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Purpose: Limited traction has been an obstacle in the ad-
vancement of single incision laparoscopic cholecystectomy
(SILC). Adequate retraction is necessary for safe performance
of a cholecystectomy. In this study, we introduce our method
for securing CVS for prevention of bile duct injury during per-
formance of SILC and evaluated the effectiveness of the snake
liver retractor.

Methods: A total of 148 patients who underwent needle-
scopic assisted SILC (nSILC) from February 2011 to February
2012 at Uijeongbu St. Mary's Hospital, Uijeongbu, Korea were
analyzed. Patients were categorized into two groups: Group
| consisted of patients who underwent nSILC without use of
a snake liver retractor from February 2011 to October 2011
(n=51) and group Il consisted of patients who underwent
nSILC using a snake liver retractor from October 2011 to
February 2012 (n=97). Patient characteristics and operative
outcomes were compared between groups in order to evaluate
the effectiveness of use of a snake liver retractor during per-

INTRODUCTION

Laparoscopic cholecystectomy has become the gold stand-
ard treatment for benign gallbladder disease since its in-
troduction in 1985."% Minimal invasive technique has proven
effective in reducing surgical trauma, thereby improving pa-
tient recovery and length of hospital stay compared to a con-
ventional surgery.3 For such reasons, more minimally invasive
surgical techniques in order to enhance the advantages of lapa-
roscopy have been attempted, and single-incision laparoscopic
cholecystectomy (SILC) was described in 1997 by Navarra et
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formance of SILC.

Results: There were no differences in age, sex, BMI, and
history of previous abdominal surgery. However, more difficult
surgeries for acute cholecystitis were performed in group II.
Nevertheless, no differences in operative outcomes, such as
operative time, rate of bile spillage, open conversion rate, in-
traoperative complication, and postoperative hospital stay
were observed between groups. In addition, CVS identification
time was rather shorter in group Il, compared with group
l.

Conclusion: Results of this study showed that nSILC using
a snake liver retractor can allow for achievement of CVS safely
and for expansion of indication for SILC through improvement
of exposure and obtaining adequate traction.

Key words: Single incision laparoscopic cholecystectomy,
Liver retractor, Critical view of safety

al.' However, this technique has spread slowly until more re-
cent years due to operative difficulties and concern about its
safety.s

Iatrogenic bile duct injury is the most common severe com-
plication of cholecystectomy and increasing rate of bile duct
injury is one of the major concerns of SILC. Traditionally, bile
duct injury rate for open cholecystectomy has been reported as
approximately 0.2%.° During the “learning curve” while laparo-
scopic cholecystectomy was being introduced on a global scale,
early reports suggested dramatic increase in the incidence of
bile duct injuries as high as 0.74% to 2.8%. Over time, the
rate of bile duct injuries settled to a new plateau, albeit at a
higher level of approximately 0.4% to 0.5%.%'"° Similarly in
conventional laparoscopic cholecystectomy, during the “lear-
ning curve of SILC”, increased incidence of bile duct injuries
was the major concern and many researchers have been trying
to find the way to prevent bile duct injury during SILC.

The “critical view of safety (CVS)” initially introduced by
Strasberg et al.'' in 1995 has become the gold standard method
for safe laparoscopic cholecystectomy. This technique is de-

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons, org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Myung-Guen Cha et al.: The Effectiveness of a Snake Liver Retractor during nSILC 35

fined by clear visualization of the cholecystic hilar structures
and is made possible by the simultaneous retraction of the gall-
bladder in two opposing vectors, cephalad and lateral.””
However, adequate retraction of gallbladder in each direction
for securing CVS is very difficult in SILC due to repeated con-
flicts between operating instruments vying for space at the sin-
gle-access site. Thus, snake liver retractor for cephalad re-
traction of gallbladder and additional needlescopic instrument
(Minilap Grasper, Stryker, San Jose, CA) for lateral retraction
have been used during SILC (needlescopic grasper assisted
SILC, nSILC) in our center since October 2011.

In this study, we introduce our method securing CVS for pre-
vention of bile duct injury during SILC and evaluated the effec-
tiveness of snake liver retractor by reviewing the needlescopic
grasper assisted SILC (nSILC) performed in our center with or
without using snake retractor.

MATERIALS AND METHODS

From February 2011 to February 2012, 148 patients under-
went nSILC using needlescopic instrument for benign gall-
bladder disease at Uijeongbu St. Mary’s Hospital, Uijeongbu,
Korea. Snake liver retractor was not used during nSILC before
October 2011, however snake liver retractor has been used for
clear visualization of Calot’s triangle by cephalad traction of
hepatic hilum since October 2011. According to the use of
snake liver retractor, the patients were categorized into 2
groups: Group I consisted of patients underwent nSILC without
snake liver retractor from February 2011 to October 2011
(n=51) and group II consisted of patients underwent nSILC
with snake liver retractor form October 2011 to February 2012
(n=97). Thirty cases of nSILC performed before February 2011
were excluded in this study for eliminating learning curve
effect. These patients were retrospectively reviewed to inves-
tigate the patients’ characteristics and operative outcomes such
as operating time, CVS identification time, intraoperative com-
plication, bile spillage, conversion to open surgery, post-
operative complication, and the length of hospital stay. The pa-
tients’ characteristics and surgical outcomes were compared be-
tween groups. To estimate the difficulty of operation, operation
records and video files were reviewed and operations were
scored according to the pericholecystic adhesion, wall thicken-
ing and distension of gallbladder. The difficulty of operation
was divided into four grades (easy, moderate, hard, very hard)
according to the scoring.

