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INTRODUCTION
Laparoscopic cholecystectomy has been recognized as 

the gold standard for treatment of benign gallbladder (GB) 
diseases [1-3]. Numerous previous studies have reported 
that laparoscopic cholecystectomy provides better cosmetic 
benefits, less postoperative pain, and short recovery time 
compared with open cholecystectomy. Corresponding with the 
development of minimal invasive laparoscopic surgery, Single 
incision laparoscopic cholecystectomy (SILC) is increasingly 
the preferred method in the treatment of benign GB diseases 
[4]. SILC was first introduced in 1997 by Navarra et al. [5]. 
Since then, numerous institutions have reported its safety 

and feasibility [6-9] including many studies comparing SILC 
with conventional laparoscopic cholecystectomy (CLC) using 
multiport. Also, several studies have reported the advantages of 
SILC over CLC in terms of cosmetic benefit [1,2,10,11]. However, 
there was a higher complications rate of SILC compared to 
CLC in another study [12]. Currently, SILC can be applied to 
many patients with benign gall bladder diseases. However, 
there is still controversy in SILC application. Despite advances 
in laparoscopic surgical techniques, several cases are required 
to convert to CLC in SILC. However, there are few data and 
studies on the risk of conversion or port addition in SILC. 
Several studies about SILC have suggested that careful attention 
required in patients with some risk factors including high body 
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weight, poor physical status and/or acute cholecystitis. However, 
no definite indication criteria for SILC application have been 
established. Here we report our experiences of 697 cases treated 
by SILC with aim to investigate risk factors for conversion to 
CLC in SILC and to propose guidelines for choosing procedures 
to treat patients with benign GB diseases. 

METHODS

Patients
We retrospectively reviewed patients treated with SILC 

in our institution. This study included total of 697 patients 
initially diagnosed with benign GB diseases including acute 
cholecystitis, chronic cholecystitis, symptomatic GB stone, 
polyp, adenomyomatosis and empyema between April 2010 
and July 2014. In this study, we excluded patients with 
suspected early-staged GB malignancy and with concurrent 
cardiopulmonary disorder who strongly expected perioperative 
morbidity. Between October 2010 and September 2012, we have 
performed SILC using the Konyang standard method based 
on the 3-channel method. Since then, we have performed 
SILC using the Modified Konyang standard method based 
on the 4-channel method. All operations were performed by 
two surgeons. We reported patient demography including Age 
(<80 years old or ≥80 years old), sex, body mass index (BMI, 
<30 or ≥30), previous abdominal operation history (upper 
abdominal surgery or lower abdominal surgery), preoperative 
percutaneous transhepatic GB drainage (PTGBD) status (yes 
or no), American Society of Anesthesiologist (ASA) score (<3 
or ≥3), Pathological results and operative factors including 
operation time, estimated blood loss and hemovac insertion. 
In addition, postoperative complications were also included 
for analysis in our study. All the complications were recorded 
according to the Clavien-Dindo classification. Seventeen cases 
underwent conversion to CLC. We defined them as ‘conversion 
group’, others as ‘SILC group’, compared them to each other and 
analyzed risk factors for conversion to CLC. 

Surgical procedures
We have reported the Konyang standard method in the 

Annals of Surgical Treatment and Research in 2014 [13]. The 
Konyang standard method is SILC using the 3-channel method 
and composed of traction, dissection, isolation, ligation and 
dissection from GB bed. We used a hand-made port constructed 
from a 10-mm-sized ALEXIS wound retractor (Applied Medical, 
Rancho Santa Margarita, CA, USA) and a size-7 sterile glove in 
which two 5-mm ports and one 10-mm port (Laport, Sejong 
Medical, Paju, Korea) and working channels for the laparoscopic 
instruments were prepared on the fingertip. We used a flexible 
telescope (Olympus, Tokyo, Japan), and a long articulated Endo-
Roticulator (Covidien, Mansfield, MA, USA) for traction and 

dissection. The surgeons used right hand for traction and left 
hand for main procedures. In the modified Konyang standard 
method based on the 4-channel method, we applied one more 
additional port on the same single glove port [14]. Then, a 5-mm 
snake liver retractor (Diamond-Flex Triangular retractors, Care­
Fusion, Waukegan, IL, USA) was introduced through this port 
to lift the liver more efficiently. Then, the modified Konyang 
standard method provided better exposure of the Calot’s 
triangle so the operator could easily assess the Calot’s triangle. 
Because of this advantage, we have more frequently performed 
SILC using modified Konyang standard method since 2012. 

