagnostic imaging -
which has a similar chance of ascertaining the true stage in both treated pa
tients and untreated controls - as the stage variable in the multivariate model. 
The introduction of increasingly sophisticated techniques (e.g., endorectal 
ultrasound, magnetic resonance tomography, or radiolabeled monoclonal an
tibodies) will hopefully lead to more reliable preoperative staging in future 
trials. 

One of the most difficult questions related to the choice of endpoints is how 
to deal with deaths from competing causes. In the age groups afflicted by rectal 
cancer, a sizable proportion of the patients are expected to die within a 5- or 
10-year period due to causes unrelated to rectal cancer. This proportion may 
vary considerably between different populations. Clearly, this reduces the value 
of crude survival statistics. Therefore, many investigators exclude deaths in 
which the cancer in question was not known to be present at time of death, to 
calculate 'disease-specific survival'. 

However, in some instances, it may not be possible to establish the exact 
cause of death, for instance if an autopsy was not carried out. In other in
stances seemingly cancer-unrelated deaths may still be linked to the cancer or 
its treatment, e.g., suicide and secondary cancers. In the Stockholm I trial of 
preoperative short term radiotherapy, an excess of postoperative deaths was 
observed in the radiation therapy arm, but the causes of deaths were mainly 
cardiovascular and thromboembolic [7]. Similar observations were made 
among patients treated with a two-portal radiation technique in a another 
recent Swedish multicenter trial [35]. Which deaths should be excluded in such 
situation, and which should not? 

To avoid these intricate questions, one may choose to compute the relative 
survival rate [11], which is the survival rate adjusted for normal life ex
pectancy. This rate provides the answer to the question: "What is the survival 
rate so far as cancer is concerned?" It is defined as the ratio of the observed 
survival rate for the group of patients under consideration to the expected. The 



396 o. Nyren and P. Blomqvist 

expected survival rate is derived from a group which is similar to the patient 
group in all possible factors affecting survival except for the cancer. Usually, 
investigators use the general population with the same age and sex distribution 
as the study group. 

Although various methods for regression analysis of relative survival rates 
have been described, according to which the disease-specific hazard rate is 
either proportional or additive to the hazard rate in the general population [1, 
17], there are no commercially available software packages specially designed 
for such analyses. Further methodological development is highly desirable. The 
use of relative survival ought to be encouraged in future studies. 

For clinical decision-making, physicians need to have data on short- and 
long-term adverse events and on quality-of-life aspects. For health policy de
cisions, monetary costs, and cost-benefit deliberations are of paramount im
portance. Unfortunately, costs in the form of health care expenditure, 
absenteeism, and impaired quality of life are less well documented in the 
studies reported so far. Assessments of these aspects should be included in 
future protocols, with due consideration to the limitations of subjective 
quality-of-life data in unblinded studies. 

Which Results Can Be Expected from Optimized Surgery? 

The overall 5-year survival after surgery for cure (without adjuvant treatment) 
varies by approximately 20% (40%-60%) in the literature. This variation is 
likely to be explained by differences in stage distribution since the prognosis is 
dependent on the stage. The reports of local recurrence rates, on the other 
hand, vary considerably more, between 4 and 50%. The lowest local recurrence 
rate was reported from a UK district hospital [25], where total mesorectal 
excision (TME), performed essentially by one very experienced surgeon, gave a 
recurrence rate of one fifth of that observed in previous large trials [13-15]. 
Also, the overall recurrence rate was approximately one third of that in other 
studies with surgery alone. 

Although different surgical techniques have not been tested in randomized 
trials, and although subtle favorable patient characteristics and possible up
staging by the meticulous dissection may explain some of the superiority of 
MacFarlane et al. [12, 25], their and other reports [5, 32] indicate that im
provements of the surgical results can be achieved. 

What is a realistic estimate of what can be achieved in routine care with 
many surgeons involved? Most likely, the results will not be as outstanding as 
those described by MacFarlane and coworkers [25]. A likely scenario is local 
recurrence rates of 10%-15% and overall recurrence rates of 30%-40%. 

Who Is Expected To Benefit from Adjuvant Therapy? 

The selection of appropriate candidates for adjuvant therapy is likely to be of 
importance for the net benefit. Although some patients with stage I cancers do, 
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in fact, develop local or general ,recurrences which are ultimately fatal [31], 
their life expectancy is only moderately reduced. In view of the risk of treat
ment-related death [7], it is uncertain if the net effect of adjuvant therapy is 
positive in this category. 

Therefore, postoperative adjuvant therapy programs have generally been 
limited to cancers of Dukes' stage B2 and C categories. However, modifications 
of the mode of delivery of radiotherapy may greatly reduce the risk of treat
ment-related morbidity and mortality [35, 36] thereby possibly shifting the 
risk-benefit relationship in a more favorable direction. This is particularly 
relevant since Cedermark et al. [7] noted a reduction of local recurrences in all 
Dukes' stages after preoperative short-term radiotherapy. Regardless of tumor 
stage, it seems well-advised to exclude patients above the age of 75 or 80 years, 
in whom the gain is expected to be small due to the short life expectancy. 
Elderly patients have also less tolerance to radiation [7]. 

Which Type of Adjuvant Protocol? 

Generally speaking, radiotherapy reduces mainly local recurrences, whereas 
chemotherapy is more effective against distant recurrence. The more de
manding - and expensive - but also more selective postoperative combination 
therapy (radiation and chemotherapy) has been shown repeatedly to improve 
local control and survival in TNM stage II and III rectal cancer [14, 15, 23]. 
This led the National Institutes of Health Consensus Development Conference 
to recommend that the latter approach should be followed in clinical practice 
[2]. Although recent data seem to indicate that preoperative radiation alone, in 
fact, may also increase survival [36], it appears that a combination therapy 
protocol is needed in order to make any important difference if surgery is 
optimized to attain a local recurrence rate of 10%-15% without adjuvant 
therapy. Whether it should be given preoperatively or postoperatively, or both, 
is out of the scope of this chapter. 

What Is the Appropriate Comparison? 

As a general rule, it is recommended that treatment schedules to be compared 
in a randomized clinical trial be as different as is ethically acceptable in order 
to give maximum chance of ascertaining the effect of the new treatment [33]. 
Thus, it seems advisable to compare an adjuvant treatment schedule against 
surgery alone. Given the recommendations by the National Institutes of Health 
Consensus Development Conference [2], this may be considered unethical. 
Although there are no data after 1990, it appears that the routine use of ad
juvant therapy in rectal cancer has not yet become prevailing practice in 
Europe. In a Swedish study outside academic hospitals [21] 14% of the patients 
were given preoperative radiation therapy, and in a French population-based 
study [24] approximately 30% of the patients received adjuvant radiotherapy. 
In light of this, and the expected good results of optimized surgery, one is 
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inclined to endorse surgery alone as the reference, provided that measures are 
taken to maintain the highest surgical standards. 

What Sample Size Is Required? 

Some previous studies have ended up with inconclusive results merely because 
the investigators made unrealistic assumptions regarding the expected benefits 
of the new treatment (i.e., they dimensioned the studies after what they con
sidered a clinically useful benefit, not after what was a realistic expectation of 
the treatment effect). This leads us to the question what is a clinically useful 
benefit. 

Since every additional patient cured, and every local recurrence avoided is 
an unquestionable benefit - on the condition that these benefits are not out
weighed by important losses in quality of life - the question boils down to what 
is justifiable in terms of resource requirements to obtain the benefits foreseen. 
If the treatment is unduly expensive and the expected benefit will be limited to 
such a marginal proportion that the clinical implementation of the treatment 
schedule is unrealistic, then a trial should not be carried out. It may be ad
visable to make some preliminary cost-benefit calculations when a new study is 
considered. 

In the following example, a rough estimation is made of the costs and 
benefits of the implementation of a postoperative combination therapy 
schedule recently proposed and tested by O'Connell et al. [30]. Costing was 
based on charges from one university hospital 1994, in turn derived from cost 
accounting on typical admissions. 

National data on admissions in 1993 were obtained from the Swedish Na
tional Board of Health and Welfare. Effects, i.e., overall survival rate and rate of 
recurrence, were estimated from relevant clinical trials [14, 15, 30]. 

To compute the baseline costs, it was estimated that for a typical patient, the 
care consists of one admission with operation and two visits the first year, and 
then at least one consultation per year during the following 4 years. Patients 
not surviving require an additional admission and on average 30 days of 
palliative care. 

Costs incurred during years 1 through 5 were discounted to the base year at 
5% interest rate. Overall mortality was estimated at 10% annually. The pro
gram cost was calculated from a base of 1800 new cases diagnosed in Sweden in 
1992. 

With these assumptions, the total 5-year cost for the program with no ad
juvant therapy was estimated at 216.7 million SEK (30.7 million USD), with two 
thirds incurred during the base year. 

Those considered for adjuvant therapy were patients under the age of 70 
years, operated for cure, and with TNM stage II and III tumors (34% of the 
incident cases). The major effect was assumed to be a 10% increased crude 
survival and a reduction in local recurrence incidence by 50%. With these 
assumptions, the total 5-year cost for a program including adjuvant therapy in 
selected cases was 280.1 million SEK (39.7 million USD). 
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Table 1. Number of patients required in each of two treatment arms in order to statistically 
ascertain various degrees of improvement in prognosis, by expected failure rate (significance 
level 5%; power 80%, two-tailed test) 

Failure 
occurring in 

15% 
50% 

Reduction of hazard rate (%) 

10% 

11540 
3462 

20% 

3153 
946 

30% 

1533 
460 

40% 

933 
280 

50% 

640 
192 

60% 

480 
144 

Thus, compared to the regimen with surgery alone, costs increased by 29%. 
The total number of years survived during the 5 years only increased from 8100 
with surgery to 8640 with the adjuvant schedule. The marginal cost per extra 
life year saved thus was 117400 SEK (16600 USD), a cost that could realistically 
be borne by an affluent Western society. 

Given that a trial is at all meaningful, what sample size is required? If a life
table approach is chosen, with comparison of two survival distributions, the 
number of patients required is dependent on the number of failures observed. 
Table 1 shows the number of patients required in each treatment arm in order 
to ascertain the effect of an intervention. The table has two rows: one for 
failures that are expected to occur in 15% of the control patients (local re
currences within 5 years), and the second row is for failures that are expected 
to occur in 50% of the control patients (death within 5 years). We specified the 
risk of erroneously rejecting a null hypothesis that is really true (IX) at 5% and 
the risk of erroneously failing to reject a null hypothesis that is, in fact, false (~) 
at 20% (two-tailed test). 

