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This study aimed to investigate the in°uence of laparoscopic total mesorectal excision combined
with sphincter-preserving surgery on the postoperative defecation function, urinary function and
sexual function in low or ultralow rectal cancer. A retrospective study was undertaken on 107
patients (65 laparoscopic resection and 42 laparoctomic resection) with rectal cancer undergoing
laparoscopic or open laparoscopic total mesorectal excision combined with sphincter-preserving
surgery from April 2009 to April 2013. The quality of life outcomes of all patients, including
defection, urinary and sexual function, were assessed at 6, 12 and 24 months after operation.
Gastrointestinal quality of life index (GQOLI) was used to evaluate the fecal incontinence and
bowel dysfunction. Urinary and sexual functions were studied by means of questionnaires on the
basis of the international prostatic symptom score (IPSS) and international index of erectile
function (IIEF), respectively. In laparoscopic surgery group, there were two cases of anastomotic
leakage, three cases of anastomotic stricture, seven cases of local recurrence, ten cases of hepatic
metastasis and ¯ve cases of lung metastasis. The satisfaction rates of patients about their defe-
cation function reached 60.3% (35/58, 84.5% (49/58) and 91.3% (53/58) at 6, 12, and 24 months
follow-up, respectively. The assessment after one year showed that the overall incidence of uri-
nary dysfunction was 10.7% (7/65); Among male patients, 18.4% (7/36) su®ered from erectile
dysfunction and 27.8% (10/36) su®ered from ejaculatory dysfunction; 65.5% (19/29) female
patients investigated were satis¯ed with their postoperative sexual life. In open surgery group,
there were two cases of anastomotic leakage, two cases of anastomotic stricture, nine cases of local
recurrence, ten cases of hepatic metastasis and seven cases of lung metastasis. The satisfaction
rates of patients about their defecation function were 56.4% (22/39), 82.1% (32/39) and 94.8%
(37/39) at 6, 12, and 24 months follow-up, respectively. The assessment after one year showed
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that the overall incidence of urinary dysfunction was 11.9% (5/42); 25% (4/16) male patients
su®ered from erectile dysfunction and 31.3% (5/16) su®ered from ejaculatory dysfunction;
69.2% (19/26) female patients investigated were satis¯ed of their postoperative sexual life. There
was no statistic di®erence in the two groups. Laparoscopic total mesorectal excision combined
with sphincter-preserving surgery in low or ultralow rectal carcinoma is safe and practicable.
It can be helpful for enhancing the probability of anus reservation, and obtains satisfactory
defecation, sexual and urinary functions.

Keywords: Rectal cancer; laparoscope; sphincter-preserving surgery; quality of life.

1. Introduction

The radical resection of rectal carcinoma is easy to
damage pelvicautonomic nerve and dysfunctions of
defecation, bladder and sexual are recognized com-
plications of rectal carcinoma resection. The inci-
dences of these complications were obviously
minimized after total mesorectal excision (TME)
was introduced.1 And then TME has become a
standard paradigm for the treatment of rectal can-
cer. Studies over the past two decades have dem-
onstrated that this procedure of TME for rectal
cancer, combined with an awareness of the pelvic
autonomic nerve pathways, has resulted in a low
frequency of serious bladder and sexual dysfunc-
tion.2,3 Moreover, accumulating evidences have in-
dicated that laparoscopic TME for middle or low
rectal cancer is technically feasible with curative
outcomes similar to those for open TME.4,5

Although TME has been adopted due to obvious
merits described above, those patients with low or
ultralow rectal cancer, who properly conducted this
procedure, had to accept a permanent stoma.
Therefore, bowel dysfunction and fecal incontinence
are also observed,6 The urinary and sexual dys-
functions have been reported with some certain rate
after operation.7

More and more patients with low rectal cancer
during the course of treatment not only chase sur-
gical and oncological excellence but also demand
better postoperative quality of life. Thus, the
strategy for the treatment of very low rectal cancer
should focus on advancing the oncological as well as
the functional outcomes. In this paper, we applied
laparoscopic TME combined with sphincter-pre-
serving surgery in low or ultralow rectal cancer, and
study whether the oncologic results after laparo-
scopic TME with sphincter-preserving surgery are
also comparable with the open surgery for ultra-low
rectal cancer. The defecation, sexual and urinary
functions among patients with rectal cancer who

performed laparoscopic and open TME with
sphincter-preserving surgery from April 2009 to
April 2013 were assessed.

