
ORIGINAL ARTICLE

Single-Incision Laparoscopic Cholecystectomy
Using a Flexible Endoscope
Steven J. Binenbaum, MD; Julio A. Teixeira, MD; Glenn J. Forrester, MD; E. John Harvey, MD;
John Afthinos, MD; Grace J. Kim, MD; Ninan Koshy, MD; James McGinty, MD;
Scott J. Belsley, MD; George J. Todd, MD

Objective: To describe our experience with a single-
incision laparoscopic cholecystectomy (SILC) per-
formed using a flexible endoscope as the means of visu-
alization and surgical dissection. The use of flexible
endoscopy in intra-abdominal surgery has never been
described.

Design: Prospective observational case series.

Patients: Eleven patients with symptomatic choleli-
thiasis were selected based on age, clinical presentation,
body habitus, and history of previous abdominal sur-
gery. Patients with acute or chronic cholecystitis were
excluded.

Results: All procedures were completed laparoscopi-
cally via the single umbilical incision without the need
to convert to an open operation and without introduc-
tion of any additional laparoscopic instruments or tro-
cars. The mean operative time was 149.5 minutes (range,
99-240 minutes). The mean length of hospital stay was
0.36 days. There were no associated intraoperative or post-
operative complications.

Conclusions: In our experience, SILC performed with a
flexible endoscope is feasible and safe. Further studies are
needed to determine its advantages in reference to post-
operative pain and complication rate in juxtaposition with
the current standard laparoscopic cholecystectomy.
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L APAROSCOPIC CHOLECYSTEC-
tomy (LC) became the crite-
rionstandardinthetreatment
of symptomatic cholelithia-
sis1,2 because it was associ-

ated with decreased postoperative pain,
shorter length of hospital stay, fast return
to physical activity and work, and overall
greater patient satisfaction.1-3 Its success and
popularity among surgeons was also largely
attributed to the decreased incidence of
wound infections, incisional hernias, and

pulmonary complications.4-6 Despite these
advantages, LC has its shortcomings. Sig-
nificant complications associated with LC
such as biliary tract injuries and a variety
of trocar-related injuries have been de-
scribed.7-18 Whether reducing the number
of trocars used during LC results in a de-
creased number of complications remains
to be determined.

The technique of single-incision LC
(SILC) has been previously described by

other authors.19-21 However, the tech-
niques they applied used the standard lapa-
roscopic instruments and laparoscopes.
Those procedures were technically chal-
lenging and failed to gain widespread ac-
ceptance. In addition, Marescaux and col-
leagues22 have reported on transvaginal
natural orifice transluminal endoscopic sur-
gery (NOTES) cholecystectomy, and sev-
eral NOTES trials have begun. Although
natural orifice surgery is less invasive and
may result in less postoperative pain, thus
far all reported cases have required some
form of transabdominal laparoscopic assis-
tance. Use of NOTES cholecystectomy has
great potential, but its safety and efficacy has
yet to be determined. To date however, no
one has described a single-incision trans-
umbilical cholecystectomy using a flexible
endoscopeas themeans forvisualizationand
surgical dissection.

We describe our experience with a SILC
performed using a flexible endoscope as
the means for visualization and surgical
dissection. The use of flexible endoscopy
in intra-abdominal surgery has never been
described.
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METHODS

BACKGROUND

Prior to proceeding with SILC in humans, we underwent exten-
sive training in the animal laboratory. Our first SILC operation
on a human was performed in August 2007. Between then and
February 2008, a total of 11 patients have undergone SILC un-
der institutional review board–approved protocol 07-142. Pa-
tients were carefully selected based on subjective criteria such
as age, clinical presentation, body habitus, and history of previ-
ous abdominal surgery. Patients with acute or chronic chole-
cystitis were excluded from this study. Since the beginning, the
SILC technique has undergone a series of modifications. Cer-
tain aspects of the procedure remained constant throughout, while
others were altered as we learned from our experience. We will
attempt to describe each of these changes as they were intro-
duced to give a sense of the evolution of the procedure.

