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Abstract 
Background:  Laparoscopic abdominoperineal resection (LAPR) for rectal cancer poses a difficult challenge 

for surgeons regarding pelvic peritoneal reconstruction. Therefore, in this study, we investigate the effectiveness 

of pelvic peritoneal reconstruction following LAPR in the treatment of rectal cancer. 

Methods: We retrospectively reviewed clinical data records of patients who were treated with LAPR for rectal 

cancer in our hospital. Patients were included if they met predetermined inclusion criteria. All included patients 

were divided into two groups: group A (LAPR with pelvic peritoneum reconstruction (PPR) and group B (LAPR 

without PPR). For each included patients, following data were record: age, sex, body mass index (BMI), ASA 

score (American society of anesthesiologists ), cancer staging, duration of operation, amount of blood loss, 

hospital stay, retrieved lymph nodes, time until start of flatus and oral intake and complications (early or late). 

Following endpoints were analyzed: operation time, intra-operative blood loss, and post-operative complication 

rate. 

Results: A total of 146 patients underwent LAPR including 48 patients with PPR (group A) and 98 patients 

without PPR (group B). LAPR procedures were successful in all included patients, with no patient requiring 

conversion to an open approach. The mean duration of follow-up was 12 months (range, 9 to 15 months) in both 

groups. There was significant difference in both groups regarding operation time, duration of hospital stay and 

follow up, and prevalence of late complications such as intestinal obstruction and tumour recurrence (p<0.05). 

No statistical difference was observed regarding demographic data, intra-operative blood loss and prevalence 

of early complications (p>0.05). 

Conclusion: LAPR technique is safe and effective procedure for patients with lower rectal cancer. Authors 

strongly recommend PPR following LAPR. 
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I. Background 
Laparoscopic abdominoperineal resection (LAPR) for rectal cancer has been widely used in clinical 

practice [1-4]. This technique requires narrow excision of the entire pelvic floor and the anorectum but uses 

more radical dissection of the perianal skin or ischioanal fat compared with extralavator abdominoperineal 

excision (ELAPE) [5]. Numerous prospective randomized control trials have confirmed its safety and feasibility 

[6, 7]. In addition, ELAPE is associated with lower risks of bowel perforation and circumferential resection 

margin (CRM) involvement, as well as improved cancer-pecific outcomes, compared with LAPR [8, 9]. 

Laparsocopic-APR poses a difficult challenge for surgeons regarding pelvic peritoneum reconstruction (PPR). 

Due to the requirement of longer duration of operation, prolonged anesthesia time and increased intra-operative 

blood loss, surgeons usually do not perform PPR [10]. However, this technique is associated with complication 

such as intestinal obstruction, intestinal hernia, infection and post-radiation enteritis [11]. Some recent studies 

[12-18] have strongly supported PPR following abdominal perineal excision (APE). However, literature still 

lacks enough evidence to outline strong differentiating points and it is still controversial whether to perform 

PPR or not? Therefore, in this study, we investigate the effectiveness of PPR following LAPR in the treatment 

of rectal cancer. In addition, we compare the outcomes against another cohort of patients who underwent 

laparoscopic LAPR without PPR. 
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II. Methods 
We retrospectively reviewed clinical data records of patients treated with Standard Laparoscopic 

abdominoperineal resection (LAPR) for rectal cancer in our hospital. Patients were included for study, if they 

met following criteria: 1. Patients who presented with low rectal cancers (<6cm from the anal verge, judged by 

multi-disciplinary team not to be suitable for a coloanal anastomosis). 2. Patients aged more than 18 years. 

Patients were excluded if; 1.Patients in which PPR was performed using biological mesh. All included patients 

were divided into two groups: group A (LAPR with PPR) and group B (LAPR without PPR). For each included 

patients, following data were record: age, sex, body mass index (BMI), ASA score, (Table1) cancer staging 

(Table3), duration of operation, amount of blood loss, hospital stay, retrieved lymph nodes, time until start of 

flatus and oral intake (Table2) and complications (early or late) (Table4). 

