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Purpose: Teaching is an important but time- and resource-consuming process. Therefore, it is important to optimize and structure it 
effectively. The aim of this study was to evaluate if dry-lab suture and knotting training lead to stable theater performance. 
Consequently, the learning curve is supposed to be ascribed to only on-patient trainable skills like tissue preparation.
Patients and Methods: To test this hypothesis, a structured training and stepwise surgical program were implemented to perform 
laparoscopic sacrocolpopexy (SCP) for urogynecological fellows adapting existing literature.
The program was structured and recorded as following: dry-lab training weekly for knotting and suturing skills, assisting 20 SCP, 
stepwise overtaking defined steps under supervision including preparation of the dissecting planes anteriorly, posteriorly and at the 
level of the promontory, mesh fixation and retroperitoneal closure. All women opting for sacrocolpopexy as pelvic organ prolapse 
repair and being treated by one designated fellow were included without any specific selection. The only exclusion criterium was 
repeat sacrocolpopexy.
Results: Within 45 procedures, the fellow reached a plateau of 80 minutes surgical time for SCP (excluding port-entry/-closure or 
concomitant interventions like hysterectomy or adnexectomy), with a complication rate of 11.1%. A high subjective and objective 
success rate was reported post-operatively. Differences in overall time were clearly correlated with overall dissection time.
Conclusion: We demonstrated that a stepwise, structured, and standardized intraoperative surgical program facilitated safe and 
efficient laparoscopic SCP performance in the analyzed situation. Off-patient trainable skills like suturing and knotting led to 
consistent mesh fixation times from the start of the qualification process and variation arose due to in situ learnable factors.
Keywords: education, urogynecology, pelvic organ prolapse, teaching

Introduction
Teaching young gynecologists, in a situation where efficient and high-quality surgery is needed to reduce expanding 
economic costs of healthcare, is a challenging burden for senior staff members. A stepwise and structured surgical 
program can facilitate surgical skill training.1 To date, there have been multiple well-implemented surgical workshops 
that have been integrated into fellowship programs.2,3 However, the acquired skills must be transferred to theater 
practice.

Pelvic organ prolapse is a widespread benign condition that can severely restrict quality of life.4 Laparoscopic 
sacrocolpopexy (SCP) is the gold standard procedure for surgically managing apical and multi-compartment prolapse.5 

This mostly standardized and well-implemented procedure therefore needs to be part of the skill portfolio obtained 
during a urogynecology fellowship program.

Based on the existing literature and adapting to our center, we implemented a training program for laparoscopic 
sacrocolpopexy and we sought to evaluate in the study if it led to sustainable and safe surgical expertise. In the existing 
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literature about 20–60 cases are described to reach such expertise.6–9 The vast majority of analysis focusing on overall 
surgical time and complication rate. We aspired on one hand to replicate the steep learning curve of the programs but also 
determine which area contributes the most to a stable and reduced surgical time. Assuming that trainable skills such as 
suturing and knotting only have minor influence on the progress over time if trained prior to theater exposure. To 
differentiate which area improved the most during training, we zoomed in on pre-defined surgical sub-steps and timed 
them individually.

Materials and Methods
To test the above stated hypothesis, we focused this study on one surgeon passing through the initiated learning program. 
At baseline, the trainee had performed about 70 laparoscopic hysterectomies, 100 therapeutic laparoscopies (including 
ectopic pregnancies, adnexal mass-removal, adnexectomy) and had only minor exposure to SCP, assisting about 20 
procedures during residency. The educational setting was a urogynecological referral center consisting of one head, 
a consultant, two fellows and a rotation resident. As a center, about 100 SCPs are performed a year. Included in this 
analysis from July 2019 to February 2023 are all women with an apical or multi-compartment prolapse ≥ stage 2 
according to the International Continence Society undergoing a laparoscopic SCP performed by one designated fellow.10 

Patents were arbitrarily selected based on personal contact in consultation. The only exclusion from this study was 
women who planned to undergo a repeat SCP.

Routinely a medical and surgical history was obtained. Subjective outcome measures were administered by a German 
translated validated female pelvic floor questionnaire (GFPFQ) and Patient Global Impression of Improvement (PGI- 
I).11–13 To assess the success rate, clinical examination included assessment of the pelvic floor utilizing the Pelvic Organ 
Prolapse Quantification system (POP-Q).14 An ultrasound evaluation of the pelvic floor completed the objective work-up 
to determine the post-operative mesh position, mesh lay on the vagina, hematoma, or other pathologies. All pre- and 
post-operative assessments were carried out by one of the team members, mainly the assessed fellow.

