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Abstract
Background  Abdominal colostomy has been reported as an option with good quality of life for patients requir-
ing abdominoperineal resection (APR) for very low rectal cancer. Some young, compliant patients, never-
theless, are very motivated to avoid abdominal colostomy following APR. Spiral smooth muscle cuff per-
ineal colostomy as neosphincter reconstruction can be a reasonable alternative. We have published before the 
results of a series of sphincter reconstruction in the conventional technique following APR. As we developed 
our technique for colorectal resection sphincter reconstruction, we also changed to a laparoscopic approach. 
 The aim of the present study was to evaluate the feasibility of laparoscopic neosphincteric reconstruction and outline the 
aspects of the technique.
Methods  This retrospective study was conducted on 15 patients treated at our institution during a 6 year period for low rectal 
cancer by laparoscopic APR and spiral smooth muscle cuff perineal colostomy as sphincter reconstruction. At follow-up 
at a median time of 3.7 years (range 3–9 years) after surgery, patients underwent functional evaluation which included the 
modified Holschneider continence score (0–16), assessing consistency of stool, frequency, impulse, discrimination, warning 
period, incontinence for formed or fluid feces, soiling, wearing pads, drugs, enema where a score of 13–16 is associated with 
normal continence, as well as neosphincter manometry.
Results  Laparoscopic sphincter reconstruction was feasible in all 15 patients. Two of the fifteen patients (13%) required 
secondary colostomy in the long term due to neosphincter malfunction and neosphincter perforation after enema. Four of 
the remaining thirteen patients (30%) were partially continent according to the Holschneider continence score (HCS) with a 
score of 7–12. The other 9 (70%) were continent (HCS: 13–16). Neosphincter manometry showed a median resting pressure 
of 33 cm H2O (range 30–41 cm H2O) and a median squeeze pressure of 95 cm H2O (range 84–150 cm H2O).
Conclusions  Laparoscopic sphincter reconstruction following APR is a feasible option offering an alternative to abdominal 
colostomy for selected patients.
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resection

Introduction

The progress of multimodal therapy has changed the treat-
ment of low rectal cancer.

The rate of abdominoperineal resection (APR) for 
locally advanced low rectal cancer has been reduced due to 

downsizing of the tumor following neoadjuvant radiochemo-
therapy. Further factors supporting this fact are implementa-
tion of an intersphincteric resection technique and evidence 
of reduced distance of tumor-free aboral margins necessary 
for curative resection after neoadjuvant therapy.

Nevertheless, a significant number of patients with very 
low rectal cancer still requires APR for curative intended 
surgery.

Spiral smooth muscle cuff perineal colostomy as 
neosphincter reconstruction following the conventional 
APR has been described as a reasonable alternative for 
selected patients with very low rectal cancer to avoid 
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abdominal colostomy and improve quality of life (QOL) 
[1–3]. We have previously reported the results of a series 
on conventional resection and reconstruction [4]. Imple-
mentation of laparoscopic resection as standard procedure 
for low anterior resection with total mesorectal excision 
(LAR + TME) and APR in our patients also changed the 
technique for neosphincter reconstruction.

The aim of this retrospective analysis was to demon-
strate the feasibility of neosphincter reconstruction using 
laparoscopic and to outline the technical aspects.

Materials and methods

A retrospective study was conducted on 15 patients treated 
at our institution from 2009 to 2015 for low rectal cancer 
by laparoscopic APR and spiral smooth muscle cuff per-
ineal colostomy as sphincter reconstruction. Among the 
patients having laparoscopic APR for low rectal cancer, 
only a limited number were evaluated for sphincter recon-
struction following the selection criteria below (Table 1).

Inclusion criteria

Patients had laparoscopic APR for low rectal cancer with 
curative intent. Patients with colonic diverticular disease, 
cardiovascular disease, body mass index > 30 kg/m2, dia-
betes mellitus, tobacco abuse, reduced nutritional status, 
or skin disease were excluded. Patients had to be compli-
ant with intensive postoperative physiotherapy and to be 
sufficiently mobile.

Surgical technique

All patients received mechanical bowel preparation and 
perioperative systemic antibiotics, and were operated in 
the lithotomy position.

Laparoscopic APR was performed with a 4 trocar tech-
nique starting with medial dissection for central isolation 
and ligation of the inferior mesenteric vein at the lower 
margin of the pancreas. Following this, mobilisation of 
transverse mesocolon and descending mesocolon was 
developed as a medial-to-lateral dissection.

Oncologic resection proceeded to central ligation of the 
inferior mesenteric artery and complete lymphadenectomy, 
preserving the branches of inferior hypogastric plexus. 
Lateral dissection completed mobilization of descending 
colon, splenic flexure, and sigmoid colon. Then, mobili-
sation of rectum and mesorectum continued to the pelvic 
floor aiming at a total mesorectal excision (TME) avoid-
ing any coning and sparing the branches of the inferior 
hypogastric plexus. The laparoscopic part finished in cir-
cular incision of the pelvic floor.