It is seen from the table that it takes 1533 patients in each treatment arm in 
order to ascertain a 30% reduction in recurrence rate (from 15% to 10.5%), 
while it takes 946 patients in each treatment arm to ascertain a 20% reduction 
in mortality (from 50% to 40%). Although such a study is a major undertaking, 
it lies within the bounds of what is feasible. 

Can Observational Studies Contribute? 

Observational studies can sometimes offer a powerful and cost-effective al
ternative to intervention studies. The former studies usually circumvent the 
ethical dilemmas associated with random assignment of possibly lifesaving 
treatments which at the same time may be potentially hazardous. The main 
drawback is of course confounding. With modern multivariate statistical 
methods, however, it is often possible to control for effects of the irrelevant 
factors that otherwise invalidate non-experimental studies, on condition that 
these factors have been properly measured. Computerized health care registers 
offer opportunities for accrual of large numbers of cases with the studied 
outcome, as well as for the identification of suitable control subjects. One 
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example of such an approach is the application of a case-control methodology 
to study the impact of sigmoidoscopic screening on colon cancer mortality 
[29, 34]. 

Could a similar approach also be used in the evaluation of adjuvant therapy 
of rectal cancer? The answer is basically no. Firstly, the study base is not easily 
defined. The target population is all rectal cancer patients who have undergone 
surgery for cure. Information about whether or not operations are for cure is 
generally not obtainable through health care registers. 

Therefore, to define the study base from which the controls are to be drawn, 
one needs to review virtually all case records of operated incident cases in the 
study area. Since the relevant outcomes in rectal cancer (local or general re
currence, or death) are fairly common, prospective studies are comparably 
efficient. Hence, the cost-effectiveness advantage of a case-control approach is 
less apparent, particularly in light of the work needed to define the study base. 

Moreover, retrospective staging of the tumors may not be feasible. Varia
tions in surgical techniques between hospitals with a special interest in rectal 
cancer surgery (hospitals that are also most likely to use adjuvant therapy) and 
hospitals with less specialization may systematically bias the staging of patients 
from specialized centers towards higher stages (i.e., more lymph nodes in the 
specimens). Also, preoperative radiotherapy has the potential of down-staging 
the tumors. Therefore, confounding by stage is likely to be a major problem. 
From an internal validity perspective, we argue for randomized clinical trials. 

Conclusion 

Controlled clinical trials remain the only valid way of evaluating the effect of 
new adjuvant therapies. During the past decade, it has been clearly demon
strated that adjuvant treatment has the potential of improving not only 
prognosis in terms of local recurrence, but also in terms of overall survival. 
Expected improvements in the surgical technique are likely to entail con
siderably lower rates of local and general recurrence in future trials, compared 
to the trials published to date. This constitutes a special challenge to surgeons 
and oncologists, since the number of patients required in a trial will increase 
accordingly. However, with the establishment of large collaborative groups, 
such studies remain feasible. 
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Rectal cancer is a major killer. Commonly reported 5-year survival figures for 
un selected patients irrespective of stage of the disease and treatment range 
around 50%. This is, however, relative survival to normal population deaths. If 
we look at the death rate as a proportion of all patients who present with the 
disease, the crude 5-year survival drops to around 35% [62, 73]. 

The cause of death in these patients is largely related to the malignancy. The 
natural history of the disease demonstrate three distinctive areas leading to 
death (Fig. 1): (1) that related to advanced disease at presentation; (2) that 
dealing with the development of distant metastatic disease following potentially 
curative surgery; and (3) that related to locally occurring recurrent disease. 

To improve treatment results all three phases of this natural history must be 
considered: (1) early detection by screening; (2) systemic adjuvant che
motherapy; and (3) surgical technique and local adjuvant treatments. How
ever, the first two strategies have only led to a marginal improvement in 
overall results. This review is dedicated to a consideration of the third phase of 
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Fig. 1. Schematic outline of the natural history of 
rectal cancer. The figures are mainly based on data 
published by Nelson [74, 75] 
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rectal cancer natural history, namely local tumour recurrence and its pre
vention. 

The exact incidence of such recurence is difficult to determine because of the 
variation in the populations described in the literature and mandates a careful 
review of the various causes of such local recurrence. Irrespective of the exact 
incidence it is clear that the majority of local recurrences are apparent within 
the first year after resection of primary tumour (45%-74% first year) and more 
than 2/3 occur by the end of the second year (67%-95% second year) (refer
enced by [38]). 

In the past 50 years, the principle of surgical treatment for tumours with 
curative intent has been the "en bloc" resection. While this principle is gen
erally adhered to by most surgeons in dealing with colonic cancer, the tenets of 
the en bloc resection are, for a variety of reasons, more likely to be violated 
when dealing with rectal cancer. 

First, the detailed embryology and anatomy in the pelvis is less well un
derstood than that of the intra-abdominal colon. Secondly, the technical points 
associated with resection in the pelvis are substantially more complicated 
because of the proximity of other organs in the same area (e.g. ureter, bladder, 
uterus, prostate and seminal vesicles or posterior wall of the vagina). Thirdly, 
the confined pelvic space makes dissection difficult, especially in men. 

The Large Bowel Cancer Project in Britain, first published in 1978 [29], 
demonstrated unequivocally that there are surgeon-related variances in out
come. Not only were these differences seen for postoperative mortality but also 
for local tumour recurrence. Some 13 years later McArdle and colleagues [65] 
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confirmed this surgeon variability in a focused analysis of surgery for colo
rectal cancer in Scotland. 

In order to assess accurately the reasons for the large variation in the out
comes of the treatment of rectal cancer and to institute appropriate measures 
for improvement, it appears mandatory that a concerted effort be made to 
standardize treatments and data gathering methods. 

Background - The International Documentation System 

An International Working Party Report to the Wodd Congress of Gastro
enterology, Sydney 1990, concluded that there is not only a need to define the 
terminology to describe the full anatomical extent of colorectal cancer (i.e. 
staging), but also that there are several additional features which have prog
nostic importance [30]. In their final report, the Working Party identified those 
features of clinical and histopathological analysis which should also be re
corded in all cases of large bowel cancer and suggested an International 
Documentation System (IDS) for colorectal cancer. 

The IDS divides all clinical and pathologic features into three subsections 
(Table l): 

- Basic information 
- Variables of proven prognostic significance, and 

Table 1. International Documentation System (IDS) for colorectal cancer (CRC) proposed in a 
Working Party Report to the World Congresses of Gastroenterology, Sydney 1990 
(reproduced from [30] with permission) 

Information type 

Basic information 

Variables of proven 
prognostic significance 

Information of probable 
prognostic significance 

Clinical features 

Country 
Hospital (name/code) 
Patient identification 
Patient race 
Past tumour history 

Surgeon (name/code) 
Patient gender and age 
Presentation 
Anatomic extent of tumour 
Residual tumour 

Preoperative treatment 
Anatomical site of primary 
Tumour mobility 
Technique of tumour 

mobilization 
Tumour perforation 
Surgical procedure 
Resection of distant metastasis 
Postoperative treatments 

Pathology features 

Number of primary tumours 
Tumour measurements 
Appearance of serosal surface 
Associated pathology 
Tumour type 

Extent of direct spread 
Regional nodal status 
Local residual tumour 
Distant metastasis status 
Venous involvement 
Histology of infiltrating margin 
Tumour grade 

Tumour perforation 
Inflammatory cell infiltrate 
Lymphoid aggregates 
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- Information of probable prognostic significance 

The IDS, therefore, represents a "minimal basis data set" for documentation 
upon which new factors of prognostic significance can be added. An important 
objective for the Working Group was also to establish an internationally ac
ceptable language by which the variables (or features) in the IDS should be 
described. The documentation details are given in Appendices A and B. 

The Working Party conclusions will form the basis for the documentation 
recommendations given in this chapter. However, since the Working Party 
report in 1990, evidence has now accumulated that issues not specifically 
discussed in that report, particularly details of surgical technique, are prog
nostically important. The type of surgery is clearly related to local failure rate 
(Chap. 3), and thus, the need for standardization of surgical technique and the 
methods for accurate documentation of this surgery require specific review and 
nomenclature. 

Documentation Details 

Clinical Documentation 

Presentation 

Mode of presentation is of potential prognostic importance. Most patients seen 
in clinical practice have symptomatic tumours and nearly all multivariate 
analyses to date have included only symptomatic patients. We, however, 
foresee that an increasing proportion of patients will be identified by screening 
or surveillance programs. An example of the latter is Hereditary Non-Polyposis 
Colorectal Cancer (HNPCC) where asymptomatic family members of the index 
patient are approached and evaluated. 

Patients identified as part of a screening or surveillance program are found 
at a less advanced tumour stage [101, 102]. The apparent prolonged survival 
which may be observed in these asymptomatic patients may partly be ex
plained by "lead time bias" which results from the difference in time between 
the detection of disease by screening and the onset of symptoms. Thus, wheth
er the screen-detected cancers have an intrinsically improved survival beyond 
that of the "lead time" is not yet not known and hence the need for this aspect 
of documentation. 

Symptomatic individuals presenting as an emergency must be identified. 
Bowel obstruction or perforation occurs in 6% of patients with rectal cancer 
(national data from Finland [64]) and are independent adverse prognostic 
factors. The definition of terms used here is not clear. In line with the Working 
Party Report an emergency presentation is defined as the need for urgent sur
gery within 48 h of admission. Furthermore, there is no established definition 
of "bowel obstruction" to categorize its severity. The arbitrary classification 
used here is based on the assumption that the physiological impacts of ob
struction are related to the clinical spectrum categorized in Appendix A. 
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Perforation refers either to a local abscess originating as a result of pene
tration of the tumour or a defect giving rise to faecal peritonitis. Occasionally 
the normal bowel proximal to the obstructive lesion may perforate. Common 
to all such patients, however, is the poor prognosis. 