As general entry criteria for the training program, it was required for participants to have either intermediate surgical 
skill level of GESEA MIGS or Swiss national general gynecological surgery specialty training qualifying them to 
independently perform a laparoscopic hysterectomy.2 Basic training started with a weekly two-hour dry-lab practice for 
six months using a pelvic trainer, foam pads and equal needle holders, as in theater. The goal was to perform an 
intracorporeal stitch and knot with a monofilament, including introducing and extracting the needle as well as cutting the 
thread in under three minutes using the techniques described in GESEA. The nerve-sparing sacrocolpopexy technic was 
divided into sub-steps, including knowing the pitfalls and how to prevent them.15–17

On-patient training in theater was chronologically structured as follows:

1. Assisting 20 procedures carried out by a senior urogynecologist, followed by stepwise taking on the defined steps 
under supervision.

2. Four procedures involving dissecting the planes for the mesh-inlay anteriorly and posteriorly, the longitudinal 
ligament at sacral promontory, and closure of the peritoneum.

3. Four interventions were then performed under supervision relating to additional fixation of the mesh anteriorly by 
the fellow.

4. Subsequently, five complete laparoscopic nerve-sparing SCPs (including posterior mesh suturing and fixation at the 
promontory by a taker system) were conducted together with the senior surgeon.

5. Completing the procedure independently, having a senior surgeon on call (outside of theater), assisted by residents 
or junior fellows (less experienced than the trainee).

6. After the fifth and fifteenth (consecutively) independently performed SCP, performance was assessed by the senior 
surgeon (head of department) in theater.

To evaluate the progress of the performance we used different parameters, including the overall surgical time which we 
limited to the SCP itself. Time for installing and closing port sites and handling of unexpected complications and 
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additional time for concomitant interventions, such as hysterectomy or adnexectomy, were recorded separately. 
Intraoperatively predefined sub-steps were timed as follows: dissection of the vesicovaginal space, recto-vaginal space, 
longitudinal ligament at the promontory, peritoneal mesh pocket, fixation of the mesh with intracorporeal sutures 
anteriorly and posteriorly (each separately), mesh (EndoGYNious, A.M.I.® GmbH, Feldkirch, Austria) fixation with 
the taker system (ProTack™, Covidien™, Dublin, Ireland) at the level of the sacral promontory, and closure of 
peritoneum by continuous suture. Timing was recorded from the beginning of the sub-step concerned until the start of 
the next one by the surgical theater assistant, and post-operative double-checking took place by reviewing intraoperative 
videos.

Further intraoperative need for support, complications according to ClassIntra 1.0 and Dindo-Clavien classification, 
respectively, and blood loss were noted separately.18,19

Based on their estimated overall influence on performance, we ranked different parameters according to the 
performance index shown in Table 1. The possible values of the performance index range from 3 to −10. Positive 
results were ranked as good performance.

As the primary outcome, we defined stable suturing times from the start. Secondarily, we wanted to demonstrate 
decreasing dissection time over the course of the training, to reach the overall goal of the implemented training program 
achieving a stable overall operation time of <80min after 30 interventions (supervised and independent combined).

Statistical analysis Due to the sample size and single surgeon setup statistical analysis is constrained to Pearson 
correlation coefficient and descriptive interpretation. Correlation of overall surgical time, dissection and suturing time 
was too strong to carry out a regression analysis.

Ethics Statement
The local ethics committee “Ethikkommission Nordwest- und Zentralschweiz” (EKNZ Req-2024-00001) approved the 
study to be in line with ethical considerations. Because the analyzed data consist of measurement concerning the author 
and patient data comprise generally registered history and clinical practice covered by signed general consent, the ethics 
committee decided that the project does not fall under the scope of the Human Research Act.

Results
In this analysis, 45 laparoscopic nerve-sparing SCPs carried out by one designated urogynecology fellow from July 2019 
to February 2023 were assessed and analyzed. Table 2 summarizes demographics and previous pelvic floor interventions.

The time taken for SCPs performed completely by the trainee (excluding the first eight only partially performed 
SCPs) without port-entry and port-closure but including management of occurring complications was 76 min median 
(ranging from 51 to 137 min). This is visualized over time in Figure 1.

The sub-steps required 2 to 43 minutes and are plotted in Figure 2. Despite closure of the peritoneum, suturing sub- 
steps demonstrated significantly less variability than dissecting sub-steps.

