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Laparoscopic Cholecystectomy

Prof. Dr. R. K. Mishra

M INTRODUCTION

Laparoscopic surgery has undergone rapid development
in recent years. Laparoscopic cholecystectomy was first
performed in 1985. Since the introduction of laparoscopic
cholecystectomy into general practice in 1990, it has rapidly
become the dominant procedure for gallbladder surgery. By
the end of the decade, laparoscopic cholecystectomy had
spread throughouttheworld. Theimportance oflaparoscopic
cholecystectomy was the cultural change it engendered
rather than the operation it replaced. In terms of technique,
laparoscopic cholecystectomy is now the gold standard for
the treatment of symptomatic gallstone disease. It is most
commonly performed minimal access surgery by generdl
surgeons’ worldwide. In Europe and America, 98% of all &
cholecystectomy is performed by laparoscopy. The ¢r
popularizing minimal access surgery goes to lap%m[)&
cholecystectomy. This is most popular and cce
minimal access surgical procedure worldwi palosc pic
surgery has expanded from gallbladdgizsiftgery o viftually

every operation in the abdominal c%ty ~‘:;§
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M INDICATIONS (FIG. 1)

= Cholelithiasis

=  Mucocele gallbladder
=  Empyema gallbladder
= Cholesterolosis

= Typhoid carrier

5

Fig. 1: Appearance of fundus of gallbladder in first look.

= Porcelain gallbladder

= Acute cholecystitis (calculous and acalculous)

= Adenomatous gallbladder polyps

= As part of other procedures, viz., Whipple’s procedure.
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',T general anesthesia and the pneumoperitoneum
red as part of the laparoscopic procedure do increase

he risk in certain groups of patients. Contraindications
to laparoscopic cholecystectomy are primarily related to
anesthetic concerns and include diffuse peritonitis with
hemodynamic compromise and uncontrolled bleeding
disorders. Most surgeons would not recommend laparoscopy
in those with pre-existing disease conditions. Patients with
severe cardiac diseases and chronic obstructive pulmonary
disease (COPD) should not be considered a good candidate
for laparoscopy. The laparoscopic cholecystectomy may also
be more difficult in patients who have had previous upper
abdominal surgery. The elderly may also be at increased
risk for complications with general anesthesia combined
with pneumoperitoneum. Relative contraindications are
dependent on the surgeon’s judgment and experience but
include patients with previous extensive abdominal surgery,
cirrhosis with portal hypertension, severe cardiopulmonary
disease, active cholangitis, and morbid obesity.

L] Hemodynd

ADVANTAGES OF LAPAROSCOPIC
APPROACH

= Cosmetically better outcome

= Less tissue dissection and disruption of tissue planes

= Less pain postoperatively

= Low intraoperative and postoperative complications in
experienced hand

= Early return to work.


https://www.laparoscopyhospital.com/
https://www.laparoscopyhospital.com/drrkmishra.htm
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M TIMING OF SURGERY

The optimal timing of surgery will depend upon the patient’s

overall medical condition and underlying diagnosis.

= Acute cholecystitis: Patients with acute cholecystitis, who
are surgical candidates, should undergo cholecystectomy
as soon as they are fully resuscitated, and the most
qualified surgeon is available. Early cholecystectomy
has been associated with improved patient outcomes
compared with interval cholecystectomy.

= Gallstone pancreatitis: Patients with gallstone
pancreatitis have a high risk of recurrence within
30 days of their attack and therefore should undergo
cholecystectomy during their index hospitalization after
their symptoms resolve.

= Obstructive jaundice: A history of pancreatitis or jaundice
raises the likelihood of common bile duct (CBD) stones.
Patientswithisolated obstructive jaundice with orwithout
cholangitis should either have their CBD cleared with
urgentendoscopicretrograde cholangiopancreatography
(ERCP) preoperatively or with cholangiography and
laparoscopic common duct exploration at the time
of surgery. If ERCP is successful, the patient should
electively be scheduled for cholecystectomy.