2. Patients and Methods

2.1. Patients

The study was approved ethically by the Clinical
Research Ethics Committee of Union hospital,
Tongji medical college, HuaZhong University of
Science and Technology. All patients provided
written informed consent.

Selection criteria of patients in this study were
described as follows: (1) primary rectal cancer with
a diameter <2 cm located at 3–5 cm from the anal
verge; (2) well or moderately di®erentiated adeno-
carcinoma; (3) TNM stage was T1–3N0M0 or T1–
3N1–2M0 or Tis; (4) without internal anal sphincter
invasion based on the examination of magnetic
resonance imaging (MRI) and endorectal ultraso-
nography (ERUS); (5) no-obese patient with body
mass index (BMI) less than 25. Exclusion criteria of
cases were shown as below: (1) patients presenting
with intestinal obstruction or perforation or necro-
sis; (2) patients combining with dementia or cog-
nitive dysfunction; (3) patients having undergone
neoadjuvant chemo-radiotherapy preoperative; (4)
patients lacking sexual activity; (5) preexisting
rectal or urinary incontinence before resection.

According to the criteria as mentioned above, a
total of 112 patients with low or ultra-low rectal
cancer between April 2009 and April 2013 were en-
rolled at Union hospital, Tongji medical college,
HuaZhong University of Science and Technology,
and they were selected for this prospective study.
According to patients own intention, they were sub-
jected to laparoscopic TME combined with sphinc-
ter-preserving surgery (laparoscopic group, n ¼ 67)
and open sphincter-preserving TME (open resection
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group, n ¼ 45). The two groups of patients were
comparable in terms of age, sex, tumor staging and so
on. This study retrospectively compared defecation,
sexual and bladder functions between two groups
after operation. Questionnaire analyses were com-
pleted between October 2012 and April 2015.

3. Surgical Procedure

This surgical procedure of two groups consisted of an
abdominal phase and a perineal phase. Sphincter-
preserving TME with protective loop ileostomy was
performed by surgeons experienced in both laparo-
scopic and open rectal surgery. All patients in this
study underwent ileostomy closure for seven months
after the primary surgery. Patients should receive
abdominoperineal resection (APR) if their internal
or external anal sphincter has been invaded.

Abdominal phase: TME was completed as de-
scribed by Heald.1 Patients in both groups received
general anesthesia and took lithotomy position.
Arti¯cial pneumoperitoneum of 12–15mmHg
(1mmHg¼ 0:133 kPa) was established. In laparo-
scopic group, ¯ve trocars with diameter of 5–10mm
trocars were placed at 2–3 cm interior to both an-
terior superior spine, above the umbilicus, at the
intersection point of umbilical plane and lateral
border of right rectus abdominis and at 2–3 cm
above pubis, respectively. Laparoscopic TME star-
ted with high ligation of the inferior mesenteric ar-
tery and vein immediately after the emergence of the
left colic artery. Left mesocolon was mobilized via
mesofascial separation. After the ligation of the ves-
sels, the parasigmoid and pararectal peritoneal folds
were divided and the mesosigmoid was mobilized via
mesofascial separation. Mesosigmoid is continuous
with left mesocolon above and mesorectum below.
The dissection continued at the mesorectal plane,
with the separation of themesorectum from adjacent
mesorectal fascia. Although not always necessary,
mobilization of the splenic °exure might be required.
The dissection of left mesocolon, mesosigmoid and
mesorectum via mesofascial separation, allows the
removal of the specimen with intact fascial layers
whilst simultaneously maximizing lymph node
yield.8–10 Patients who underwent open surgery had
TME according to the same oncologic principles
outlined for laparoscopic surgery.