Chi-square tests (or Fisher’s exact test, when necessary) were

used to compare categorical variables and t-tests (or Mann-

Whitney U test, when necessary) for continuous variables. All
analyses were done with IBM SPSS Statistics version 18.0
program. Results were considered to be significant when p-val-
ues were less than 0.05.

1) Surgical techniques

The operations were performed under general anesthesia with
the supine position in a reverse Trendelenburg and tilted to the
left. A 25-mm transumbilical incision was made longitudinally
and the natural umbilical defect was used to access the
peritoneum. The peritoneum was opened under direct visual-
ization and the SILS Port (Covidien) was inserted under direct
vision into the perinoneal cavity. Pneumoperitoneum was in-
duced and maintained at 12 mmHg with carbon dioxide during
operation, and a 12-mm trocar for laparoscope and a 5-mm tro-
car for working instrument were inserted. In cases of nSILC
using snake liver retractor, one more 5-mm trochar was
inserted. For lateral retraction of gallbladder, needlescopic
grasper (Minilap Grasper, Stryker, San Jose, CA) was addition-
ally inserted through direct puncture on right abdomen (Fig. 1).
Dissection was performed meticulously using a monopolar elec-
tro-cautery hook and CVS was achieved in almost cases. After
achieving CVS, 5-mm hemolock clips were used to ligate the
duct and artery, which were transected using laparoscopic
scissors. After dissection of the gallbladder form liver bed, it
was removed using endobag through umbilicus. Finally ab-
dominal wall was closed with absorbable suture and the um-
bilicus was restored to its physiologic position.

All patients were treated by the same surgeon.

Fig. 1. External view of needlescopic grasper assisted SILC
(nSILC) procedure.
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Table 1. Characteristics of patients undergoing nSILC

Group I (n=51) Group II (n=97) Total (n=148) P

Age (yrs) 48.8+13.8 49.8+15.3 49.5+14.8 0.703
Sex

Female 33 (65%) 66 (68%) 99 (67%) 0.682

Male 18 (35%) 31 (32%) 49 (33%)
BMI (kg/m’) 25.6+3.7 25.8+4.2 25.7+4.1 0.756
Difficulty

Easy 45 (88%) 67 (69%) 112 (75%) 0.010

Moderate 6 (12%) 14 (14%) 20 (14%)

Hard 0 7 (71%) 7 (5%)

Very hard 0 9 (10%) 9 (6%)
Diagnosis

Chronic cholecystitis 46 (90%) 77 (79%) 123 (83%) 0.001

Acute cholecystitis 0 16 (16%) 16 (11%)

Other benign disease 4 (8%) 4 (5%) 8 (5%)

Gallbladder cancer 1 2%) 0 1 (1%)
Previous lower abdominal surgery 14 (27%) 25 (26%) 39 (26%) 0.826

Table 2. Comparison of surgical outcomes between group I and group II
Group I (n=51) Group II (n=97) p

Operative time (min) 66.3+26.6 63.6+41.3 0.670
CVS* identification time (min) 36.6+20.4 27.8+21.2 0.017
Bile spillage 7 (14%) 14 (14%) 0.907
Conversion to open surgery 0 2 2%) 0.545
Intraop. Complication

Bile duct injury 0 0 0.545

Massive bleeding 0 2 2%)
Postop. Hospital stay (day) 2.2+0.5 24+1.2 0.059

*Critical view of safety.

RESULTS
1) Patient characteristics

The characteristics of patients included in this study are
shown in Table 1. The age and body mass index (BMI) were
similar between the groups. The proportion of female patients
was also similar between groups (65% vs 68%, p=0.682).
However, there were significant differences between groups in
difficulty of operation (p=0.010) and pathologic diagnosis
(p=0.001). All operations in group I (nSILC not using snake
liver retractor) were easy or moderate level, whereas 17% of
operations in group II (nSILC using snake liver retractor) were
hard or very hard level. There was no patients diagnosed with
acute cholecystitis in group I, however 16% of patients in group
IT were diagnosed with acute cholecystitis. One patient in group

I was incidentally diagnosed with gallbladder cancer after
surgery. There was no significant difference in history of lower
abdominal surgery between groups.