Statistical analysis 
Variables are presented as mean ± standard deviation unless 

otherwise indicated. Categorical variables were analyzed using 
chi-square tests, continuous data by Student t-test. Univariate 
analysis and multivariate analysis was performed using 
logistic regression analysis to assess predictive risk factors for 
conversion to CLC. Statistical significance was considered as a 
P-value of less than 0.05. All statistical analyses were performed 
using IBM SPSS ver. 18.0 (IBM Co., Armonk, NY, USA).

RESULTS

Patient characteristics of study population
A total of 697 patients, all of whom were diagnosed with 

benign GB disease and treated with SILC, were included in 
our study. They consisted of 323 male (46.3%) and 374 female 
patients (53.7%) with a mean age of 52.4 ± 14.8 years. The mean 
BMI was 24.6 ± 3.6 kg/m2. Fifty-five patients (7.9%) were BMI 
over 30. Eighteen patients (2.6%) had previous upper abdomen 
operation history and 152 (21.8%) had lower abdomen operation 
history. ASA score was under 3 in 638 patients (91.5%) and 3 or 
over 3 in 59 patients (8.5%). Ninety-five patients (13.6%) were 
identified to have preoperative PTGBD. In perioperative factors, 
the mean operation time was 53.9 ± 20.1 minutes, the mean 
blood loss was 20.6 ± 42.1 mL and the mean hospital stay was 
2.7 ± 2.4 days. In a total of 17 patients, drainages were inserted 
(Table 1).

Causes of conversion
The conversion rate was 2.4% (17 of 697 patients). The most 

common cause of conversion was inadequate exposure of the 
Calot’s triangle due to severe adhesion and inflammation in 
9 patients (52.9%); and one of them finally underwent open 
cholecystectomy. Seven patients (41.1%) were converted due to 
uncontrollable bleeding during the operation including bleeding 
of cystic artery and branches of small hepatic arteries or veins 
near the GB bed. The other causes of conversion included 
common bile duct injury during the operation.



 Annals of Surgical Treatment and Research 305

Univariate analysis to assess risk factors for 
conversion in SILC
Seventeen patients (2.4%) underwent conversion to CLC. 

Age was relatively higher in conversion group than SILC group 
(52.2 ± 14.7 years vs. 60.9 ± 16.9 years, P = 0.051). Also the 
proportion of patient aged over 80 years was relatively higher 
in conversion group (2.4% vs. 11.8%, P = 0.068). There were 
no significant differences in sex and BMI. Conversion group 
significantly had more prolonged operation time (52.7 ± 17.7 
minutes vs. 101.2 ± 38.8 minutes, P < 0.001) and estimated 
blood loss (18.0 ± 20.0 mL vs. 125.3 ± 200.0 mL, P < 0.001) 
than SILC group. Postoperative hospital stay (2.7 ± 2.3 days vs. 
4.3 ± 3.3 days, P = 0.047) was relatively higher in conversion 
group. In univariate analysis, pathological diagnosis in acute 
cholecystitis and GB empyema were significant risk factors for 
conversion (P < 0.001). Also, patients with ASA score 3 or over 
3 were likely to require conversion (7.9% vs. 29.4%, P = 0.010) 
and preoperative PTGBD status was a significant risk factor for 
conversion (13.1% vs. 35.3%, P = 0.019) (Table 2).

Multivariate analysis to assess risk factors for 
conversion in SILC
In multivariate analysis, pathological diagnosis in acute cho­

lecystitis or GB empyema were significant risk factors for con­
version to CLC in SILC (hazard ratio, 7.285; P < 0.001) (Table 3). 