Feinstein pointed out 30 years ago that "symptoms" provide important 
prognostic information [25]. He later documented that this is a universal 
phenomenon found in a variety of tumours including cancer of the rectum 
[27]. These symptoms can be classified as primary, i.e. related to the tumour at 
its primary site or to inflammation surrounding the tumour; none of the 
symptoms per se implies dissemination of the tumour; systemic, i.e. those 
occurring in the body as a whole without requiring anatomical dissemination 
from the tumour's primary site; the systemic symptoms do not per se imply 
that the tumour has spread beyond that primary site; and distant (metastatic), 
i.e. effects of the cancer if extended beyond its primary locus when accom
panied by appropriate documentation of distant spread; these symptoms imply 
per se that the cancer has spread beyond its primary locus. The taxonomy of 
symptoms is given in Table 2. 

Table 2. Taxonomy of clinical symptoms as suggested by Feinstein, Schimpff and Hull [27] 

Primary symptoms 

Rectal bleeding 

Bloody stool 

Systemic symptoms Distant (metastatic) 
symptoms 

Persistent anorexia Jaundice, ascites 

Major weight loss (> 10% Enlarged, hard nodular liver 
or more of customary 
weight or an absolute loss 
of 4.5 kg for women and 9 kg 
for men) 

Other persistent changes in Persistent fatigue or weakness 
the size, texture, colour or 

Hard non-hepatic intra
abdominal masses 

odour of stools 

Persistent recent changes 
in the defecatory process 
(constipation, diarrhoea) 

Increased or irregular 
frequency of bowel 
movements 

Difficult, painful, urgent or 
incontinent defecation 

Feeling of incomplete 
evacuation or sensation of 
a rectal mass 

Persistent pain in the back 
or hip without evidence of 
bony metastasis or of an 
explanatory lesion 

Persistent nausea and vomiting 

"Obstipation" (i.e. 
absence of customary 
bowel movements for at 
least 3 days) or other 
clinical evidence of 
intestinal obstruction 

Hard masses palpable at 
body surfaces in skin or 
lymph nodes 

Pain in the back or other 
bones (with X-ray evidence 
of metastasis) 

Other appropriate 
symptoms (with associated 
radiographic or endoscopic 
evidence of metastasis) 
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In a recent paper, Feinstein has argued strongly for incorporation of such 
patient-based variables to produce an improved clinical system of classification 
and staging of malignant tumours [82]. Others have emphasized that this 
process of clinimetrics [26], in which clinical phenomena are measured 
through observations made by patients and clinicians, can produce useful 
rating scales or other taxonomies reflecting the biological behaviour of tu
mours. Thus clinimetrics is relevant to the subject of prognostic factors in 
patients with rectal cancers. 

Performance Status and (omorbidity 

A patient with cancer may exhibit functional effects which can be classified as 
performance status or physical capacity [59]. The prognostic impact of the 
Karnofsky Performance Status (or similar systems) is well documented [59, 
60]. Feinstein has demonstrated that functional incapacity can be incorporated 
into TNM staging to give additional prognostic information [82]. Another 
important point is that a patient's performance status frequently affects not 
only his or her prognosis but also the choice of individual treatment [27]. 
Several such systems of classification have been published, but the most widely 
used is that of the American Society of Anaesthesiologists (Appendix A). 

Patient Investigation 

General 

Every department engaged in cancer management has established formal 
preinvestigation protocols or more informal "house rules" for preoperative 
assessment of colorectal cancer such as that published by the United Kingdom 
Coordinating Committee for Cancer Research (UKCCCR) [99]. In rectal can
cer, preoperative investigation is carried out in order to: 

1. Ascertain distant tumour spread (M-status), as this is required for tumour 
staging (see later) and may influence treatment strategy (palliative resection, 
stoma or no treatment) 

2. Identification of factors that will determine treatment strategy such as: 
- Synchronous colonic cancer, which occurs in about 5% of patients and 

will dictate extent of resection, 
- Colonic polyps, which may affect extent of resection and follow-up (in

terval and type), 
- Hepatic lesions; potential for hepatic resection (the method chosen for 

investigation will substantially affect the number of patients identified to 
harbour hepatic metastases), 

- Assessment of involvement of adjacent organs in patients with fixed lesion. 

The minimal investigative protocol should therefore include colonoscopy 
(or double contrast barium enema), liver ultrasonography and chest X-ray. If 
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follow-up of patients is undertaken (see later) preoperative carcinoembryonic 
antigen (CEA) should be added. 

Tumour Mobility 

Assessment of tumour mobility by preoperative palpation has prognostic im
portance and should be categorized as freely mobile (confined within the bowel 
wall), tethered (extended through the wall and partially fixed) or fixed (fixed to 
an adjacent structure and immobile). The usefulness of such clinical staging is 
discussed by Hildebrandt and Feifel (Chap. 6). Although clinical examination 
cannot differentiate between fixation due to malignant spread from that as
sociated with dense inflammatory reaction surrounding the tumour, a negative 
effect on prognosis is observed [12, 22, 57]. 

The presence of fixation of a tumour to surrounding structures brings into 
play considerations of preoperative radiation to diminish the bulk and attach
ment of the tumour with a view to improving local tumour control (Chap. 28). 

Rectal and Pelvic Imaging 

Endorectal ultrasound (EUS) is currently the best method of preoperative 
staging of the local lesion and regional lymph nodes. EUS has an accuracy of 
around 85% for depth of invasion (compared with histology) and 75%-80% for 
predicting lymph node metastases (Chap. 6). 

At present no data have been accrued to demonstrate that an accurate 
preoperative staging of rectal cancer has altered patient survival or increased 
local control. If we accept the notion that the treatment of rectal cancer should 
be standardized and not individualized (see later) it may be argued that EUS is 
not required in routine operations for rectal cancer. 

Except for research purposes, use of EUS should currently be limited to: 

- Evaluation of patients for potential local treatment (tumour size < 3 cm, T1-
2 tumour, no nodal metastasis, well or moderately differentiated histology) 

- Evaluation of patients with tethered or fixed lesions 
- As a stratification tool in adjuvant studies, particularly because radiation is 

not required in Dukes' A (TNM Tl-2, NO, MO) lesions. 

Ground Rules for Surgical Technique 

Definition of Terms - Anatomy of the Rectum 

The anatomist's definition of the rectum is where the taeniae coli fuse to form a 
continuous longitudinal muscle coat. The Japanese "General Rules for Clinical 
and Pathological Studies on Cancer of the Colon, Rectum and Anus" [54] 
define rectum as "portion (of large bowel) from level of promontorium to 
upper edge of puborectalis muscle". 
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Surgeons also vary in their definitions. The "rectum" may vary from 
< 12 cm from the anal verge to "below the promontory on barium enema". 
Some national cancer registries record all distal large bowel tumours below 
20 cm as "rectal" (Norwegian Cancer Registry); other authors refer to rectal 
cancer as those tumours found at or below the peritoneal reflection. A problem 
with the latter definition is that the peritoneum covers the rectum obliquely. 

We recommend that a rectal lesion should be related to its distance from the 
anal verge by proctoscopy and not the dentate line and that the height of the 
tumour should refer to its lower edge as seen at endoscopy. 

The rectum should be defined anatomically as the distal large bowel com
mencing opposite the sacral promontory and ending at the upper border of the 
anal canal. When measured from below with a rigid sigmoidoscope, the upper 
limit is 16 cm from the anal verge. If the lower margin of a tumour lies within 
16 cm of the anal verge it is defined as a rectal tumour. A tumour is considered 
rectal if any part is located at least partly within the supply of the superior 
rectal artery. Tumours are classified as rectosigmoid when differentiation be
tween rectum and sigmoid according to the above rule is not possible [30,46]. 

Recording the height of the tumour in all patients will avoid confusion 
related to anatomical description and will facilitate subdivision of lesions into 
those occurring in the upper rectum (12-16 cm from anal verge), middle 
rectum (6-11 cm from anal verge), and lower rectum « 6 cm from anal verge). 

Optimal Resection Technique: General Methods 

The review by McCall and Wattchow (Chap. 3) demonstrates that the surgical 
approach now known as total mesorectal excision (TME), a technical mod
ification introduced by Heald [43], gives the lowest recurrence rates. In 13 
studies published to date, a local failure rate of < 10% has been achieved in all 
but three in which the failure rate was 19%, 13% and 11%. 

The TME technique specifically addresses the problem of local recurrence 
after rectal cancer surgery. Reviews have clearly shown that local recurrence 
rates after "standard" operations range from 20% to 30% and are clearly stage 
dependent (Chap. 3). In 50%-80% of such patients, the local recurrence is the 
solitary site of failure [1, 80]. Local failure occurs in the mesorectum, i.e. the 
block of fatty tissue surrounding the rectal bowel wall. The area of failure is 
commonly within or contiguous with the operative site, i.e. the area where the 
surgeon has dissected. This contrasts with the fact that isolated intramural 
recurrence in the bowel at the anastomotic site in the absence of any extra
mural recurrence is an infrequent finding. The length of bowel resected distal 
to tumour is of minor or no importance in influencing the incidence of local 
recurrence [68]. 

The mesorectum is contained within the posterior pelvic visceral com
partment and is separated from the surrounding pelvic structures by an em
bryologically determined well defined plane [42]. Dissection along these well
defined anatomical planes assures TME as demonstrated by Takahashi (see 
Fig. 4 in Chap. 13). The mesorectum contains a rich complement oflymphatic 
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tissue. Spread from the rectal cancer occurs in an orderly fashion from the 
primary through these mesorectal lymphatics (as pointed out by Gabriel, 
Dukes and Bussey more than 60 years ago [34]), and then extends in an 
upward and lateral direction [50, 70]. Distal lymphatic spread, on the other 
hand, is very rare (Chap. 13). 

A "standard" rectal resection described in so many textbooks [35, 105] 
differs in several aspects from TME which have been discussed in a recent 
review [95]: 

- Standard surgery commonly employs blunt pelvic dissection by the inser
tion of the surgeon's hand into the loose areolar tissue plane between the 
meso-rectum and the sacral promontory. As pointed out by Havenga and 
coworkers (Chap. 10), the hand will be directed directly into the mesor
ectum by the rectosacral ligament and thus across the commonest field of 
spread. TME is carried out by sharp dissection under direct vision along the 
delicately shiny surface of the mesorectum. 

- TME focuses on circumferential dissection to remove the mesorectum en
veloped in its covering. Most conventional operations have been concerned 
with distal bowel margin only. 

