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Abstract
Background  To date, a surgical method for single-incision laparoscopic cholecystectomy (SILC) has not been standardized. 
Therefore, this study aimed to introduce a standardized surgical method for SILC, in addition to reporting our experience 
over 10 years.
Methods  Patients who underwent SILC at a single institution between April 2010 and December 2019 were included in this 
study. We analyzed the patient demographics and surgical outcomes according to the surgical method used: phase 1 (Konyang 
standard method, KSM) comprising initial 3-channel SILC, phase 2 (modified KSM, mKSM) comprising 4-channel SILC 
with a snake retractor, and phase 3 (commercial mKSM, C-mKSM) using a commercial 4-channel port.
Results  Of 1372 patients (mean age, 51.3 years; 781 [56.9%] women), 418 (30.5%) surgeries were performed for acute 
cholecystitis (AC), 33 (2.4%) were converted to multiport or open cholecystectomy, and 49 (3.6%) developed postoperative 
complications. The mean operation time (OT) and length of postoperative hospital stay (LOS) were 51.9 min and 2.6 days, 
respectively. Overall, 325 patients underwent SILC with the KSM, 660 with the mKSM, and 387 with the C-mKSM. In 
the C-mKSM group, the number of patients with AC was the lowest (26.8% vs. 38.2% vs. 20.4%, p < 0.001) and the OT 
(51.7 min vs. 55.4 min vs. 46.1 min, p < 0.001), estimated blood loss (24.5 mL vs. 15.5 mL vs. 6.1 mL, p < 0.001), and LOS 
(2.8 days vs. 2.5 days vs. 2.3 days, p = 0.001) were significantly improved. The surgical outcomes were better in the non-AC 
group than in the AC group.
Conclusion  Based on our 10 year experience, C-mKSM is a safe and feasible method of SILC in selected patients, although 
there were lower percentage of patients with AC compared to other groups.
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Laparoscopic cholecystectomy (LC) has been the treatment 
of choice for benign gallbladder (GB) disease since it was 
first performed by Muhe in 1985 [1, 2]. Since then, as the 
surgical technique has evolved and surgeons have gained 
more experience, many surgeons have tried to reduce the 
number and size of incisions. In 1997, single-incision LC 
(SILC) was introduced [3]. Previous studies have reported 
that SILC has a longer operation time as well as a higher 
risk of bile duct injury and incisional hernia than conven-
tional multiport LC (CMLC); however, it has better cosmetic 

outcomes and less postoperative pain [4–7]. Despite increas-
ing interest among many hepatobiliary surgeons, SILC is 
associated with several surgical difficulties, including a 
non-ergonomic instrumental array (switching of right and 
left hands), impingement of the instruments due to a nar-
row incision, and difficulty in securing a critical view of 
safety (CVS) [8–10]. To overcome these difficulties, many 
surgeons have introduced their own methods of performing 
SILC using different surgical instruments and techniques. 
However, since the surgical method for SILC is not standard-
ized yet, it can be difficult for beginners. Additionally, there 
are no definite indications for SILC. Although several expe-
rienced surgeons have reported on the feasibility of SILC in 
acute cholecystitis (AC) [11, 12], there are still controversies 
regarding the safety of SILC in AC.
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We previously reported the evolution of the surgical 
method of SILC, which is called the Konyang standard 
method (KSM) [13]. The present study aimed to introduce 
a standardized surgical method for SILC, as well as report 
our experience and surgical outcomes over 10-year period.

Materials and methods

Patients

Overall, 1372 patients underwent SILC at Konyang Univer-
sity Hospital from April 2010 to December 2019 by three 
hepatobiliary surgeons. Initially, we excluded patients over 
70 years of age, with systemic disease, abnormal cystic duct, 
or complications of AC. However, after 50 cases had under-
gone the procedure, SILC was applied to all benign gall-
bladder diseases, except those where there was a suspicion 
of malignancy.

Our surgical method has evolved over time. In the first 
phase, SILC was performed using a handmade 3-channel 
port made from surgical gloves. We refer to this as the KSM. 
Between April 2010 and September 2012, 325 patients 
underwent SILC with the KSM. In the second phase, SILC 
was performed using a handmade 4-channel port with a 
snake liver retractor to expose Calot’s triangle. We refer to 
this as the modified KSM (mKSM). From October 2012 to 
August 2016, 660 patients underwent SILC with the mKSM. 
In the third phase, SILC was performed using a commercial 
4-channel port (glove port). We refer to this as the com-
mercially modified KSM (C-mKSM). From September 2016 
to December 2019, 387 patients underwent SILC with the 
C-mKSM.