The diagnosis was based on blood tests, colonoscopy, rectal biopsies, and CT and MRI scans. The 

patients were also assessed for distant metastases. Cancer staging was done according to AJCC-TNM staging 

[11]. This study was conducted under the guidance of local ethical committee and strong supervision of 

institutional review board. 

 
Table 1:   Patients demographics     

Variables                          group  A（48）         group   B（98）                  p value 

Age (years)                       58.9±10.1                    61.1±10.6                           0.227          

Sex                                                                                                                  0.281                      

    Male                              29（60.4％）            68（69.4％）           

    Female                          19（39.6％）             30（30.6％）          

BMI (kg/m2)                      25.3±1.5                     25.8±1.6                            0.161 

ASA score                                                                                                      0.856 

1                                       16（33.3％）             35（35.7％）             

2                                       29（60.4％）             55（56.1％）           

3                                        3 （6.3％）                8 （8.2％）             

Group A：LAPR with PPR ；group B：LAPR without PPR 

BMI： body mass index； ASA： American Society of Anesthesiologists. 

 
Table 2:    Operative and postoperative recovery data  

Variables                                                        group A                    group  B               p value 

Operative time (min)                                153.5±13.4                  128.5±11.9               0.02* 

Blood loss (ml)                                           48±12.5                       51±11.2                  0.501 

Retrieved Lymph nodes                              12±4                            12±3                       0.329 

 Time until start of flatus(days)                    1.5±0.5                         2±0.5                    0.014* 

Time until start of oral intake(days)             2±0.5                           2.5±1                    0.017* 

Postoperative hospital stay (days)               6.5±4.5                          8±5.5                   0.001* 

group A：LAPR with PPR ；group B：LAPR without PPR 

 

Surgical Method 

Preoperatively, mechanical bowel preparation and routine laboratory tests were done and all the test 

results were obtained. All patients were explained thoroughly about the risks and benefits of the procedure and 

written informed consent was obtained. All surgeries were performed by the same surgical team, under general 

anesthesia following standard laparoscopic surgery principle. Mechanical bowel preparation was carried out 

with sodium phosphates oral solution. Adequate dosage of parenteral broad spectrum antibiotics consisting of 

Cefuroxime 1500 mg and Metronidazole 500 mg were administered intravenously at induction of anesthesia. 

Urinary catheter was routinely used. One set of surgeons performed abdominal phage and another set of 

surgeons performed perineal phage to reduce the duration of operation. LAPR was performed in accordance 

with the principles described by Jun Han et al. [19, 38], except that the abdominal phase was performed as a 

regular laparoscopic rectal surgery [20]. We followed a five-trocar conventional technique. The operation was 

performed according to the following seven procedural steps. First, a 12-mm superumbilical port was 

established to create a pneumoperitoneum with a pressure of 12–15mm Hg, and the laparoscopic camera was 

introduced through this trocar. Under direct laparoscopic visualization, the other four trocars were inserted. The 

sigmoid colon omentum adhesion was resected to free colon from left abdominal wall (Figure 1). The 

mesorectum was opened along Toldt’s space by an electric knife. If necessary, intraoperative excisional biopsy 

or cytological examinations were performed. Second, mobilization of both the jejunum and the ileum was done 

in right-head-ventral side. This mobilization was indicated to provide a good operative view of the left side of 

the colon. Our devise performed to put on half gauze near the ligament of Treitz and right iliac artery. This 

reason is not so good with operation’s view in order to the intervention of small intestine Dissection of the left 

side of the colon was performed from a medial-to-lateral retroperitoneal approach. 

