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Abstract:
Objective: 
To reduce mesh use for prolapse repair, practice has shifted towards traditional native tissue. Combining native tissue repair with sufficient apical repair could allow effective treatment. Pectopexy showed in a randomized trial focusing on combining traditional native tissue repair with pectopexy or sacrocolpopexy no association with new risks for patients. The short follow-up of this international multicenter study is presented in this article.
Design, Setting, and Population: 
Eleven clinics and 13 surgeons in four European counties participated in the study. All surgeons committed to using a strict standard for pectopexy, using a pre-tailored mesh (PVDF PRP 3×15 Dynamesh solely for apical repair.
Methode: 
Data were independently collected for 14 months on a secured server; 501 surgeries were documented and evaluated and 264 (52.7%) patients returned for physical examination for follow-up.
Main Outcome and Results: 
The mean follow-up time was 15 months, and the overall success rate for apical repair was 96.9%. A satisfaction score was positively rated in 95.5% of the patients. A positive general recommendation was provided by 95.1% of the patients. Pelvic pressure was reduced in 95.2%, pain was reduced in 98.0%, and urgency was reduced in 86.0%.No major de novo problems occurred in the follow-up.
Conclusion:
Clinical routine pectopexy and concomitant surgery, mainly using native tissue approaches, resulted in high satisfaction rates and good clinical findings. The procedure can also be recommended for general use by general uro-gynecological practitioners with experience in laparoscopy.
Funding: FEG Textieltechnik; Aachen
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1. Introduction
Because mesh use is limited in pelvic floor surgery, native tissue use is currently favored. Although native tissue repair was long declared insufficient, several publications have shown that from a clinical perspective, as opposed to judgment of anatomical findings, native tissue provides better outcomes over long periods [1–3]. Success in prolapse surgery is associated with sufficient apical support. Sacral colpopexy is the most frequently used technique in laparoscopy. Because of the disadvantages of the approach, especially for obese patients, we devised the procedure of laparoscopic pectopexy in 2007 [4].
The so called “gold standard” laparoscopic sacral colpopexy (LSC) is based on extensive experience over 100 years. The introduction of alloplastic material to fill the gap between the vagina and the sacrum accelerated the adoption of the technique [5]. Extensive data from single center studies are available, but no prospective multi-centric trial was available to compare access and quality [6–8].
LSC commonly uses y-shaped mesh deeply covering the total posterior length of the vagina and the anterior wall next to the urethra entering the bladder [9, 10]. Because a variety of approaches are currently in use, and the results are difficult to compare, we focused on using mesh simply for the apical support, and we reconstructed other defects with native tissue strategies [11].
Using pectopexy as a strict apical support in combination with native tissue can decrease the risk of defecation disorders, which often occur in LSC; additionally, mesh related problems such as erosions at the vaginal wall are decreased [12].
De novo defecation disorders are anticipated in 17–34% of cases after LSC [9, 13–17]. Slow intestinal transit, chronic flatulence, pain during defecation, and mild to severe constipation are the main symptoms reported in the literature. Published data on pectopexy have indicated the benefits of offering a standardized alternative option for LSC with the potential to decrease the risk of defecation disorders and bowel/tape conflict in obese patients [12]. The combination of native tissue repair and sufficient apical support leads to a low rate of de novo stress urinary incontinence (SUI) (4.5–7%) as well as minor mesh use [1, 12].
The multi-center trial was initiated to demonstrate the effectiveness of the approach in general use and to investigate the results of the combination of native tissue repair with apical mesh support after one year. 