In the corresponding oncologic tubular perineal exci-
sion (including resection of the external sphincter with 
sparing of the corrugator cutis ani muscle), we aimed for 
a tumor-free margin of 5 mm proven by frozen section. 
The level of dissection of the levator depended on the 
tumor size and location. We kept a minimal lateral margin 
of 5 mm. The main part of the puborectalis muscle was 
spared (Fig. 1).

The specimen was extracted via a suprapubic mini-
laparotomy and sent to frozen-section analysis.

In a subgroup of 4 patients, laparoscopic APR was per-
formed with transperineal prolapsing for specimen extrac-
tion to avoid the suprapubic mini-laparotomy. Patients 

Table 1   Patients and tumor characteristics

Patients, n 15
Mean age (range) in years 49 (39–65)
Sex female/male 6/9
Follow-up time (range) in years 3, 7 (3–9)
Preoperative radiochemotherapy 8
Pathology adenocarcinoma 15
Tumor staging
 pT1 1
 pT2 7
 pT3 7
 pT4 0

Nodal staging
 pN0 10
 pN1 5
 pN2 0

Fig. 1   Site of perineal excision
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qualifying for this technique had a rather thin mesorectum 
and a long mobilized colon with a good vessel arcade 
(Fig. 2).

To contruct the spiral smooth muscle flap, it was nec-
essary to bring about 20 cm of descending colon proximal 
to the proximal resection margin via a mini-laparotomy in 
the anterior abdominal wall (or transperineally). For this, 
a complete mobilisation of the transverse mesocolon up 
to the mesocolic vessels was obligatory.

The neosphincter cuff was prepared as described by 
Fedorov [1]. Using the distal 10–12 cm of descending 
colon proximal to the extracted specimen, a seromuscular 
layer separated from the mucosa and pericolic tissue was 
formed (Fig. 3). The prepared layer was cut up spirally 
2.5 cm wide to provide a 25 cm seromuscular flap with 
pedicled blood supply.

The seromucular flap was wrapped around the non-
dissected distal descending colon and sutured with inter-
rupted stitches PDS 4/0 to the serosa and muscularis 
(Figs. 4, 5).

The distal colon with the fixed smooth muscle cuff 
was then returned to the abdomen and passed through to 
the perineum.

The formed cuff was fixed to the pelvic floor using 4–6 
interrupted stitches Vicryl 3/0 including the anococcygeal 
ligament and levator muscles; both had been pre-marked 
during resection part (Fig. 6). Closing of the perineum 
proceeded with 4–6 interrupted stitches (Vicryl 3/0) of 
the ischiorectal fatty tissue to the neosphincter cuff. Then, 
the distal margin of the neosphincter was attached to the 
skin covering the corrugator muscle using another 4–6 
interrupted stitches.

Postoperative care

All patients received a protective ileostomy and, there-
fore, rapidly resumed normal oral alimentation. They did 
not require perineal bags, just pads. General physiotherapy 
started on postoperative day 2.

Besides patient selection, intensive postoperative physi-
otherapy is considered crucial for a promising outcome. Spe-
cial physiotherapy included training of pelvic floor, gluteus, 
and thigh muscles using biofeedback as well as electrostimu-
lation with an endoluminal probe. Patients were instructed 
how to use the endoluminal probe at home starting about 
2 weeks after surgery. Patients were discharged from hospi-
tal on day 10–14.

The physiotherapy was continued for 6  months and 
lifelong exercise of the pelvic floor muscles at home was 
recommended.

Follow‑up

At a medium time of 3.7 years (range 3–9 years) after sur-
gery, patients were scheduled for follow-up.

Fig. 2   Transperineal specimen extraction

Fig. 3   Separating the mucosa and pericolic tissue from the seromus-
cular layer
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Patients underwent functional evaluation which included 
the modified Holschneider continence score (0–16) [5, 6]. 
This score assesses consistency of stool, frequency, impulse, 
discrimination, warning period, incontinence for formed or 
fluid feces, soiling, wearing pads, drugs, and enema.

Partially continent was defined as a cumulative score of 
7–12 points; continent as 13–16 points.

Patients also had pull-through neosphincter manometry 
(Solar, Medical Measurement Systems).The catheter was 
inserted 5 cm into the neosphincter cuff and manually with-
drawn. The pressure was registered 1–2 cm proximal to the 
anal verge.

Results

The laparoscopic approach was a feasible option for all 15 
patients.

There were 6 female and 9 male patients with a median 
age of 49 years (range 39–65 years).

Eight patients received neoadjuvant chemoradiation 
therapy. Tumor and nodal staging were as follows: pT1–1 
patient, pT2–7 patients, pT3–7 patients and pN0–10 patients, 

and pN1–5 patients. The median operation time was 420 min 
(349–440 min). All patients received a protective ileostomy. 
There was no perioperative mortality.