= Medical comorbidities: Identification of bleeding diatheses Q%( y

v ild elevations of their transaminases or mild CBD
ééiﬁyation on US.

and poor cardiopulmonary reserve will help to iden
patients who may not tolerate pneumoperito
or will have higher likelihood for conversi
operation. In patients with multiple co id

or acute medical problem, a trial of ti yith
consideration for a percutaneouswshol’&iostomy tube
with delayed laparoscopic choleé¥ ny in6-8 weeks
may be preferable. {9 0N/

N/}
4 Q)
B PREOPERATIVE |NVE$T|G*43§9N§

Apart from routine preoperative investigations, in fit patients,
the only investigations needed are ultrasound examination.
Although practiced in some centers, intravenous cholangio-
graphy may not be confirmative and is attended with the risk
of anaphylactic reactions.

pe

Laboratory Testing

Laboratory testing in patients being evaluated for acute
cholecystitis typically includes a complete blood count, liver
enzymes, amylase, and lipase.

Elevations in the serum total bilirubin and alkaline
phosphatase concentrations are not common in
uncomplicated cholecystitis, since biliary obstruction is
limited to the gallbladder; if present, they should raise
concerns about complicating conditions such as cholangitis,
choledocholithiasis, or Mirizzi’s syndrome. However, mild
elevations have been reported even in the absence of these
complications and may be due to the passage of small stones,
sludge, or pus.

For young, otherwise healthy patients with gallstones
but no evidence of pericholecystic inflammation or bile
duct dilation, additional preoperative laboratory testing
is not routinely necessary, unless a new clinical event has
occurred, such as significant pain, fever, or jaundice, or
the physical examination suggests that an abnormality
is present. An electrocardiogram or chest radiograph is
obtained as appropriate.

For patients with complicated biliary tract disease,
abnormal tests (e.g., liver function tests, amylase, and lipase)
should be repeated to serve as a baseline for postoperative
comparison. Coagulation tests are not routinely needed but
may be obtained, if there is areason to believe an abnormality
may be present.

Imaging

Ultrasonography (US) of the right upper quadrant
establishes th,e.??&nosis of gallstones or abnormalities
of the gallb r

all. The US may also demonstrate

CBD di ) s, or evidence of acute inflammation

of the I%lad,gi@g\fuclear cholescintigraphy may be useful
in, vg&fj& the diagnosis remains uncertain after US.

eti€resonance cholangiopancreatography (MRCP)

seful to evaluate the common duct in patients

Endoscopic Retrograde
Cholangiopancreatography

If a patient has a dilated CBD, CBD stones, or jaundice,
consideration should be given to a preoperative ERCP
with clearing of the stones followed by laparoscopic
cholecystectomy. In the absence of frank jaundice or
cholangitis, mild abnormalities of liver enzymes and/
or bile duct dilation may also be managed effectively
with intraoperative evaluation of the CBD, rather than
preoperative ERCP.

Patient Position

Patient is operated in the supine position with a
steep head-up and left tilt. This typical positioning of
laparoscopic cholecystectomy should be achieved once the
pneumoperitoneum has been established. The patient is
then placed in reverse Trendelenburg’s position and rotated
to the left to give maximal exposure to the right upper
quadrant.

Position of Surgical Team (Fig. 2)

The surgeon stands on the left side of the patient with the
scrub nurse-camera holder-assistant. One assistant stands
right to the patient and should hold the fundus-grasping
forceps.
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Tasks Analysis = Diagnostic laparoscopy
= Dissection of visceral peritoneum

= Dissection of Calot’s triangle

= (Clipping and division of cystic duct and artery

= Dissection of gallbladder from liver bed

= Extraction of gallbladder and any spilled stone

= Irrigation and suction of operating field

= Final diagnostic laparoscopy

= Removal of the instrument with complete exit of CO,
= Closure of wound.

= Preparation of the patient
= (Creation of pneumoperitoneum
= Insertion of ports

Port Location (Figs. 3A to C)

Surgeon

Four ports are used—optical (10 mm), one 5 mm, one 10 mm

operating, and one 5.0 mm assisting port. The optical port is

at or near the umbilicus and routinely a 30° laparoscope is

used. Some surgeons who have started laparoscopy earlier

are more comfortahle with 0° telescope. The laparoscope is

7, T inserted through’ m umbilical port and the abdominal

Second assistant cavity is explo, or any obvious abnormalities. The
assistant secondary, 1 placed under direct visualization

with the . The surgeon places a 10-mm trocar
in the li left to the falciform ligament at the
epi m: 5-mm ports, one subcostal trocar in the

i p?ﬂuadrant and another 5 mm trocar, lower, near
k i nterior axillary line, are placed.