This study was approved by the Institutional Review 
Board of Konyang University Hospital, and the requirement 
of obtaining informed consent was waived due to the retro-
spective study design (IRB No. 2021-02-004).

Surgical technique of SILC

A glove port (NELIS, Bucheon-si, Gyeonggi-do, Republic of 
Korea), cable, flexible video laparoscope (Olympus, Tokyo, 
Japan), snake liver retractor (Artisan, Medford, NJ, USA), 
laparoscopic long instrument (Richard Wolf, GmbH, Knit-
tlingen, Germany), suction-irrigation with cautery instru-
ment (Endopath Electrosurgery Probe Plus II System, Ethi-
con, Johnson & Johnson, Somerville, NJ, USA), 5 mm clip 
applier (The Endo Clip III, Coviden, Mansfield, MA, USA), 
and 5 and 10 mm Hem-o-Lok clips (Weck Closure Systems, 
Research Triangle Park, NC, USA) were used during the 
C-mKSM.

For the C-mKSM, the patient was placed supine in a 15° 
reverse Trendelenburg position, with the right side tilted 

upward. The operator stood on the left side of the patient, 
the scopist stood below the operator, and the assistant stood 
on the opposite side. A 20 mm trans-umbilical incision was 
made, and a glove port was inserted. The pneumoperitoneum 
was created by CO2 insufflation. The flexible laparoscope 
was inserted into the left lower channel, snake retractor into 
the right lower channel below the laparoscope, grasper into 
the left upper channel located on the right side of the lapa-
roscope, while the dissector, scissors, and suction-irrigation 
with the cautery instrument were inserted into the right 
upper channel below the grasper (Fig. 1). The operator used 
the grasper in the right hand for cephalad traction on the 
body or fundus of the gallbladder in a superolateral direc-
tion in order to make the cystic duct perpendicular to the 
common bile duct (CBD). The assistant used a snake liver 
retractor that ran under the camera to lift the undersurface of 
the liver around the portal hepatis to expose Calot’s triangle 
(Fig. 2A). Then, dissection of the anterior peritoneum along 
the boundary of Calot’s triangle was performed meticulously 
using a dissector and cautery hook in the left hand of the 
operator. When dissecting the posterior aspect of Calot’s 
triangle, the right and left hands were switched, the GB was 
pulled with the dissector in the left hand, while the grasper 
in the right hand was used to dissect the fat and connective 
tissues (Fig. 2B). After confirming the CVS by dissecting 
the cystic duct and artery completely (Fig. 2C), the cystic 
artery was ligated and divided using a 5 mm clip applier, and 
the cystic duct was ligated and divided using 5 or 10 mm 
Hem-O-Lok clips with the left hand of the operator. After 
resection of the cystic artery and duct, the gallbladder was 
pulled in a cephalad direction using a grasper in the right 
hand. The connective tissues between the gallbladder bed 
and hepatic surface were dissected with electrocautery held 
in the left hand. After bleeding control, the specimen was 
pulled out through the umbilical incision without an endo-
bag at the end of the surgery.

Demographic characteristics and surgical outcomes

The general condition and physical fitness of each patient 
were evaluated using the American Society of Anesthesi-
ologists physical status (PS) classification [14]. The surgery 
duration was calculated as the time taken from the skin inci-
sion to skin closure. Blood loss estimates were obtained 
from the surgical records. Postoperative hospital stay was 
defined as the number of days of hospital stay after SILC. 
Postoperative complications were graded according to the 
Clavien–Dindo classification [15]. A complication with a 
level greater than grade II according to the Clavien–Dindo 
classification was defined as a postoperative major complica-
tion. Incisional hernia was defined as a hernia at the umbili-
cal incision site, which was confirmed postoperatively by 
physical examination and imaging studies.
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Statistical analysis

Continuous variables were summarized as means and 
standard deviations (SD) and were compared using Stu-
dent’s t-test or analysis of variance. Categorical vari-
ables were presented as counts and percentages and 

were compared using the chi-square test. All tests were 
two-sided, and statistical significance was set at p val-
ues < 0.05. The analyses were performed using SPSS ver-
sion 24 (SPSS Inc., Chicago, IL, USA).

