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Abstract
AIM: To assess the safety of single-incision laparoscopic cholecystectomy (SILC) for acute cholecystitis.

METHODS: All patients who underwent SILC at Sano Hospital (Kobe, Japan) between January 2010 and December 2014 were included in this retrospective study. Clinical data related to patient characteristics and surgical outcomes were collected from medical records. The parameters for assessing the safety of the pro​cedure included operative time, volume of blood loss, achievement of the critical view of safety, use of additional trocars, conversion to laparotomy, intraoperative and post​operative complications, and duration of postoperative hospital stay. Patient backgrounds were statistically compared between those with and without conversion to laparotomy.

RESULTS: A total of 100 patients underwent SILC for acute cholecystitis during the period. Preoperative endoscopic treatment was performed for suspected choledocholithiasis in 41 patients (41%). The mean time from onset of acute cholecystitis was 7.7 d. According to the Updated Tokyo Guidelines (TG13) for the severity of cholecystitis, 86 and 14 patients had grade Ⅰ and grade Ⅱ acute cholecystitis, respectively. The mean operative time was 87.4 min. The mean estimated blood loss was 80.6 mL. The critical view of safety was obtained in 89 patients (89%). Conversion laparotomy was performed in 12 patients (12%). Postoperative complications of Clavien-Dindo grade Ⅲ or greater were observed in 4 patients (4%). The mean duration of postoperative hospital stay was 5.7 d. Patients converted from SILC to laparotomy tended to have higher days after onset.

CONCLUSION: SILC is feasible for acute cholecystitis; in addition, early surgical intervention may reduce the risk of laparotomy conversion.

Key words: Acute cholecystitis; Single-port access surgery; Single incision laparoscopic cholecystectomy; Single incision laparoscopic surgery; Laparo-endoscopic single-site surgery
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Core tip: Single-incision laparoscopic cholecystectomy (SILC) has attracted attention as a minimally invasive procedure. A scar-less operation can be achieved by making a skin incision at the umbilicus. However, the safety of this procedure for acute cholecystitis has not been established. We reported 100 consecutive cases of SILC for acute cholecystitis and their surgical outcomes. SILC was safely performed in approximately 80% of cases in this series. We believe that the results of this study indicate the feasibility of SILC for acute cholecystitis.
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INTRODUCTION

Cholecystectomy is widely performed as a basic treat​ment for acute cholecystitis. In the Updated Tokyo Guidelines issued in 2013 (TG13), early cholecystectomy is recommended as the first treatment choice, except for severe cases with organ failure[1]. Laparoscopic chole​cystectomy (LC) is now a mainstream procedure. When performed by skilled surgeons, LC is considered a safe procedure even for acute cholecystitis[2].

In recent years, single-incision laparoscopic surgery (SILS) has attracted attention as a minimally invasive procedure. In SILS, multiple devices are inserted from a single skin incision into the abdominal cavity to reduce the length and number of incisions. In particular, scarless operations can be achieved by making skin incisions at the umbilicus[3]. Because cholecystectomy is performed in a nearly fixed visual field and because it does not require wide-range maneuvers, SILS is easily incorporated into cholecystectomy. SILC is becoming established as a procedural option.
However, there are limited reports on surgical outcomes of SILC for acute cholecystitis. Because ma​neuverability is limited in SILC compared with that in conventional LC, the safety of this procedure for acute cholecystitis has not yet been established. If SILC is as safe as conventional LC, SILC will become the procedure of choice for patients who desire better aesthetic outcomes. Although successful completion of SILC is a prerequisite for better aesthetic outcomes, data on acute cholecystitis are limited. At our hospital, we have focused on SILC and cases of acute cholecystitis. Thus, in order to address these clinical questions, we conducted a retrospective study of past cases. The objectives of this study were to assess the safety of SILC for acute cholecystitis and to investigate requirements for successful completion of SILC.

MATERIALS AND METHODS
This study included all patients who underwent SILC for acute cholecystitis at Sano Hospital (Kobe, Japan) between January 2010 and December 2014. Although SILC is, in principle, performed for all patients requiring cholecystectomy, four patients for whom laparoscopy had not been selected at the discretion of their attending physicians and one patient suspected to have concomitant gallbladder cancer were excluded. According to TG13[4], acute cholecystitis was diagnosed in patients who met all the following diagnostic criteria: (1) local inflammatory signs; (2) systemic inflammatory findings; and (3) cha​racteristic imaging findings. Data were collected from medical records and analyzed. The parameters used to assess the safety of the surgery included operative time, volume of blood loss, achievement of the critical view of safety, use of additional trocars, conversion to laparotomy, intraoperative and postoperative complications, and duration of postoperative hospital stay.