Perineal phase: The patient was also placed in the
lithotomy position, a self-retaining retractor was

applied for anal exposure. 1mg epinephrine diluted
in 20mL of saline solution was injected at several
points beneath the anal mucosa, for minimization of
bleeding and facilitation of intersphincteric dissec-
tion. A circumferential incision in the anal mucosa,
at a distance of at least 1 cm from the macroscopic
distal edge of the tumor for T1 lesions and 2 cm for
T2-3 lesions were made in such a way, and the
specimen included the whole rectal wall as well as a
part or the whole of the IAS. The anal ori¯ce was
then closed transanally with purse string sutures to
prevent tumor cell from dissemination during the
perineal phase. Under direct vision, the dissection
was continued cephalad through the inter-
sphincteric space to be connected with the TME
plane developed transabdominally.11,12 The speci-
men was delivered per anus. Coloanal anastomosis
was performed by hand-sewn.

4. Assessment of Defecation Function

Gastrointestinal quality of life index (GQOLI),13 was
used to assess the defecation function at 6, 12, and 24
months after operation including awareness of defe-
cation, sensation of defecation, defecation frequently.
A higher GQOLI score indicates better defecation
function. According to the GQOLI evaluation, defe-
cation function of patients was classi¯ed into three
levels, good, fair and poor, and more information
about them was described as follows:

Good: Automatic control of both dry and loose
stools; No fecal incontinence during nights; Be
able to di®erentiate °atus and defecation;
Awareness of defecation existed and could hold
for more than 2min; Defecate 1–2 times a day.

Fair: Automatic control of dry stools; Loose
stools °ow out with °atus nonautonomously and
the patient su®er from fecal incontinence during
nights occasionally; Be able to di®erentiate °atus
and defecation; Awareness of defecation existed
but not oblivious and could hold for 1–2min;
Defecate 3–4 times a day.

Poor: Poor control of both dry and loose stools;
Unable to di®erentiate °atus and defecation; No
awareness of defecation.

5. Assessment of Urinary Function

The questionnaire consisted of questions rela-
ting to di±culty emptying the bladder, feeling of
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incomplete bladder emptying, urgency, leakage of
urine, dysuria, dribbling, and need for self-cathe-
terization on the basis of the international prostatic
symptom score (IPSS).14 Bladder dysfunction was
classi¯ed as major for patients with incontinence or
self-catheterization and as minor for those with the
other symptoms.

6. Assessment of Sexual Function

Male sexual function was assessed by using the in-
ternational index of erectile function (IIEF),15 with
an emphasis on the domain for evaluation of erectile
function, ejaculatory function, libido, orgasm, and
overall sexual satisfaction. Female sexual function
was evaluated by evaluation of libido, orgasm,
vaginal lubrication, dyspareunia, and sexual satis-
faction. All the questions had four possible answers:
never, rare, frequent, or always. The ¯rst two
categories were classi¯ed as absence of a speci¯c
symptom and the latter two as presence of a speci¯c
symptom. The questions comprised preoperative
and postoperative urogenital functions to determine
subjective functional deterioration.

7. Statistical Analysis

All data were analyzed by using the SPSS 16.0
software. Di®erences between two groups were an-
alyzed using the Student-t test. Rate was assessed
using the �2 test. P < 0:05 was considered statis-
tically signi¯cant.

8. Results

The two groups of patients were comparable in
terms of age, sex and tumor staging, clinical and
demographic characteristics of patients undergoing
laparoscopic or open resection of ultralow rectal
cancer are shown in Table 1.

In laparoscopic group (n ¼ 67), 65 patients re-
ceived laparoscopic TME combined with sphincter-
preserving surgery, two patients were converted
toAPR. 58 patients were traced for 26–40 months
after operation. In open resection group (n ¼ 45),
42 patients underwent open TME with sphincter-
preserving surgery, three patients were converted to
APR. 39 patients were followed for 24–38 months
after operation. There was no signi¯cant di®erence

Table 1. Clinical and demographic characteristics of
patients undergoing laparoscopic or open resection of low/
ultralow rectal cancer.

