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ABSTRACT

Introduction: Unsolved choledocholithiasis by endoscopic retrograde cholangiopancreatography is a complicated
condition to manage. The incorporation of robotic surgery, a choledochoscope, and a holmium laser as therapeutic tools
is likely to increase surgery effectiveness. Our purpose is to present the first Latin American case report of the combined
use of these tools to extract a large impacted bile duct stone.

Case Description: A 42-year-old man with obstructive jaundice syndrome underwent endoscopic retrograde cholan-
giopancreatography. Bile duct dilatation was evidenced by a 1.5-cm-diameter stone that could not be extracted, and biliary
prosthesis placement was not possible. Given that stone clearance was not achieved, robot-assisted laparoscopic common
bile duct exploration using a holmium laser for lithotripsy was performed. The entire procedure was performed with a
robot-assisted technique. The docking time and console time were 10 minutes and 120 minutes, respectively. The patient
progressed satisfactorily and was discharged after 48 hours without complications. He had no evidence of residual
common bile duct stones or duct strictures after 12 months of follow-up.

Discussion: Laparoscopic common bile duct exploration is an excellent option for the treatment of common bile duct
stones. The holmium laser is a useful tool for the treatment of complex choledocholithiasis. Incorporation of the da Vinci
System (Intuitive Surgical, Sunnyvale, California) allows greater precision and effectiveness, thus increasing surgery
success rates.
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INTRODUCTION

The presence of stones in the bile duct is considered a
challenge in its resolution. Currently, the most accepted
treatment options include a 2-step resolution by endoscopic
retrograde cholangiopancreatography (ERCP) with preoper-
ative endoscopic sphincterotomy, followed by laparoscopic
cholecystectomy. When ERCP is inefficient because of intra-
hepatic or large impacted stones in the bile duct, the next
step is surgical exploration of the biliary tract.1

We have shown the effectiveness of laparoscopy in the
management of choledocholithiasis. In patients in whom

ERCP is ineffective, the laparoscopic conversion rate in-
creases mainly because of impacted stones that require
complex management.2

The incorporation of new technologies such as robotic
surgery and a holmium laser in the management of cho-
ledocholithiasis increases the success rate, allowing
proper handling of complex cases.3,4 Robot-assisted sur-
gery helps to overcome difficulties of other minimally
invasive approaches, providing a 3-dimensional view and
high maneuverability of the instruments. The holmium
laser allows fragmentation of large impacted stones and
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their subsequent removal using conventional methods
such as balloons or helicoid baskets.

The main purpose of this article is to present the first Latin
American experience in the combined use of these new
technologies—robotic surgery, choledochoscopy, and
holmium laser—in the management of complex choledo-
cholithiasis.

CASE DESCRIPTION

A 42-year-old male patient underwent a consultation re-
garding obstructive jaundice syndrome. Physical exami-
nation findings at admission showed the following: nor-
mal vital signs, a soft and depressible abdomen that was
painful to deep palpation in the epigastrium and right
upper quadrant, no signs of peritoneal irritation, the pres-
ence of bowel sounds, and no evidence of organ enlarge-
ment. Paraclinical studies were conducted and showed an
elevated bilirubin level, an alkaline phosphatase level of
320 U/mL, and a �-glutamyl transpeptidase level of 440

U/mL. Abdominal ultrasonography was performed and
showed gallstones and a bile duct diameter of 20 mm.

The patient was admitted with a diagnosis of gallstones
and high risk of choledocholithiasis. According to our
department protocol for patients with suspected choledo-
cholithiasis, ERCP was conducted.5 Bile duct dilatation
was evidenced with a 1.5-cm-diameter stone that could
not be extracted, and biliary prosthesis placement was not
possible (Figure 1). The patient was referred to undergo
surgical management, and robot-assisted laparoscopic
common bile duct exploration (LCBDE) using a holmium
laser for lithotripsy was scheduled.

SURGICAL TECHNIQUE

LCBDE was performed according to the technique de-
scribed by Sánchez et al.4 The patient was placed in the
supine position. Five operating ports were used: An in-
fraumbilical 12-mm camera port was placed first, followed
by placement of two 8-mm ports for arms 1 and 2, as
shown in Figure 2. We also used a 12-mm port for the
choledochoscope and a 5-mm port for retraction.

Robotic system docking was performed over the right
shoulder of the patient. Then, after the Calot triangle was
identified and the critical view was obtained, a 7-mm-long
supraduodenal choledochotomy was performed (Figure 3).
A transcystic approach was not intended because of the
choledochoscope’s diameter of 4.9 mm and nondilated
cystic duct.

The choledochoscope was introduced, and a proximal
inspection was performed, showing no evidence of sec-
ondary biliary tract stones. On distal inspection, we iden-

Figure 1. Endoscopic retrograde cholangiopancreatography.
The arrow indicates a large impacted stone in the common bile
duct.