OPERATIVE TECHNIQUE

After the administration of local anesthesia, a small (approxi-
mately 15-mm) skin incision is made in the infraumbilical re-
gion. The peritoneal cavity is entered using a 12-mm optical
viewing trocar placed to the right of the umbilical stalk. The
flexible endoscope is inserted through the 12-mm port, which
is then retracted from the abdominal wall. A 5-mm trocar is
then inserted through the same incision to the left of the um-
bilical stalk. Pneumoperitoneum is maintained through the
5-mm port. The surgeon performs the dissection by manipu-
lating the control dials on the endoscope, and the first assis-
tant maintains the position of the endoscope while retracting
the gallbladder by grasping its fundus through the 5-mm port.
A second assistant stands on the opposite side of the table and
controls the flexible endoscopic instruments.

In our initial 3 cases, we used a right-angled operative lapa-
roscope. Either electrocautery (hook or spatula) or the har-
monic scalpel was used to dissect the gallbladder in a retro-
grade fashion from the liver bed. To expose the triangle of
Calot, the gall bladder was retracted cephalad with a 2-0 nylon
transabdominal suture introduced on a straight Keith needle.
The suture was placed subcostally in the right upper quadrant.

In the remaining 9 cases, a flexible endoscope was used as a
means of visualization and dissection. In these patients, dissec-
tion of the cystic duct and artery was performed bluntly using an
endoscopic rat-toothed forceps and biopsy forceps. The cystic duct
was ligated with standard laparoscopic endoclips (5-mm), and
the cystic artery was ligated and divided with either endoclips or
a Harmonic scalpel. As the last step, the gallbladder was re-
moved through the umbilicus in an EndoCatch bag (Covidien,
Mansfield, Massachusetts) and the fascia was closed with inter-
rupted 0 Vicryl sutures (Ethicon Inc, Somerville, New Jersey).

During the initial 3 cases, we encountered several techni-
cal challenges. The rigid operative laparoscope narrowed our
field of view and greatly restricted our range of motion. To over-
come these challenges we performed all of the subsequent op-
erations with either a single- or double-channel flexible endo-
scope (KARL STORZ GmbH & Co KG, Tuttlingen, Germany
and Olympus America, Inc, Center Valley, Pennsylvania). The
introduction of a flexible endoscope led to a number of other
modifications to our technique and added new instruments:

v Hydro-dissection with subserosal saline injection
v Partial dissection of the gall bladder dome from the liver edge
v Flexible endoscopic tools
v Flexible high-dexterity laparoscopic instruments (No-

vare Surgical Systems, Cupertino, California)

We used an endoscopic needle to inject saline medially and
laterally between the gall bladder and the liver bed, similar to
the endoscopic mucosal resection technique. Hydrostatic sa-
line pressure partially separated the gall bladder surface from
the liver, allowing access to a wide target area for dissection.

To overcome the challenges of liver retraction, the technique
of retrograde gall bladder dissection was modified. The dome of
the gall bladder was only partially freed from its attachments to
the liver to allow retraction and expose the hilar structures with-
out having to lift the liver. Thereafter, following the ligation and
division of the hilar structures, the remainder of the liver bed dis-
section proceeded in an antegrade fashion.

Instead of the standard laparoscopic instruments, the last 4
procedures were performed with the flexible laparoscopic
instruments introduced through a 5-mm port. This greatly fa-
cilitated our dissection by providing a greater degree of freedom.

PATIENT CHARACTERISTICS

Most of our patients were female (11:1), with an average age
of 33 years (range, 19-55 years). All had the symptoms and signs
consistent with biliary colic and had undergone an ultrasono-
graphic confirmation of cholelithiasis. Patients with any clini-
cal or radiological evidence of acute or chronic cholecystitis
were excluded from this study. The SILC procedure was per-
formed on an elective basis on all the patients, except for the 2
patients who were admitted to the hospital by the emergency
department for biliary colic. They were operated on within 24
hours of admission.

