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Abstract

AIM: To compare the characteristics of two single-incision methods, and conventional laparoscopy in cholecystectomy, and demonstrate the safety and feasibility.

METHODS: Three hundred patients with gallstones or gallbladder polyps were admitted to two clinical centers from January 2013 to January 2014 and were randomized into three groups of 100: single-incision three-device group, X-Cone group, and conventional group. The operative time, intraoperative blood loss, complications, postoperative pain, cosmetic score, length of hospitalization, and hospital costs were compared, with a follow-up duration of 1 mo.

RESULTS: A total of 142 males (47%) and 158 females (53%) were enrolled in this study. The popu​lation characteristics of these three groups is no significant differences exist in terms of age, sex, body mass index and American Society of Anesthesiology (P > 0.05). In results, there were no significant differences in blood loss, length of hospitalization, postoperative complications.The operative time in X-Cone group was significantly longer than other groups.There were significant differences in postoperative pain scores and cosmetic scores at diffent times after surgery (P < 0.05).

CONCLUSION: This study shows that this two single-incision methods are safe and feasible. Both methods are superior to the conventional procedure in cosmetic and pain scores.
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Core tip: This is an article about single-incision laparo​scopic surgery. It compares three methods in laparo​scopic cholecystectomy. The study concludes that the three-device and X-Cone methods are safe and feasible for single-incision laparoscopic cholecystectomy. Compared with conventional laparoscopic cholecys​tectomy, single-incision laparoscopic surgery techniques have advantages in pain and cosmetic factors. 
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INTRODUCTION

Single-incision laparoscopic surgery (SILS) is an area of research interest in minimally invasive surgery. Its main advantage is a scar-free abdominal wall after surgery, as well as milder postoperative pain, faster recovery, shorter hospital stay, and better cosmetic outcomes. Since the first report of single-incision resection of gallbladder through the abdominal cavity by Navarra et al[1] in 1997, there has been a growing number of clinical reports on this topic[2-10]. At present, a variety of auxiliary means are used, such as the X-Cone method, triport method, Kirschner-aid exposure method, suspension sutures method, and three-device method[11-16]. However, there has been no comparative study of the various methods. 

We enrolled 200 cases of laparoscopic cholecy​stectomy completed using the three-device and X-Cone methods in our two centers, as well as 100 cases of conventional laparoscopic cholecystectomy, to compare their technical characteristics and clinical outcomes, and demonstrate the safety and feasibility of the single-incision methods.

MATERIALS AND METHODS
Patients

Inclusion criteria were: patients with gallstones or gallbladder polyps; age 18-85 years; either sex; and body mass index (BMI) < 35 kg/m2. Exclusion criteria were: complication by common bile duct or intrahepatic bile duct stones; acute cholecystitis; suspicion of complicated cholecystitis; BMI ≥ 35 kg/m2; drug addiction; ASA physical classification > 3; previous upper abdominal surgery; pregnancy; presence of umbilical hernia; or previous umbilical hernia repair.

All 300 patients were admitted to the two clinical centers for laparoscopic cholecystectomy from January 2013 to January 2014. They were randomly assigned to three groups of 100. The case characteristics are shown in Table 1. All surgery was performed by three surgeons, each of whom had conducted > 1000 cholecystectomies, including ≥ 100 single-incision laparoscopic cholecystectomies.

The primary end points of this study were feasibility and safety of the three-device method and X-Cone method compared with conventional laparoscopic cholecystectomy, as indicated by intraoperative and postoperative adverse events up to 1 mo, operative time, and estimated blood loss. The secondary end points were: (1) pain as determined by a 10-point pain intensity scale performed at days 1 and 2, 1 wk, and 1 mo; (2) cosmesis evaluated via a body image questionnaire, photo series questionnaire, and cosmesis scale performed at 1 and 2 wk, and 1 mo; and (3) length of hospital stay and hospital costs.

Surgical methods

Umbilical disinfection was completed 1 d before surgery. Following routine anesthesia with tracheal intubation, second-generation cephalosporin was intraoperatively administered once. After pneumoperitoneum was established in patients undergoing three-device or conventional surgery, the patients were placed with their legs closed in the Trendelenburg position at approximately 30°, left tilted at approximately 20°. The surgeons stood on the left side of the patient, with the monitor on the right side. For patients undergoing X-Cone surgery, the legs were placed apart in the Trendelenburg position at approximately 30°, left tilted approximately 20°. The surgeons stood between the legs with the monitor on the patient’s head side.