Dissection of the surgical planes (anterior and posterior vagina, peritoneal mesh pocket and promontory together) had 
a strong correlated of 0.834 (p < 0.00001) to the total surgical time (Figure 3) and required 34 minutes on average (SD 
13.5 minutes). Cumulative mesh suturing time, both anterior and posterior, was consistent, averaging 18 minutes, with 

Table 1 Measurement Parameters for Performance Index

Operation Time PGI-I Help

<80min 2 Any answer better 1 No support 0
80–100min 1 Unchanged −1 Senior advice (verbal) −0.5

100–120min 0 Any answer worth −2 Senior help (surgical) −1

120–130min −1
>130min −2

Notes: Operation time = time for laparoscopic sacrocolpopexy excluding port-entry/-closure or 
concomitant interventions; PGI-I = Patient Global Impression of Improvement, consisting of seven 
impressions from “very much better” to “very much worse”; Help = call for support.
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a standard deviation of 4.7 minutes. Also, peritoneal closure time was fairly consistent, at 20 minutes on average, but had 
five outliers of over 25 minutes. Four of these were assisted by residents and one was due to a teared thread when tying 
the finishing knot. Correlation off total suturing time, cumulative mesh suturing and peritoneal closure, to overall 
operative time was with 0.554 (p = 0.0004) distinctively lower than towards dissection time.

Further, weak correlation was found between operative time of 0.41 (p = 0.005) and dissection total of 0.31 (p = 
0.038) to body-mass-index. Although there was no correlation of suturing times to body-mass-index (p = 0.2).

Table 2 Demographics and Previous Pelvic 
Floor Interventions

Demographics SD / %

Age (years); median 66.8 11.7

Parity; median (range) 2 (0–5)

BMI (kg/m2), median 26.1 4
Previous surgeries

Hysterectomy 15 33%

Vaginal 10 22%
Abdominal 5 11%

Anterior colporrhaphy 7 16%
Posterior colporrhaphy 8 18%

Sacrospinous fixation 5 11%

Anti-Incontinence 4 9%
Abdominal (incl. c-sections) 14 31%

Figure 1 Surgical time development over time; light blue line indicates time for laparoscopic sacrocolpopexy (SCP) without port-entry/-port-closure, including management 
of complications; yellow line indicates total dissection time (anterior/posterior vagina, peritoneal mesh pocket and promontory); gray line indicates suturing mesh to the 
vagina (anterior and posterior cumulated); dark blue line indicates peritoneal closure – cases assisted by a resident marked by *; red colored background indicates cases 
assisted by senior surgeon.
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Figure 2 Boxplots for each evaluated sub-step and complete laparoscopic sacrocolpopexy (SCP total) (without port-entry/-port-closure, including management of 
complications), total dissection (anterior/posterior vagina, peritoneal mesh pocket and promontory) and suturing total (anterior/posterior mesh fixation and peritoneal 
closure).

Figure 3 Correlation of cumulated dissection time (anterior/posterior vagina, peritoneal mesh pocket and promontory) as blue dots, and suturing (anterior/posterior mesh 
fixation and peritoneal closure) as yellow squares, compared to SCP time (without port-entry/-closure, without complication management), with corresponding correlation 
dotted line for dissection (0.55) and solid line for suturing (0.83).
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The development of the performance index is plotted in Figure 4 and demonstrates more consistent performance with 
less variance over time. Calls for surgical help were requested in four cases, and verbal advice was requested in seven 
cases, outside of the first 13 cases planned with the senior surgeon. In the last 15 surgeries, only once was there a need for 
a call for help.

All women were seen six to eight weeks post-operatively and reported positive subjective feedback on PGI-I. Table 3 
shows the objective success post-operatively at six to eight weeks. A persistent prolapse stage II was found in 15% (7/45) 
anteriorly. One woman had apical prolapse stage I and two posterior prolapse stage II. Out of these persistent prolapses, 
two anterior ones and an apical one occurred under supervision by a senior urogynecologist. The other anterior 
persistence and the posterior prolapses appeared in non-supervised situations.

Perineal and transvaginal ultrasound revealed desired mesh position at the level of the bladder neck anteriorly and posteriorly 
one to two centimeters from the perineal body, flat mesh on the vaginal cuff and no pathologies. Three months after surgery five 
out of 45 women reported bulging symptoms in the German female pelvic floor questionnaire (Question No. 28)11.

Intraoperative complications occurred in 11.1% (five out of 45) of cases, including two bladder injuries, one vaginal 
and one sigmoid serosal laceration and one omental bleeding caused by port-entry. Overall blood loss, except in the case 
of omental bleeding, was reported to be below 50mL.

Figure 4 Performance index per case over time – cases assisted by a resident marked by *; red colored background indicates cases assisted by senior surgeon.