Fig. 2: Position of surgical team.

Figs. 3A to C: (A) Ideal port position for laparoscopic cholecystectomy; (B and C) Port position of cholecystectomy.
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B LAPAROSCOPIC ANATOMY (FIG. 4)

Laparoscopic view of the right upper quadrant on first look
willdemonstrate primarily the subphrenic spaces, abdominal
surface of diaphragm, and diaphragmatic surface of the liver.
The fundus of the gallbladder can be seen popping from the
inferior surface of liver. The falciform ligament is seen as a
prominent dividing point between left subphrenic space and
the right subphrenic space. As the gallbladder is elevated and

Fig. 4: Topographic anatomy of gallbladder: (1) Gallbladder; (2) Cysti
artery; (3) Mscagni lymph node; (4) Proper hepatic artery; (5) Abdomi
aorta; (6) Portal vein; (7) Gastroduodenal artery.
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V§ gz;se of traction injury and bleeding from small vessels
X

retracted toward the diaphragm, adhesion to the omentum
or duodenum and transverse colon is seen.

Exposure of Gallbladder and Cystic Pedicle
(Figs. 5A to D)

A grasper is used through the right lower 5-mm trocar to
grasp the gallbladder fundus and retract it up over the liver
edge to expose the entire length of the gallbladder. If there
are adhesions to the gallbladder, they will need to be taken
down using blunt and sharp dissection. With the entire
gallbladder visualized, a second grasper is inserted through
the other right upper quadrant trocar to grasp the gallbladder
infundibulum and retract it up and to the right to expose the
triangle of Calot.

Careful evaluation of the anatomy reveals whether it
is partially intrahepatic, on a mesentery, or possesses a
Phrygian cap or szother odd shape. Hartmann’s pouch

should be ideni nd seen to be funnel down to continue
astubular st é@ cystic duct. Itis important to identify
Hartm arly, because most of the laparoscopic

surge #d divide the cystic duct, high on its
3‘; %artmann s pouch, rather than attempting
%e cystic duct’s junction with the CBD. Dissection
ction of cystic duct with the CBD increases the

A Mymphatic.

Figs. 5A to D: Proper traction for exposure of cystic pedicle.



Cystic artery can be seen, if attention is given, :
along the surface of gallbladder. A lymph node m
anterior to the cystic artery. The cystic ar
small artery that supplies the cystic duct. Th
avulsed and bleeds at the time of crea ndow between
artery and duct. This bleeding sto;%when t tcystlc duct is
clipped. P ’{

\N

Adhesiolysis (Figs. 6A to D)

Any adhesion should be cleared from the gallbladder. The
surgeon uses a dissector through the epigastric trocar to
tear the peritoneal attachments from the infundibulum. The
attachments are taken down from high on the gallbladder,
beginning laterally in order to help avoid injury to the
CBD. Sharp dissection may be carried out with the help
of scissors attached with monopolar current. At the time
of separating adhesion, surgeon should try to be as near
as possible toward gallbladder. The cystic pedicle is a
triangular fold of peritoneum containing the cystic duct
and artery, the cystic node, and a variable amount of fat. It
has a superior and an inferior leaf, which are continuous
over the anterior edge formed by the cystic duct (Fig. 7).
An important consideration is the frequent anomalies of
the structures contained between the two leaves (15-20%).
The normal configuration is for an anterior cystic duct
with the cystic artery situated posterosuperiorly and arising
from the right hepatic artery usually behind the CBD.

@\
&
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Fig. 7: Pledget can be used for adhesiolysis.

