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Conventional surgery for rectal cancer is associated 
with specific morbidity such as bladder and sexual dys-
function and a variable incidence of local recurrence [1].

Retrospective studies in three comprehensive cancer 
centers in which patients underwent conventional sur-
gery followed by post-operative radiotherapy, showed lo-
cal recurrence of 18, 19 and 22% [2].

In an effort to improve the results of surgical treatment 
for primary rectal cancer, many authors advocate surgical 
techniques directed to more radical excision of the tumor 
and regional tumor spread that might have occurred [3].

 Japanese operative techniques combine preservation 
of the pelvic nerves with radical resection in order to en-
sure optimal local control with minimal impairment of 
sexual and bladder function [4].

The results of a prospective study in which patients 
with primary rectal cancer were operated upon perform-
ing a surgical technique directed to the preservation of 
the pelvic autonomic nerves, in combination with a radi-
cal resection of cancer along strictly described anatomical 
dissection planes. Results concerning long-term follow 
up on voiding and sexual function are reported in addi-
tion to local recurrence rates and survival [5].

Radiation in females to the pelvis causes varying de-
grees of sexual dysfunction related to injury to the ovaries 
and vagina [6, 7]. Ovarian failure as a result of pelvis irradia-
tion leads to postmenopausal changes. Acute injury occurs 
during the course of RT and the following few months. It 
usually presents as vaginal and vulval mucositis, pain, and 
ulceration. Chronic changes are less frequent than acute 
changes, which can develop more than 3 months after 
the completion of treatment. Chronic changes include 
fibrosis, loss of elasticity and sensation, susceptibility to 
trauma and infection, postcoital bleeding, and dyspareu-
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nia [8, 9, 10].
RT in males does not appear to reduce testosterone 

production or cause pelvic nerve injury [5]. In addition to 
psychological reasons, vascular changes after RT appear 
to be the predominant cause of postradiation male sexual 
dysfunction.

As such, smoking and hypertension as risk factors. 
With external-beam RT, the rates of erectile dysfunction 
vary from 7% to 72%. Diminished sexual desire, decreased 
orgasmic pleasure, and a reduced ejaculation volume are 
other problems reported by patients [11–13].

Patients and methods
Patients with histologically proven primary adenocar-

cinoma of the rectum, were eligible for this study.
From December 2002 to June 2004, 41 patients entered 

the study. All patients were operated upon using the same 
technique of autonomic nerve preservation without com-
promising radically of surgery for cancer, patients referred 
for adjuvant radiation therapy were 34 patients (starting 
from stage B2) and they received 5040 cGy over 28 frac-
tions over 5.5 weeks and patients also were referred to 
medical oncology to receive their adjuvant chemotherapy 
(starting from stage B2) in the form of 5-fluorouracil and 
leucovorine concomitant with radiotherapy and then for 
6 months after end of radiotherapy and those were 20 pa-
tients.

Concerning disease status and survival status follow up 
period was 42 months.

All patients in which surgical resection was intraop-
eratively judged to be radical were defined as having 
undergone a curative resection. Surgical margins were 
examined classically, the circumferential margin was 
evaluated. Lymph nodes were identified and dissected 
from the specimen immediately after surgery.

End points for the curative group was local recurrence, 
tumor free interval, overall survival and disease-free sur-
vival.

The endpoint for tumor free interval was occurrence 
of any recurrence, either local or distant. Endpoints for 
disease-free interval was any death any recurrence, end 
point for survival was death. Survival was calculated by 
the Kaplan-Meier method.

Surgical technique
The surgical goal was to operate on with an optimal 

balance between radical surgery and preservation of 
nervous structures. In cases which are intraoperatively 
judged that preservation of nerves may possibly compro-
mise radicality of tumor excision, specific nerve struc-
tures were deliberately sacrificed.

The first step for preservation of the pelvic autonomic 
nerves is the identification of the superior hypogastric 
plexus (SHP) which is constantly found immediately 

beneath the inferior mesenteric artery at its origin from 
the aorta, afterwards this well identifiable structure is 
preserved, taken down and traced using sharp dissection 
with scissors until 2 separate hypogastric nerves come out 
from the SHP downwards and laterally directed towards 
the pelvis, each leading to the ipsilateral inferior hypo-
gastric plexus (IHP). and therefore the IHP is clearly and 
easily identified if the SHP is identified and traced down-
wards in the pelvis.