Fig. 1   Arrangement of the 
laparoscope and instruments in 
commercially modified Kon-
yang standard method. A The 
illustration shows the 4-channel 
glove port and devices that enter 
each channel. B and C The 
illustration and image show the 
arrangement of the laparoscope 
and instruments

Fig. 2   Surgical view when applying the modified Konyang standard 
method. A View after superolateral traction of the gallbladder by the 
grasper in the right hand and application of the snake liver retractor. 
B Posterior aspect of Calot’s triangle when the right and left hands 
are switched. The gallbladder is pulled with the dissector in the left 

hand, while the grasper in the right hand is used to perform dissec-
tion. C Critical view of safety. The infundibulum is pulled later-
ally with grasper in the right hand and undersurface of the liver is 
elevated with the snake liver retractor, while the dissector in the left 
hand is used to perform dissection
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Results

Study population

Overall, 1372 patients underwent SILC; the patient demo-
graphics, disease characteristics, and surgical outcomes 
are listed in Table 1. The mean age was 51.3 years, and 
there were 591 (43.1%) men and 781 (56.9%) women. Of 
the 1372 patients, 331 (24.1%) had GB stones, 119 (8.7%) 
had GB polyps, 460 (33.5%) had chronic cholecystitis, and 
418 (30.5%) had AC. A total of 102 (7.4%) patients had a 
body mass index (BMI) ≥ 30 kg/m2, and 96 (7.0%) patients 
had an ASA physical status classification ≥ III. In addition, 
313 (22.8%) patients had a history of abdominal surgery. 
Preoperative percutaneous transhepatic gallbladder drain-
age (PTGBD) insertion was performed in 137 (10.0%) 
patients. Preoperative endoscopic sphincterotomy (EST) 
for CBD stones was performed in 125 (9.1%) patients.

The mean operation time was 51.9 min, and mean esti-
mated blood loss (EBL) was 15.0 mL. Among the 1372 
patients, six (0.4%) patients had one additional port inser-
tion, 26 (1.9%) patients had two additional ports, while 
open conversion was performed in only one (0.1%) patient. 
Seven (0.5%) adjacent organ injuries were detected dur-
ing the surgery: three in the CBD, two in the duodenum, 
and two in the hepatic artery. Drain insertion during the 
operation was performed in 18 (1.3%) patients. No intra-
operative transfusion was performed. Postoperative com-
plications occurred in 49 (3.6%) patients. The mean post-
operative hospital stay was 2.6 days. Pathologically, 1104 
(80.5%) patients had chronic cholecystitis, 183 (13.4%) 
had AC, including emphysematous or gangrenous chole-
cystitis, and five (0.4%) had GB cancer. Postoperative inci-
sional hernia at the umbilical site occurred in five (0.4%) 
patients. Follow-up for incisional hernia was not routinely 
performed after SILC. All five patients developed an 
umbilical incisional hernia 3–6 months after SILC, and 
were diagnosed with symptom such as abdominal pain and 
palpable mass on umbilical site. After diagnosis, hernia 
repair was performed. No postoperative 30-day mortality 
was observed.

Patients’ characteristics according to the phase 
of surgery

Of the 1372 patients, 325 underwent SILC with the KSM, 
660 with the mKSM, and 387 with the C-mKSM. A com-
parison of the baseline characteristics and surgical vari-
ables according to the phase of surgery is presented in 
Table 2. In the C-mKSM group, the proportion of patients 
diagnosed with AC preoperatively (26.8% vs. 38.2% vs. 

Table 1   Patient demographics, disease characteristics, and surgical 
outcomes in the study population

All patients (n = 1372) Number (%)

Sex, n (%)
 Male 591 (43.1)
 Female 781 (56.9)

Age, mean years ± SD 51.3 ± 14.4
BMI, mean kg/m2 ± SD 24.7 ± 3.5
Preoperative diagnosis, n (%)
 Gallbladder stone 331 (24.1)
 Gallbladder polyp 119 (8.7)
 Acute cholecystitis 418 (30.5)
 Chronic cholecystitis 460 (33.5)
 Others 44 (3.2)

Prior abdominal surgery, n (%)
 Yes 313 (22.8)
 No 1059 (77.2)

ASA PS classification, n (%)
  < III 1276 (93.0)
  ≥ III 96 (7.0)