Surgical technique

We performed SILC using a standard technique with conventional trocars and instruments. A 20-mm incision was first made at the umbilicus. An optical port, a 5-mm trocar, and 5-mm forceps were inserted in the incision. These three instruments were placed in a triangle to maximize their spacing. In addition, a 3- or 5-mm instrument was inserted beside the optical port. We did not use any devices specialized for SILS.

It is feasible to perform nearly the same surgical procedure as conventional LC because the potential interference of each device is minimized by direct in​sertion of two instruments without trocar. We made every effort to create the critical view of safety, as described by Strasberg. To prevent bile duct injury, we converted to open surgery when we could not create the critical view of safety or could not identify the cystic duct.

Drainage tubes were not routinely placed, even in cases of severe inflammation. However, we placed a drainage tube from the right lateral abdomen to the liver bed in cases of suspected remnant abscess or bile leakage.

Statistical analysis
The t test was used to assess differences in patient age, body mass index (BMI), and days from onset. The Fisher exact test was used to assess differences in all other factors. All tests were two-sided, and P-​values less than 0.05 were considered to indicate a statistically significant difference. All statistical analyses were performed with EZR (Saitama Medical Center, Jichi Medical University, Saitama, Japan), a graphical user interface for R (The R Foundation for Statistical Computing, Vienna, Austria)[5].

RESULTS
Patient characteristics

During the study period, 100 patients underwent SILC for acute cholecystitis. Their mean age was 66.8 years. The male-to-female ratio was 51:49. Their mean BMI was 23.9 kg/m2. A history of some type of abdominal operation was found in 26 patients (26%). Choledocholithiasis was suspected in 41 patients (41%), based on imaging studies, and endoscopic lithotomy was performed before SILC. The mean time from the onset of acute cholecystitis to cholecystectomy was 7.7 d. According to TG13[4] guidelines for the severity of cholecystitis, 86 patients and 14 patients had grades I and II acute cholecystitis, respectively (Table 1).

Surgical outcomes

The surgical outcomes are shown in Table 2. The mean operative time was 87.4 min, and the mean estimated blood loss volume was 80.6 mL. The critical view of safety was achieved in 89 patients (89%), al​though anterograde dissection of the gall bladder starting from the fundus was required for 42 of these patients. Additional trocar insertion was required in 9 patients (9%). SILC was converted to laparotomy in 12 patients (12%). A drainage tube was placed in 13 patients (13%), including 4 patients with necrotizing cholecystitis. Postoperative complications of Clavien-Dindo grade III or greater were observed in 4 patients (4%). The complications included leakage of bile from the stump of the cystic duct and passage of stones into the common bile duct in two patients each. These complications were resolved in all four patients using only endoscopic treatment. The mean postoperative hospital stay was 
5.7 d.

Histological diagnosis

Histological diagnoses of the resected gallbladders included acute-on-chronic cholecystitis in 61 patients, edematous cholecystitis in 9 patients, necrotizing cholecystitis in 8 patients, suppurative cholecystitis in 5 patients, and xanthogranulomatous cholecystitis in 1 patient. Incidental adenocarcinomas were founded in 3 patients (Table 3).

Comparison of patients with and without conversion to laparotomy
The results of comparison between patients with and without conversion to laparotomy are shown in Table 4 and Figure 1. Despite the lack of statistical significance, the number of days after onset tended to be higher in patients who were converted from SILC to laparotomy.

Learning curve

The mean operative times of every five consecutive cases of SILC performed by a chief surgeon are shown in Figure 2. There were no obvious trends suggestive of a learning curve.

DISCUSSION

Although Navarra et al[6] first reported SILC in 1997, it did not initially attract much attention. However, SILC has been rapidly adopted since 2009, with improvements to platforms and devices dedicated for SILS[7-11]. Since then, SILS has been increasingly used, mainly because of its excellent aesthetic outcome; it has been widely applied not only to cholecystectomy, but also to appendectomy, colectomy, gastrectomy, urologic procedures, and gynec​ologic procedures[12-16]. LC in particular is relatively easy to perform with SILS, and SILC is routinely performed. The reasons for this include: (1) the surgical field is limited to the liver bed; (2) the direction of scopes and devices remains almost constant; (3) the procedure is mainly indicated for benign conditions; and (4) many patients undergoing the procedure are young. However, the drawbacks of SILS include: (1) the limited maneuverability of scopes and devices that may interfere with one another; and (2) difficulty in setting devices at different angles, as all devices are oriented in the same direction. Compared with conventional LC, SILC is technically more difficult. Because advanced endoscopic surgical techniques are required to perform SILC, it is a difficult procedure for less experienced surgeons. However, these obstacles have been gradually eliminated owing to advances such as the innovation of techniques appropriate for SILS, development of dedicated platforms, and introduction of pre-bending forceps[7,17-20].

