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Abstract

AIM: To investigate the learning curve of transumbilical suture-suspension single-incision laparoscopic cholecystectomy (SILC). 

METHODS: Clinical data of 180 consecutive transumbilical suture-suspension SILCs performed by a team in our department during the period from August 2009 to March 2011 were retrospectively analyzed. Patients were divided into nine groups according to operation dates, and each group included 20 patients operated on consecutively in each time period. The surgical outcome was assessed by comparing operation time, blood loss during operation, and complications between groups in order to evaluate the improvement of technique. 

RESULTS: A total of 180 SILCs were performed successfully by five doctors. The average operation time was 53.58 ± 30.08 min (range: 20.00-160.00 min) and average blood loss was 12.70 ± 11.60 mL (range: 0.00-100.00 mL). None of patients were converted to laparotomy or multi-port laparoscopic cholecystectomy. There were no major complications such as hemorrhage or biliary system injury during the operative process. Eight postoperative complications occurred mainly in first three groups (n = 6), and the complication was ecchymosis around the umbilical incision (n = 7) which resolved without special treatment. There was one case of delayed bile leakage in group 8, which was treated by ultrasound-guided puncture and drainage. There were no differences in intraoperative blood loss, postoperative complications and length of postoperative hospital stay among all groups. Bonferroni’s test showed that the operation time in group 1 was significantly longer than that in the other groups (F = 7.257, P = 0.000). The majority of patients in each group were discharged within two days, with an average length of postoperative hospital stay of 1.9 ± 1.2 d.
CONCLUSION: Following scientific principles and standard procedures, a team who is experienced in multi-port laparoscopic cholecystectomy can master the technique of SILC after 20 cases.

© 2013 Baishideng. All rights reserved.  
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Core tip: As a new technology, single-incision laparoscopic cholecystectomy (SILC) is more difficult to perform than multi-port laparoscopic cholecystectomy with higher technical demands. Thus, SILC may have a specific learning curve. The present study retrospectively analyzed the surgical outcomes of transumbilical suture-suspension SILC performed by the same team in our department to investigate the learning curve of this technology, thereby guiding the surgeons to pass the initial learning period smoothly, safely, and quickly. 

Pan MX, Liang ZW, Cheng Y, Jiang ZS, Xu XP, Wang KH, Liu HY, Gao Y. Learning curve of transumbilical suture-suspension single-incision laparoscopic cholecystectomy. World J Gastroenterol 2013;  
Available from: URL: http://www.wjgnet.com/esps/  
DOI: http://dx.doi.org/10.3748/wjg.v19.i0.0000
INTRODUCTION

Laparoscopic cholecystectomy has become widely accepted and been considered as a gold standard of the treatment for benign gallbladder diseases. With continuous development in techniques and devices, laparoscopy has moved in the direction of minimally invasive surgery in order to meet patients’ cosmetic requirements, i.e., from four-port conventional laparoscope to three-port, two-port, and the present transumbilical single-port. As a new technology, single-incision laparoscopic cholecystectomy (SILC) is more difficult to perform than multi-port laparoscopic cholecystectomy with higher technical demands. Thus, SILC may have a specific learning curve. The present study retrospectively analyzed the surgical outcomes of transumbilical suture-suspension SILC performed by the same team in our department to investigate the learning curve of this technology, thereby guiding the surgeons to pass the initial learning period smoothly, safely, and quickly. 

MATERIALS AND METHODS
General information

During the period from August 2009 to March 2011, 180 patients received transumbilical SILCs in our department, including 78 males and 102 females, with an average age of 48.7 ± 13.0 years (range: 18.0-79.0 years). All patients had agreed to receive SILC, and for this study the records were retrospectively analyzed. Patients were eligible for SILC if they met the following criteria: (1) clinical diagnosis of symptomatic gallstones, gallbladder polyps, with acute cholecystitis (less than 72 h); and (2) ability to tolerate the procedure without a functional failure in important organs including the lungs, heart, liver and kidneys. Patients were considered ineligible to receive SILC if they had an American Society of Anesthesiologists score > 3 or were unable to tolerate general anesthesia due to other reasons, suspected gallbladder malignancy, and a history of recent surgery in upper abdomen.