Preoperative laboratory findings
 WBC, mean 103/mm3 ± SD 8.2 ± 3.6
 Hemoglobin, mean g/dL ± SD 13.6 ± 1.6
 Platelet, mean 103/mm3 ± SD 245.9 ± 96.9
 PT, mean INR ± SD 1.03 ± 0.09
 Creatinine, mean mg/dL ± SD 0.81 ± 0.23
 AST, mean IU/L ± SD 80.2 ± 206.7
 ALT, mean IU/L ± SD 75.1 ± 166.7
 Total bilirubin, mean mg/dL ± SD 1.11 ± 1.36

Preoperative PTGBD, n (%) 137 (10.0)
Preoperative EST, n (%) 125 (9.1)
Operation time, mean minutes ± SD 51.9 ± 18.1
Estimated blood loss, mean mL ± SD 15.0 ± 34.6
Intraoperative transfusion, n (%) 0 (0.0)
Adjacent organ injury detected during surgery, n (%) 7 (0.5)
 Duodenum 2 (0.1)
 Common bile duct 3 (0.2)
 Hepatic artery 2 (0.1)

Conversion, n (%) 33 (2.4)
 Additional 1 port insertion 6 (0.4)
 Additional 2 ports insertion 26 (1.9)
 Open conversion 1 (0.1)

Drain insertion, n (%) 18 (1.3)
Postoperative complications, n (%) 49 (3.6)
 Clavien–Dindo classification grade I 21 (1.5)
 Clavien–Dindo classification grade II 19 (1.4)
 Clavien–Dindo classification grade IIIa 6 (0.4)
 Clavien–Dindo classification grade IIIb 3 (0.2)

Postoperative hospital stay, mean days ± SD 2.6 ± 1.7
Pathology, n (%)
 Acute cholecystitis 160 (11.7)
 Empyema and gangrenous cholecystitis 23 (1.7)
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20.4%, p < 0.001) and ASA ≥ 3 (7.7% vs. 9.1% vs. 2.8%, 
p = 0.001) were the lowest compared with that in the KSM 
and mKSM groups. Additionally, the preoperative PTGBD 
insertion rate was also the lowest in the C-mKSM group 
(9.8% vs. 13.9% vs. 3.4%, p < 0.001). The patients in the 

C-mKSM group showed the most improved surgical out-
comes, regarding operation time (57.1 min vs. 55.4 min 
vs. 46.1 min; p < 0.001), EBL (24.5 mL vs. 15.5 mL vs. 
6.1 mL; p < 0.001), postoperative hospital stay (2.8 days 
vs. 2.5 days vs. 2.3 days; p = 0.001), postoperative over-
all complication (5.2% vs. 4.5% vs. 0.5%; p < 0.001), and 
major complication (3.1% vs. 2.6% vs. 0.3%; p = 0.012). 
Incisional hernia was not observed in the C-mKSM group 
(0.3% vs. 0.6% vs. 0.0%; p = 0.286).

Patients’ characteristics with or without acute 
cholecystitis

418 patients were preoperatively diagnosed with AC. The 
demographic and disease characteristics and surgical out-
comes for patients with and without AC are provided in 
Table 3. Patients with AC were older (55.0% vs. 49.6%, 
p < 0.001) than those without AC, and were more likely 
to have an ASA ≥ 3 (12.9% vs. 4.4%, p < 0.001). Addition-
ally, the preoperative PTGBD insertion rate (32.8% vs. 

BMI body mass index; SD standard deviation; ASA PS American 
Society of Anesthesiologists physical status; WBC white blood cell; 
PT INR prothrombin time international normalized ratio; AST aspar-
tate transaminase; ALT alanine transaminase; PTGBD percutaneous 
transhepatic gallbladder drainage; EST endoscopic sphincterotomy

Table 1   (continued)

All patients (n = 1372) Number (%)

 Chronic cholecystitis 1104 (80.5)
 Polyp 49 (3.6)
 Adenoma 28 (2.0)
 Cancer 5 (0.4)
 Others 3 (0.2)

Incisional hernia, n (%) 5 (0.4)

Table 2   Comparison of baseline characteristics and surgical variables according to the phase of surgery

KSM Konyang standard method; mKSM modified KSM; C-mKSM commercial mKSM; BMI body mass index; SD standard deviation; ASA PS 
American Society of Anesthesiologists physical status; PTGBD percutaneous transhepatic gallbladder drainage; EST endoscopic sphincterotomy