Ligation of the inferior mesenteric artery at its origin is 
done taking out all central lymph nodes under complete 
vision of SHP and the descending hypogastric nerves, in 
cases of low anterior resection (LAR) the left colic artery 
is not preserved, thus depending on the marginal vessels 
supplying vascularity to the proximal colonic segment 
and dissecting all central nodal bearing tissues.

Regarding ligation of the middle rectal artery, the 
clamp is put bilaterally medial to the visualized IHP.

The IHP was completely taken out together with the 
tumor in three cases (7.5%). The IHP was preserved bilat-
erally in 35 cases (85%), the IHP was preserved unilater-
ally in 3 cases (7.5%), the SHP was sacrificed in 12 cases 
and preserved in 29 cases (70.7%). It Is worth mentioning 
that preservation of the pelvic autonomic nerves does not 
compromise total mesorectal excision (TME) or complete 
nodal dissection, since posterior and lateral dissection of 
the rectum is done sharply with scissors outside the en-
veloping mesorectal tissues.

Radiotherapy technique
Patient preparation
All the patient laboratory studies and radiological stud-

ies must be available at the time of planning with instruc-
tions to consume low residue diet and to drink plenty of 
fluids before planning.

Patient positioning 
Patient is placed in prone position with knees and toes 

touching each other while heels are kept apart and with 
full bladder to display the small bowel outside the field.

Patient Fixation
The most commonly used method is by using the 2 

lateral and anterior laser beams alignment on the patient 
body which should be the same on both of the simulator 
and the treatment machine, the other method (used in 6 
patients) is the use of an individualized orfit cast for each 
patient for proper fixation.

Definition of the target volume 
Regarding the posterior field borders, its upper border 

is placed at level L5–S1 space, its lower border is placed 
at level of perineum in 18 patients who underwent APR, 
while for the 16 patients who underwent LAR its 3–5 cm 
below lower end of the palpable tumor or in the patholo-
gy report of the radical surgical specimen, while its lateral 
borders are placed 1.5–2 cm from pelvic brim. 
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Regarding the lateral fields borders, its upper and low-
er borders are the same as the posterior field, its posterior 
border includes the entire sacrum with 2 cm margin for 
respiration, while its anterior border is placed to include 
the symphysis pubis in cases with +ve LNs (in 14 patients) 
while its placed behind symphysis pubis in cases with –ve 
LNs (in 20 patients). 

Field arrangement 
The patient lies in prone position with posterior and 2 

lateral fields.
Machines used and dose 
We can cobalt machine in patients with separation up 

to 20 cm, while Linac with 10–18 MV energy is used in 
patients with lager separations. 

Regarding the dose it is 5040 cGy/28 fractions/5.5 
weeks (180 cGy\fraction).

Results

Data on patient characteristics, tumor classification, 
surgical technique, operative details. Pathology were 
summarized in Table 1.

Twenty seven patients were males and 14 females 
and the average age 63 years ranging from 30 years to 
75 years. The distance between the lower tumor edges to 
the anal verge was measured for patients who underwent 
LAR. The average distance was 7.8 cm (range 3–15 cm), 
and in APR group the average distance was 2.1 cm (range 
0–5 cm).

Local recurrence is a crucial indicator to be recorded to 
validate or deny this technique of autonomic nerve pres-
ervation. Knowing that nearly 85% of local recurrences 
occur in the first 2 years after surgery.

Assessment of functional outcome, tumor recurrence 
and Disease free survival. Immediately after the opera-
tion, the extent of nerve preservation of every patient was 
described.

After 6 months post therapy, three patients died, six 
other patients did not complete the follow up for un-
known reason, leaving 32 evaluable patients (21 male and 
11 female & all of them received postoperative radiother-
apy) after 1 year post therapy, two male patients did not 
come for follow-up leaving 30 patients (19 males and 11 
females). After 2 years, one female patient died and two 
male patients did not come for follow up leaving 27 pa-
tients (17 males and 10 females). 

Six months, 1 and 2 years after surgery, patients came 
for follow up and were evaluated clinically regarding lo-
cal recurrence in addition to routine laboratory and ra-
diological investigations. Patient’s bladder and sexual 
functions were evaluated and compared to pre operative 
scores for each individual patient.