All operations were completed by the same surgical team. The principle surgeons were both hepatobiliary surgeons with 10 or more years of clinical experience, and had the experience of independently performing more than 500 consecutive cases of multiple-port laparoscopic cholecystectomy. The assistants were senior residents who had laparoscopic training on virtual or animal models in the training centre. 


The 180 patients were divided evenly into 9 groups according to the time period they received surgery (20 patients in each period). Clinical data collected included patient name, gender, age, primary diagnosis, and previous abdominal surgery history. The difference in operation time, the amount of blood loss during the operation and postoperative complications in all groups were analyzed and compared. 

Surgical procedure

The procedure has been described previously[1]. In summary, a single, curved 1.5-cm incision was made below the umbilicus and a Veress needle was inserted followed by creation of a pneumoperitoneum which was maintained at 13 mm Hg. An 11-mm trocar was inserted as the port for a 30° laparoscope at the left side of the incision. A 5-mm trocar was inserted as a manual port at the right side of the incision. The tissues between the two ports were kept to prevent gas leakage. Two size 7-0 silk threads were placed through the tissues on the bottom of the gallbladder and the muscular layer of the ampulla respectively, and then pulled out through the abdominal wall in order to fully expose the cystic duct and the gallbladder triangle. After the gallbladder triangle was dissected with an ultrasonic scalpel, the cystic duct was clipped with titanium clips and excised. Next, the whole gallbladder was isolated, dissected, and extracted through the umbilical incision. Careful control of homeostasis and bile leakage was achieved. After the abdominal cavity was rinsed, the pneumoperitoneum was released and the incision was closed properly.

Statistical analysis

Quantitative data were expressed as mean ± standard deviation. Comparisons between groups were performed using one-way ANOVA followed by Bonferroni’s test, and quantitative data was analyzed by the chi-square test. SPSS15.0 software was used for statistical analysis, and a value of P < 0.05 was considered to be statistically significant.

RESULTS
Demographic data

Among the 180 patients enrolled, there were 78 men and 102 women. The average age was 48.7±13.0 years (range: 18.0-79.0 years). The mean body mass index was 23.31±2.83 kg/m2 (range: 16.35-29.36 kg/m2). Among these 180 patients, 17 patients had a history of abdominal operation. Among those 17 candidates, 11 of them had undergone open procedures, including appendectomy (n = 5), cesarean section (n = 4), total hysterectomy (n = 1) and bilateral tubal ligation (n = 1); the other six candidates had laparoscopic appendectomy (n = 4) and laparoscopic herniorrhaphy (n = 2) (Table 1). The nine groups were similar with respect to sex, age, body mass index and previous history in abdominal surgery (Table 2)
Clinical outcomes

All patients underwent successful SILC, no patient required conversion to standard LC or open surgery. The average operative time was 53.58 ±23.44 min (range: 20-160 mL) and the average blood loss during operation was 12.7± 11.6 mL (range: 0-100 mL). There was no intraoperative abdominal organ damage, nor were there complications such as hemorrhage or biliary system injury during the operative process. Eight postoperative complications occurred, mainly in first three groups (n = 6), and the complication was ecchymosis around the umbilical incision (n = 7) which resolved without special treatment. There was one case of delayed bile leakage in group 8, which was treated by ultrasound-guided puncture and drainage. The majority of patients in each group were discharged within two days, with an average length of postoperative hospital stay of 1.9±1.2 d. There were no differences in intraoperative blood loss and postoperative complications among all groups (Table 3).