Variable Phase 1 (KSM)
n = 325

Phase 2 (mKSM)
n = 660

Phase 3 (C-mKSM)
n = 387

p value

Age, mean years ± SD 51.7 ± 13.7 51.8 ± 15.3 50.0 ± 13.5 0.136
Female, n (%) 184 (56.6) 353 (53.5) 244 (63.0) 0.010
BMI, mean kg/m2 ± SD 0.723
Preoperatively diagnosed acute cholecystitis, n (%) 87 (26.8) 252 (38.2) 79 (20.4)  < 0.001
Prior abdominal surgery (+), n (%) 95 (29.2) 149 (22.6) 69 (17.8) 0.001
ASA PS classification ≥ III, n (%) 25 (7.7) 60 (9.1) 11 (2.8) 0.001
Preoperative PTGBD, n (%) 32 (9.8) 92 (13.9) 13 (3.4)  < 0.001
Preoperative EST, n (%) 32 (9.8) 56 (8.5) 37 (9.6) 0.734
Operation time, mean minutes ± SD 51.7 ± 20.0 55.4 ± 18.7 46.1 ± 13.3  < 0.001
Estimated blood loss, mean mL ± SD 24.5 ± 53.9 15.5 ± 30.3 6.1 ± 8.9  < 0.001
Adjacent organ injury detected during surgery, n (%) 2 (0.6) 3 (0.5) 2 (0.5) 0.946
 Duodenum 1 (0.3) 1 (0.2) 0 (0.0)
 Common bile duct 1 (0.3) 1 (0.2) 1 (0.3)
 Hepatic artery 0 (0.0) 1 (0.2) 1 (0.3)

Conversion, n (%) 0.069
 Additional port insertion 5 (1.5) 23 (3.5) 4 (1.0)
 Open conversion 0 (0.0) 1 (0.2) 0 (0.0)

Drain insertion, n (%) 2 (0.6) 14 (2.1) 2 (0.5) 0.039
Postoperative overall complications, n (%) 17 (5.2) 30 (4.5) 2 (0.5) 0.001
Postoperative major complication, n (%) 10 (3.1) 17 (2.6) 1 (0.3) 0.012
Postoperative hospital stay, mean days ± SD 2.8 ± 2.8 2.5 ± 1.4 2.3 ± 0.9 0.001
Pathology, n (%)  < 0.001
 Acute cholecystitis and empyema 39 (12.0) 117 (17.7) 27 (7.0)
 Chronic cholecystitis and others 286 (88.0) 543 (82.3) 360 (93.0)

Incisional hernia, n (%) 1 (0.3) 4 (0.6) 0 (0.0) 0.286
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0.0%, p < 0.001) and EST rate (18.2% vs. 5.1%, p < 0.001) 
were higher in patients with AC. The surgical outcomes 
were better in patients without AC compared to those with 
AC in terms of the operation time (58.9 min vs. 48.8 min, 
p < 0.001), EBL (23.0 mL vs. 11.5 mL, p < 0.001), conver-
sion rate (5.7% vs. 0.9%, p < 0.001), postoperative hospital 
stay (2.8 days vs. 2.4 days, p < 0.001), postoperative overall 
complication (6.5% vs. 2.3%, p < 0.001), and major compli-
cation (5.0% vs 0.7%, p < 0.001). There was no significant 
difference in the incidence of incisional hernia (0.7% vs. 
0.2%, p = 0.151).

Details of the postoperative complications 
and cause of conversion

Postoperative complications were classified according to 
the Clavien–Dindo classification, and 48 complications 
were reported (Table 4). Most cases were classified as Cla-
vien–Dindo grades I and II, which included wound infection, 
pneumonia, and fluid collection. Grade IIIa complications 
included three re-operations, three percutaneous drainage 
insertions for complicated fluid collection, two endoscopic 
nasobiliary drainage procedures for bile leakage, and one 
endoscopic stone extraction for a CBD stone. Re-operations 

included one adhesiolysis for mechanical ileus, one primary 
repair of the CBD for bile leakage, and one primary repair of 
the duodenum for duodenal perforation. Clavien–Dindo clas-
sification grades IV and V complications were not observed 
in our study population. In the C-mKSM group, only two 
cases of postoperative complications were reported.