General anesthesia was induced with propofol (2 mg/kg) and sufentanil (0.5-2 g/kg). Tracheal intubation facilitated by injection of Atracurium (0.5 mg/kg). Anesthesia during surgery was maintained with isoflurane 1.2% and administration of Atracurium (0.1 mg/kg) and sufentanil (0.1 g/kg) and every 30 min. The patients were monitored by ECG, pulse oximetry, noninvasive blood pressure. Patients were recovered by administration of neostigmine (40 g/kg) and atropine (20 g/kg).

Three-device method: The umbilical incision was approximately 2.0 cm. Three trocars were directly placed into the incision. The locations are shown in Figure 1. The inferior 10-mm trocar was for insertion of the 30° laparoscope, while the two 5-mm trocars above were working ports for the scalpel and forceps, respectively. There was 1-2 mm of tissue between the three trocars to prevent leakage. The cystic artery was directly cut with the ultrasonic scalpel, and the cystic duct was closed with a 5-mm Hem-o-lok titanium clamp and transected with scissors. If the 5-mm Hem-o-lok was too small for the occlusion, the 5-mm trocar in the right working port was replaced with a 10-mm one for placement of a 10-mm Hem-o-lok. Once there was no abnormality of the abdomen, the gallbladder was removed. All equipment was removed first, and a pair of vessel forceps was inserted into the original 10-mm trocar to enlarge the incision in the abdominal cavity, and grasping forceps and a 10-mm trocar laparoscope were in turn placed to extract the gallbladder as a whole. The umbilicus white line was closed with a 3-0 Polysorb absorbable suture, and the umbilical skin incisions intradermally closed with absorbable sutures. 

X-cone method: A 3.0-cm curved incision was made around the upper or lower edge of the umbilicus. The subcutaneous tissue and anterior sheath were divided and the posterior sheath separated. As the middle space was pulled with hemostatic forceps, the X-Cone device (Karl Storz, Tuttlingen, Germany) was inserted (Figure 2). Pneumoperitoneum up to 12 mmHg was established through the pole of the X-Cone, and a 5-mm 30° laparoscope was inserted. The clamp and scalpel were placed into the other two ports. The surgeon pulled the gallbladder with curved traction forceps in the left hand and resected the gallbladder triangle with the ultrasonic scalpel in the right hand. The cystic artery was directly separated with the scalpel. After separation of the cystic duct, a 5 or 10-mm Hem-o-lok was used to close it and the cystic duct was then cut with scissors. The gallbladder was then removed as a whole from the gallbladder bed. The gallbladder was taken directly from the umbilical port. The umbilicus white line was closed with a 3-0 Polysorb absorbable suture, and the umbilical skin incisions intradermally closed with absorbable sutures. 
Conventional method: A curved incision of 1.0 cm was made at the umbilical lower edge, an incision of 1.0-1.2 cm was made below the xiphoid, and a 0.5-cm incision was made 1-2 cm above the right clavicular line at the umbilical level. Two 10-mm trocars and one 5-mm trocar were placed into these incisions. The 10-mm umbilical trocar was for placement of the laparoscope, and the other two were working ports for placement of the ultrasonic scalpel and forceps.
Postoperative care: After completion of surgery in all three groups, the incisions were treated with a 50% dose of 75 mg ropivacaine for local anesthesia. Subsequently, the patients were extubated and closely observed in the postanesthetic care unit and then transferred to the surgical ward once their Aldrete score was ≥ 9. Postoperative electrocardiography was performed and oxygen was administered for 6 h, in combination with rehydration and bleeding control, as well as other fluid replacement. Liquid food and ambulation were allowed 6 h after surgery. In the postoperative period, Intravenous rotundine sulfate, at a dose of 1 mg/kg was administered according to patient request every 12 h until discharge home. Surgical dressings were changed on the first day after surgery. The patients were discharged on the second day after surgery. They were also asked to return for check-up at 1, 2 wk and 1 mo after surgery.
Statistical analysis

Data were analyzed using SPSS version 13 (Chicago, IL, United States). Base on Kolmogorov-Smirnov test, operative time, estimated blood loss, postoperative hospital stay, pain scores and cosmetic scores were all summarized using mean ± SD and compared among the 3 groups by using the One-Way ANOVA test (Tukey method). Intraoperative and postoperative adverse events was compared among the three procedures by Fisher exact test. 2 tests were performed to explore the effects of sex, and the clinical diagnosis. A value of P < 0.05 was considered to indicate significance.