2. Methods
The study was initiated in 11 clinics with 13 surgeons in four European counties. To ensure a standardized approach and to obtain comparable data, a strict requirement for tape placement and use of a pre-manufactured mesh (Dynamesh PRP 3×15) was established. In pectopexy the tape for the apical support is fixed bilaterally at the pectineal ligament, anchored by sutures close to the crossing psoas muscle. This provides a fixation point at the level of sacral vertebra 1. It is placed in an organ-free area, and the defined fixation point provides a natural vaginal axis. Because of this position, the tape cannot disturb the rectum or the hypogastric plexus. The diameter of the lower pelvis is not reduced by the technique.
Surgeons were trained by the developing center, and data were collected on a secure server at the University of Wuerzburg. Every surgeon had a minimum experience of 20 procedures performed before entering the study. Every surgeon had private access to the server to collect the data independently. 
All patients that required surgical treatment were included in the study except those having contraindications for laparoscopy.  Focusing on clinical findings more than anatomical the Baden-Walker classification from grades 1 to 4 was used for the description of defects. A distinction was made among apical defects, cystocele midline, cystocele lateral defects, and posterior defects. We focused on complaints such as pelvic pressure, SUI, urgency (OAB), stool bulking/constipation, pain, and sexual impairment. These complaints were documented in addition to obstetric data and the patients’ histories of previous surgery, especially hysterectomy and Caesarean sections. To measure the influence on SUI the clinical findings were stratified Grade 1-3 before surgery and in the follow up (Stamey). 
Concomitant surgeries, whether by the vaginal or the laparoscopic approach, were registered as well as  total operating time and the time used for pectopexy were noted. Intraoperative complications and postoperative data such as the duration of the hospital stay, early- and late-onset infection (14 days after surgery), and wound infection were recorded in the database.
A total of 501 patients were documented within 14 months, the surgical data were analyzed and showed low risk and operation times comparable to those of LSC in the literature [11]; 264 (52%) patients received physical examinations and interviews in the clinics after a minimum follow-up time of 12 months. Phone interviews were not included in the evaluation. Statistical evaluation was performed in IBM SPSS statistics and Sigma plot Statistics (Systat Software, Inc.).