In the long term, 2 of the 15 patients (13%) required a 
secondary colostomy: one because of malfunction of the 
neosphincter 12 months after initial surgery and the other 
following perforation of the neosphincter during enema 
followed by abscess formation 27 months after the initial 
surgery.

Of the remaining 13 patients 4 patients (30%) were par-
tially continent according to the Holschneider continence 
score (HCS) with a score of 7–12. Nine patients (70%) were 
continent, with an HCS of 13–16 (Table 2). Neosphincter 
manometry of the 13 patients showed a median resting pres-
sure of 33 cm H2O (30–41 cm H2O) and a median squeeze 
pressure of 95 cm H2O (84–150 cm H2O).

Discussion

Among the methods introduced to imitate anal sphincter 
function are reconstructions using skeletal muscle, colonic 
smooth muscle grafts, as well as artificial sphincter implants 
[1–4, 7, 8]. The latter frequently cause complications such as 

Fig. 4   Wrapping the prestretched seromuscular flap around the non-
dissected distal colon

Fig. 5   The neosphincter before fixation



371Techniques in Coloproctology (2019) 23:367–372	

1 3

infection, fistula, migration, and erosion. Numerous authors 
for this reason prefer autologous reconstruction.

Continuous contraction tonus is required to gain a con-
tinent reconstruction. Skeletal muscle as used for gracilo-
plasty is not perfectly suited for continuous contraction.

Colonic smooth muscle grafts first introduced for conti-
nent abdominal wall colostomy are best due to their type I 
and type II fibrils [8].

This retrospective study demonstrates that laparoscopic 
neosphincter reconstruction is a feasible option. Operation 
time is satisfactory, patients have a comparable outcomes to 
the published studies on open techniques [4].

The laparoscopic approach and transperineal specimen 
extraction technique offer all advantages of minimally 
invasive surgery to patients evaluated for neosphincter 
reconstruction.

Nevertheless, a debate remains concerning abdominal 
colostomy as a good option for most patients with very 
low rectal cancer. Several studies described no difference 
in global QOL after resection of low rectal cancer with 
or without permanent colostomy. Furthermore, QOL of 
patients after resection of low rectal cancer is associated 
with the severity of the low anterior resection syndrome. 

Underlying sphincter function and impairment of continence 
were shown to correlate with the resection-type performed 
(anterior resection, LAR, and intersphincteric resection) and 
the resulting level of the anastomosis, besides additional 
factors as radiochemotherapy and reservoir reconstruction 
(J-pouch). An additional smooth muscle graft in reconstruc-
tion after intersphincteric resection was described as a fur-
ther option to improve functional outcome and increase the 
continence rate [9]. Instead of the expected compromised 
function, reduced continence, and low anterior resection 

Fig. 6   Fixation of the neosphincter to the perineal wall, levator mus-
cles, and anococcygeal ligament

Table 2   Modified Holschneider score

Measure Points Patients, 
n = 13

Frequency of stool
 1–2/d 2 6
 3–5/d 1 7
 More frequent 0 0

Consistency of stool
 Normal 2 4
 Pasty 1 9
 Liquid 0 0

Urge to defecate
 Normal 2 7
 Unsure 1 6
 Absent 0 0

Discrimination
 Normal 2 7
 Insufficient 1 6
 Missing 0 0

Warning period
 Normal (min) 2 4
 Shortened 1 9
 Absent (s) 0 0

Incontinence for formed or fluid feces
 Absent 4 4
 1–2/month 3 5
 1/week 2 0
 > 3/week 1 4
 > 1/day 0 0

Fecal soiling
 Never 2 8
 During stress 1 5
 Always 0 0

Wearing pads use of drugs/enema
 Yes 0 10
 No 1 3

Continence score
 Continent 13–16 9
 Partially continent 7–12 4
 Incontinent 0–6 0
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syndrome, a high overall patient satisfaction after sphincter 
preserving surgery was reported.

Despite the reduced rate of APR due to multimodal ther-
apy concepts, the advent of intersphincteric resection, and 
advances in reconstruction techniques, abdominal colostomy 
is still a good option with reasonable QOL for the majority 
of patients requiring this procedure.

Some young, compliant patients without relevant comor-
bidity are very motivated to avoid abdominal colostomy 
following APR. Perineal colostomy with a spiral colonic 
smooth muscle graft as sphincter reconstruction is an alter-
native option for selected patients with functional outcome 
and QOL comparable to coloanal anastomosis [4, 10].

Limitations of the study are the small number of patients 
treated with the laparoscopic technique and in the retrospec-
tive design. The study, therefore, can state feasibility and 
demonstrate technical features rather than deliver broad data 
in comparison to the already published open series. Hence, 
quality of life and patients’ satisfaction were not assessed at 
the small number of patients.

Conclusions

Our results suggest that neosphincter construction with a 
laparoscopic technique is feasible and safe. Regarding com-
plications such as incontinence, the outcomes are similar to 
those after neosphincter reconstruction with open technique.
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