RESULTS

A total of 300 patients were enrolled in this study and assigned to three groups of 100: three-device, X-Cone method, and conventional method. There were no significant differences in age, sex, BMI and ASA among the groups. The operation time, blood loss and complications are listed in Table 2. There were no significant differences in blood loss and postoperative hospital stay. The X-Cone method required longer operation time compared to the conventional (56.3 min vs 42.1 min, P = 0.000) and three-device methods (56.3 min vs 45.6 min, P = 0.000), while the latter two did not differ significantly in this regard (42.1 min vs 45.6 min, P = 0.111). Hospitalization costs were higher in the X-Cone group than the three-device group (P = 0.000) and the conventional group (P = 0.000). The conventional group was the cheapest group in the three groups.

In the X-Cone group, there were three cases of surgical incision contusion, and one case of wound hematoma. In the three-device group, two patients required additional working ports due to severe inflammatory adhesions, and there were four cases of incision contusion. In the conventional method group, all patients were successfully operated, and there were one case of incision contusion and three cases of incision wound infection under the xiphoid. No patient converted to laparotomy, and there was no serious complication such as bile duct injury or bile peritonitis. There was no postoperative bleeding or conversion to laparotomy. Percutaneous incision suture was successful without umbilical hernia. 

The pain and cosmetic scores are listed in Table 3. The pain score was evaluated using a visual analog scale of 1-10 on days 1, 2 and 7, as well as 1 mo after surgery. There were differences in the pain scores on day 1 between the single-incision methods and the conventional method in favor of the former (P < 0.0001), there was no difference between the two single-incision methods (P = 0.296). The X-Cone group was the most comfortable on day 2, while the three-device group on day 7 after surgery. At 1 mo, single-incision methods were better than the conventional method.

The cosmetic scores were rated on a 1–10 scale with questionnaires, with 10 being satisfied and 0 being unsatisfied. At 1 wk (P = 0.000), 2 wk (P = 0.000) and 1 mo (P = 0.000) after surgery, the single-incision methods were significantly better than the conventional group in terms of cosmetic scores. The X-Cone group and the three-device group had no differences (P > 0.05).

DISCUSSION

SILS techniques have been extensively applied both at home and abroad in recent years[7,11,17-20]. It is performed using a 1-wound laparoscopic surgical procedure or by using speciic ports[21-24].Compared with conventional laparoscopic cholecystectomy, they are associated with fewer injuries and better cosmetic outcomes, as well as many other advantages[25-29]. Some investigators believe that single-incision laparoscopic cholecystectomy will replace conventional laparoscopic cholecystectomy, and become the new gold standard[13,14]. 

This was an unplanned preliminary analysis of a continuing clinical trial to establish the safety of SILS as an operative approach for treatment of gallbladder disease. This article presents preliminary data of a multicenter, prospective randomized, single-blinded study comparing two single-incision cholecystectomy (three-device and X-Cone methods) with conventional standard multiport laparoscopic cholecystectomy. Primary end points included feasibility and safety, with pain, cosmesis, and costs as secondary end points.

In terms of feasibility and safety, except for the two patients who had additional working ports due to severe inflammatory adhesions in the three-device group, all patients underwent surgery successfully. None of the 200 patients converted to laparotomy or had complications such as bile duct injury, suggesting that single-incision laparoscopic cholecystectomy was feasible and safe. The low conversion rate may differ from that in other studies[18,30], which was probably due to the fact that patients with acute cholecystitis were excluded from our study. There were no significant differences in the complication rates among the three groups. There were four cases of incision contusion in the three-device group, and three and one cases in the X-Cone and conventional groups, respectively. To avoid conflict of instruments in the abdominal cavity with the single-incision method, repeated external squeezing of the surrounding tissue is often required, which may explain the incision contusion in the three-device and X-Cone groups. In addition, there were different numbers of cases of bile leakage in all groups, which were treated with repeated rinsing with saline until the liquid turned clear. There was no case of biliary peritonitis infection afterwards.