Third, lymphadenectomy around the inferior mesenteric artery (Figure 2) and ligation of this artery 

were performed (Figure 3). Retroperitoneal dissection was performed from a medial-to-lateral approach. Fourth, 

mobilization of the rectum and excision of the mesorectum were performed. We accessed the deepest part of the 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Han%20J%5BAuthor%5D&cauthor=true&cauthor_uid=27845307
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pelvic cavity by retracting the rectum toward the dorsal side. We identify the levator ani muscle as a device at 

this time and excise a portion of this muscle from the abdominal cavity. We consider it very useful to continue 

between the vulval orifice and intra-abdominal cavity. At this point in the procedure, the proximal rectum 

(recto-sigmoid section, Rs) is cut with a stapling device (Endo Tri-Staple™ Technology) (Figure 4).Fifth, with 

the help of the perineal surgeon, the rectum together with the whole mesorectum was fully mobilized, and the 

specimen was retrieved through the perineal wound. The perineal wound was closed in the pelvic cavity via a 

separate stab wound, primarily by suturing of the remnant part of the pelvic floor as well as perianal skin. 

Perineum was closed with insertion of closed suction perineal drainage cathether was used and kept negative 

pressure always, which was removed when drainage was minimal. Potassium permanganate was used for hip 

bath after removing the stitches. 

Sixth in (group A) patients, laparoscopic PPR was performed following removal of specimen provided 

enough tissue for closure without undue tension. The peritoneum should be sufficiently lax to descend to the 

level of the reconstruction using absorbable monofilament tension free sutures. We used violet monofilament 

synthetic absorbable 2-0 sutures for the reconstruction. The procedure involved fixation of the cut edges to 

reperitonealize the pelvic peritoneum by continuous suturing [15, 16] (Figure 5 and 6). Then, all remaining 

trocar sites were closed. In group B patients, PPR was not performed and trocar sites were closed prior to 

perineal phage. 

 

                                                                               

       
                 Figure1. Sigmoid colon  omentum adhesion.               Figure2.  lymph node dissection around IMA 

       
            Figure3.Inferior mesenteric artery (IMA) resection       Figure4. (recto-sigmoid section) with stapping device 
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Figure5 and 6. Reperitonealize the pelvic floor peritoneum (PPR) by continous suturing 

 

 

Follow-up and outcome analysis 

All patients were followed up every 3 to 6 months. Blood tests, including serum tumor markers, chest 

and abdominal CT scans and colonoscopy were performed every 6 months, and repeated every 1 year if no 

lesions were found for about 3 years. Data collection, synthesis and analysis were done using SPSS 17.0 

software® 139 and following endpoints were analyzed: operation time, intra-operative blood loss, and post-

operative complication rate. Level of significance was set on 0.05. 

 

III. Results 
Demographics of patients 

A total of 146 patients underwent LAPR including 48 patients with PPR (group A) and 98 patients 

without PPR (group B).Group A (n=48) included 29 men and 19 women who underwent LAPR with PPR for 

rectal cancer between November 2014 and July 2016. Patients’ age ranged from 38 to 79 years (average, 

58.9±10.1years). The average body mass index (BMI) was 25.3±1.5 kg/m2 (range, 22.3 to 28kg/m2). Rectal 

cancer staging included T1N0M0 (3 patients), T1N1M0 (1 patient), T2N0M0 (10 patients), T2N1M0 (6 

patients), T3N0M0 (13 patients), T3N1M0 (6 patients), T4N1M0 (2 patients), T4N1M1 (1 patients), T4N2M0 

(4 patients), T4N2M1 (2 patients). Group B (n=98) included 68 men and 30 women who underwent LAPR 

without PPR for rectal cancer between August 2012 and November 2014. Patients’ age ranged from 37 to 81 

years (average, 61.1±10.6 years). The average body mass index (BMI) was 25.8±1.6 kg/m2 (range, 22.1 to 28.2 

kg/m2). Rectal cancer staging included T1N0M0 (5 patients), T1N1M0 (1 patient), T1N2M0 (1 patient), 