- The TME technique is also based on a clear anatomical understanding of the 
so-called "lateral ligaments", surgically developed structures which in fact 
are the anchoring points of the mesorectum to the pelvic autonomic nerve 
plexuses (Chaps. 8-10). A recent study documents that there are no cir
cumscribed structures that can be defined as the lateral ligament [42]. Most 
surgical textbooks recommend that "the ligaments are then clamped, di
vided and ligated" [35]. Such an approach will invariably damage the tan
gentially running autonomic nerve plexuses on which sexual and bladder 
function depend and may also damage mesorectal integrity. 

- Many who advocate "standard resection" hold the opinion that abdomi
noperineal resection (APR) is "the gold standard by which all other op
erations must be judged, not only for carcinomas of the distal third of the 
rectum but for all bulky tumours of the middle third as well" [72]. Propo
nents of TME focus on restorative rectal resections, and they may even 
accept a bowel resection margin of 1 cm [58]. 

- It appears that results from TME alone are substantially superior to the best 
reported from conventional surgery plus radiotherapy or combination 
chemoradiotherapy [66]. 

It may seem to the observant reader that two strong proponents for optimal 
surgery and TME differ in their operative strategy as to the planes of pelvic 
dissection (Chaps. 15, 16; [23]). Heald argues for dissection along the visceral 
pelvic fascia whereas Enker is a proponent for dissection along the parietal 
fascia. The plane of dissection is particularly relevant to how the inferior 
hypogastric nerve plexus is handled (Chap. 10). While slight differences in 
approach may exist, Enker has pointed out that the distinctions between the 
two may only be a matter of semantics. Enker and Heald both agree that the 
focal issue is how to capture all mesorectal disease while simultaneously re
ducing the operative morbidity, i.e. related to autonomic nerve damage. 
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It is clear that the results of the differing resection techniques have prog
nostic importance in determining local failure rate and survival. Thus the IDS 
should be amended (Appendix A) to included TME and conventional resec
tion. Furthermore, if a TME has been attempted, it must fulfil specific criteria 
of which the circumferential integrity of the mesorectum by its smooth surface 
appears to be the most important (see "Standards for Specimen Evaluation"). 
Table 3 gives a suggested operative report listing. 

The question whether or not the entire mesorectum, particularly the distal 
mesorectal "tail", needs to be removed in all patients during a rectal resection 
is disputed. Some experts who otherwise have adopted the principles of TME 
do not routinely remove the entire mesorectum in "high" anterior rectal re
sections (Chap. 16; [3]). Still their local recurrence rates are among the best in 
the world. 

This apparent contradiction can be explained by the pattern of lymph node 
spread within the mesorectum. Although meso rectal spread is found in up to 

Table 3. Suggested operative report listing 

Findings 

Operative details 

Above or below peritoneal reflection; tumour orientation 
Liver assessment (including intraoperative ultrasonography) 
Krukenberg tumour 
pT4 category (tumour attached to a contiguous organ 
but without tumour on the surface, or tumour which is 
apparent on the surface of the specimen) 
Peritoneal dissemination 
Synchronous lesion 

Degree of nerve preservation (Chap. 17) 
Synchronous resection 
Type of resection (HAR, LAR, PME, TME, APR, APR + TME, 
Hartman) 
Removal of other organs (resection en block +/-) 
Type of lymph node dissection [apical, lateral (iliac 
and/or obturator node)] 
"High tie" (IMV flush with the aorta, preservation of 
left colic artery) 
Breaching of mesorectal surface 
Rectal or tumour perforation during dissection 
Macroscopic tumour left after resection (biopsy +/-) 
Level and type of anastomosis (straight, pouch, staples, hand
sewn) 
Complete doughnuts (+/-), reinforcing sutures? 
Testing the competence of the anastomosis 
Permanent or covering stoma (colon or ileum) 
Cancerocidal washout (pelvis and or intraluminal) 
Omentopexy (+/ -) 
Drains (+/ -) 
Blood loss and amount of transfusion 

HAR, high anterior resection; PME, partial mesorectal excision; LAR, low anterior resection; 
APR, abdominoperineal resection; TME, total meso rectal excision; IMV, inferior mesenteric 
vein. 



International Standardization and Documentation of the Treatment of Rectal Cancer 415 

30% of patients, downward lymph node spread from the tumour is found in 
less than 5% and seems to occur in patients whose proximal lymphatic 
channels are occluded by tumour (37) and is a marker of poor patient prog
nosis (90). However, where distal lymph node spread occurs, it is usually found 
within 3 cm of the luminal tumour (8) although discontinuous mesorectal 
deposits up to 4 cm below the main tumour mass have been noted (43). In 
Morikawa and coworkers' study, the lymph node metastasis rates distal to the 
tumour was 6.4% between 2 and 4 cm and 0% more than 4 cm (70). 

Thus, full mesorectal excision can be extended 3 cm beyond the caudal edge 
of the tumour when a transection of the mesorectum can be carried out safely 
so long as the transection occurs radially at 90° to the rectal wall. Therefore, 
tumours of the upper rectum (> 8 cm) may be suitable for this type of partial 
meso rectal excision (PME) and should be documented both in the operative 
report (Table 2) and in reporting by pathologists (Appendix B). 

Aitken carried out this form of PME in 64 patients with rectal cancer for 
tumour above 7-8 cm from the anal verge with only one local recurrence [3). 
The follow-up time was, however, short in his study, and we feel that more 
studies are required before PME should be accepted as standard treatment. The 
trend towards ultralow resections with bowel margins 2 cm or less in length [58) 
should not have the consequence that surgeons compromise in their effort to 
remove an adequate length of mesorectum. For most patients this implies TME. 

<£oning» Prevention 

A cone (Greek konos; Latin conus) is defined in Dorlands Illustrated Medical 
Dictionary as "A solid figure or body with a circular base tapering to a point". 
The term was coined in this setting by Anderberg and associates [5). Coning of 
the specimen during rectal tumour resection means that the surgeon during 
dissection enters and transects the mesorectum in a tapering fashion toward 
the rectal wall which will be used for anastomosis, or to the levator muscles 
during APR (creating an inverted cone, i.e. with its base oriented superiorly). 
The manual dissection method described in so many textbooks where the 
surgeon's hand will be directed by the rectosacral «ligament» directly into the 
mesorectum inevitably produces this effect on the surgical specimen and 
should be avoided (Chap. 5). 

After "conventional" resection the mesorectum is the most common site of 
cancer persistence and hence tumour recurrence derived from lymph nodes 
found superiorly and laterally to the tumour [50, 70). In patients with lymph 
node metastasis 50%-60% of nodes containing tumour are less than 6 mm in 
size and are therefore not palpable during surgery. Complete resection of the 
mesorectum, the key element of TME, therefore reduces the risk of local tu
mour recurrence (Chap. 5; [84)). 
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Low Anterior Versus Abdominoperineal Resection 

Some will argue that abdominoperineal resection (APR) is the "gold standard" 
in rectal cancer surgery. McCall and Watt chow (Chap. 3) challenge this view by 
stating that APR gives higher local failure rates than low anterior resection 
(LAR). We believe that the misconception can be traced to the textbook 
published by Miles in 1923, where he described a cylindrical field of spread 
beyond the levator ani muscles, even to the ischiorectal fossa (see Fig. lA in 
Chap. 15). This apparent radicality was his justification for advocating APR 
[69]. A recent review concludes that for tumours of similar pathological 
characteristics, APR does not offer significant advantages over LAR [100]. 

Low-lying lesions pose specific problems (reviewed in Chap. 3). Inadvertent 
tumour perforation occurs more frequently during APR and the large surgical 
wound may increase the risk for tumour implantation. Lateral lymph node 
involvement is also more common with distal third lesions leading to higher 
local recurrence rate (Chap. 13). 

The considerations given above relates to "conventional" APR using the 
manual dissection technique. We will argue that the logical next step is to 
combine TME and APR as practised by Cawthorn and coworkers [16], Dixon et 
al. [21], Enker and associates [24], and MacFarlane, Ryall and Heald [66]. 

Heald has been able to perform sphincter-saving surgery (LAR) in 89% of 
394 consecutive patients undergoing radical surgery (Chap. 15). Sphincter
saving surgery should be considered the "gold standard" of rectal cancer 
surgery, although there are tumours which will need APR. 

Proximal Level of Dissection/Resection 

Many authors argue that ligation of the inferior mesenteric artery (IMA) 
should be flush with the aorta to remove the few lymph node that may remain 
with a more distal ligation, while others preserve the left colic artery. A review 
[10], a comparative but non-randomized study [81] and a recent study [19] all 
conclude that the level of ligation does not influence survival or the anasto
motic leak rate. It should be noted however that all studies on this topic are 
based on "standard or conventional" surgery. 

Metastasis to lymph nodes at the origin of IMA (lymph node station 253 in 
the Japanese terminology [54]) occur in only 2% ofrectal cancer patients with 
Dukes' C lesions (Chap. 12). Moreover a "high tie" flush with the aorta may 
damage the sympathetic nervous trunks. 

Clear recommendations as to level of dissection can at this stage not be 
given. It is important though that the "apical node" is marked clearly on the 
specimen, and that the pathologist comments specifically on the status of 
nodes along major named vascular trunks; in rectal cancer that means along 
the superior rectal, left colic (if applicable) and IMAs (Appendix B). 

The mesocolon is transected radially to the planned point of division of the 
bowel. There is no documentation that the level of proximal bowel transection 
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has any relationship to outcome measures, as long as the length allows an 
anastomosis to be constructed without tension and adequate circulation. 

In 1954, Cole and associates started to ligate the vascular pedicle before 
mobilizing the cancer-bearing segment [18]. This approach became known as 
the "no touch technique" and was popularized by Turnbull [97]. Although the 
theoretical value of early ligation seems reasonable, a later prospective ran
domized study (on colon cancer) has failed to demonstrate any benefit apart 
from the finding that liver metastases appeared later, particularly where there 
was evidence of blood vessel invasion in the resected specimen [56]. No study 
on rectal cancer only exists. 

Lateral Node Dissection 

Operations which extend beyond the mesorectum into the lateral pelvic tissues 
and remove lymph node along the iliac and obturator vessels are characterized 
as lateral node dissection or extended pelvic lymphadenectomy (EPL) 
(Chap. 18). These nodes lie external to the parietal pelvic fascia and are not 
removed during standard LAR or APR, nor during TME. Normally less than 
1 % of the lymphatic drainage from the middle and upper rectum goes to the 
lateral pelvic lymph node (if we accept the method used for investigation used 
by the authors) [8]. The frequency distribution of cancer spread to these nodes, 
in particular to lymph nodes along the common iliac artery (lymph node 
station 273), internal iliac (lymph node station 272) and obturator fossa and 
artery (lymph node station 282) is given by Takahashi (Chap. 13) and Moriya 
(Chap. 12). Further, a historical perspective and discussion on its current role 
has been published by Harnsberger and coworkers [41]. 