There was no significant difference in blood loss and postoperative hospital stay. The X-Cone method required a longer operation time compared to the conventional (56.3 min vs 42.1 min, P = 0.000) and three-device methods (56.3 min vs 45.6 min, P = 0.000). Although all three surgeons had conducted > 100 cases of gallbladder SILS, the X-Cone procedure was associated with inconvenient operation across multiple ports and conflicting handling of instruments such as curved apparatus and solid textures, which might have extended the operation time. In contrast, the three-device method and conventional technique did not differ significantly in this regard (45.6 min vs 42.1 min, P = 0.111). The space between the instruments in the three-device method comprises soft subcutaneous tissue, which allows for a wider range of motion for the instruments, which is conducive to surgery. 

Regarding the pain and cosmetic scores, there were differences between the single-incision methods and the conventional method in the pain score on day 1 after surgery, in favor of the single-incision methods. The main complaint was pain below the xiphoid incision in the conventional group. As the pain scores declined on days 2 and 7, as well as 1 mo after surgery, the differences became insignificant. At 1 and 2 wk and 1 mo after surgery, the single-incision methods were significantly better than the conventional group in terms of cosmetic scores. No difference was noted between the three device and X-Cone methods.

There was no difference in the hospitalization costs between the three-device and conventional methods, but there was when compared with the X-Cone method, suggesting that the latter method had an impact on the overall hospital costs. In three-device techniques, conventional equipment and devices were used, resulting in no cost difference from the conventional method, so the three-device method has a more cost-effective. Hence, the three-device approach is more suitable for community hospitals in China.

The present study had the following limitations. First, patients with acute cholecystitis were excluded, and this explains the low laparotomy conversion and low complication rates. Second, although all three surgeons had conducted > 100 operations for gallbladder SILS, the X-Cone procedure was associated with inconvenient operation across multiple ports and conflicting handling of instruments such as curved apparatus and solid textures, which might have extended the operation time. Both of these limitations are routinely seen when a new technique is evaluated. Also, long-term complications were not addressed by this study. The frequency of events still needs to be evaluated by long-term trials.

In summary, both the three-device and X-Cone methods are safe and feasible for single-incision laparoscopic cholecystectomy. Compared with conven​tional laparoscopic cholecystectomy, SILS techniques have advantages in pain and cosmetic factors. Due to its use of conventional instruments and cost-effective nature, the three-device method is more suitable for community hospitals in China, while the X-Cone device, which allows the placement of more surgical instruments, is more advantageous in more complicated procedures such as laparoscopic liver resection.
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Figure 1  Diagram of the three-device method.
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Figure 2  Device for the X-Cone method.
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Table 1  General data of the patients


�
X-Cone method


(n = 100)


(No.1 group)�
Three-device method 


(n = 100)


(No.2 group)�
Conventional method 


(n = 100)


(No.3 group)�
P value


�
Statistical methods and values


�
�
  Sex


�
�
     Male


�
47


�
44


�
52


�
�
2 = 1.31


�
�
     Female


�
53


�
56


�
48


�
�
�
�
  Age (yr)


�
  39.5 ± 14.5


�
  40.0 ± 12.5


�
  41.7 ± 12.0


�
  0.465


�
One-Way ANOVA  F = 0.768


�
�
  BMI (kg/m2)


�
26.1 ± 5.5


�
28.2 ± 7.5


�
26.1 ± 8.4


�
0.06


�
One-Way ANOVA  F = 2.847


�
�
  Surgical risk grade (ASA)


�
  1.6 ± 0.5


�
  1.6 ± 0.4


�
  1.6 ± 0.4


�
  0.681


�
One-Way ANOVA  F = 0.385


�
�
  Diagnosis


�
�
     Stones


�
58


�
52


�
47


�
�
2 = 2.43


�
�
     Polyps


�
42


�
48


�
53


�
�
�
�
ASA: American society of anesthesiology; BMI: Body mass index.