Laparoscopic
resection
(n ¼ 67)

Open
resection
(n ¼ 45) p

Median age: years (range) 56(30–70) 53(27–75) 0.1785
Sex ratio(M:F) 38/29 19/26 0.1325
TNM stage: (n)
Tis 6 2 0.3635
T1� 3N0M0 5 1 0.7855
T1N1� 2M0 14 7 0.4778
T2N1� 2M0 19 17 0.2953
T3N1� 2M0 23 18 0.5413
Di®erent types( nÞ
Well 35 18 0.2034
Moderately 32 27

Table 2. Operative procedure and clinical character-
istics of postoperative.

Laparoscopic
resection
(n ¼ 58)

Open
resection
(n ¼ 39) p

Pelvic sepsis 4 3 0.8819
Bleeding 2 3 0.3540
Temporary ileus 3 5 0.1784
Anastomic leakage 3 2 0.9923
Anastomic stricture 8 5 0.8903
Hepatic metastasis 10 7 0.9284
Lung metastasis 7 5 0.9122
Local recurrence 6 5 0.7061

Table 3. Defecation function of patients postoperative.

Laparoscopic resection (n ¼ 58) Open resection (n ¼ 39) p

Follow-uptime(month) Good Fair Poor Good Fair Poor
6* 8 27 23 10 12 17 0.6995
12# 18 31 9 14 18 7 0.7517
24� 23 30 5 20 17 2 0.5145

*P : good 0.1411, fair 0.1201; #P : good 0.6175, fair 0.4511; �P : good 0.2584, fair 0.4319.

Y. Liu et al.
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in terms of postoperative complications, local re-
currence, distant metastasis between two groups
(see Table 2).

The defecation function of both two groups is
summarized in Table 3, and no signi¯cant di®erence
was observed between them.

Moreover, it was also found that there was no
signi¯cant di®erence in urinary function between
two groups (Table 4). So did sexual function shown
in Tables 5 and 6.

9. Discussion

Low rectal cancer is de¯ned as tumor lying in recta
and less than 5 cm from the anal verge.16 In 1982,

TME was introduced as a standard operation for
treatment of rectal cancer, properly conducted
TME have been con¯rmed to decrease the recur-
rence rate of cancer and increase the overall 5-year
survival rate of patient.17 Although adoption of
TME, tolerance of shorter the length of distal re-
section margin, and availability of circular stapling
devices, have decreased the APR rate, these
patients with low or ultralow rectal cancer had to
accept a permanent stoma. Moreover, bowel dys-
function and fecal incontinence are also not un-
common.6 The rates of sexual dysfunction have
reportedly ranged from 23% to 69% in male survi-
vors and 19% to 62% in women after operation
attributable to inadvertent injury of the pelvic au-
tonomic nerves.7 Therefore, attention to patients'
oncological and functional outcomes is of para-
mount importance for colorectal surgeon.

Although laparoscopic TME for rectal cancer in
European and American countries was not recom-
mended,18 the 5-year follow-up result of CLASSIC
trial carried out by British Medical Research
Council on laparoscopically-assisted versus open
surgery for rectal cancer had demonstrated that
there was no statistical signi¯cance in the overall
survival rate, local recurrence and distal metastasis
rate between two groups.5 Moreover, with the de-
velopment of laparoscopy surgery, it is both safe
and feasible to perform sphincter-preserving and
autonomic nerve-preserving radical rectal cancer
surgery.19,20 We applied laparoscopic TME com-
bined with sphincter-preserving operation in
patients with ultralow rectal cancer. The satisfac-
tion rates of patients about their defecation func-
tion reached 60.3%, 84.5% and 91.3% at 6, 12, and
24 months follow-up, respectively. The overall in-
cidence of urinary dysfunction was 10.7%; 18.4%
male patients su®ered from erectile dysfunction and
27.8% su®ered from ejaculatory dysfunction; 65.5%
female patients were satis¯ed with their postoper-
ative sexual life. The preliminary result suggested
that the changes of postoperative defecation, uri-
nary and sexual functions of patients between
the two groups were not signi¯cantly di®erent,
which was consistent with the results presented in
Refs. 12 and 21.