3. Results
After stopping the data collection, we included 501 patients. The surgical and early complications are reported in a previous publication [11].The follow-up was performed 12–18 months after surgery (mean 15 months). Because many patients had to travel long distances or had difficulties in organizing transportation, 264 patients were able to be examined physically. Additionally, complaints were documented and differentiated on the basis of de novo or persistent complaints. Anatomical changes were classified according to Baden-Walker, and SUI was graded stage 1–3 (Stamey). Table 1 shows the participation of each center in the total collection as well as the follow-up participation. Centers with a small number of patients appeared to have fewer problems in mobilizing patients to attend the physical examinations.
The distribution of concomitant surgeries in the examination group was similar to that in the whole study group. In Table 2, the total number and relative portion are listed for all additionally performed surgeries.
Table 3 shows the primary symptoms preoperatively and in follow-up. Only 4.4% of patients with a pre-operative sensation of pelvic pressure reported no significant change after surgery (chi-square p<0.001), and 5.7% reported de novo pressure due to relapse or de novo changes. Only 0.4% reported persistence of pain. Half the patients included in the study reported urgency (OAB) before surgery, whereas 86.0% of this group did not complain about urgency after surgery (chi-square p<0.001). De novo urgency was found in 4.2%. Sexual impairment was indicated to be relevant in 16.8% of the total cohort (15.9% of the follow-up group). Only 7.14% of the patients complained about persistence.
Twenty-four percent of the patients reported SUI before the surgery. SUI was staged as grade 1 in 25%, grade 2 in 66%, and grade 3 in 9% of the patients. Patients who underwent additional surgery (colposuspension n=43) were dry in 72.1%, and 93% improved; 7% reported persistence of previous symptoms. A total of 13 patients did not receive incontinence treatment; 53.4% were dry after prolapse surgery; and 30.8% complained about persistence of the prior incontinence. Only two cases (0.8%) of de-novo incontinence were found.
Stool bulking or constipation was noted in 11.2% of patients pre-operatively. We measured a persistence of 25.0% and a single de novo case. The reduction rates for pelvic pressure, pain, urgency, and sexual impairment were high (86–98%). In relation to the initial rate of 15.9% sexual impairment, 2.7% of de novo symptoms were unsatisfactory. The mean age of patients with sexual impairment was 53.1 years.
Pectopexy is designed for apical support. Because an under-correction was agreed upon to avoid side effects of over-correction, grade 1 was considered to indicate cure for stage 2 and above before surgery. Table 4 shows the distribution of defect stages pre- and postoperatively. A cure rate of 94.3% was documented, and 96.6% showed cure plus improvement. Table 4 shows the relationship between prior defects and follow-up findings.
3.1 Effects of pectopexy on cystocele, rectocele, and lateral defects
To assess the effects of pectopexy on cystocele and rectocele, we sub-analyzed patients with relevant cystocele, lateral defects, or rectocele who did not receive additional repair. For patients with a midline defect, we measured a cure or improvement in 60.3% vs. 39.7% with persistence or progress. Two of the patients did not recommend the entire procedure because of de novo urgency or pelvic pressure. One additionally had de novo sexual impairment because of the progress of the cystocele. A total of 87 patients with a posterior defect did not receive surgery, and 88 patients with lateral defects were not additionally treated with lateral defect repair (47 had concomitant midline repair, and 41 had no surgery for cystocele at all). Table 5 shows the changes in the degree of defects after surgery.
A total of 87.4% of the non-treated posterior defects were staged grade 1, 10.4% were staged grade 2, and 2.3% were staged grade 3. A total of 51.7% improved after pectopexy alone, and 35.6% showed no change in status (mainly grade 1), whereas 11 cases (12.6%) showed a higher degree in the follow-up.
Regarding non-treated lateral defects, 81.8% showed an improvement. No patient had poorer staging in the follow-up. In the grade 2 and 3 groups, 89.7% of the patients showed a benefit, 53.4% of whom received a midline repair for midline cystocele. The group of patients who were not treated for any kind of cystocele (n=41) showed an improvement rate of 61%. No change was measured in 31.7% (mostly grade 1), and 7.3% of these patients showed a higher stage.
The Question “Would you recommend the treatment to a relative?” was answered positively in 95.1% of patients. The mean rating on a scale from 1–10 was 8.7. A total of 90.2% of patients gave a rating between 7 and 10. The reasons for not recommending the treatment were pelvic pressure (persistent or de novo) (eight cases), de novo pain (two cases), and de novo sexual impairment (three cases, two of which involved persistent incontinence).
The number of re-operations during the observation period was low. Three lymphatic seromas were treated by laparoscopy. One TVT was placed after 7 months because of incontinence. Two re-interventions by laparoscopy were performed because of early level 1 recurrence. One patient with urinary retention received medical treatment. One de novo enterocele and one de novo cystocele was operated on during the follow-up period. No mesh erosion was detected in the follow up. 
4. Discussion  
Main Findings:
Previous publications have indicated that pectopexy is safe and can be incorporated into clinical routines [11, 12]. A total of 264 patients out of the 501 included in this trial were able to be physically examined and interviewed after a mean of 15 months after surgery. Because the use of mesh can also affect abdominal techniques with extended mesh use (deep anterior or posterior mesh placement), beyond examining the effectiveness of pectopexy, we gathered data on reduced mesh use. In this trial, 15 cm PVDF tape (Dynamesh PRP 3×15) was used solely for apical support (approximately 25 cm²). Bhattarai et al. have shown in a computer simulation that bi-lateral fixation in pectopexy provides a more physiological position of the bladder and the vaginal cuff than unilateral sacral colpopexy during the Valsalva maneuver [18].