2) Operative outcomes

Perioperative surgical outcomes in both groups are shown in
Table 2. The mean operative time was 66.3 minute in group
I and 63.6 minute in group II. There was no statistical differ-
ence in mean operative time. However, mean CVS identi-
fication time was significantly shorter in group II than group
I (36.6 min vs 27.8 min, p=0.017). The episodes of bile spillage
during nSILC were occurred similarly in both groups. (about
14% in both groups, p=0.907). There was no episode of bile
duct injury in both groups, however 2 patients in group II re-
quired the conversion to open surgery owing to severe bleeding.
There were technical difficulty in 2 patients due to severe adhe-
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sion and wall thickening resulting from common bile duct stone
and inflammation. Although 2 patients required the conversion
to open surgery in group II, there was no statistical difference
in intraoperative complication. There was also no statistical dif-
ference in the length of postoperative hospital stay (2.2 days
vs 2.4 days, p=0.059).

DISCUSSION

Since the introduction of minimal invasive surgery, the tech-
niques of minimally invasive surgery have evolved con-
tinuously for a less invasive and more cosmetic results with an
emphasis on decreasing the number or size of the trocars.
Although applied in a variety of general surgery cases including
alppendectomy,13 sleeve gastrectomy,* splenectomy,15 and co-
lectomy,'® its test bed is cholecystectomy.’ The first SILC was
performed by Navarra et al. in late 1990’s in order to further
reduce abdominal wall surgical trauma, since then, many au-
thors have published different approaches to this procedure.
However this procedure has not accepted as standard treatment
for benign gallbladder disease yet due to one of the main prob-
lems, concern about its safety. Many groups have applied
Critical View of Safety (CVS) technique described by Strasberg
and Helton"” for preventing bile duct injury during laparoscopic
cholecystectomy. For this technique, adequate retraction on
gallbladder fundus and/or infundibulum was needed and various
methods such as transabdominal suture, use of articulating in-
struments and internal grasper retractors have been applied.'™"
Nevertheless, none of the reported technical notes has become
a standard yet.

Multiple instruments through a single port tend to conflict
each other and make crossed-over instruments, resulting in in-
adequate tractions, difficult exposure of structures and un-
%21 Although  articu-
lated/curved instruments were introduced to overcome these

ergonomic position of the surgeon.

problems, the impact of these instruments has been limited. In
our center, we preferred to use additional direct puncture nee-
dlescopic grasper (Minilap Grasper, Stryker, San Jose, CA) dur-
ing SILC (Fig. 1). This technique can make improving exposure
and obtaining adequate tractions in achieving CVS due to a
wider angle between the two operative instruments as well as
obtaining similar cosmetic effect with SILC. Furthermore, in
case of an incidental gallbladder cancer, this technique can pre-
vent potential neoplastic cells seeding caused by bile spillage
through the holes of the retracting sutures, using in trans-
abdominal gallbladder retraction suture technique. However,
this technique has also limitation on cephalad traction and ex-

posure of Calot’s triangle when the liver droop down and cover
hepatic hilum. For better visualization and secure dissection of
Calot’s triangle, we have used snake liver retractor for cephalad
traction of hepatic hilum through single port since October
2011 (Fig. 2). With this technique, better visualization of
Calot’s triangle was obtained and CVS was achieved safely.

In this study, we compared the clinical features and operative
outcomes of the patients undergoing nSILC before and after
October 2011 when the snake liver retractor used first, and fo-
cused on improving the aid procedure with liver retraction on
hilum portion using snake liver retractor. Most clinical features
and operative outcomes were not different significantly between
groups, however there were significant difference in pathologic
diagnosis, operation difficulty and CVS identification time be-
tween groups. Among the patients in group II (nSILC using
snake liver retractor), 16% of patients were diagnosed with
acute cholecystitis and difficult operations (hard or very hard
level) were performed in 17% of patients, whereas there was
no patients with acute cholecystitis and underwent difficult op-
eration in group I (nSILC not using snake liver retractor).
Nevertheless, mean CVS identification time was rather shorter
in group II than group I and there was no significant difference
in complication rate and open conversion rate between groups.
These results demonstrate that snake liver retractor can help to
make clear exposure of the Calot’s triangle and secure dis-
section during achieving CVS. As a result, snake liver retractor
can assist shortening of CVS identification time. Furthermore,
nSILC using snake liver retractor can be performed not only
in the selective patients but also the patients with acute chol-
ecystitis or difficult case.

Although open conversion surgery needed in 2 patients un-

Fig. 2. Internal view of needlescopic grasper assisted SILC
(nSILC) procedure using snake liver retractor.
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derwent nSILC using snake liver retractor due to bleeding,
there was no statistically significant difference in open con-
version rate between groups and the operation difficulty in
these 2 patients were very hard due to severe inflammation and
adhesion caused by acute cholecystitis.

As previously mentioned, nSILC (SILC with additional nee-
dlescopic grasper) can overcome the problem of SILC, in-
adequate retraction caused by struggle between instruments
within single port. Our experience, even if related to small ser-
ies of patients, shows the effectiveness of snake liver retractor
during achieving CVS.

CONCLUSION

In conclusion, even with the limitation of the small series
of patients, nSILC with the usage of snake liver retractor seems
to assist achieving CVS safely and expansion of indication for
SILC through improving exposure and obtaining adequate
traction. However, to confirm this result, further studies with

a large sample size are required.
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