Follow up regarding sexual function
Bilaterally IHP was preserved in 14 out of 19 male pa-

tients, unilateral IHP was preserved in 5 out of 19 pa-
tients, SHP and bilateral descending hypogastric nerves 
was preserved in 13 out of 19 patients. 

After six months (32 patients were evaluable)
Two out of 11 women were sexually inactive because 

they were widows, the remaining 9 females complained 
of altered sexual sensation and dyspareunia in those who 
received adjuvant radiotherapy. Nineteen out of 21 males 
(90%) were sexually active (normal erectile function), 
while the other 2 patients have erectile dysfunction af-
ter end of radiotherapy, all male patients in whom the 
SHP was sacrificed (3 patients) complained of retrograde 
ejaculation. 

After one year (30 patients were evaluable) 
Four out of the 9 sexually active females were not com-

plaining of dysparonia any more (due to improvement of 
radiotherapy complications on medical treatment) with 
nearly normal sexual activity, as regards male patients 14 
out of 19 patients were sexually active (in whom the bi-
lateral IHP was preserved) while the remaining 5 patients 
have week erection this could be from the continuing ef-
fect of radiotherapy or that unilateral preservation of IHP 
resulted in weak erection.

After two years (27 patients were evaluable) 
Thirteen male patients were sexually active (the re-

Table 1 Patient characteristics
Number of patients Percentage

Tumor Mobility
  Mobile 36 86.0
  Adherent ventrally 3 7.3
  Adherent dorsally 1 2.0
  Adherent left side 1 2.0
Surgical margins
  R0 40 97.5
  R1 1 2.5
Resection Type
  LAR 22 53.0
  APR 18 43.0
  Hartman’s 1 4.0
Dukes stage
  A 10 24.0
  B 17 41.0
  C 14 34.0
Grade
  Well differentiated 7
  Moderate 9
  Poor 21
  Undifferentiated 4
Dukes A: Astler-Coller A and BI; Dukes B: Astler-Coller B2; Dukes C: As-
tler-Coller CI and C2; LAR: low anterior resection; APR: abdorninoperi-
neal resection
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maining sexually active patient did not come for follow 
up), sexual activity did not change in those patients, re-
garding females there were no changes with more reluc-
tance for reporting about details of their sexual life.

Follow up regarding voiding function
Analysis after 6 months postoperatively revealed that 

9 patients experienced increased frequency of urine and 
dysuria. This phenomenon was due to adjuvant radio-
therapy. However it appeared after l year that 8/9 patients 
and after 2 years that 6/9 patients still having increased 
frequency of urination this could be explained by defi-
ciency of the sympathetic drive in cases where the SHP 
was sacrificed due to the overtone of the parasympathetic 
drive causing hyper-reflexia of the detrusor muscle of the 
bladder and thus increased frequency of urination. No pa-
tient mentioned disabling incontinence.

No statistically significant correlation was found be-
tween the reported minor voiding dysfunction in these 
patients and type of operation or the use of postoperative 
radiotherapy, however it was observed that old males ex-
perienced minor incontinence and elevated frequency of 
voiding.

Local recurrence and disease free Survival
Out of the 47 patients, 4 patients had liver metastases 

at the time of laparotomy and two patients had massive 
tumor disease in the pelvis so they were excluded from 
the study. 

In specimens with positive nodes, mean number of 
positive nodes was 3.2 (range 1–17). Follow-up period 
ranged from 24 to 42 months, patterns of recurrence are 

shown in Table 2.
Three patients had local recurrence, details of which 

are shown in Table 3.
Local recurrence was proven histologically in all cases 

by means of guided tru-cut needle biopsy. 
In these 41 patients with curative resections, 40 pa-

tients had negative (clear) mucosal and radial surgical 
safety margins (R0) and 1 patient had a microscopically 
close radial safety margin (R1). Regarding patients who 
received adjuvant radiotherapy (17 stage B2, 14 stage C 
and 3 stage B1) 3 out of the 34 (8.8%) patients developed 
local pelvic recurrence while 9 patients (26.5%) devel-
oped distant metastases (3 of them did not receive adju-
vant chemotherapy), while patients who received adju-
vant chemotherapy (14 stage C and 6 stage B2), 2 out of 20 
patients (10%) developed local recurrence while distant 
metastases developed in 6 out of 20 patients (30%). 