RESULTS

All procedures were completed laparoscopically via the
single umbilical incision without the need to convert to
an open operation and without introduction of any ad-
ditional laparoscopic instruments or trocars. The mean
operative time was 149.5 minutes (range, 99-240 min-
utes). Seven patients (64%) went home on the day of sur-
gery. Four patients were admitted to the hospital. Two
patients were admitted overnight, as their procedures
ended late in the evening. They were discharged in the
morning on their postoperative day 1. The other 2 pa-
tients were admitted by the emergency department in the
evening prior to surgery. The mean length of hospital stay
was 0.36 days. There were no associated intraoperative
or postoperative complications.

COMMENT

Laparoscopic cholecystectomy has become the criterion
standard for the treatment of symptomatic gallstone dis-
ease.1,2 The advantages of LC, such as decreased postop-
erative pain, shorter length of hospital stay, faster re-
turn to normal physical activity, and lower incidence of
wound infections and incisional hernias make this a more
desirable procedure.1-6 In addition, according to Zacks
et al,7 the mortality rate associated with LC is signifi-
cantly less than that of the open procedure. On the other
hand, there are also many articles in the surgical litera-
ture emphasizing the significance of trocar-related com-
plications during LC that can result in severe morbidity
and higher mortality.11,12,14-18 However, with increased ex-
perience in performing LC and improvement in tech-
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nique, the incidence of complications has substantially
decreased. Nevertheless, investigators continue to pur-
sue the development of less invasive techniques such as
2-port cholecystectomy and transvaginal or transgastric
NOTES cholecystectomy, which require fewer and
smaller-caliber trocars.23-25

Studies of LC performed with fewer ports than the tra-
ditional four-port technique for the removal of the gall-
bladder first appeared in the literature approximately 10
years ago.19-21,26 Navarra et al19 described a small series
of patients who had LC using only 2 trocars introduced
through an umbilical incision. They gained exposure with
3 transabdominal sutures that were passed through the
gallbladder to assist with exposure. We used a similar tech-
nique with only 1 suture. Piskun et al20 and, most re-
cently, Cuesta et al21 devised a modified technique of LC
using 2 transumbilical trocars in an attempt to reduce
operative trauma and improve cosmetic results. Unfor-
tunately, these advantages were difficult to reproduce be-
cause of instrument limitations, decreased range of mo-
tion, and longer operative times. As a result they have
not been widely accepted nor included in the scope of
the current surgical practice.

The development of NOTES may one day lead to pain-
less surgery without abdominal incisions and minimal
surgical trauma. Although several human NOTES trials
have begun, to date no NOTES cholecystectomy series
has been reported. Reddy and Rao27 first described their
transgastric appendectomy experience in 2004. Since then,
Marescaux and colleagues22 described transvaginal cho-
lecystectomy in 2007. It was performed through a small
incision in the posterior vaginal cul-de-sac with a double-
channel flexible gastroscope and a 2-mm transabdomi-
nal needle port. However, before the potential advan-
tages of natural orifice surgery can be appreciated, several
obstacles must first be overcome such as limitations of
endoscopic instruments, lack of triangulation, and un-
safe gastrotomy closure. Flexible endoscopes and instru-
ments were not designed for intra-abdominal surgery.
Current limitations include the lack of precise transla-
tion of force to accomplish basic surgical tasks such as
traction–counter-traction. Furthermore, the design of a
flexible endoscope does not allow for triangulation and

provides an unstable platform for surgical activity. Lastly,
as there is no method yet developed to accurately moni-
tor the insufflating pressures, every NOTES procedure
requires percutaneous transabdominal assistance in the
form of additional laparoscopic ports. Therefore, clini-
cal advantages of NOTES are difficult to demonstrate vis-
à-vis single port/incision approach. Thus, the benefits of
NOTES cholecystectomy must be further evaluated within
the confines of institutional review board protocols.