The reasons for conversion are listed in Table 5. The most 
common causes of conversion were severe adhesions with 
inflammation (n = 20) and GB bed bleeding (n = 8). Accord-
ing to the phase of surgery, the conversion rate was lowest 
in the C-mKSM group (1.5% vs. 3.7% vs. 1.0%; p = 0.069). 
Bile duct and hepatic artery injury occurred in two cases 
each in the mKSM and C-mKSM groups.

Discussion

SILS provides the benefits of minimal invasiveness, better 
cosmetics, and less pain than traditional multiport laparo-
scopic surgery. However, SILS is associated with several 
technical difficulties. First, the “chopstick” effect caused 
by the parallel arrangement of instruments in the umbili-
cus is considered as an obstacle to surgery [16]. The chop-
stick effect means that all instruments operate in only one 

Table 3   Comparison of patient demographics, disease characteristics, and surgical outcomes between with and without acute cholecystitis

AC acute cholecystitis; SD standard deviation; BMI body mass index; ASA PS American Society of Anesthesiologists physical status; PTGBD 
percutaneous transhepatic gallbladder drainage; EST endoscopic sphincterotomy

Variable Total (n = 1372) With AC (n = 418) Without AC (n = 954) p value

Age, mean years ± SD 51.3 ± 14.4 55.0 ± 15.4 49.6 ± 13.7  < 0.001
Female, n (%) 781 (56.9) 209 (50.0) 572 (60.0) 0.001
BMI, mean kg/m2 ± SD 24.7 ± 3.5 24.7 ± 3.4 24.7 ± 3.6 0.852
Prior abdominal surgery (+), n (%) 313 (22.8) 72 (17.2) 241 (25.3) 0.001
ASA PS classification ≥ III, n (%) 96 (7.0) 54 (12.9) 42 (4.4)  < 0.001
Preoperative PTGBD, n (%) 137 (10.0) 137 (32.8) 0 (0.0)  < 0.001
Preoperative EST, n (%) 125 (9.1) 76 (18.2) 49 (5.1)  < 0.001
Operation time, mean minutes ± SD 51.9 ± 18.1 58.9 ± 21.7 48.8 ± 15.3  < 0.001
Estimated blood loss, mean mL ± SD 15.0 ± 34.6 23.0 ± 55.8 11.5 ± 17.8  < 0.001
Adjacent organ injury detected during surgery, n (%) 7 (0.5) 3 (0.7) 4 (0.4) 0.475
 Duodenum 2 (0.1) 0 (0.0) 2 (0.2)
 Common bile duct 3 (0.2) 2 (0.5) 1 (0.1)
 Hepatic artery 2 (0.1) 1 (0.2) 1 (0.1)

Conversion, n (%) 33 (2.4) 24 (5.7) 9 (0.9)  < 0.001
 Additional port insertion 32 (2.3) 23 (5.5) 9 (0.9)
 Open conversion 1 (0.1) 1 (0.2) 0 (0.0)

Drain insertion, n (%) 18 (1.3) 17 (4.1) 1 (0.1)  < 0.001
Postoperative overall complications, n (%) 49 (3.6) 27 (6.5) 22 (2.3)  < 0.001
Postoperative major complication, n (%) 28 (2.0) 21 (5.0) 7 (0.7)  < 0.001
Postoperative hospital stay, mean days ± SD 2.6 ± 1.7 2.8 ± 2.3 2.4 ± 1.5  < 0.001
Acute cholecystitis on pathology, n (%) 183 (13.4) 170 (40.7) 13 (1.4)  < 0.001
Incisional hernia, n (%) 5 (0.4) 3 (0.7) 2 (0.2) 0.151
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axis, resulting in a restriction in the degree of freedom of 
each instrument. Second, it is difficult to triangulate SILS. 
During laparoscopic surgery, trocars are typically placed in 
triangles for smooth manipulation with adequate visualiza-
tion. This is called triangulation. The triangulation allows 
the instruments to work at a 60° manipulation angle with the 
target tissue, along with avoiding the problems of collision 
of the instruments and abdominal wall interference [17, 18]. 
Third, it is difficult to avoid collisions between the camera 
and instruments because of the narrow incision in SILS.