Now, patients have greater demand on postop-
erative quality of life as they quest surgical and
oncological excellence. New techniques for the
treatment of very low rectal cancer aiming to
improve the oncological as well as the functional

Table 4. Urinary function of patients postoperative.

Laparoscopic
resection
(n ¼ 58)

Open
resection
(n ¼ 39) p

Di±culty emptying
bladder (n)

7 6 0.6384

Feeling incomplete
bladder empting

6 5 0.7061

Urgency 3 4 0.3305
Leaking of urine 5 2 0.5145
Dribbling 4 4 0.5384
Pain, burning discomfort 3 2 0.9928

Table 5. Sexual function of male patients postoperative.

Laparoscopic
resection
(n ¼ 30)

Open
resection
(n ¼ 16) p

Sexually active 28 13 0.2098
Interested in sex 25 12 0.4974
Can't have an erection 7 4 0.8996
Can't have an ejaculation 10 5 0.8858
Overall sexual dysfunction 17 9 0.9788

Table 6. Sexual function of female patients postoperative.

Laparoscopic
resection
(n ¼ 28)

Open
resection
(n ¼ 23) p

Sexually active 23 17 0.4771
Interested in sex 15 13 0.8331
Able to achieve orgasm 19 19 0.2290
Diminished vaginal secretion 13 11 0.9207
Dyspareunia 12 12 0.5856
Overall sexual dysfunction 13 12 0.6830

Laparoscopic TME combined with sphincter-preserving surgery
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outcomes, should be emphasized. The aim of
sphincter-preserving surgery in low or ultralow
rectal cancer is to preserve the sphincter function.
Rationally choosing and performing sphincter-pre-
serving and autonomic nerve-preserving surgery has
become an important focus in the colorectal sur-
gery.22 Open colon-anal anastomosis was proposed
by Parks in 1982, the requirement of anal mucosa
excision at 1 cm above the verge and preserving
3 cm of rectum in men with narrow pelvis had been
proved very di±cult for surgeons.23 Meanwhile,
both apparent complications and dysdefecation also
make this procedure controversial. In this research,
we underwent laparoscopic TME with sphincter-
preserving surgery, facilitating to mobilize the
splenic °exure of colon and minimize surgical trau-
ma in abdomen, to perform the dissection as close to
the pelvic °oor as possible in the ultralow rectal
cancer. Pelvic autonomic nerve and sphincter were
well protected by performing anatomical, functional
and sharp dissection. So, it was technically safe and
feasible for laparoscopic sphincter-preserving cura-
tive resection in low or ultralow cancer.

Although both oncologic and functional results
are important in sphincter-preserving surgery of
ultralow rectal cancer, the curative e®ect must be
paramount. Functional preservation should not be
considered at the expense of curative operation. For
laparoscopic TME with sphincter-preserving, it is
also not wise to sacri¯ce radical e®ect to minimize
invasion. Therefore, the indications for the proposed
laparoscopic procedure in this paper must be
strictly followed. Based on our experiences, the ideal
indications for this procedure were described as
follows: (1) well or moderately di®erentiated ade-
nocarcinoma; (2) mobile tumor with diameter below
3 cm and occupying less than 1/2 circumference of
anal bowel according to necessary digital rectal
examination; (3) T1-3 tumor located at 3–5 cm from
the anal verge; (4) without in¯ltration of internal
anal sphincter based on MRI or endoanal ultraso-
nography. Absolute contraindications for this pro-
cedure:(1) T4 tumor, invasion of external anal
sphincter; (2) poorly di®erentiated tumor; (3) poor
defecation; (4) distant metastases and mental
patients. The following measures can be used to
minimize the complications of patient after opera-
tion: (1) protective loop ileostomy could e®ectively
reduce the incidence of anastomotic leakage; (2)
length as well as blood supply of colon should be
guaranteed enough; (3) Anal dilatation should be

gently performed interoperation. Violent dilatation
could cause sphincter injury, muscle scarring or
even paralysis, thus lead to poor defecation control;
(4) Exact anastomotic suture and drainage should
be guaranteed.
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