Postoperative complications
Sixteen patients (2.2%) underwent postoperative complica­

tions. Complication rate was significantly higher in conversion 
group, Twelve complications occurred in SILC group and 4 
complications occurred in conversion group (1.8% vs. 23.5%, P 

Table 1. Patient characteristic (n = 697)

Variable Value 

Age (yr) 52.4 ± 14.8
Sex
   Male 323 (46.3)
   Female 374 (53.7)
Body mass index (kg/m2) 24.8 ± 3.6
   <30 642 (92.1)
   ≥30 55 (7.9)
Prior abdominal surgery
   Upper 18 (2.6)
   Lower 152 (21.8)
ASA score
   <3 638 (91.5)
   ≥3 59 (8.5)
Preoperative PTGBD, yes 95 (13.6)
Operation time (min) 53.9 ± 20.1
Blood loss (mL) 20.6 ± 42.1
Drainage insertion, yes 17 (2.4)
Hospital stay (day) 2.7 ± 2.4
Pathology
   Acute and empyema 75 (10.8)
   Chronic and others 622 (89.2)

Values are presented as mean ± standard deviation or number 
(%).
ASA, American Society of Anesthesiologist; PTGBD, percuta
neous transhepatic gallbladder drainage.

Table 2. Univariate analysis for risk factors for conversion in 
SILC

Variable SILC  
(n = 680)

Conversion  
(n = 17) P-value

Age (yr) 52.2 ± 14.7 60.9 ± 16.9 0.051
   <80 664 (97.6) 15 (88.2) 0.068
   ≥80 16 (2.4) 2 (11.8)
Sex 0.144
   Male 312 (45.9) 11 (64.7)
   Female 368 (54.1) 6 (35.3)
Body mass index (kg/m2) 24.7 ± 3.6 26.3 ± 4.8 0.204
   <30 628 (92.4) 14 (82.4) 0.144
   ≥30 52 (7.6) 3 (17.6)
Prior abdominal surgery 0.707
   Upper 18 (2.6) 0 (0)
   Lower 149 (21.9) 3 (17.6)
ASA score 0.010
   <3 626 (92.1) 12 (70.6)
   ≥3 54 (7.9) 5 (29.4)
Preoperative PTGBD, yes 89 (13.1) 6 (35.3) 0.019
Operation time (min) 52.7 ± 17.9 101.2 ± 38.8 <0.001
Blood loss (mL) 18.0 ± 20.0 125.3 ± 200.0 <0.001
Drainage insertion, yes 8 (1.2)  9 (52.9) <0.001
Hospital stay (day) 2.7 ± 2.3 4.5 ± 3.5 0.050
Pathology <0.001
   Acute and empyema 67 (9.9) 8 (47.1)
   Chronic and others 613 (90.1) 9 (52.9)

Values are presented as mean ± standard deviation or number 
(%).
SILC, single incision laparoscopic cholecystectomy; ASA, Ameri
can Society of Anesthesiologist; PTGBD, percutaneous trans
hepatic gallbladder drainage.

Table 3. Multivariate analysis for risk factors for conversion 
in SILC

Variable Hazard 
ratio 95% CI P-value

Age ≥ 80 yr 2.325 0.328–16.457 0.398
Male sex 1.728 0.592–5.040 0.317
Body mass index ≥ 30 kg/m2 3.570 0.878–14.514 0.075
ASA score ≥ 3 2.915 0.835–10.178 0.094
Preoperative PTGBD 1.156 0.334–4.000 0.819
Pathology 7.285 2.332–24.624 <0.001

SILC, single incision laparoscopic cholecystectomy; CI, confi
dence interval; ASA, American Society of Anesthesiologist; 
PTGBD, percutaneous transhepatic gallbladder drainage.
Pathology means acute cholecystitis or empyema.
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= 0.001). Six patients experienced grade I complication, mild 
wound complications that spontaneously resolved within 
a few days. Two patients developed grade II complications. 
Grade IIIa complications including wound abscess and intra-
abdominal abscess occurred in 2 patients and they were treated 
with percutaneous drainage and antibiotics. Five patients 
developed grade IIIb complications which required surgical 
intervention. Two patients underwent bile duct injuries. One 
patient was treated with primary repair of common bile duct 
during the operation, and another detected at postoperative day 
2 was determined as type E by Strasberg classification and was 
treated with hepaticojejunostomy. Two patients with incisional 
hernia were treated with laparoscopic hernioplasty with mesh. 
One patient who developed duodenal perforation was found 
in postoperative day 2 and treated with laparoscopic primary 
repair of duodenum (Table 4).