Several randomized controlled trials (RCTs) have revealed that SILC is as safe as conventional LC[21-23]. However, to our knowledge, no RCT has assessed only patients with acute cholecystitis, for which SILC is technically more difficult, and the safety of SILC for acute cholecystitis has not been established. Thus, we reviewed 100 consecutive cases of SILC performed for acute cholecystitis and reported their surgical outcomes. The operative time tended to be longer in patients with cholecystitis; this likely reflects the difficulty of operative maneuvers. Moreover, the volume of intraoperative blood loss also tended to be higher; this may be attri​butable to the facts that (1) the gallbladder and its surrounding tissue affected by acute inflammation are more likely to bleed because they are congested and become edematous; and (2) the hepatic parenchyma is easily damaged because of inflammatory adherence of the gallbladder to the liver bed. These findings suggest that SILC for acute cholecystitis involves some level of difficulty. Thus, application of SILC should require careful consideration.
However, we performed SILC in all patients with acute cholecystitis who were judged to require cholecystectomy, and SILC was successfully completed without additional trocars in approximately 80% of cases. These findings indicate that SILC is applicable to many patients, even those with acute cholecystitis. Moreover, because the complication rate in this study is not higher than that reported in another study[23], we believe that SILC for acute cholecystitis is as safe as other surgical procedures under the conditions described in this study. In other words, the results of our study suggest that SILC can be performed in patients with acute cholecystitis without compromising safety. At minimum, there appears to be no need to exclude patients with acute cholecystitis from SILC.

New procedures typically have learning curves. How​ever, there was no evidence of a learning curve for SILC for acute cholecystitis in this study. This observation may be owing to the quality of the surgeons in our study. All surgeons who participated in this study were experienced and skilled in laparoscopic surgery and had each experienced more than 10 cases of SILC. Moreover, our SILC surgical procedure can be learned in a short time because of its similarity to conventional LC. However, the learning curve may be more obvious in less experienced surgeons.

SILC was introduced in our hospital in 2009. It was performed only in select patients during the early period after introduction while accumulating knowledge and standardizing the techniques used during the surgical procedure. Since January 2010, SILC has been applied to all patients, except those with gallbladder cancer. When the procedure is performed, we place the most emphasis on safety. Our policy is to convert SILC to laparotomy without hesitation when any difficulties present during the laparoscopic operation. The rate of conversion to laparotomy in the present study was slightly higher in patients with acute cholecystitis, likely owing to this policy. Consequently, no serious complications occurred, and excellent safety was demonstrated. Although the incidence of complications related with the bile duct was slightly high, this is likely because our institution specializes in endoscopic treatment. Many patients with suspected common bile duct problems seek treatment at our hospital. In fact, 41% of patients in this study were recommended to our facility for suspected choledo​cholithiasis and they underwent endoscopic treatment before cholecystectomy. This factor may have contributed to the increased incidence of these complications. Although bile leakage occurred in two patients with acute cholecystitis, it was not caused by damage during a laparoscopic operation, as neither case had been converted to laparotomy. While the common bile duct was not damaged in any of the patients, leakage was resolved by endoscopic biliary drainage after surgery. To maintain the safety of SILC, surgeons should never perform reckless operative maneuvers and convert to laparotomy before performing risky maneuvers.

However, a desire to avoid conversion to laparotomy is reasonable without compromising safety in terms of aesthetic outcome. In this study, SILC was converted to laparotomy in 12 patients (12%). The main reason for conversion was difficulties during the laparoscopic operation because of severe inflammatory fibrosis (10 patients). Operation difficulties owing to inflammation are reported related to the elapsed time between disease onset and operation[24]. The results of this study indicate that the number of preoperative days after onset tended to be higher in patients who were converted from SILC to laparotomy. Based on these findings, SILC performed as early as possible may permit resection before develop​ment of inflammatory fibrosis, and thus reduce the risk of laparotomy conversion. Avoiding laparotomy results in a less invasive procedure, less postoperative pain, and shorter postoperative hospital stay, making the merits offered by SILC more attractive. The TG13 recommends performing cholecystectomy within 72 h[25]. Unfortunately, we could not perform early surgery in many cases because of the lack of smooth cooperation with the first-contact physicians, limited availability of operation theater space, and lack of anesthetist availability. Despite our efforts to overcome these issues, some patients were unable to undergo early cholecystectomy. Conversely, in patients for whom early operation is not feasible, conservative treatment and elective SILC after complete suppression of inflammation may be preferable.