Single-incision LC is a hybrid procedure similar to
NOTES cholecystectomy in that it uses a flexible endo-
scope and 5-mm transabdominal port (Figure 1). Un-
like NOTES, however, there is no operative trauma to
the hollow viscus, as sustained during the transluminal
method of access, eliminating the need for closure. On
the other hand, SILC is similar to LC in that we used analo-
gous methods to ligate and divide the cystic duct and ar-
tery. In our experience, SILC resulted in reduced pain
and an excellent cosmetic result. In our series we did not
objectively compare the decrease in postoperative pain
vs traditional LC, as this was a safety and feasibility study
only. The reduction of postoperative pain is a subjective
observation, and whether reducing the number of tro-
cars results in decreased postoperative pain or has any
clinical significance remains to be determined. How-
ever, our observations indicate that there appears to be
a decrease in pain in the immediate postoperative pe-
riod. Cosmetically, SILC required only a single 15-mm
incision that was barely visible within the umbilicus
(Figure 2). Although the skin incision is 15 mm in
length, the fascial incision is much smaller. Fascia needs
a snug fit around the flexible endoscope to prevent an
air leak during the procedure. Such an incision should
not increase the risk of an incisional hernia.

In this small series, there were no intraoperative or
postoperative complications. However, as the volume and
the number of surgeons performing SILC procedure in-
creases, potential new complications may arise. There-
fore, the safety of SILC cholecystectomy is not yet able
to be established. During SILC, the instruments and the
5-mm port pass through the same incision and are al-
ways in the direct field of vision, thereby decreasing the
risk of iatrogenic injury.

Our approach to LC using a single umbilical incision
and a flexible endoscope has not been described in sur-
gical literature to date. Our technique underwent a se-
ries of evolutionary changes as our experience grew. At
first we used a right-angled rigid operative laparoscope
that was inserted through the same umbilical incision as
the 5-mm trocar. Cuesta et al21 used a similar technique
using a 5-mm rigid 30° laparoscope. The rigidity of the
instruments, however, did not allow triangulation and
limited our field of view. Unidirectional movement of the
instruments also limited transabdominal organ manipu-
lation and traction–counter traction maneuvers. Work-
ing with the flexible endoscope proved to have several
advantages over the rigid scope. The flexible endoscope
was ergonomically easier to maneuver and provided ex-
cellent image quality. Also, the flexibility of the endo-
scope increased the degree of freedom of movement dur-
ing the dissection. Another surprising advantage was that
the endoscope did not have to be removed from the ab-

Figure 1. Flexible endoscope (right), with 5-mm trocar positioned on the left
side of the incision.
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dominal cavity to clean the lens. Although introduction
of the flexible endoscope had its benefits, it also pre-
sented certain disadvantages, such as an unstable surgi-
cal platform that required multiple operators manipu-
lating the endoscope and controlling the wheels in
conjunction with endoscopic instruments. Triangula-
tion was still very limited, but it was improved between
the 5-mm laparoscopic instruments and the biopsy chan-
nels. To further enhance triangulation and exposure of
the structures, we began to use the high-dexterity flex-
ible laparoscopic instruments. This allowed additional
freedom of movement during the dissection and en-
abled better tissue manipulation, which was not pos-
sible with rigid laparoscopic instruments. Another im-
portant consideration is that the flexible endoscopes were
not designed for use in the sterile environment of the op-
erating room. There is no reliable method that assures
effective sterilization. Current devices such as Steris sys-
tem 1, steam, plasma gas, and ethylene oxide autoclaves
operate at higher than 50°C, which could damage the en-
doscopes. Handling of the endoscope on the operating
field is also somewhat cumbersome. The cable connect-
ing the endoscope to the video processor and a light source
is short, rendering it ergonomically difficult. Flushing the
scope with sterile water that comes from an unsterile ir-
rigation container creates breaks in sterility.

Our operative times were longer than historic co-
horts in literature. This may be attributed to a steep learn-
ing curve. However, our operative times have consis-
tently decreased as our experience increased.