T2N0M0 (25 patients), T2N1M0 (7 patients), T2N2M0 (1 patient) T2N2M1 (1 patient), T3N0M0 (22 patients), 

T3N1M0 (6 patients), T3N1M1 (1 patient), T3N2M0 (5 patients), T3N2M1 (1 patient), T4N0M0 (9 patients), 

T4N1M0 (8 patients), T4N1M1 (1 patient) T4N2M0 (3 patients), T4N2M1 (1 patient) [Table 3]. No statistical 

difference was observed regarding demographic data [Table1], intra-operative blood loss [Table2] (p>0.05) 

[Table 4]. There was significant difference in both groups regarding operation time, duration of hospital stay, 

time until start of flatus, oral intake follow up, and prevalence of late complications (p<0.05).  Comparisons 

between both groups showed no differences regarding oncological result from the pathology report and 

prevalence of early complications. There was no significant difference regarding complications in the LAPR 

Group with PPR. Whereas intestinal obstruction was significantly more often found in the LAPR without PPR 

group B (Table 4)  
Table 3:    Clinicopathologic data 

Variables                                                     group A （48）                  group  B （98）       p value 

Tumor size (cm)                                           3.5±1.4                               3.7±1.2                        0.242 

Mean tumour height (cm)*                                                                                                         0.149 

    Tumour height ＜4cm                           31（64.6％）                    76（77.6％）                      

    Tumour height 4-6cm                            17（35.4％）                    22（22.4％）                      

T stage                                                                                                                                         0.937 

    T1                                                           4  （8.3％）                        7 （7.1％）                        

    T2                                                          16（33.3％）                     34（34.7％）                     

    T3                                                          19（39.6％）                     35（35.7％）                       

    T4                                                           9 （18.8％）                     22（22.5％）                      

N stage                                                                                                                                        0.525   

    0 (N0)                                                   26（54.2％）                     61（62.2％）                     
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    1–3 (N1)                                               16（33.3％）                     24（24.5％）                     

     ≥4 (N2)                                                 6 （12.5％）                     13（13.3％）                     

M stage                                                                                                                                      0.775 

     M0                                                       45（93.8％）                     93（94.9％）                       

     M1                                                       3  （6.2％）                         5（5.1％）                          

TNM stage (AJCC 7th)                                                                                                             0.828 

     I                                                          14（29.2％）                     32（32.7％）                          

     II                                                        13（27.1％）                      31（31.6％）                      

     III                                                       18（37.5％）                      30（30.6％）                    

     Ⅳ                                                         3（6.2％）                         5（5.1％）                         

group A：LAPR with PPR ；group B：LAPR without PPR；*T:Tumour  N: Nodes involvement   M:  

Metastasis 

 
Surgical outcomes 

LAPR was successful in all included patients, with no patient requiring conversion to an open 

approach. The mean duration of follow-up was 12 months (range, 9 to 15 months) in both groups. In group A, 

the average duration of operation was 153.5±13.4 min (range, 110 to 200 min). The average amount of blood 

loss was 48±12.5 ml (range, 30 to 300 ml). The average duration of hospital stay was 6.5±4.5 days (range, 6 to 

20 days). Early complications within 30 postoperative days included bleeding (0 patients, 0%), perineal wound 

infection (6 patient, 12.5%), infection of the stoma (2 patients, 4.2%), dysurea (5 patients, 10.4%), reoperation 

(0 patients, 0%). Late Complications included local tumor recurrence (2 patient, 4.2%), intestinal obstruction (1 

patient, 2.1%), intestinal hernia (0 patient, 0%). In group B, the average duration of operation was 128.5±11.9 

min (range, 100 to 175 min). The average amount of blood loss was 51±11.2 ml (range, 30 to 300 ml). In 

addition, average duration of hospital stay was 8±5.5 days (range, 6 to 24 days). Early complications within 30 

postoperative days included bleeding (2 patients, 2.0%), perineal wound infection (10 patient, 10.2%), infection 

of the stoma (5 patients, 5.1%), dysurea (13 patients, 13.3%), reoperation (3 patients, 3.1%). Late Complications 

included local tumor recurrence (18 patient, 18.4%), intestinal obstruction (12 patient, 12.2%), intestinal hernia 