Bonferroni’s test showed that the operation time in group 1 was significantly longer than that in the other groups (F = 7.257, P = 0.000). No difference was found in comparisons within the other groups (P ≥ 0.05). The standard deviation of operative time was 30.1 min in group 1, and gradually declined and stabilized from groups 2 to 9 (Figure 1). The blood loss in group 1 was 16.65 ± 9.96 mL, which was greater than in the other groups, but the difference was not statistically significant (F = 2.130, P = 0.082, Table 3).
DISCUSSION
Single-inciion laparoscopy is a new technique, and an evolution of the development of minimally invasive surgery in recent years. It has been currently applied in hepatobiliary surgery[1-8], general surgery[9-12], urological surgery[13-17], gynecology and obstetrics[18,19], and other areas. Of these, SILC is the most widely used and sophisticated technique. Some researchers believe that it has the potential to replace multi-port laparoscopic techniques and become the golden standard of cholecystectomy[20-22]. Compared with multi-port laparoscopy, single-incision laparoscopic surgery has unique features. First, it requires the operator to have a comprehensive knowledge of in vivo micro-anatomy and three-dimensional sensibility in order to compensate for limited surgical fields. Second, it requires a skillful techniques and clear procedure understanding to replenish the sense of hand touch. Finally, it requires good team work and appropriate surgical devices to compensate for interference between instruments. For these reasons, operator training in early stage will inevitably experience a process of exploring, skilling, and finally stereotyping, and this process is the learning curve of single-port laparoscopic cholecystectomy.  
A learning curve is usually evaluated by the number of surgeries required to progress from an initial to skillful state. After completing a certain number of operations, a surgeon’s skill will be improved significantly and they will be competent in the surgical procedure and able to manage complications skillfully. At this stage, the learning curve is complete and the learning plateau is reached[23]. The criteria for evaluating the skillfulness of performing SILC are operative time, blood loss during the operation, complications including bile leakage and wound infection.
The change of operation time is the most direct and accurate indicator reflecting the learning curve, because it reflects a surgeon’s mastery of the technique. Operation time is influenced by four main factors, including operator skill, surgical concepts, the cooperation of the surgical team, and the choice of surgical devices. In order to use operation time as an indicator of skill, we chose a team with relatively fixed members who had experience in conventional laparoscopic surgery and used the same set of surgical devices to complete the surgeries in this study. Therefore, the impacts of different teams and surgical devices on operation time were minimized as much as possible. 


Single-port laparoscopic cholecystectomy has been incorporated into national standards for quality control of single disease, and the procedures are standardized. Once patients are recruited in this study, the operation will be performed with a standard procedure, and the difference resulted from variation of surgical concepts was excluded. In this study, one-way ANOVA followed by bonferroni's test were performed among multiple statistical comparisons. The advantage of bonferroni's test method is that it is simple and conservative method to control type I error. At last, we found the decrease in operation time was significant from groups 1 to 2, and was relatively stable from groups 2 to 9; thus the number of cases in group 1 reflects the learning curve. The fluctuation of operation time was greatest in group 1, indicating that in the first 20 cases the surgical technique was not standardized and the stability of technique was poor. As shown in Figure 1, the operation time continuously decreased and the shortest operation time was 20 min, suggesting that after continuous learning and training it is possible to improve the technique.


Patients recruited for SILC in the early period were selected carefully，Even so, blood loss in group 1 was greater than in the other groups, but without statistical significance. After the first 20 cases then, the average blood loss decreased rapidly and gradually stabilized. There were no significant differences between groups in terms of complications and duration of hospitalization, suggesting that in the early period the operation was carried out very carefully and successfully. In all 180 patients, the outcomes were satisfactory and no patients required conversion to laparotomy or multi-port laparoscopy and no patients required additional surgery. These results indicate that SILC is safe and feasible when performed by surgeons who are experienced in multi-port laparoscopic cholecystectomy.


The circumstances are different in different medical centers and endoscopy team, and thus, the surgical experience and concepts would be different as well. As a result, the learning curves for SILC would also be different[23-26]. Our results showed a rapid decline of operation time in the early period, and a slowly stabilizing, declining curve in the late period, demonstrating that the learning curve is approximately 20 cases. That is, surgeons who are experienced in multi-port laparoscopic cholecystectomy are likely to pass the learning curve smoothly and safely after performing 20 cases of SILC.
COMMENTS

Background

The potential benefits of single-incision laparoscopic technology include reduced postoperative pain, improved cosmetic result and earlier return to normal life. Some investigators have predicted that single-incision laparoscopic cholecystectomy (SILC) may become an alternative standard approach for benign gallbladder diseases. However, there are still controversies with regard to its safety and reproducibility because SILC is more difficult to perform than multi-port laparoscopic cholecystectomy with higher technical demands.
Research frontiers

SILC is a rapidly advancing technique in laparoscopic surgery. However, there were limited evidences on the learning curve and practicality of performing it. The present study retrospectively analyzed the surgical outcomes of transumbilical suture-suspension SILC performed by the same team in our department to investigate the learning curve of this technology, thereby guiding the surgeons to pass the initial learning period smoothly, safely, and quickly.