DISCUSSION 
Many patients with benign GB disease are able to receive 

SILC. However, some of them also require to be converted to 
CLC with additional ports. There are limited data or studies to 
assess the risk factors for conversion to CLC in SILC and to find 
guidelines for SILC application. Although a larger multicenter 
trial is needed to confirm our results, our study is unique and 
significant in that it investigates the risk factors for conversion 
to CLC in SILC and we expect that these results will contribute 
to establish guidelines for SILC application. 

In single institution experience with 80 cases reported in 
2010 by Edwards et al. [6], nine patients out of 80 patients 
underwent conversion to multi-incision laparoscopic 
cholecystectomy and the most common cause of conversion 

was inadequate visualization of the Calot’s triangle. Likewise, 
in a previous study, our leading causes of conversion were 
inadequate exposure of the Calot’s triangle due to severe 
adhesion and inflammation and uncontrollable bleeding 
during the operation including bleeding of cystic artery and 
branches of small hepatic arteries or veins near the GB bed. 
Because there was more technical difficulty in patients with 
severe inflammation when we performed dissection of cystic 
artery, conversion due to bleeding mainly occurred as a result 
of inadequate exposure of the Calot’s triangle. In the early days 
of SILC in our hospital, we used the 3-channel method named 
as ‘Konyang standard method.’ This method had limitations 
in visualization of the Calot’s triangle. We excluded several 
patients with severe acute inflammation in this early period. 
To compensate for this limitation, we modified our 3-channel 
method with the addition of the snake liver retractor. Thus, 
visualization of the Calot’s triangle has improved somewhat 
since then and application of SILC has been expanded; however, 
careful and exact dissection of vessels is still required when 
treating patients with acute inflammation. The application of 
SILC for acute inflammation of the GB is currently considered to 
be a contraindication because of the difficulty of the procedure 
[15]. Our results also revealed that patients diagnosed with 
acute cholecystitis or GB empyema are potentially more likely 
to be converted to CLC. 

Ibrahim et al. [16] reported risk factors for conversion to open 
cholecystectomy in laparoscopic cholecystectomy to be male 
gender, advanced age (>60 years), higher body weight > 65 kg, 
acute cholecystitis, previous upper abdominal surgery, junior 
surgeon, and diabetes [17]. A previous study reported by Sato et 
al. [18] that investigated risk factors for a prolonged operative 
time in SILC, BMI and acute cholecystitis were significant risk 
factors for a prolonged operative time in SILC [19]. However, 
there are few data about risk factors for conversion in SILC to 
CLC. Our study focused on the risk factors for conversion to 
CLC in SILC. In univariate analysis, patients with ASA score 3 
or over 3, perioperative PTGBD and acute inflammation were 
significant risk factors for conversion to CLC. And mulitivariate 
analysis revealed that pathological diagnosis in acute 
cholecystitis or GB empyema was only a significant risk factor 
for conversion. Although another study reported by Chuang 
et al. in 2013 [20] concluded that SILC is safe and feasible for 
patients with acute cholecystitis, our results suggest that careful 
treatment should be performed in acute cholecystitis or GB 
empyema. Maybe these risk factors will help surgeons plan and 
choose proper procedures when treating patients with benign 
GB disease.

Numerous previous studies have performed SILC with each 
technique. And their techniques had some differences from 
each other. Langwieler et al. [15] has reported Transumbilical 
single-port access cholecystectomy (SPACE) in 2009. This 

Table 4. Postoperative complications in 2 groups

Clavien-Dindo 
classification

SILC  
(n = 678)

Conversion 
(n = 17) P-value

Grade I 0 0
   Wound infection 6 1  
Grade II
   Biloma 1 1 
Grade III a
   Wound abscess 1 0
   Intra-abdominal abscess 1 0
Grade III b
   Bile duct injury 1 1  
   Incisional hernia 1 1  
   Duodenal perforation 1 0  
Grade IV 0 0
Grade V 0 0
Total, n (%) 12 (1.8) 4 (23.5) 0.001