Table 3 Pre- and Post-Operative POP-Q Values

POP-Q Pre-Operative Post-Operative

Ba C Bp Ba C Bp
Median 1 −1 −2 −2 −8 −3

SD 1.4 2.7 1.3 0.9 2.8 0.6
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Discussion
In contrast to the existing literature focusing on overall surgical time in SCPs, we wanted to determine the underlying 
factors that lead to improved performance over time.6,8,9 Like Claerhout et al, we also analyzed sub-steps of the 
procedure and demonstrated that structured surgical fellowship training results in safe and sustainable expertise.7 In 
comparison to the previous cited publication, in which the trainee was assisted by an experienced surgeon, in our case the 
observed fellow was assisted by less experienced staff than himself unless previously planned (as for the first 13 cases 
and assessment surgeries in cases 19/20 and 36/37). The significantly decreasing need for support, with consistently 
stable performance, suggests the conclusion that about 30–35 interventions are needed to reach a satisfactory level of 
expertise. This is slightly higher than the best results of other studies of around 20 interventions6,9 and is most likely due 
to long case-to-case intervals in the initial training. The long period required to reach 45 interventions as well as initial 
expanded case-to-case interval is explainable by a nine-month restriction on elective surgeries due to the COVID-19 
pandemic, four-month traumatic injury-related incapacity to work, and ongoing on-duty work, which resulted in 20 
training surgeries taking place per year only after the restrictions were lifted and medical recovery took place. A more 
intensive training rhythm is theoretically associated with a faster learning curve but can sometimes be difficult to 
implement depending on the daily routine of the clinic and other circumstances.

Restricting the analyzed time for SCP, excluding port-entry and port-closure, as well as concomitant interventions, 
was employed because most of these aspects are performed by residents or different trainees for educational purposes.

There was no selection of patients for the training program and demographics did not vary from our general 
population included in previous studies published by Christmann et al.15 Persistent prolapses and occurrence of 
complications arose in teaching scenarios as well as in non-teaching scenarios and were similar to the previously 
mentioned teaching programs for laparoscopic SCP.

Under the assumption that variable and prolonged time for surgical sub-steps results from difficulties, eg, finding the 
correct dissection plane after hysterectomy or unexpected excessive scarring, we demonstrated that the challenging 
surgical steps arise essentially from only in situ trainable factors, like tissue preparation and anatomical distinction, as 
previously reported by Claerhout et al.7 Affirmed by the stronger correlation of the dissection time to the total time 
compared to all other variables and the low variability of suturing times.

The variability in peritoneal closure time arises from our three-handed suturing technic, involving the first assistant 
being a surgically unexperienced junior resident in some cases marked in Figure 1 compared to the mesh attachment, 
which the surgeon performed on his own. Hence, resulting differences in total time were essentially effects of 
disparity in preparation of the dissection planes, which underlines the importance of combining on- and off-patient 
training.

Concerning satisfaction, we achieved a high subjective and objective success rate that is not different to published 
data on overall success rates for laparoscopic SCP.20–22

The perception of the performance index revealed a simplified display of subjective and objective awareness of 
difficult preparation and complications. As expected, the performance initially de-creased in independent surgeries, but 
variation reduced from approximately 20 autonomous interventions (28 interventions overall) onwards. The perfor-
mance index confirms in a numeric value an outcome parameter ranging from acceptable deviation from the goal if the 
value is positive to indicating intermediate to severe adverse variance in negative values. This is a simplified method to 
objectify the outcome, and further evaluation would be needed if performance index wanted to be applied on a bigger 
scale.

The complication rate was also comparable to similar training programs.23–25

The main limitation of this study is its reliance on the experience of a single center and a single surgeon, but it 
indicates that it is advisable to establish a stepwise and structured learning and teaching environment to achieve a steep 
and consistent learning curve. We encourage further studies and different teaching programs to evaluate the surgical sub- 
steps, instead of overall surgical time with unclear intraoperative contribution factors like assisting surgeon or anatomical 
alterations.
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Conclusion
Finally, we conclude that structured intraoperative training and standardized surgery can enhance the learning process in 
advanced surgical procedures such as laparoscopic SCP. We demonstrated that 30 to 35 interventions are required to 
accomplish a level of independence in regard to carrying out these operations. Organized teaching is not replacing or 
reaching the level of expertise gained by multiple years of experience, but empowers the fact that not hundreds of 
interventions are needed to achieve an adequate level of knowledge and skill in a structured training environment.26

Abbreviations
SCP, Laparoscopic sacrocolpopexy; GFPFQ, German translated validated female pelvic floor questionnaire; PGI-I, 
Patient Global Impression of Improvement; POP-Q, Pelvic Organ Prolapse Quantification system.
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