The anchor point of pectopexy lies 1–2 cm above the natural apex and does not allow for correction of a cystocele or posterior defect by pulling the vagina cranially. Therefore, we combined the apical support with concomitant repairs according to defects and disorders (Table 2). Notably, in this study, no additional mesh was used for cystocele, rectocele, or enterocele repair. The results were compared with those of LSC, mainly performed with deep mesh fixation [9, 10, 19], although this comparison was difficult, owing to inconsistent results and a lack of prospective multicenter trials. We therefore compared our findings to those of reports from mainly single center studies, often including low sample sizes and patients who were not physically examined. Most studies have focused on the anatomical changes or outcomes, and clinical findings have unfortunately been underestimated.
The cure rate in our study for level 1 was 94.3%, and 96.6% showed cure or improvement. This finding confirmed the data from previous studies [12]. In LSC, similar rates have been described (94–100%) [10, 20–22].
The primary symptom in the total cohort (501) was pelvic pressure and bulging (92.8%). In the follow-up group, 86.7% (n=229) had this symptom before surgery. In 4.1%, persistence of this symptom was recorded. A symptom reduction of 95.2% (p≤0.001 chi square test) was calculated. A total of 5.7% of patients reported de novo symptoms, mainly because of de novo pelvic floor defects. Liedel et al. have reported (n=277) a reduction rate of 82.7% (p=0.00001) with vaginal pelvic floor surgery [23]. In retrospective data, Bojahr et al. have described a reduction of 90.7% with LSC [24].
We measured a pain reduction of 98%. Liedel et al. have reported 53.1%, and Bojahr et al. have reported 44%. These different outcomes may be associated with different interpretations of pain sensations.
A total of 51.7% (136) of the follow-up group complained about urgency and frequency (OAB). In the follow-up, a reduction rate of 86% was found, and 4.2% complained about de novo urgency. Several studies have focused on OAB and prolapse. Whereas Malanowska et al. have reported a reduction of 76% and a de novo rate of 2.6% for lateral suspension technique, Illiano has reported 73.6% for LSC, and Rexhepi et al. have reported 67% for bi-lateral LSC. On the basis of the most reported therapy success, pectopexy showed excellent results [25–27].
Sexual impairment is one of the most problematic issues compared. A combination of anatomical obstacles and shame is associated with pelvic floor defects. Differentiating between prolapse problems and or couple related problems is difficult. The data are quite heterogeneous, and in our own studies, we measured different outcomes. A total of 15.9% of the follow-up cohort complained about sexual impairment. The 92.9% reduction was surprisingly high, but a de novo problem occurred in 2.7%. Half of these patients did not recommend the procedure because of sexual impairment.
We measured a reduction of 75% regarding stool bulking and constipation (p<0.001). Whereas studies with vaginal repair have described a reduction of 66% for vaginal repair, most LSC studies have reported a higher rate in the follow-up [16, 17, 23, 24, 28, 29]. Because LSC appears to be associated with negative bowel symptom outcomes, vaginal repair as well as pectopexy appear to significantly improve this complaint. The results support the prior findings from our first randomized trial [12].
De novo incontinence occurred in 0.8% of cases, and 56 patients showed relevant incontinence before surgery. A total of 43 patients were treated simultaneously with colposuspension, and 13 did not receive additional treatment. A total of 93% of the first group improved, whereas only 53.4% of the second group improved (p=0.003 Fisher’s exact test). High incontinence rates (5–40%) have been reported after LSC, and some authors recommend adding Burch colposuspension. However, this topic remains controversial [20, 24, 30–32]. Our findings support simultaneous treatment in a multiple compartment setting.
In a sub-group analysis, we measured the pure effects of pectopexy on level 2 and 3 defects. We filtered out a group with defects in this area without having additional surgery and compared the outcomes between these groups. Among patients with a cystocele, 60.3% benefitted from pectopexy, whereas 39.7% showed no change. In patients with lateral defects, a positive change was seen in 61%. No change was measured in 31.7%, and a higher degree was found in 7.3% of cases. The smallest positive effect was seen in posterior defects: only 51.7% improved with pectopexy alone, whereas 35.6% showed no change or worsening (12.7%). Thus, we conclude that grade 1 defects can be cured or adequately supported by pectopexy, but higher grade defects should be treated simultaneously to avoid additional surgery.
Strengths and Limitations:
The multi-center setting provides a prospectively collected big cohort of patient in a great number of international centers. Anatomical, functional and subjective findings are reported with clinical relevance. Due to 5 different languages no standardized questionnaire was used and a heterogeneous approach for the native tissue repair was accepted as limitation.  
Interpretation:
A positive recommendation rate of 95.1% and a mean satisfaction rate of 8.7 (out of 1–10) indicated high clinical acceptance by the treated patients. Figure 1 demonstrates the distribution of the rating scale for the whole treatment. The negative recommendations resulted from de novo sexual impairment (3), de novo defects, and relapse. Complications such as infections or seroma were widely accepted.