(1 patient, 1%). There was no statistical difference observed regarding demographic data such as Age, sex, BMI 

and ASA score [Table1]. There was significant difference in both groups regarding operation time, time until 

start of flatus, oral intake follow up, duration of hospital stay [Table2]. There was no statistical difference 

observed in both the groups regarding intra-operative blood loss and prevalence complications such as stomal 

and intestinal hernia, bleeding, infection of stoma, dysurea and perineal wound infection (p>0.05) [Table4]. 

There was a significant difference observed regarding intestinal obstruction (P=0.043) as well as in tumor 

recurrence (P=0.019) in both the groups. [Table 4] 

 
Table 4:    Postoperative complications 

Variables                                                 group A(n=48)                   group  B(n=98)               p value 

Intestinal obstruction                                  1   (2.1%)                          12 (12.2%)                     0.043* 

Stomal hernia                                             3   (6.3%)                            5(5.1%)                        0.775 

Intestinal hernia                                         0  (8.3%)                             1  (1%)                          0.483 

Bleeding                                                    0   (0)%                               2(2.0%)                         0.319 

Infection of stoma                                     2  (4.2%)                             5(5.1%)                         0.804 

Infection of perineal incision                    6  (12.5%)                           10(10.2%)                     0.677 

Reoperation                                               0  (0%)                                3(3.1%)                         0.213 

Dysuria                                                      5  (10.4%)                           13(13.3%)                     0.623 

Tumor recurrence                                      2  (4.2%)                             18(18.4%)                     0.019* 

group A：LAPR with PPR ；group B：LAPR without PPR 

 

IV. Discussions 
Most authors now agree to the fact that with advancement in laparoscopic surgical technique, surgeons 

nowadays are more interested towards laparoscopic resection surgeries [22-25]. Laparoscopic rectal cancer 

resection surgery has many advantages, such as less blood loss, shorter duration of hospital stay and early 

recovery. Several previous studies have proven the safety and feasibility of laparoscopic rectal cancer resection 

surgery [22-25]. There are some disadvantages as well, including technical difficulties and conversion to open 

approach [22, 23]. However, more recent studies have shown no laparoscopic procedure required conversion to 

open surgery [24, 25]. PPR following LAPR has been an area of discussion for long time [11-15, 17]. 

Previously, because of longer duration of operation, increased level of difficulties of tying knot, and risk of 

bowel perforation, surgeons do not usually perform PPR following LAPR [11, 13]. However, this technique 

may result in high prevalence of complications, such as wound infection, intestinal obstruction, persistent sinus 

formation, or post-radiation enteritis [11]. Nowadays, laparoscopic surgeons are highly encouraged to perform 

PPR following LAPR [12, 16 and 17]. There are various techniques, ranging from primary suturing to biological 

mesh [12-14]. However, the optimal method has not been determined. Primary suturing is cost-effective and 
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easily available. However, some authors have reported complications, such as loosening of the knot causing 

intestinal hernia and obstruction, tightening of knot causing peritoneal necrosis and widespread infection, and 

occasionally occurrence of fistulae [11, 13]. Despite these complications, most studies recommended primary 

suturing technique with sutures applied in normal tension. In this study there was no difference in demographic 

distribution, including age, sex, BMI and tumor staging in both the groups . Patients who underwent LAPR with 

PPR showed lower duration of hospital stay and lower prevalence of late complications than patients who 

underwent LAPR without PPR.  