Rate of local recurrence was 7% (3 out of 41). The lo-
cal recurrence free interval ranged from 16 to 23 months. 
The overall rectal cancer free interval was 67% for the 
curative group. Rectal cancer free interval was 89% for 
Dukes A. 62% for Dukes B and 58% for Dukes C.

Disease free survival for Dukes A was 80%, Dukes B 
was 48% and Dukes C was 51 % so far all cancer related 
deaths had been from distant metastases.

Discussion

Numbers are small and some patients lost follow up, 
therefore interpretation of the results of the study should 
be done with limits of this design in mind. However the 
study is noteworthy, given the scarcity of prospective 
studies concerning urinary and especially sexual dysfunc-
tion after surgery and adjuvant chemoradiotherapy with 
special references to preserving the autonomic nerves, in 
addition to the follow up period which ranged from 24 to 
42 months to evaluate local recurrence.

Overall urinary function after 2 years is good, know-
ing that 60% of patients had acceptable erection in whom 
preservation of the total autonomic nerve system was 

Table 2 Patterns of recurrence related Dukes stage
Number of patients Local recurrence Distant recurrence

Dukes A 10 0 1
Dukes B 16 1 4
Dukes C 15 2 5
Total 41 3 (7.3%) 10 (24.3%)

Table 3 Cases with local recurrence
Case 1 2 3
Distance of tumor from anal verge 2 cm 4 cm 7 cm
Adherence to adjacent organ Ventral (prostate and urethra) Left internal iliac nodes No adherence to adjacent organ
Surgical margins R1, Microscopic close sup. R0, Free mucosal and R0, Free mucosal and

  radial margin  (0.5 cm)   radial margins   radial margins
Type of resection APR APR LAR
Dukes stage C B C
Grade 3 (poorly diff.) 2 3
Number of positive nodes / 2/11 0/12 17/28
  Total  No. of lymph nodes
Time to recurrence (months) 16 21 23
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done without a compromise in radical oncologic resec-
tion.

Of the three patients with only one IHP intact only 
one had persistent minor urinary dysfunction in the form 
of elevated frequency and minor nocturnal incontinence. 
The other two patients did not indicate any voiding 
problems after 2 years. A substantial bladder and lower 
urinary tract function seems to be secured by unilateral 
preservation of IHP.

Theoretically one would expect that sacrifice of the 
SHP will lead to elevated frequency of voiding, but on 
follow up of the twelve patients in whom the SHP was 
sacrificed for oncologic safety only 3 (25%) patients had 
elevated frequency of voiding, this results do not indi-
cate except a minimal effect of sacrifice of the SHP on the 
voiding frequency.

There has been a slight recovery regarding frequency of 
voiding after 2 years. Recovery of inflammatory changes 
in the para vesical tissues is probably responsible for these 
transient dysfunctions.

More over irradiation to the pelvic region as part of 
treatment for cancer of the rectum can cause urinary prob-
lems due to injury to mucosa, vasculature, and smooth 
muscles, acute reactions occur within 3 to 6 months of 
treatment. Chronic changes occur later. Acute reactions 
present as dysuria, frequency, and urgency as a result of 
radiation cystitis, they are usually not severe [14].

 Results of other studies on male sexual function after 
rectal cancer surgery show impotence varying from 20%–
45%, while 20%– 60% of potent patients are not able to 
ejaculate [15]. Preservation of the pelvic autonomic nerves 
seems to adequately lower the incidence of this type of 
morbidity. Observations in this group of patients showed 
that preservation of the autonomic nerves is crucial for 
maintaining a normal male sexual function. Sacrifice of 
the SHP and the hypogastric nerves is mandatory for an-
tegrade ejaculation. Bilateral preservation of the IHP is 
important for erection, whereas after one-sided sacrifice 
of the IHP (n = 3) one patient was impotent and the other 
two had diminished erection.

 Long-term analysis of sexual function confirms these 
results as after 2 years sexual function is stable during fol-
low up.

The etiology of erectile dysfunction has been attributed 
to changes in the arteriolar system supplying the corporal 
muscles. Goldstein et al documented abnormal vascular-
ity by penile Doppler ultrasonography in all patients who 
had altered erectile function after EBRT [16]. 