In conclusion, the results of this study suggest that SILC is feasible for acute cholecystitis and that early surgical intervention may reduce the risk of conversion to laparotomy. Although an aesthetic outcome is important, the decision to convert to laparotomy should be made based on other factors. We hope that SILC will be considered a safe procedure and be more widely used.
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Figure 1  Time after onset of acute cholecystitis. Patients with conversion to laparotomy show a tendency toward increased preoperative days from onset.
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Figure 2  Mean operative time for every five consecutive cases of single-incision laparoscopic cholecystectomy for acute cholecystitis. All 85 cases performed by a chief surgeon are shown above. The standard deviation of each group is also shown. There are no obvious trends suggestive of a learning curve.





Table 1  Patient characteristics


�
Acute cholecystitis (n = 100)


�
�
Mean age (yr ± SD)


�
  66.8 ± 14.4


�
�
Sex


�
�
�
  Male


�
51


�
�
  Female


�
49


�
�
Mean BMI (kg/m2 ± SD)


�
23.9 ± 3.3


�
�
History of abdominal surgery


�
26 (26%)


�
�
Suspected choledocholithiasis


�
41 (41%)


�
�
Mean time from onset (d ± SD)


�
  7.7 ± 4.1


�
�
TG13 severity grading


�
�
�
  Grade Ⅰ(mild)


�
86 (86%)


�
�
  Grade Ⅱ (moderate)


�
14 (14%)


�
�
SD: Standard deviation; BMI: Body mass index; TG13: Updated Tokyo Guidelines.








Table 2  Surgical outcomes


�
Acute cholecystitis (n = 100)


�
�
Mean operative time (min ± SD)


�
87.4 ± 39.3


�
�
Mean estimated blood loss (mL ± SD)


�
  80.6 ± 162.4


�
�
Achievement of critical view of safety


�
89 (89%)


�
�
Additional trocar insertion


�
9 (9%)


�
�
Conversion to laparotomy


�
12 (12%)


�
�
Postoperative complication


�
4 (4%)


�
�
  Bile leakage


�
(2)


�
�
  Stone passage into the CBD


�
(2)


�
�
Mean duration of postoperative hospital stay (d ± SD)


�
5.7 ± 5.1


�
�
SD: Standard deviation; CBD: Common bile duct.








Table 3  Histological diagnoses of resected gallbladder for acute cholecystitis


�
n = 100


�
�
Edematous cholecystitis


�
   9


�
�
Necrotizing cholecystitis


�
   8


�
�
Suppurative cholecystitis


�
   5


�
�
Chronic cholecystitis


�
 74


�
�
(Acute on chronic cholecystitis)


�
 (61)


�
�
Xanthogranulomatous cholecystitis


�
   1


�
�
Adenocarcinoma


�
   3


�
�






Table 4  Comparison of patients with and without conversion to laparotomy


�
Without conversion (n = 88)


�
With conversion (n = 12)


�
P value


�
�
Mean age (yr ± SD)


�
  66.1 ± 14.5


�
  71.6 ± 13.3


�
NS


�
�
Sex


�
�
�
�
�
  Male


�
44


�
7


�
NS


�
�
  Female


�
44


�
5


�
�
�
Mean BMI (kg/m2 ± SD)


�
23.9 ± 3.1


�
24.1 ± 4.7


�
NS


�
�
History of abdominal surgery


�
22 (25%)


�
4 (33.3%)


�
NS


�
�
TG13 severity grading


�
�
�
�
�
  Grade I (mild)


�
82 (93.2%)


�
4 (33.3%)


�
P < 0.001


�
�
  Grade II (moderate)


�
6 (6.8%)


�
8 (66.7%)


�
�
�
Mean time from onset (d ± SD)


�
  7.5 ± 4.0


�
9.1 ± 4.4


�
NS


�
�
SD: Standard deviation; NS: Not significant; BMI: Body mass index; TG13: Updated Tokyo Guidelines.
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