We applied several improvements to C-mKSM to over-
come the difficulties of SILS. We used the cross-hand 
method to avoid the chopsticks effect. Basically, the main 
procedures such as dissection and clipping are performed 

by the right hand, while the left hand is used for traction 
of the GB in CMLC. However, the left hand plays a major 
role in mKSM. Since most surgeons are right-handed, it is 
not easy to switch hands; however, it is not too difficult to 
dissect or clip with the left hand. The proper alignment of 
instruments and camera is also important to avoid collision 
of the instruments and create proper working angles of the 
instruments. The instruments should be located on the right 
side of the laparoscope, and the main instruments of the left 
hand should be placed below the instruments of the right 
hand as much as possible. Finally, we can maximize the 
working field by lifting the liver using a snake liver retrac-
tor. Using the flexible laparoscope also enables a better view 
of the operating field while avoiding conflict between the 

Table 4   Postoperative 
complications based on the 
Clavien–Dindo classification 
according to the phase of 
surgery

KSM Konyang standard method; mKSM modified KSM; C-mKSM commercial mKSM; APN acute pyelo-
nephritis; DM diabetes mellitus; PCD percutaneous catheter drainage; ENBD endoscopic nasobiliary drain-
age; CBD common bile duct

Clavien–Dindo classification Phase 1 (KSM)
n = 325

Phase 2 (mKSM)
n = 660

Phase 3 
(C-mKSM)
n = 387

Grade I, n (%) 7 (2.2) 13 (2.0) 1 (0.3)
 Wound infection with dressing 7 13 1

Grade II, n (%) 7 (2.2) 12 (1.8) 0 (0.0)
 Fluid collection with conservative treatment 1 8 0
 Pneumonia with conservative treatment 2 3 0
 Ileus with conservative treatment 1 1 0
 Voiding difficulty with conservative treatment 1 0 0
 APN with conservative treatment 1 0 0
 Uncontrolled DM with conservative treatment 1 0 0

Grade IIIa, n (%) 0 (0.0) 5 (0.8) 1 (0.3)
 Fluid collection with PCD insertion 0 3 0
 Bile leakage with ENBD insertion 0 2 0
 CBD stone with endoscopic stone extraction 0 0 1

Grade IIIb, n (%) 3 (0.9) 0 (0.0) 0 (0.0)
 Mechanical ileus with re-operation 1 0 0
 CBD injury with re-operation 1 0 0
 Duodenal perforation with re-operation 1 0 0

Total, n (%) 17 (5.2) 30 (4.5) 2 (0.5)

Table 5   Reasons for conversion 
according to the phase of 
surgery

KSM Konyang standard method; mKSM modified KSM; C-mKSM commercial mKSM; GB gall bladder

Reason for conversion (additional port 
insertion/ open conversion)

Phase 1 (KSM)
n = 325

Phase 2 (mKSM)
n = 660

Phase 3 
(C-mKSM)
n = 387

GB bed bleeding 3 5 0
Severe adhesion with inflammation 2 16 2
Bile duct injury 0 1 1
Hepatic artery injury 0 1 1
Ascites d/t liver cirrhosis 0 1 0
Total, n (%) 5 (1.5) 24 (3.7) 4 (1.0)
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laparoscope and instruments. Several studies have reported 
the usefulness of a flexible laparoscope or endoscope for 
SILC [19, 20].

To secure the CVS, visualization of Calot’s triangle is 
the most important step in laparoscopic cholecystectomy. 
Many studies have introduced their own surgical techniques 
to visualize Calot’s triangle. Fronza et al. [21] used transpa-
rietal Prolene sutures passed through a Keith needle. The 
sutures were passed through the infundibulum and/or the 
fundus of the GB and manipulated extracorporeally to pro-
vide additional exposure of Calot's triangle. Podolsky et al. 
[22] placed a second rigid grasper transfascially without a 
trocar in the inferior position within a single incision. This 
allowed a three-instrument technique to mimic multiport 
cholecystectomy. Recently, Funamizu et al. [23] reported 
that the exposure of the GB improved after tying of the GB 
fundus by ENDOLOOP and pulling it out of the peritoneal 
cavity. In the mKSM, we used a snake retractor to secure 
the CVS. Unlike previous reports, the mKSM method has 
the advantages of avoiding damage to the structures, such as 
the GB or abdominal wall, as well as reducing the operation 
time because it is easy to apply.