5. Conclusion
Pectopexy combining apical support with a pre-tailored PVDF tape and native tissue repair for level 2 and 3 defects showed good clinical outcomes and a low re-intervention rated after a mean of 15 months of follow-up. A prospective international multi-center trial provides high validity results, owing to large sample sizes and procedures performed by independent surgeons. Because the results are favorable and the side effects are low, the approach can be recommended as an alternative to LSC for experienced surgeons. It provides the option for decreasing mesh use by combining highly sufficient apical support with native tissue repair. We hope, in a long-term follow-up, to clarify which patients require additional mesh for level 2 and 3 treatments. The combination of advanced age and grade 3 defects appeared to be clear but was not statistically significant.
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Tables
Table 1 Contribution of 11 centers; centers 1 and 7 had two surgeons each.
	Center no
	Frequency postoperative count
	Percentage
	Follow-up count
	Percentage

	1
	72
	14.3
	30
	19.9

	2
	28
	5.58
	20
	7.7

	3
	28
	5.58
	12
	4.6

	4
	11
	2.2
	11
	4.25

	5
	64
	12.77
	50
	19.3

	6
	35
	7.0
	35
	13.5

	7
	225
	44.9
	92
	34.8

	8
	2
	0.4
	0
	0.0

	9
	20
	4.0
	2
	0.8

	10
	9
	1.8
	7
	2.7

	11
	7
	1.4
	6
	2.3

	Total
	501
	
	264 (52.7%)
	



Table 2 Concomitant surgeries in the entire trial group and the follow-up group.
	Study group total/follow-up approach
	Frequency
	Percentage
	Frequency follow-up
	Percentage

	Pectopexy
	501
	100
	264
	100

	Laparoscopic cystocele repair
	173
	34.5
	83
	31.5

	Laparoscopic posterior repair
	132
	26.3
	58
	22.0

	Vaginal anterior repair
	68
	13.6
	50
	18.9

	Vaginal posterior repair
	59
	11.8
	41
	15.5

	Laparoscopic lateral repair
	159
	31.7
	67
	25.4

	Burch colposuspension
	64
	12.8
	34
	12.9

	Vaginal tape
	2
	0.4
	2
	0.76

	LSH
	316
	63.1
	117
	44.3

	TLH
	5
	1.0
	2
	0.76



Table 3 Complaints in the examination group before surgery and in follow-up.
	
	Pre-surgery
	Follow-up
	De novo
	Persistent
	

	Pelvic pressure
	86.7% (229)
	11.0% (29)
	5.7% (15)
	4.1% (11)
	95.2% Reduction

	Pain
	18.9% (50)
	2.7% (7)
	2.3% (6)
	0.4% (1)
	98% Reduction

	Urgency
	51.7% (136)
	11.4% (30)
	4.2% (11)
	14.0% (19)
	86.0% Reduction

	Sexual impairment
	15.9% (42)
	3.4% (9)
	2.7% (6)
	7.14% (3)
	92.9% Reduction

	Stool bulking
	11.2% (28)
	3.2% (8)
	0.4% (1)
	25.0% (7)
	75% Cure

	Constipation
	
	2.4% (6)
	
	
	



Table 4 Grade of apical defects before surgery in relation to the outcomes in the follow-up group.
	Previous
	count
	Grade 0 post
	Grade 1 post
	Grade2 post
	Grade 3 post

	Grade 1
	18
	12
	6
	
	

	Grade 2
	137
	118
	17
	2
	

	Grade 3
	90
	62
	22
	5 
	1 

	Grade 4
	18
	13
	5
	
	



Table 5 Patients with no native tissue repair for cystocele, rectocele, and lateral defect distribution of the degree of defects before surgery and change in the follow-up.
	Midline cystocele
	Previous count
	Grade 0 post
	Grade 1 post
	Grade 2 post
	Grade 3 post

	Grade 1
	32
	16
	14
	2
	0

	Grade 2
	18
	5
	7
	3
	3

	Grade 3
	11
	6
	2
	2
	1

	Grade 4
	2
	1
	
	1
	

	Posterior defect
	Previous count
	Grade 0 post
	Grade 1 post
	Grade 2 post
	Grade 3 post

	Grade 1
	76
	36
	30
	10
	

	Grade 2
	9
	4
	3
	1
	1

	Grade 3
	2
	1
	
	1
	

	Lateral defect
	Previous count
	Grade 0 post
	Grade 1 post
	Grade 2 post
	Grade 3 post

	Grade 1
	30
	16
	11
	3
	0

	Grade 2
	10
	4
	3
	3
	0

	Grade 3
	1
	0
	1
	0
	0



Figure 1 Distribution of the rating scale of satisfaction with treatment.



Satisfaction 1-10	1	1	2	7	7	8	20	32	44	125	