Similarly, Zelefsky and Eid documented abnormal 
distensibility of the cavernosal arteries in patients with 
erectile dysfunction [17]. Factors related to the likelihood 
of this recurrence include pretreatment potency, patient 
age, use of supplemental external beam irradiation, radia-
tion dose to the prostate, radiation dose to the bulb of the 

penis, time since radiotherapy, and diabetes mellitus [18]. 
Radiation dose to the bulb of the penis seems to correlate 
with the risk of erectile dysfunction after EBRT [19].

So it is concluded that in a standard mesorectal exci-
sion all pelvic autonomic nerves can be and should be 
preserved unless there is evidence of tumor ingrowth into 
the nerve structures.

Sexual function in women following radiation has been 
poorly evaluated. Most studies focus on vaginal stenosis 
because it can be quantitated. However, measurement 
of vaginal anatomy may not correlate well with overall 
sexual function [20]. Other factors including dyspareunia, 
bleeding or concern of bleeding, and lubrication changes 
can also occur [21].

Jensen et al evaluated 118 patients following radiation 
with a self-assessment questionnaire, approximately 85% 
had low or no sexual interest, 35% had moderate to severe 
lack of lubrication, 55% had mild to severe dyspareunia, 
and 30% were dissatisfied with their sexual life [22].

Emotional distress after a cancer diagnosis and treat-
ment can certainly cause disruption in sexual function. 
Radiation following surgery has the potential for causing 
more sexual dysfunction than radiation alone [23].

Regarding persistent elevated frequency of voiding 
it was present in 6 patients (14.6%) in this study which 
is comparable with 10.2% of patients in Efstathiou et al 
study [24]. 

The average number of lymph nodes from the speci-
men in this study is 17 lymph nodes in contrast to the 
average of 31 lymph nodes after extended lateral lymph 
node dissection in Japan. However the average of 17 re-
trieved lymph nodes might be far higher than an aver-
age of 9 in other specimen reported from the Netherlands 
[25].

The average distance from the anal verge in this study 
was 5 cm versus 9 to 10 cm in other series, which explains 
the relatively high percentage of APR (18 out of 41) 43% 
in this study.

Two out of three local recurrent cases had very low tu-
mors, removed by APR. The other recurrent patient who 
underwent LAR had massive lymph node metastasis. The 
prognostic significance of the tumor level in rectal cancer 
less than 6 cm is associated with higher rates of recur-
rence [26], furthermore all three patients with recurrent 
tumors were poorly differentiated, which is an important 
adverse prognostic factor, in this study the rate of local 
recurrence was 7.3% (3 out of 41 patients), which is an 
acceptable rate compared to the reported rates in the lit-
erature ranging between 10% to 15% [27].

The best results on rectal cancer surgery have been 
reported by Dixon and Quirke performing LAR [28], they 
showed 4% overall local recurrence after anterior resec-
tion with median follow up of more than 7 years, the 
present study showed 4.5% (one in 22  LAR), however 
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these figures are after only 3.5 years of follow up. 
 Moriya et al reported 13% local recurrence rate in 

Dukes C patients after nerve preserving. non-extended 
resection in Japan [29].

Disease free survival reported by Moriya was 67% 
compared to 57% in this study (24 out of 41 patients), pa-
tients who did not come for follow up were added to the 
mortality and these were 10 patients who lost follow up, 4 
known deaths and 3 patients with local recurrence [30].

Two trials that did show an improvement in survival 
were the Gastrointestinal Tumor Study Group (GITSG) 
and North Central Cancer Treatment Group (NCCTG) 
studies, there was a prolonged time to recurrence and a 
decreased recurrence rate of 33% versus 55% with com-
bined adjuvant treatment. Local failure rate was decreased 
to 10% versus 25% with surgery alone [31].

 A meta-analysis of postoperative radiotherapy trials in 
rectal cancer indicates an effect on local recurrence, but 
the benefit is smaller than for preoperative radiotherapy 
(18.6 versus 13.3%), once again there was no significant 
effect on either rectal-cancer-specific or overall survival 
[32]. 

Conclusions
Keeping in mind the limits of the design (single cohort) 

and size (n = 41) of the study, it showed that preservation 
of the pelvic autonomic nerves is successful in prevention 
of major bladder dysfunction and sexual dysfunction in 
radical rectal resection without compromising radicality 
especially in mesorectal excision with better quality of 
life, also the addition of adjuvant chemoradiotherapy is 
mandatory in all patients beyond B2 disease to decrease 
the incidence of local recurrence.
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