Innovations and breakthroughs
This is a large-scale retrospective study to explore the safety and reproducibility of SILC for the management of benign gallbladder diseases in selected patients.

Applications 

Our results confirmed that SILC procedure was a safe and effective method for treating benign gallbladder diseases. There was a rapid decline of operation time in the early period, and a slowly stabilizing, declining curve in the late period, demonstrating that the learning curve is approximately 20 cases. That is, surgeons who are experienced in multi-port laparoscopic cholecystectomy are likely to pass the learning curve smoothly and safely after performing 20 cases of SILC.

Terminology

SILC is a minimally invasive surgical procedure in which cholecystectomy is accomplished exclusively through a single 15-25 mm incision in the patient’s navel. Unlike the traditional multi-port laparoscopic approach, SILC leaves only a single small scar in the navel.

Peer review
This is an interesting article, which presents a series of SILC procedures. The study does demonstrate that there is learning curve for SILC.
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Figure 1 The changes in operation time. y-axis: Operation time; x-axis: Operation groups.


Table 1 General data

	SILCs (n = 180)

	Gender
	Male
	78

	
	Female
	102

	Age (yr)
	48.7 ± 13.0

	BMI (kg/m2)
	23.31 ± 2.83

	Previous history in abdominal surgery
	Yes
	5 appendectomy
4 cesarean sections

1 total hysterectomy

1 bilateral tubal ligation
	4 laparoscopic appendectomy
2 laparoscopic herniorrhaphy

	
	No
	163


SILC: Single-incision laparoscopic cholecystectomy; BMI: Body mass index.

Table 2 Patient characteristics

	Groups 
	1
	2
	3
	4
	5
	6
	7
	8
	9
	F
	P

	Age (yr)1
	47.7 ± 10.8
	45.1 ± 13.8
	50.4 ± 14.1
	50.0 ± 11.7
	49.4 ± 13.8
	52.7 ± 14.5
	52.9 ± 12.0
	46.9  ± 14.3
	43.7 ± 11.2
	1.2082
	0.297

	Gender (M/F) 
	11/9
	7/13
	9/11
	6/14
	5/15
	11/9
	9/11
	7/13
	13/7
	11.343
	0.183

	Previous history in abdominal surgery
	0
	2
	1
	2
	1
	2
	3
	2
	4
	6.333
	0.610

	BMI (kg/m2)1
	23.11 ± 2.86
	23.96 ± 3.49
	22.31 ± 2.99
	23.83 ± 3.28
	23.75 ± 2.28
	22.96 ± 2.41
	24.26 ± 2.76
	22.80 ± 2.16
	22.85 ± 2.89
	1.0752
	0.383


1Values are mean ± standard deviation; 2One-way ANOVA; 3χ2 test. BMI: Body mass index.
Table 3 Surgical data

	
	Overall
	Group 15
	Group 2
	Group 3
	Group 4
	Group 5
	Group 6
	Group 7
	Group 8
	Group 9

	Surgery time1,4
	53.58 ± 30.08
	82.45 ± 23.442
	59.00 ± 25.47
	58.50 ± 21.16
	55.00 ± 17.77
	49.50 ± 12.45
	45.50 ± 20.22
	44.75 ± 18.67
	45.25 ± 17.95
	42.25 ± 13.52

	Blood loss1
	12.70 ± 11.60
	16.65 ± 9.96
	12.55 ± 13.45
	14.05 ± 14.55
	13.70 ± 9.76
	12.90 ± 12.01
	11.60 ± 12.31
	12.70 ± 12.23
	11.60 ± 11.10
	10.55 ± 9.83

	Complications3
	8
	3
	1
	2
	0
	1
	0
	0
	1
	0

	


1One-way ANOVA; 2Values are mean ± standard deviation; 3χ2 test; 4Comparisons between groups were performed using followed by Bonferroni’s test; 5The operation time in group 1 was significantly longer than that in the other groups (F = 7.257, P = 0.000).
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