The frequency of lateral nodal involvement is less than 15% but varies 
according to level of tumour (higher with low tumours; Chap. 13) and tumour 
stage (see Table 1 in Chap. 18). The lateral nodes may be involved in up to one 
third of patients who have positive apical lymph nodes. Commonly, lateral 
lymph nodes are associated with rectal cancers that are extraperitoneal, 
transmural (T4 tumours) and which contain mesorectal lymph node metas
tases. It has never been shown convincingly that the local recurrence rate or 
survival is improved with these extensive procedures (Chap. 18); no ran
domized study to study its effectiveness has ever been carried out. Whether 
lateral lymph node spread is a sign of regional or systemic disease is unclear; 
both local recurrence rate increases and survival decreases with involved lateral 
lymph nodes. 

Moreira and coworkers have in the only comparative study published to 
date assessed the role of lateral lymph node dissection in 95 patients and 
compared the results with those of 83 patients who had resection without 
lateral dissection [71]. Although the local recurrence rate differed (7% after 
lateral dissection versus 16% without), the overall recurrence rate (local and 
distant) and 5-year survival were not significantly different. Recurrence, me
tastasis and survival were related more to venous or neural invasion and tu
mour spread than to node dissection. Moreira et al. concluded that it is 
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unlikely that EPL will provide significant benefit to the patients with low rectal 
cancer. 

The data and considerations given above are the reasons that Japanese 
surgeons have failed to convince Western collegues that EPL should be rou
tinely used. The major objections are related to the high incidence of urinary 
and sexual dysfunction resulting from autonomic nerve damage (Chap. 18). 
The rate of autonomic nerve dysfunction after standard surgery is also high 
(15%-50% for impotence [23]), and greater efforts to preserve nerve supply 
must be a future goal, which will be aided by the careful dissection methods 
associated with TME described above. 

Perioperative Measures - Cancerocidal Washout 

The concept of implantation of tumour cells as one of many causes of local 
tumour recurrence originates from the observation by Patel, Tovee and Langer 
[79] that perforation of the tumour during dissection increases local recurrence 
rates significantly. Exfoliated and viable tumour cells can also be found in the 
bowel lumen (see review by Abulafi and Williams [1]). Thus the practice of 
cancerocidal washout, particularly of the bowel lumen before the anastomosis is 
made, has become popular, although some question its routine use (Chap. 16). 
Therefore, no clear recommendations can be given based on trial evidence. 

Anastomotic Technique 

Type of Reconstruction (Manual Versus Stapled). There is no one standard 
method of reconstruction of bowel continuity after rectal resection. Manual 
anastomosis, either in one or two layers, appears to have higher leakage rates 
than stapled anastomosis in retrospective studies [100]. However, when more 
recent prospective trials are examined, there does not seem to be any sig
nificant differences in leak rates [4]. The stapler has the considerable advantage 
that an anastomosis can be constructed at a much lower level than is feasible 
by hand. Optimal surgery using the TME technique necessitates stapled an
astomosis either by the conventional end-to-end circular stapler or by the 
double-stapling technique [104]. 

Some authors have claimed that a stapled anastomosis gives a higher in
cidence oflocal recurrence, but a recent review does not support this view [1]. 
Therefore, the reconstruction technique chosen must must be recorded and 
leak rates should be monitored. 

The biofragmentable ring introduced by Hardy and associates in 1984 [40] 
for sutureless intestinal anastomosis has never gained popularity. This ring 
cannot be used in the low rectum. 

Straight Anastomosis Versus Colonic Pouch. The loss of rectal reservoir and the 
reduced resting anal pressure after a rectal resection and reconstruction leads 
to poor bowel function [98]. Construction of a "neorectum" using a colonic 
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pouch has been used to improve bowel function [9]. A pouch could also have 
the advantage that the leak rate is lower. 

The experience with the I-pouch reconstruction is still limited and rec
ommendations as to safety and end-results can not be given as yet. The rectal 
"stump" must be kept short « 2 cm) if a pouch is added (Chap. 22). A recent 
study claims other potential advantages with the pouch technique. Blood flow 
(measured by the Laser Doppler flowmetry) was reported to be better at the site 
of the pouch used for anastomosis than that of cut end of left colon used for an 
end-to-end anastomosis [39]. The conclusions drawn by the authors are, 
however, not well supported by their data and further studies are awaited. TME 
may partially devascularize the anorectal stump during dissection of the distal 
tail as there are no anastomosing branches between the superior and inferior 
rectal arteries in the posterior part of the rectum [7]. Whether a colonic pouch 
and a coloanal anastomosis are safer than the straight anasomosis and will 
reduce the anastomotic dehiscence rate remains to be proven. 

Protecting Stoma 

The need for a covering colostomy after rectal reconstruction is a debatable 
issue (Chap. 24). Only one controlled study has attempted to examine this 
problem in a systematic way in elective low colorectal anastomosis [36]. Stomas 
provided no benefit in this study, and were also found to be of questionable 
value even for the small number of patients in whom leakage was suspected. 

Heald has argued consistently that TME gives relatively high (> 10%) an
astomotic leakage rate, particularly in anastomosis below 6 cm [44]. Com
parative data to support this observation are however not available. Arbman 
and coworkers have compared the frequency of complications before and after 
introduction of TME; anastomotic leak rate and total frequency of complica
tions were similar [6]. Data from Norway may on the other hand suggest that 
TME in the introductory phase of this technique increases leak rate (Norwe
gian Rectal Cancer Study Group, personal communication). 

In view of the complexity and multifactorial nature of the problem, we 
believe that it is unlikely that a randomized trial will ever be carried out. On the 
basis of the data presented by Hull (Chap. 24), we may draw the following 
conclusions: 

1. Reliably predicting which anastomosis will leak is unlikely 
2. A diverting stoma is not required in all patients and should be used selec

tively. The following conditions that may favor a stoma are: 
- Technical problems with the anastomosis (including incomplete dough-

nuts) 
- Anastomotic tension 
- Colonic obstruction or faecal loading 
- Low anastomosis (lower third) 
- Introduction of new technique such as TME (although a recent study does 

not find increased leak rate with TME [6]) 
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Adverse patient factors (malnutrition, immunosuppresion, pelvic con
tamination or sepsis). 

The choice of stoma - loop colostomy or loop ileostomy - is debated. In a 
randomized study, Khoury and coworkers [61] concluded that loop ileostomy 
was the preferred method but this conclusion is not convincingly supported by 
their data. We need more studies on this topic, including cost-effectiveness and 
quality-of-life evaluations. 

Standards for Specimen Evaluation 

The anatomical extent of tumour is the most powerful predictor of outcome 
and should therefore be described in detail [27]. The International Compre
hensive Anatomical Terminology (ICAT) documentation system recommended 
by the Working Party is given in Appendix B [30]. 

Pathologic examination should document that TME has actually been per
formed by systematic examination of the lateral or circumferential resection 
margin (CRM). The ICAT categorization and quality control of TME require 
therefore that pathologic examination is standardized. There is currently one 
method recommended for macroscopic description, sectioning (including 
inking), lymph node harvest, description of circumferential margin and mi
croscopy which can be used both routinely and for research. This method is 
based on transverse whole-mount sectioning of the specimen. Quizilbash [86], 
and later Chan, Boey and Wong [17], Quirke and coworkers [84,85], Cawthorn 
et al. [16] and Ng and associates [76] all open the fresh specimen along the 
antimesenteric border and pin the specimen to a cork board. After fixation, the 
specimen is sliced serially and transversely at 5-8 mm intervals and mea-

Bowel lumen 

Fig. 2. Schematic display of serial slices for macroscopic examination of rectal cancer as 
recommended by Quirke (Chap. 5). Measurements showing maximal spread are: 1. distance 
from muscularis propria to outermost limit of tumour; 2. distance from tumour edge to 
circumferential margin; and 3. distance from a satellite tumour or involved lymph node to 
circumferential margin 
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surements as to tumour penetration are made (Fig. 2). Lymph nodes are 
harvested and CRM is examined systematically. Multiple blocks are sampled 
and routinely processed for H&E staining with emphasis on CRM involvement. 
A similar system has been described in the USA [45]. 

Of particular importance are the measurements made on the specimen 
(Fig. 2). Extent of tumour spread through the bowel wall (in millimetres) is an 
independent prognostic factor after conventional surgery; the deeper the tu
mour penetrates, the higher the CRM involvement rate and the poorer the 
survival [2, 16, 55]. 

Quirke and coworkers have demonstrated that CRM involvement, defined as 
tumour 1 mm or less from the circumferential margin, predicts local recur
rence with an accuracy of 85% [84]. While the predictive importance of CRM 
involvement for local recurrence has been confirmed by Adam et aI. [2], 
Cawthorn and associates [16] could not demonstrate such association. These 
apparently contradictory findings are most probably explained by the very low 
local recurrence rate (8%) in the study by Cawthorn et aI., where TME was 
routinely used [16]. 

Three points appear important: 

1. The circumferential margin should be well described. In a TME resection 
this margin appears smooth. Irregularity is highly suggestive of breaching of 
the mesorectum (Chap. 5); 

2. The depth of tumour penetration should be measured (see above); and 
3. The maximum number of lymph nodes present must be examined in order 

to produce a more reliable TNM classification. A minimum of 12 nodes is 
necessary for adequate staging [46]. As documented 15 years ago, the mean 
number of lymph node harvest per hospital varies considerably, from 1.0 
(SD 1.6) to 11.2 (SD 5.8) [11]. Therefore, the number of involved lymph 
nodes should be compared with the total number present. Thus N staging 
should be given as pNO (0/15) or pNl (2/19). 