Patients without PPR required longer duration of follow-up because of increased prevalence of late 

complications along with high risk of recurrence. These results suggested that patients who underwent PPR 

following LAPR recover early with lower risk of recurrence. However, the duration of operation was longer in 

patients who underwent PPR. In addition, there was no significant difference regarding prevalence of early 

complications. In addition, previous studies reporting PPR using biological mesh [14]. In this study, we 

observed that PPR following LAPR technique is safe and effective procedure for patients with low rectal cancer. 

As LAPR is associated with worse outcomes compared with anterior resection in terms of local recurrence and 

overall prognosis it requires improved surgical technique [5]. In LAPR, inadequate resection leads to increased 

risk of positive CRM and perforation. To improve patient survival, ELAPE proven to be effectively reduce 

CRM involvement and bowel perforation [26, 27]. However, there were also researches showed that ELAPE not 

always reduces CRM positivity [28]. Recently, radical ELAPE technique [21] has evolved as a very good 

alternative which is associated with low rates of CRM involvement and improved oncological outcomes. 

However, radical ELAPE required open approach to the abdominal portion of the operation [21]. To study the 

short and long-term outcome of a new operative technique like ELAPE in comparison to a gold standard like 

APE a prospective, randomised, controlled study would be the preferred method as has been done for example 

for laparoscopic colon and rectal cancer surgery [32,33]. In 2015 a systematic review and meta-analysis by 

Zhou and colleagues was published. The study included, previously known risk factors for local recurrence i.e. 

intraoperative perforations, more advanced T-stage and lymph-node-stage was found to be associated with 

increased risk of local recurrence, but also ELAPE itself when compared to standard APE. For the patients of 

the more distal tumours ELAPE is not associated with higher risk for local recurrence but no advantage could be 

shown with ELAPE compared to standard APE, this meta-analysis did not find a statistically significant 

advantage of ELAPE over conventional APE in terms of CRM positivity [34, 35]. West et al [29,30] reported a 

lower perforation rate and fewer cases with involved CRM using ELAPE in case series in comparison with 

histological controls that has high rates of perforations and involved margins. Stelzner et al [31]. . There is a 

clear indication in several studies that ELAPE was associated with increased morbidity in relation to the 

perineal surgical wound, and since this is well in line with what could be expected this is likely to be a true 

disadvantage of this technique [36, 37]. The principle hypothesis that ELAPE by decreasing intraoperative 

perforations and involved CRM can decrease the rates of local recurrence has however not been shown with 

clarity. A large proportion of survivors after abdominoperineal excision for rectal cancer have a quality of life 

comparable to a normative population, however many suffer from a symptom of stress, negative intrusive 

thoughts, which significantly decrease overall quality of life. General conclusion ELAPE should not be 

suggested as a standard operative technique for all low rectal cancers. ELAPE should be used with discretion, 

primarily for cases with high risk of intra operative perforation which is a major risk factor for local recurrence. 

The discussion was instead focused on another important topic related to standard LAPR with pelvic peritoneum 

reconstruction PPR and the best way of closing the defect. Other variables that can be attributes are surgeon-

related variables such as level of training, past experience and annual numbers of operations performed. 

 

V. Conclusions 
LAPR technique is safe and effective procedure for patients with low rectal cancer. PPR following 

LAPR is feasible with acceptable risk of complications. Except for the duration of operation, all the other 

outcome parameters were satisfactory among patients who underwent PPR. Hence, authors strongly recommend 

PPR following LAPR. However, further studies are required to establish strong evidence regarding high efficacy 

of PPR following LAPR and standard procedures for lower rectal cancer resection.  

 

VI. Declarations 
List of Abbreviations: LAPR: laparoscopic abdominal perineal reconstruction; ELAPE: extralevator 

abdominoperineal excision; PPR: pelvic peritoneal reconstruction; APE: standard abdominio perineal excision; 

BMI: body mass index; CRM: circumferential resection margin; CT: computed tomography; MRI: magnetic 

resonance imaging  
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