Figure 2. Operating room and trocar positioning.
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tified a 1.5-cm stone; extraction with a Dormia basket and
Fogarty balloons was attempted but yielded no results.
Therefore, we used a 200-�m holmium laser fiber (pulse,
0.6 J at 6 Hz) through the choledochoscope’s working
channel, achieving stone fragmentation (Figure 4). The
stone’s fragments were removed using a helicoid basket
and continuous irrigation with saline solution.

Final inspection was performed, and no residual stones in
the biliary tract were found (Figure 5). Finally, we per-
formed choledochotomy primary closure using separate
stitches with a resorbable No. 4-0 suture.

The procedure was finalized with standard cholecystectomy
and subhepatic drain placement. The docking time was 10
minutes, and the console time was 120 minutes. The length
of stay was 48 hours. At a follow-up time of 12 months, no
duct-related complications have been reported.

DISCUSSION

Laparoscopic common bile duct exploration has proved
to be a procedure that provides high success rates and low

morbidity rates in the treatment of gallstones complicated
by choledocholithiasis. After 9 years of experience, we
have achieved an 84% efficiency rate in managing these
conditions.6,7

Figure 3. Longitudinal supraduodenal choledochotomy using
EndoWrist instruments.

Figure 4. Impacted stone fragmentation using holmium laser through choledochoscope working channel.

Figure 5. Final revision. Proximal and distal view using
choledochoscope.
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The advantages of the robotic surgery platform have a
significant impact on the ability of surgeons to perform
complex procedures. Robot-assisted surgery improves
laparoscopy procedures, providing a 3-dimensional view,
increasing the degrees of movement, eliminating the ful-
crum effect, and optimizing ergonomics, which reduces
physical and mental stress. This technology also offers
other advantages, such as eliminating tremor in the sur-
geon’s hands and providing a stable picture and camera
control. Roeyen et al,8 in 2004, reported the first robot-
assisted common bile duct exploration in the literature;
we published our initial experience in 2010.4 To date,
there have been few reports and short series regarding
this procedure.3,4,9

The EndoWrist instrument (Intuitive Surgical, Sunnyvale,
California) enhances the dexterity of the surgeon, improv-
ing precision and control beyond the human hand’s ca-
pabilities, in addition to allowing a better dissection of the
biliary tract, as well as choledochotomy, and an optimal
manipulation of the choledochoscope, which facilitates
the exploration.9,10 Robotic surgery appears to decrease
the surgical time even if we add the docking phase of the
robot. In our case the docking time was 10 minutes, with
a console time of 120 minutes, similar to our conventional
laparoscopic procedures’ mean time.

The surgical robot offers the potential to integrate mul-
tiple views into the surgical console screen to provide
real-time views of both fields of operation, which in this
case means visualization of the laparoscopic optic and
the choledochoscope simultaneously. This function (da
Vinci Surgical System’s Tilepro multi-display system;
Intuitive Surgical) has the potential to increase patient
safety and surgical efficiency during procedures. Sur-
geons are able to use the technologies incorporated
into the robot system to maximize patient benefit.11 As
an additional advantage, the robotic arms and EndoW-
rist would reach and capture common bile duct stones
with greater ease.

The main causes of failure in LCBDE usually are intrahe-
patic and impacted bile duct stones. In these cases the use
of methods to achieve stone fragmentation increases the
effectiveness of LCBDE.1,2

The first experience using laser lithotripsy for the treat-
ment of bile duct stones is attributed to Orii et al12 in 1983,
who reported 8 patients with intrahepatic stones and 3
patients with choledocholithiasis treated with an yttrium-
aluminum-garnet laser. The procedure was performed
shortly after the ineffectiveness of the endoscopic treat-
ment was shown.

The use of the holmium laser in the treatment of common
bile duct stones has been reported in several studies.
Shamamian and Grasso,13 in 2004, conducted a study of
36 patients with a diagnosis of complex choledocholithi-
asis who underwent lithotripsy with the holmium laser
using a flexible choledochoscope; they concluded that
fragmentation and stone removal could be achieved safely
with the laser.

The holmium laser is composed of a mineral compound
called holmium, which gives amplified energy in pulses,
achieving photoacoustic ablation of stones regardless of
their composition, size, or location without damaging un-
derlying structures.14 The laser uses a fiberoptic system;
the fiber delivers energy between 0.6 and 1 J with fre-
quencies ranging between 6 and 10 Hz. The depth of
penetration is limited to 0.5 to 1 mm, and the photoacous-
tic effect produces minimal retropulsion and reduces the
risk of injury due to mechanical force.

The use of the holmium laser and choledochoscope re-
quires a great deal of coordination between the console
surgeon and the surgeon operating the endoscope. We
have previously reported the usefulness of simulation
with inanimate models to achieve optimal planning and
coordination outside the operating room.4,15

The role of robotic surgery in the treatment of chole-
docholithiasis is still to be decided. There are few re-
ports for the time being. This is the first Latin American
case report that includes both the holmium laser and
robotic surgery in the laparoscopic management of
common bile duct stones. The incorporation of these
technologies will increase surgery success rates, thus
providing minimally invasive surgery benefits to a
greater number of patients.
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