Table 2  Surgical data of the three groups


�
X-Cone method


(n = 100)


(No.1 group)�
Three-device method


(n = 100)


(No.2 group)�
Conventional method


(n = 100)


(No.3 group)�
P values


�
Statistical methods


and values�
�
  Operative time (min)


�
56.3 ± 14.0


�
45.6 ± 12.0 


�
42.1 ± 11.0


�
0.000


G1 vs G2 0.000


G1 vs G3 0.000


G2 vs G3 0.111�
One-Way 


�
�
�
�
�
�
�
ANOVA  F = 36.86


�
�
  Blood loss1 (mL)


�
16.4 ± 3.7


�
17.1 ± 4.5


�
15.8 ± 4.7


�
0.089


�
One-Way 


ANOVA 


F = 2.439�
�
  Conversion to multiple-incision LC


�
1


�
2


�
0


�
0.776


�
Fisher exact test


�
�
  Complications


�
�
     Incision contusion


�
3


�
4


�
1


�
0.543


�
Fisher exact test


�
�
     Wound infection


�
1


�
1


�
3


�
0.625


�
Fisher exact test


�
�
     Bile duct injury


�
0


�
0


�
0


�
1.0


�
Fisher exact test


�
�
     Bile leakage


�
2


�
2


�
1


�
1.0


�
Fisher exact test


�
�
     Abdominal infection


�
0


�
0


�
0


�
1.0


�
Fisher exact test


�
�
     Postoperative hospital stay (d)


�
1.66 ± 0.5


�
1.69 ± 0.5


�
1.68 ± 0.4


�
0.928


�
One-Way 


ANOVA  


F = 0.075�
�
     Hospital costs


�
11658 ± 1435


�
10406 ± 1246


�
10036 ± 1154


�
0.000


G1 vs G2 0.000


G1 vs G3 0.000


G2 vs G3 0.415�
One-Way 


ANOVA  


F = 52.66�
�
1Estimated intraoperative blood loss; LC: Laparoscopic cholecystectomy.





Table 3  Pain and cosmetic scores among the three groups


�
X-Cone 


method


(n = 100) (No.1 group)�
Three-device method


(n = 100)


(No.2 group)�
Conventional method


(n = 100)


(No.3 group)�
P values


�
Statistical methods 


and values�
�
  Pain score1 


�
�
�
�
�
One-Way ANOVA


�
�
     1 d after surgery


�
3.4 ± 1.2


�
3.6 ± 1.2


�
4.2 ± 1.1


�
0


G1 vs G2 0.296


G1 vs G3 0.000


G2 vs G3 0.005�
  


F = 11.16�
�
     2 d after surgery


�
2.8 ± 0.8


�
3.0 ± 1.0


�
3.2 ± 1.0


�
0.002


G1 vs G2 0.155


G1 vs G3 0.001


G2 vs G3 0.204�
F = 6.34 


�
�
     7 d after surgery


�
2.2 ± 0.6


�
2.0 ± 0.6


�
2.3 ± 0.7


�
0.014


G1 vs G2 0.252


G1 vs G3 0.365


G2 vs G3 0.010�
F = 4.35    


�
�
     1 mo after surgery


�
1.6 ± 0.4


�
1.5 ± 0.3


�
1.7 ± 0.5


�
0


G1 vs G2 0.123


G1 vs G3 0.048


G2 vs G3 0.000�
F = 9.435    


�
�
  Cosmetic score2


�
�
     1 wk after surgery


�
   8 ± 0.7


�
  8 ± 0.5


�
   6 ± 0.4


�
0


G1 vs G2 0.999


G1 vs G3 0.000


G2 vs G3 0.000�
F = 423.61    


�
�
     2 wk after surgery


�
   8 ± 0.8


�
   8 ± 0.6


�
   7 ± 0.3


�
0


G1 vs G2 0.966


G1 vs G3 0.000


G2 vs G3 0.000�
F = 93.67    


�
�
     1 mo after surgery


�
   9 ± 0.2


�
   9 ± 0.3


�
   8 ± 0.5


�
0


G1 vs G2 0.814


G1 vs G3 0.000


G2 vs G3 0.000�
F = 308.9    


�
�
1Pain score 1-10; 2Cosmetic score 1-10.