Staging and Matrix for Staging System Conversion 

General 

Staging is defined as the assessment and description of the anatomical extent of 
cancer at certain time points in its natural history, as a rule at diagnosis or first 
treatment. Hermanek has reviewed the currently used staging systems of which 
VICC TNM staging now should be the preferred (Chap. 4). Table 4 gives the 
data elements which are required for TNM staging and also gives the matrix -
originally published by the Working Group [30] - for conversion of the TNM 
system to the other currently used staging systems. 
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The Imperfection of Staging 

Survival rates (cancer-specific) in Dukes' A tumours may vary from as low as 
77% [75] to as high as 98% [20]. Similarly wide variation is also seen in Dukes' 
B lesions, while in Dukes' C cancer variation is less. Local recurrence is also 
found in patients with Dukes' A lesions (Norwegian Cancer Registry, personal 
communication) even though we should not expect local recurrence in these 
patients. 

The varying rates reflect not only differences in surgical technique but also 
the imperfection of staging. The pN staging differs; the more sensitive the 
method of lymph node detection, the more reliable is the staging. For instance, 
Hida and coworkers found that the average number of lymph nodes in the 
mesorectum was 21 when a conventional manual method was used for ex
amination of the specimen. This increased to 73 when a clearing method was 
used [50]. Reliable staging improves the results in the individual stages. This 
phenomenon - known as the "Will Rogers phenomenon" or "stage migration" 
[28] - has also been described for rectal cancer [48]. Mesorectal excision and 
standardized evaluation of the specimen will ensure a more complete lymph 
node dissection and therefore a more correct pN staging. 

One advantage of the Japanese type of radical surgery is that staging is 
probably as accurate as it is currently possible to achieve. 

Residual Tumour Status 

The Working Party [30] considered that information on the presence of re
sidual tumour at the time of definitive treatment should be recorded in every 
case and have included these features in the proposed International Compre
hensive Anatomical Terminology (ICAT). This R classification which addresses 
the residual tumour problem is defined as: 

Rx Macroscopic residual tumour cannot be assessed 
RO No residual tumour 
R1 Microscopic residual tumour 
R2 Macroscopic residual tumour 

For rectal cancer an RO resection will imply that the mesorectum is excised, 
that there is no tumour at the circumferential resection margin nor in the 
bowel resection line [47]. 

Currently the R staging is optional in the TNM system. This issue will 
probably be addressed in the forthcoming 1997 TNM revision. Item 20 in 
Appendix B gives an alternative R classification. 

On the basis of the pTNM and R classification, the Working Party [30] has 
defined an "incurable" tumour as: 

Those neoplasms with distant metastases (histologically proven, or with 
convincing clinical evidence) and those with tumour demonstrable histo
logically in a line of resection (almost always in a lateral (or deep) resection 
margin (i.e. the CRM) (the text in italics added by the authors). 
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It should be noted that using this definition, adjacent organ invasion does 
not qualify a tumour for the "incurable" classification. 

Japanese Versus Western Type Rectal Resection 

From the descriptions given it is apparent that rectal cancer surgery can be 
divided into three categories: 

1. Conventional rectal resection (HAR, LAR, APR) the resection technique 
practised by most surgeons, particularly in the Western hemisphere. It is 
characterized by unintentional breaching of the meso-rectum, in particular 
at the circumferential margin (see "Standards for Specimen Evaluation" and 
Chap. 5) and gives the highest local recurrence rates (Chap. 3). It may da
mage the pelvic autonomic nerves by clamping of the "lateral ligament". 

2. TME focuses on the importance of circumferential sharp dissection in 
anatomical layers (Chap. 15). The mesorectum is respected and autonomic 
pelvic nerves are preserved. This is in principle the technique used by Enker 
(Chap. 16). However TME could be a part of HAR, LAR or APR if the 
surgeon choose to do so. 

3. Japanese type resections include TME (or PME) as an integral part. This is 
apparent when the dissection described by Takahashi (Chap. 13) and 
Moriya (Chap. 17) is evaluated. In addition, extramesenteric lymph node 
dissection of the iliac and/or obturator nodes (lateral nodes) are commonly 
carried out especially for "low" Dukes' B (T3, NO, MO) and C (Tany, NI-2, 
MO) cancers. Occasionally block dissection of the retroperitoneum between 
the ureters and laying bare the vena cava and aorta (from above the IMA) is 
added. The pelvic autonomic nerves are often dissected and partially re
sected (Chaps. 13, 17). 

Japanese surgeons tend to tailor their operation to the individual. Pre
operative assessment of tumour invasion of the rectal wall (T stage) and 
identification of lymph node metastases by EUS are therefore necessary in their 
practice and will guide therapy more than in the Western world (Chaps. 13, 17). 

Outcome Analysis 

Immediate Results 

The literature abounds with outcome measures after rectal cancer surgery. A 
common problem is the subjectivity of the elements incorporated in many. 
Table 5 gives the immediate outcome measures that we recommend to be 
recorded in all rectal cancer patients. 
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Table 5. Suggested immediate outcome parameters to be recorded in all patients with a 
(colo )rectal malignancy 

Mortality (30 day figures or in-hospital if LOS> 30 days) 
Morbidity 

Major leaks (pelvic sepsis) 
Minor (radiological) leaks 
Bleeding requiring transfusion (volume) 
Small-bowel obstruction 
Wound infection/dehiscence (abdominal and perineal) 
Stoma-related complications 
Medical (general) complications (lungs, renal, DVT/PE, 
cardiac, neurological) 
Voiding (transurethral or suprapubic catheterization, 
intermittent catheterization, catheter removed) 

Length of stay (LOS) 
Post-operative 
ICU days 

Reoperations (reasons) 

LOS, length of stay; DVT/PE, deep vein thrombosis, pulmonary embolism; ICU, intensive care 
unit. 

late Follow-Up Information 

The Working Party [30] has suggested that follow-up information should be 
kept simple except in studies in which specific aims are being assessed. Such 
basic follow-up information is given in Table 6. Follow-up data elements must 
however be defined. 

Table 6. Basic follow-up information as proposed by the Working Party [30] 

Date of last follow-up 
Last follow-up status 

Alive 
Deceased with unknown colorectal carcinoma status 
Deceased with colorectal carcinoma (recurrence) 
Deceased with other causes 
Lost to follow-up (censored) 

Condition at last follow-up (if alive) 
No tumour recurrence 
Local recurrence only 
Distant metastases only 
Both local and distant recurrence 

Additional treatment (type and start date) 
Radiation (adjuvant or therapeutic) 
Chemotherapy (adjuvant or therapeutic) 

Identification of new primary (site and date of diagnosis) 
Colorectal 
Other 

Date at which each of these features were "suspected" or "proven" (cytology, 
histology or unequivocal clinical evidence) should be recorded. 
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Definition of Recurrence 

There are wide variations in local recurrence rates depending on the definition 
of local recurrence employed and the subgroup studied, i.e. rates can vary by 
manipulation of inclusion criteria [67]. Furthermore, the level of reported 
recurrence rates depends on the completeness of follow-up and the accuracy of 
diagnosis of recurrent disease (tissue verification, imaging, endoscopy and/or 
clinically). A Swedish study has also shown that the incidence of local recur
rence is probably underestimated in the absence of routine autopsy [15]. 

We suggest that recurrence is defined as: 

Local recurrence: Evidence of recurrent disease within the pelvis after a RO
resection, including recurrence at the site of anastomosis and perineal 
wound. 

Distant recurrence: Evidence of disease outside the pelvis after a RO-resection, 
including metastasis in aortic and/or inguinal lymph nodes. 

Recurrence rates should be given in the following categories as proposed by 
Abulafi and Williams [1] and the Stockholm Rectal Cancer Group [51]: 

1. Local recurrence occurring in isolation 
2. Distant recurrence alone 
3. Local plus distant recurrence 
4. Total local recurrence rate (1 + 3). 

A particular problem arises when adjuvant radiation therapy is added, as 
radiotherapy gives a significant reduction in local recurrence rates, particularly 
if a standard rectal cancer resection has been performed (Chap. 28). Thus any 
study using adjuvant radiotherapy should report local recurrence within and 
outside the radiation field separately [67]. 

Functional Consequences 

Functional consequences of rectal cancer surgery are rarely considered in 
clinical studies, and routine collection of such data is probably not feasible 
unless done in specific studies. There are many problems in designing good 
trials to include parameters of patient function from which indices can be used 
for assessment of postoperative status. 

Furthermore, the functional results after treatment must be evaluated in 
light of preoperative performance; sexual and urinary functions illustrate this 
point. For example in men changes in voiding postoperatively is often due to 
benign prostatic hypertrophy which may have been subclinical prior to sur
gery. Function is not only related to surgery but also to several other factors 
(Table 7) and thus a cautious approach to functional evaluation seems war
ranted. The data acquisition model described by Michelassi (Chap. 25) is 
simple and interesting and should be further evaluated in carefully designed 
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Table 7. Factors which will influence functional results after rectal cancer surgery 

Age, gender, number of births 
Preoperative function 
Relation to anal transitional zone 
Intraoperative dilatation of anal sphincter 
Degree of pelvic autonomic nerve preservation 

Total autonomic nerve preservation 
Partial preservation of pelvic nerves 
No nerve preservation 

Proximal colon (length) 
Level of anastomosis (centimetres from anal verge) 
Type of reconstruction (straight or pouch) 
Occurrence of anastomotic dehiscence 
Anastomotic stricture 
Recidual tumour status or recurrence 
Pre- and/or postoperative chemotherapy and/or radiation 
Length of follow-up 

Table 8. Data elements to describe functional consequences and status 
after rectal cancer surgery 

Genito-urinary 
Voiding; need for long-term urinary catheter 
Incontinence (urge or stress) 
Impotence and impaired ejaculation 
Female sexual disturbances 

Ano-rectal 
Continence (to flatus and faeces) 
Urgency 
Nocturnal control 
Anastomotic stricture 

studies addressing this issue. Both genitourinary and anorectal consequences 
should be considered. Relevant data elements are outlined in Table 8. 

Guidelines for Management 

Guidelines for Adjuvant Therapy 

Pre- and/or Postoperative Radiation/Chemotherapy 

It is beyond the scope of this chapter to review extensively the complex and 
often conflicting literature on this subject. Some controversies most often 
discussed are related to: 

1. The question of single or combined modality adjuvants; 
2. Should adjuvants be given pre- or postoperatively? 
3. Selection criteria; 
4. Dose/time/volume considerations of radiotherapy; and 
5. Effect on local tumour control and survival. 
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The major problem in absolutely all studies on adjuvant therapy is that the 
surgery has not been standardized or optimized, nor have instruments for 
quality control of surgery been used. Therefore in a new era of "optimal 
surgery" where we should expect local recurrence rates to be around 10% or 
less after surgery alone (figures which never have been achieved by any of the 
no-adjuvant treatment arms in published randomized clinical trials) the place 
for adjuvant radiation and chemotherapy must be redefined. 