Bile duct injury (BDI) remains the most serious intra-
operative complication following LC. Recent population-
based studies reported BDI rates from 0.19 to 0.23% [24, 
25]. When CMLC was performed for AC for 10 years at our 
institution, the BDI rate was 0.5% (6/1178), which was simi-
lar to that when SILC was performed for AC in the present 
study (0.5%, 2/418). In the current study, we experienced 
only three cases (0.2%, 3/1372) of BDI in SILC. According 
to the Strasberg classification [26], two cases were classi-
fied as type D injury and one case as type E2 injury. Type D 
injuries in both cases occurred during dissection of the Calot 
triangle and were identified at the time of index procedure. 
Type E2 injury was recognized in the immediate postop-
erative period. After insertion of percutaneous drainage for 
external bile drainage and control of inflammation, reopera-
tion (hepaticojejunostomy) was performed on postoperative 
day 21.

Intraoperative cholangiography (IOC) was not conducted 
in all study population, including those with BDI. Whether 
routine IOC prevents BDI during LC remains controversial. 
One of the main drawbacks of IOC is the requirement for 
cannulation of the bile duct with a concomitant increased 
risk of bile duct injury [27]. In particular, when perform-
ing SILC, bile duct cannulation may be technically more 
difficult. There are several other drawbacks of IOC, such as 
longer operation time, associated costs, and the infrequency 
of BDI [28]. Moreover, we performed preoperative magnetic 
resonance cholangiopancreatography on several patients to 
confirm biliary anomalies. Consequently, IOC is not rou-
tinely performed during SILC in our institution.

The safety of SILC in patients with AC remains contro-
versial. Ikumoto et al. [11] reported the SILC results in 100 
patients with AC. The mean operation time was 87.4 min, 
and the conversion rate was 12%. Byun et al. [29] also 
reported the surgical outcomes of 220 (15.3%) patients with 
AC who underwent SILC. The mean operation time was 
44.7 min, and the postoperative complication rate was 3.6%. 
In the present study, 418 (30.5%) patients underwent SILC 
for AC. Despite the high number and proportion of patients 
with AC compared to previously reported studies [11, 
29–31], the surgical outcomes were relatively acceptable in 
the present study. However, a comparison of postoperative 
outcomes between AC and other diseases yielded insufficient 
results to confirm the safety of SILC in AC. Further studies 
are needed to compare SILC with CMLC to confirm the 
safety and effectiveness of SILC in patients with AC.

As our surgical method for SILC has evolved, surgical 
outcomes have also improved. It is clear that advances in 
the surgical techniques, such as the application of a snake 
liver retractor or flexible laparoscope, have had a significant 
impact on the improvement of surgical outcomes. Overcom-
ing the learning curve as the surgeon’s experience accu-
mulates is also an important factor in improving surgical 
outcomes. The three periods are divided over time as well 
as evolution of surgical methods; hence, it is believed that 
the learning curve had a significant impact on the surgi-
cal outcomes. Furthermore, in our study, the proportion of 
AC patients as well as the number of patients with a high 
ASA (≥ III) and prior abdominal surgery were decreased 
in phase 3 (C-mKSM) when compared to other phases. We 
conducted a study on the risk factors for conversion to ana-
lyze the causes for the increase in the insertion of additional 
ports in phase 2 [32]. The study showed that AC or GB 
empyema on pathology is a risk factor for conversion. On the 
basis of this study, CMLC was considered in patients with 
AC or GB empyema in phase 3, since SILC is likely to result 
in inadequate visualization of Calot’s triangle and greater 
bleeding risk. Therefore, the improvement in the surgical 
outcomes depending on the phase of the surgery demon-
strates that setting strict indications for SILC according to 
the patient’s condition or characteristics of the disease can 
help to improve the surgical outcomes. We plan to conduct a 
study to determine the optimal indications for SILC.

This study has several limitations. First, since this was a 
retrospective, single-center study, our results may be biased. 
Second, we did not conduct an analysis of the surgical results 
according to the preoperative variables. Further studies are 
needed to define the optimal indications for SILC. Third, we 
compared the perioperative outcomes between AC and other 
diseases only in the SILC group. Additional studies com-
paring SILC and CMLC for AC are necessary to confirm 
the safety of SILC for AC. Finally, comparison of surgical 
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outcomes according to three periods is limited by confound-
ing factors such as learning curve and different indications.

In conclusion, based on our 10 year experience, C-mKSM 
is a safe and feasible method of SILC in selected patients, 
although there were lower percentage of patients with AC 
compared to other groups.
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