One of the benefits of performing SILC is that it pro-
vides the opportunity to develop the skills needed for
NOTES. The ability to perform SILC allows us to par-
ticipate in NOTES research and help develop new op-
erative methods and techniques in using flexible endo-
scopic instruments in the intraabdominal environment.
Although NOTES cholecystectomy has great potential,
it still has significant barriers to safety related to closure
of the stomach, vagina, colon, and other potential ac-
cess sites. The question that needs to be addressed is
whether SILC is a competitive or complementary pro-
cedure to NOTES cholecystectomy.

As long as SILC is performed with rigid laparoscopic
instruments, it will be challenged by the outcomes of
standard LC. However, with the introduction of flexible

endoscopic instrumentation, SILC may assume a
complementary role as an alternative procedure to
NOTES until the safety of NOTES is firmly established.
In our view, SILC is a less invasive form of LC and may
serve as a transition between laparoscopy and natural
orifice surgery.

In our experience, SILC performed with the flexible
endoscope is feasible and safe. Further studies are
needed to determine its advantages in reference to
postoperative pain and complication rate in juxtaposi-
tion with the current standard LC. Flexible endoscopy
can be a safe and effective tool in performing laparo-
scopic abdominal procedures. However, the use of this
technique warrants further investigation.
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INVITED CRITIQUE

L aparoscopic cholecystectomy revolutionized not
only surgery but all of health care. Its develop-
ment is also a study in how medicine can be

transformed against the best advice of content experts.
The first 100 LC operations were performed using rigid
cystoscopy instrumentation by Eric Mühe, MD, in Ger-
many. Because of severely limited exposure, the opera-
tion was considered dangerous and Dr Mühe was
severely criticized by his colleagues. Shortly thereafter,
the French developed a videoscopic approach to the
operation that was somewhat better but still not well
accepted by the surgical community. Experts in biliary
surgery were concerned about the lack of exposure and
the potential for serious bile duct injuries. They pre-
dicted that this new approach was a fad and would
disappear once the higher complication rate become
evident. The first publications describing the new
approach reported a bile duct injury rate that was
10-fold higher than expected, whereupon the experts
anticipated the early demise of LC.

It did not happen that way. Patients were intrigued by
the notion that they could undergo major abdominal sur-
gery without a large incision. Whereas the quoted com-
plication rates that could occur following a laparoscopic
operation were low and, therefore, of remote interest to pa-
tients, the prospect of a large, painful scar was very real.
Cholecystectomy is common and patients went in droves
to those surgeons offering the new approach. Oftentimes,
they bypassed traditional, well-respected institutions and
surgeons when seeking this new form of treatment.

We learned a great deal from this. Patients pay little
attention to the facts and figures that we quibble about

in academic meetings. They do care about painful scars.
They will go to the practitioners who offer what pa-
tients want, irrespective what the experts say. Laparo-
scopic cholecystectomy also taught us that patients do
not need to linger in hospitals for days on end when re-
covering from surgery. They could eat immediately fol-
lowing major abdominal surgery. The move toward out-
patient surgery and shorter hospital stays for all types of
operations are a direct extension of the lesson learned
from LC. We also learned that the most transformative
changes in health care come not necessarily from gov-
ernment-funded research enterprises but from the ideas
and operating rooms of individual clinicians interested
in finding better ways to take care of patients.

Laparoscopic cholecystectomy revolutionized sur-
gery 2 decades ago. In an era that has witnessed the ad-
vent of personal computers, cell phones, wireless com-
munication, and other major engineering advances, the
approach to and instrumentation used for LC has re-
mained remarkably stagnant. Progress is made in peri-
odic upheavals rather than by evolutionary change. It is
time for another major improvement in the approach to
laparoscopic surgery.

Enter single-incision operations. Binenbaum and col-
leagues describe the use of a flexible endoscope to facili-
tate cholecystectomy. This article is important in 2 ways.
It is one of the first studies to describes a series of SILCs.
Given the limitations in exposure and mobility, does the
reduction in three 5-mm port sites really improve mat-
ters? Our patients’ answer will be a resounding “yes.”
Whether it is rational or not, the promise of fewer scars
will appeal to our patients’ imaginations. Perhaps this is
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