Glimelius (Chap. 28), Levin (Chap. 29) and Nyren (Chap. 30) have all dis
cussed the role of adjuvant treatment in the light of optimal surgery. They all 
conclude that we need new randomized clinical trials. Currently there is one 
ongoing study in Holland comparing TME with or without preoperative 
radiotherapy (Study no. CKVO 95-04; University Hospital, Leiden). Enker and 
co-workers (Chap. 16) have also outlined possible areas where adjuvant 
treatment strategies should be considered and investigated. 

Perioperative Measures - Intra-Portal 5FU 

Based on the fact that two-thirds of patients with recurrent colorectal cancer 
have liver metastases and that many (up to one-third) appear to have isolated 
hepatic metastases at autopsy have led to trials addressing whether intraportal 
regional therapy might improve results. So far ten studies on adjuvant cyto
toxic portal vein infusion in primary colorectal cancer have been published. A 
meta-analysis suggests that a reduction in risk of death can be expected, but 
the benefit appears to be limited to node-positive patients [83]. 

However, analysis of failure patterns in two studies suggest that the benefit -
if any - may be due more to a systemic effect than to the regional one [31, 103]. 
In support of this is the fact that the published results of both adjuvant sys
temic chemotherapy for 6-12 months and portal vein infusion for 1 week are 
roughly comparable with an approximate 5% improvement in absolute sur
vival at 3 years [96]. However, this is a complex subject which requires more 
study because if 1 week of intraportal treatment is equivalent to 12 months of 
postoperative peripheral treatment, the intra portal route might offer certain 
advantages. A potential effect will probably disappear if rectal cancer is studied 
separately, as the dominating failure pattern after rectal cancer resection is that 
of local recurrence. 

Guidelines for Follow-Up 

Routine follow-up of patients may have three purposes; (1) For the surgeon to 
monitor the results after rectal cancer surgery focusing mainly on the im
portant outcome measures of local recurrence and survival; (2) early detection 
of recurrent disease and the selection of those patients who might benefit from 
treatment (radiation, chemotherapy, surgery); and (3) detection of in
dependent colonic neoplasms. 



International Standardization and Documentation of the Treatment of Rectal Cancer 431 

Whereas most will agree that auditing of personal or hospital series is re
quired as a quality control instrument (Chap. 27), the value of long-term 
routine follow-up incorporating laboratory tests, imaging and endoscopy re
mains controversial. The benefit for patient groups is, at best, marginal (Fig. 1). 
In fact the average percentage of the total colorectal cancer population bene
fited by postoperative screening, by being rendered disease free through sec
ond-look surgery, is 0.7% (range 0.2%-1.7%) [75]. 

An international symposium concerning management of recurrent colo
rectal cancer demonstrated that experts have differing views on whether sur
vival could be increased and whether follow-up is cost-effective [94]. The lack 
of professional consensus is still apparent nearly 10 years later. A recent meta
analysis concluded that although more operations with curative intent were 
performed in the intense follow-up group and more metachronous tumours 
were found, the total number of operations for recurrences and curative op
erations for metachronous tumours did not differ between the follow-up and 
no follow-up groups. More importantly, 5-year survival did not differ [13]. 
This study also demonstrated that CEA should be included in the follow-up 
program if such was instituted. 

Recently a randomized clinical trial has been published in which intense 
follow-up (clinical examination, endoscopy, computed tomography of pelvis 
after APR, chest X-ray, liver function tests, CEA and occult faecal blood) was 
compared with no follow-up [77]. The design of this study appears however 
not optimal, and the possibility of a type II error exists. The follow-up period 
was from 5.5 to 8.8 years. Intense follow-up did not prolong survival. The same 
conclusion will probably emerge after analysis of a randomized study carried 
out in Fynen, Denmark (Ole Kronborg, data presented at the EuroSurgery 
meeting, Barcelona 1995). The design of this study has been published [63] and 
follow-up is now more than 10 years. 

In contrast to such evidence, it is a well-documented fact that a "potentially 
curative" surgical resection of a recurrence both locally [88] and hepatic [96] 
gives a survival benefit for the individual patient. 

Because of the individual versus population controversy and the lack of 
well-designed controlled studies, it is impossible to formulate general guide
lines as to "optimal follow-up". The new prospective studies should be tailored 
to the problem in question; rectal cancer with its dominant problem of local 
recurrence should probably be followed differently from colonic cancer where 
distant spread prevails. 

The design of future studies should allow the following questions to be 
answered: 

1. Is detection of a recurrence a consequence of the follow-up program itself, 
or did patients already have symptoms that warranted investigations? 

2. Can patients be identified and undergo potentially curative treament at a 
presymptomatic stage? 

3. What are the therapeutic consequences and does additional treatment 
(surgery or other) prolong survival? 
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Politics of Change 

The strong evidence of differences in outcome related to surgical technique 
and surgeon variability can no longer be ignored. Arguments are still voiced 
that there are simply no data to allow objective comparison between "con
ventional or standard" and more optimal approaches [89]. The question may 
however be raised whether comparative studies, preferably in the randomized 
clinical trial format, can be carried out. 

We argue that the question of optimal surgery for rectal cancer is an issue of 
surgical proficiency and not suitable nor appropriate for the randomized 
clinical trial format. Silen, commenting on the paper by MacFarlane et al [66], 
agrees and argues that it is unlikely that a proper randomized clinical trial 
comparing "conventional or standard" surgery with "optimal" (TME) surgery 
will ever be carried out because the the key variable - the surgeon - can never 
be adequately controlled [91]. The ethics of such studies must also be raised; 
the most debated issue is the possible exploitation of experimental subjects in 
the pursuit of medical knowledge [87] in the context oflearning the proficient 
use of a surgical technique which conforms to the tenets of the "en bloc" 
surgical resection of tumours. 

It was concluded at a recent international meeting in Oslo, Norway (June 
1995) that the "best" surgical technique was that of TME [33]. How can we 
develop a strategy for implementing this technique in routine surgery na
tionally and internationally? The following three areas appear important. 

Standards for Clinical Documentation 

Auditing of results on hospital, regional or preferably national levels should be 
carried out with feed-back to individual hospitals and surgeons. Such systems 
have been introduced in Sweden and Norway where all patients are accounted 
for to minimize the problem of selection bias. The National Cancer Data Base 
[93] run by the American College of Surgeons may also offer opportunity for 
all patients to be recorded. Data-base registries can be established on a per
manent basis such as the cancer registries of Norway and Sweden, or ad hoc as 
the German Study Group Colorectal Carcinoma (Chap. 26). 

Such registries must record a Minimal Basis Data Set such as the IDS de
scribed here (Table 1 and Appendices A and B) to allow accumulation of 
relevant data. 

J oint regional or national efforts will also allow prognostic factor develop
ment much earlier than that of individual surgeons and institutions. As an 
example, in Norway there are around 1000 new patients with rectal cancer per 
year, but no single institution treats more than 50 patients annually, many less 
than ten. Tissue and blood sample banking may add powerful research tools to 
such data bases. 
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Standardization of Training for Surgeons and Pathologists 

The organization of rectal cancer treatment and surgery is probably more 
important than number of cases treated (Chaps. 26, 27). Therefore surgeons 
and pathologists should be trained adequately so that they can master the 
technical modifications of TME. In Norway, rectal cancer surgery has been 
removed from the training curriculum of the general surgeon. For surgeons in 
training such procedures are reserved for those specializing in "gastro
intestinal surgery", a formal 3-year training period after being certified as 
"general surgeon". Rectal cancer surgery is also being concentrated in fewer 
hands with some hospitals referring their patients to institutions with higher 
volume and a more comprehensive infrastructure. 

For the practising surgeon, specific training schemes must be organized. In 
Norway and Sweden, surgical work-shops based on live video demonstrations 
of operations performed by experts, and even hands-on experience assisting 
such experts have been organized, the main aim being to update and qualify 
"certified TME surgeons". Heald has described his experience from 16 teaching 
workshops in 13 cities in Scandinavia, and TME workshops on similar lines 
have also been established in the UK by the Royal College of Surgeons of 
England [44]. 

For pathologists, seminars have been arranged in Norway and the Nether
lands with leading international experts as instructors (Quirke), and instruc
tion videos have been produced and distributed. 

In Norway a national group (Norwegian Rectal Cancer Group) under the 
auspices of the Norwegian Gastrointestinal Cancer Group (NGICG) - a mul
tidiciplinary body - has been established, with a base currently within the 
Norwegian Cancer Registry. This group will have the responsibility of im
plementing TME nationally, to audit results and to give regular feedback to the 
participating institutions. The link to the Cancer Registry ensures that all 
patients can be accounted for. The group will also arrange meetings where 
results will be shared and specific problems addressed, for instance those re
lated to anastomotic dehiscence. When the data base is operating effectively, 
specific studies will be initiated. 

Medicopolitical Climate for Change 

Professional Responsibility 

The surgical community must now accept that there are hard data to support 
the notion that surgeons applying similar treatment principles can consistently 
achieve the same low failure rates. 

We must train surgeons adequately so that they can master the technical 
modifications of TME. Concentration of rectal cancer surgery in fewer hands 
such as described from Scandinavia should be accepted as an important step to 
achieve high quality of patient care. For those in practice, specific training 
schemes must be organized. 
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Standardization of the describtion and reporting should be implemented. 
Auditing of results at hospital, regional and national levels should be orga
nized. Studies on adjuvant therapy should not be carried out unless surgery is 
standardized and quality control measures implemented. 

Role of Academic Institutions 

The "academic surgeon" must take the responsibility for being the driving 
force to promote change. In principle, there are two strategies which can be 
applied; a centripetal referral of patients to large teaching institutions, or a 
centrifugal spread of knowledge from the academic institutions to hospitals 
with an adequate volume of patients. 

We will argue strongly for the latter; the centrifugal spread of knowledge 
recognizes the practicalities of patient care, especially when geographic dis
tances are large, and the need for large community hospitals to maintain their 
overall competence. Data from the USA also support this view; 60% of patients 
with rectal cancer are treated in community hospitals and 51 % are treated by 
surgery alone [93]. Thus to achieve improvements in rectal cancer surgery we 
must focus more on spread of knowledge. Data from Sweden (Chap. 26) clearly 
demonstrate that excellent results can be obtained in medium-sized hospitals 
with a relatively low treatment volume if training has been adequate even 
though relatively few rectal cancer operations are carried out by a single sur
geon. 