SILC, single incision laparoscopic cholecystectomy.
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technique performed multichannel access that allows multiple 
instruments to pass through one incision at the same time 
using the TriPort Laparoscopic Access Device (Olympus). 
Because this technique had some problems such as crushing 
of the laparoscopic instruments and impeded movement 
of operator, Aprea et al. [2] have reported laparo-endoscopic 
single site (LESS) technique which modified previous SPACE 
cholecystectomy using a 0°-endoscopic camera with flexible 
head and transparietal suture for GB fundus retraction to 
make visualization and dissection of Calot’s triangle easier 
and safer. Some other authors have reported several modified 
techniques for better exposure of Calot’s triangle. In 2014, we 
reported SILC by Konyang standard method using a 3-trocar 
single port (hand-made) and long articulated instruments 
[13]. Because of limitation in exposure of Calot’s triangle, we 
modified this technique and reported a 4-channel SILC called 
the modified Konyang standard method using a snake liver 
retractor for efficient retraction of the liver. This technique has 
several advantages such as better visibility and accessibility 
for dissection of the Calot’s triangle. Since we modified the 
previous 3-channel SILC, many patients with acute cholecystitis 
could be treated with SILC. We expect that this technique could 
expand the range of applications of SILC. 

There is limited information about postoperative compli­
cations in SILC and concern about the incidence of posto­
perative complications in SILC has risen with rapid develop­
ment of surgical techniques. In our study, the most common 
postoperative complication was wound infection at umbilicus, 
which did not require surgical intervention in 9 patients. 
Complications requiring surgical interventions occurred in 
4 patients (0.6%). Two patients with incisional hernia were 
successfully treated with laparoscopic hernioplasty with mesh. 
One patient who developed duodenal perforation was found 
in postoperative day 2 and treated with laparoscopic primary 
repair of duodenum. In 2012, Joseph et al. [12] reported higher 
risk of common bile duct injury in SILC. Only 2 patients (0.28%) 
sustained bile duct injuries in our study. One patient was 
treated with primary repair of common bile duct during the 
operation, and another detected at postoperative day 2 deter­
mined as type E by Strasberg classification was treated with 
hepaticojejunostomy. These 2 bile duct injuries occurred in the 
early stages of SILC in Konyang University Hospital. Since we 

applied the modified Konyang standard method, incidence of 
bile duct injury and other complications has tended to decrease 
gradually. 

Recently, with the advance and widespread application of 
laparoscopic cholecystectomy, the incidence of incidental GB 
cancer has increased [16]. Three patients of all treated with 
SILC were diagnosed with incidental GB cancer. There were no 
GB perforations or bile spillage during the operations. One of 
them revealed T1a so we maintained close observation without 
further surgical intervention. And there is no recurrence or 
distant metastasis. Others revealed T2. However, one of them 
transferred to another clinic and the other refused reoperation 
for radical resection because of age and poor physical status. 
Several studies have reported the application of laparoscopic 
cholecystectomy in GB tumor suspicious of malignancy [21]. 
Although CLC could be appropriate for early GB cancer, there is 
still high risk of bile spillage in laparoscopic cholecystectomy. 
And bile spillage is likely to be associate with an incomplete 
resection and systemic recurrence [17]. Therefore, when patients 
are suspected of GB cancer preoperatively, SILC should be 
avoided and further evaluation for incidental GB cancer in SILC 
should be required. 

In summary, the conversion rate in SILC was 2.4%. Main 
causes of conversion were inadequate exposure of the 
Calot’s triangle and bleeding. And the complication rate was 
significantly higher in conversion group. Pathological diagnosis 
in acute cholecystitis or GB empyema, ASA score 3 or over 
3, and preoperative PTGBD were significant risk factors for 
conversion in univariate analysis. In multivariate analysis, the 
risk factors for conversion were pathological diagnoses in acute 
cholecystitis or GB empyema.

In conclusion, for most patients with benign GB disease, 
SILC is a safe and feasible method. However, if patients are 
diagnosed with acute cholecystitis or GB empyema, it is likely 
to result in inadequate visualization of the Calot’s triangle and 
more bleeding risk in SILC. Therefore, CLC should be considered 
in these cases. 
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