Academic surgeons who criticize the TME results [53] should recognize that 
many clinical problems can be evaluated only by using observational epide
miological methods although this approach may be more susceptible to bias. 
The scientific basis for this argument can be found in the recently published 
paper by Solomon and McLeod [92]. Analytic studies have been the major 
thrust in population epidemiology, but their role in clinical epidemiology has 
been dampened somewhat because of the stance taken by some that only 
randomized clinical trials are valuable in evaluating clinical practice. We argue 
strongly in favour of observational methodology in the research area of rectal 
cancer surgical proficiency and find additional support for this view in a re
cently published review by Hu and coworkers [52]. 

This approach can be complemented by the randomized clinical trial format 
for clearly defined treatment method comparisons which will help the doc
umentation process necessary for future physician-related variance analyses. 

Thus, focus on the quality of surgery and standardization of technical 
methods and documentation systems will lead to quality improvement. The 
involvement of large group of surgeons in these clinical studies are mandatory 
and will, by diffusion of knowledge within these groups, lead to better clinical 
results. 
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Appendix A 

Modified International Documentation System (IDS) (additions and modifications 
marked in boldface; reproduced from Fielding et al. [30] with permission) 

Clinical features - Pretreatment 

Item Alternative first level Alternative second level 
# Name 

Basic patient information 

1. Country 

2. Hospital 
(Name/code) 

3. Patient identification 
(Name/code) 

4. Race - African 
- Asian 
- Other 

5. Past history - Colorectal carcinoma - No/Yes 
- Other malignant tumour - No/Yes 

Data of proven prognostic significance 

6. Surgeon identification 
(Name/code) 

7. Gender 

8. Date of birth 

9. Clinical presentation 

9b. Comorbid disease 
class (ASA grade) 

- Male/Female 

- Day/month/year 

- Asymptomatic 

- Symptomatic elective 
- Symptomatic obstruction 

- Symptomatic perforation 
(± obstruction) 

- Population screening 
program 

- Early 
detection/ surveillance 
program 

- Coincidental finding 
during investigation 
of another disease 

- To solids only 
- To solids and gas 
- To solids and gas plus 

systemic effects 

- Healthy patient with a localized pathologic process 
- Patient with severe disease limiting activity, 

not incapacitating 
- Patient with incapacitating systemic disease 
- Moribund patient 
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Data of probable prognostic significance 

10. Preoperative treatment - Radiotherapy 

11. Anatomical site of 
tumour 

- Chemotherapy local 
- Chemotherapy systemic 

- Appendix 
- Cecum 
- Ascending colon 
- Hepatic flexure 
- Transverse colon 
- Splenic flexure 
- Descending colon 
- Sigmoid colon 
- Rectum 
- Colon NOS 

Clinical features - Post-treatment 

Item Alternative first level 
# Name 

Data of proven prognostic significance 

12. Definitive treatment 
start date 

13. Timing of surgery 

14. Site of distant 
metastasis 

15. Liver status 

- Day/month/year 

- Elective 
- Urgent « 48 h) 
- Emergency « 6 h) 

- Cannot be assessed (Mx) 
- No tumour spread seen (MO) 
- Within abdomen (Ml) 

- Outside abdomen (Ml) 

- Right lobe deposits 
- Left lobe deposits 

16. Liver tumour burden - 0% 
- < 25% 
- 25%-50% 
- 51 %-75% 
- > 75% 

17. Residual tumour - None 

O. S0reide et al. 

- No/Yes 
- No/Yes 
- No/Yes 

_cm from anal verge 

Alternative second level 

- Distant nodes 
- Liver 
- Peritoneum 
- Other 
- Lung 
- Bone 
- Brain 
- Other 

- Numbers 0, 1,2,3,4,5+ 
- Numbers 0, 1,2,3,4,5+ 

- Locally contiguous with original bowel resection only 
- Distant metastasis only 
- Both local and distant tumour 
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Data of probable prognostic significance 

18. Tumour mobility at 
surgery - Mobile 

- Tethered 
- Fixed 

19. Technique of tumour - Conventional 
mobilization - Turnbull "no-touch" 

20. Tumour perforated - None 
- Spontaneous 
- Iatrogenic 

21. Type of procedure - Non-resecting surgery - Laparotomy - stoma only 
- Laparotomy - bypass only 

- Local therapy 
- Limited resection 
- Radical resection 

22. Name of procedure - Electrocoagulation 
- Laser ablation 
- Cryotherapy 
- Endoscopic polypectomy 
- Submucous excision 
- Disc excision 
- Segmental excision 
- Right hemicolectomy 
- Transverse colectomy 
- Right and transverse colectomy 
- Left colectomy 
- Left and transverse colectomy 
- Sigmoid colectomy 
- High anterior resection (HAR)l 
- Low anterior resection (LAR) 
- Total mesorectal excision (TME) 
- Partial mesorectal excison (PME)2 
- Abdomino-perineal excision (standard) 
- Abdomino-perineal excision + TME 
- Subtotal colectomy 
- Total colectomy 
- Proctocolectomy 
- Pelvic exenteration 

22b. Laparoscopicallyassisted - No/Yes Specify:, ____ _ 

If [no]- Unclear anatomy 
- Perforation 
- Bleeding 
- Other 

If [yes] -
Intraoperative 
complications 

- None 
- Bleeding 
- Perforation 
- Contamination 

Violation of cancer 
principles 

- No/Yes 
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23. Adjacent organs resected - Not applicable 

24. Liver or other 
metastasis resection 
(synchronous) 

- En-bloc 
- Separated 

- No/Yes 

- Cannot be assessed (Rx) 
- None (RO) 

O. Soreide et al. 

Specify: _____ _ 
Specify: _____ _ 

24b. Clinical evidence of 
residual tumour after 
definitive treatmene - Microscopic residual tumour (RI) 

- Microscopic residual tumour (R2) 

25. Postoperative Rx - Radiotherapy 
- Chemotherapy local 
- Chemotherapy systemic 

1 Anastomosis above peritoneal reflection. 
2Distal mesorectum transected (see text). 
3Current TNM system (Chap. 4). 

Appendix B 

- No/Yes 
- No/Yes 
- No/Yes 

Pathology features (reproduced from Fielding et al. [30] with permission; 
additions and modifications marked in boldface) 

Item 
# Name 

Basic patient information 

1. Number of primary 
carcinomas of the 
colon and rectum 

2. Measurements at 
tumour site 

Alternative first level 

Give number 

- Bowel wall transverse 
measurement 

- Max. tumour size 
- transverse 
- longitudinal 
- thickness 
- Distal clearance margin 

(bowel) 

3. Serosal surface involved 
(macroscopically) - No/Yes 

4. Associated pathology - None 
- Ulcerative colitis 
- Crohn's disease 
- Familial adenomatosis 
- Radiation colitis 
- Schistosomiasis 

Alternative second level 

_cm 

_cm 
_cm Fresh specimen 
_cm Fixed specimen 

_cm 
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5. Tumour type 

- Contiguous adenoma with 
cancer 

- Separate adenoma 

- Adenocarcinoma 
- Mucinous adenocarcinoma 
- Signet ring cell carcinoma 
- Undifferentiated 
- Other 

- No/Yes 
- None 
- Give number 

Data of proven prognostic significance 

6. Microscopic description 
of tumour depth - Primary tumour cannot be assessed (pTx) 

- No evidence of primary tumour (pTO) 
- Severe dysplasia, carcinoma in situ (pTis) 
- Tumour invades submucosa (pTI) 
- Tumour invades muscularis propria (pT2) 
- Tumour invades through muscularis propria 

into the subserosal connective tissue or 
non-peritonealized pericolic or perirectal tissue (pT3) 

- Tumour invades directly into other organs 
or structures (pT4a) 

- Tumour to and invading free (serosal) surface (pT4b) 

7. Regional lymph node status 
- Regional lymph nodes 

cannot be assessed (pNx) 
- Number of regional lymph nodes 

examined - Give number 
- Number involved with tumour 

439 

- pNI: 1-3 positive nodes 
- pN2: >3 positive nodes 

8. Status of nodes along - Not recorded 
major named vascular - Negative for tumour 
trunk - Positive for tumour (pN3) 

9. Apical node status - Not recorded 
- Negative for tumour 
- Positive for tumour (pN3) 

10. Tumour transected 
shown histologically - Cannot be assessed 

- None 
- Proximal line of resection (RI) - No/Yes 
- Circumferential margin (RI) - No/Yes 
- Distal line of resection (RI) - No/Yes 

11. Proven distant - No/Yes 
metastases - The presence of distant metastases 

cannot be assessed (pMx) 
- No distant metastases (pMO) 
- Distant metastases shown histologically (pMI) 
- Distant metastases shown clinically only (MI) and (R2) 

12. Histology in line of - No metastasis excised 
resection of excised - No tumour in line of resection 
distant metastasis - Tumour in line of resection 
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13. 

14. 

15. 

Venous involvement 

Histologic pattern of 
infiltrating margin 

Tumour grade 

0. S0reide et al. 

- Not specified 
- Negative for tumour 
- Intramural veins positive 
- Extramural veins positive 
- Both intra- and extramural veins positive 

- Not recorded 
- Expanding (well-circumscribed) 
- Diffusely infiltrating 

- Well-differentiated 
- Moderately differentiated 
- Poorly differentiated or undiferentiated 
- Grade cannot be assessed 

Data of probable prognostic significance 

16. Tumour perforation 

17. Involvement of distal 
"doughnut" tissue 

18. 

19. 

Mixed inflammatory 
cell infiltrate 

Lymphoid aggregates 

Residual tumour status 

20. Residual tumour status 

- Not specified 
- None 
- Spontaneous 
- Surgically induced 

- Not applicable 
- No tumour 
- Tumour present 

- Not specified 
- Not conspicuous 
- Conspicuous 
- Not specified 
- None 
- Present 

after definitive treatment - Cannot be assessed 
- None 
- Local tumour in resection 

line of bowel only (shown histologically) 
- Local tumour in circumferential resection margin 
- Distant metastases only (shown histologically or 

clinically) 
- Both local residual tumour and distant metastases 
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