Dissection of Cystic Pedicle (Figs. 8A to D)

The dissection of the cystic pedicle can be carried out with
two-handed technique. The dissection should be started
with anteromedial traction by left hand grasper placed on
the anterior edge of Hartmann’s pouch. The anteromedial
traction by left hand will expose the posterior peritoneum.
The peritoneum of the posterior leaf of the cystic pedicle is
divided superficially as far back as the liver. Posterior leaf is
better to dissect before anterior leaf because it is relatively
less vascular and the bleeding, if any, will not soil the anterior
peritoneum; whereas if anterior peritoneum is tackled first, it
may make the dissection area of posterior peritoneum filled
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with blood making dissection of this area difficul ?h&
visceral peritoneum is dissected, a pledget moun
in a pledget holder is used for blunt dissecti

Critical View of Safety //T’I!‘s{;“

Anterior and posterior dissectior%;ntmuei‘ylth alternating
inferolateral and superomedial n;ﬁ( the neck until
the gallbladder is dissected away ﬁi&%ﬁe liver, creating a

“window” crossed by two structures—the cystic duct and
artery. This is the “critical view of safety (CVS)” that should be
achieved prior to clipping or dividing any tubular structures.

There is no need to dissect down to the cystic duct-CBD
junction unless the cystic duct is very short. The cystic artery
should be dissected in a similar fashion. Calot’s node, or the
cystic duct lymph node, is usually encountered adjacent and
anterior to the artery and can be a useful landmark.

The surgeon should be aware of certain anatomic
variations in order to avoid misidentification of structures.
A common anomaly is the right hepatic artery looping onto
the infundibulum and being mistaken for the cystic artery. A
short cystic ductis also seen quite frequently and could drain
into the right hepatic duct, the common duct, or a low-lying
aberrant right sectoral duct. In the presence of severe, acute,
or chronic inflammation, or with a large stone in the neck of
the gallbladder, the infundibulum may be “tethered” to the
hepatic duct, which may lead the surgeon to misidentify the
CBD for the cystic duct.

Figs. 8A to D: DISSG@

eparatlon of Cystic Duct
from Artery (Figs. 9A to D)

Once the cystic duct is visualized, the dissector can be used
to create a window in the triangle of Calot between the cystic
duct and cystic artery. This window should be created high
near the gallbladder-cystic duct junction to avoid injury to
the common duct.

The separation of the cystic duct anteriorly from the cystic
artery behind can be performed by a Maryland’s grasper by
gently opening the jaw of Maryland between the duct and
artery. The opening of the jaw of Maryland dissector should
be in the line of duct never at right angle to avoid injury of
artery behind. Sufficient length of the cystic duct and artery
on the gallbladder side should be mobilized so that three
clips can be applied.

The electrosurgical hook may be inserted into the
window and hooked around the cystic duct. With an up and
down movement, the hook is used to clear as much tissue as
possible from the duct nearer to the cystic duct-gallbladder
junction. Tissue that is not dissected free from the duct is
retracted by the hook away from all structures and is divided
using active cutting current. Depending on the length of the
duct, it is usually not necessary to dissect it all the way down
to its junction with the CBD. In a similar fashion, the hook
can be used to isolate the cystic artery for a length that is
adequate enough to clip it.



Figs. 9A to D: Cystic duct is separate

Clipping and Division of
Cystic Artery (Figs. 10A to D)
The cystic artery is clipped and then divid%7

A

ximall¥ on

rm.
scalpel (Figs. 101 and J). Two clips are place
the cystic artery and one clip is applie ally. The artery is
then grasped with a duckbill graspe#on. the Safibladder wall
and then divided between second % thicd clip.

h SN NS ;

Clipping and Division of '&""“‘”\“’;;
Cystic Duct (Figs. 10Eto L)

After isolating the cystic duct and artery, the clipper is
introduced through the epigastric port and at least two clips
are placed on the proximal side of the cystic duct. Care is
taken not to place the clips too low because retraction can
tent up the CBD or cause it to be obstructed. Another clip
is placed on the gallbladder side of the cystic duct, leaving
enough distance between the clips to divide it. In a similar
fashion, clips are placed on the cystic artery, two proximally
and one on the gallbladder side of the artery. The harmonic
scalpel are then used through the epigastric port to divide
the cystic duct and artery between the clips. Both the jaw of
scissors should be under vision.

Intraoperative Cholangiogram

(Figs. 11A and B)

In many institutions, routine intraoperative cholangiogram
(I0C) is performed. Routine cholangiogram decreases

S

&
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e,
(%

arte& creating a window.

é£k of CBD injury in case of difficult anatomy. If a

Qc langiogram is to be performed, the cystic duct is isolated

and occluded with a clip, which is placed high on the duct at
its junction with the gallbladder. This will avoid leakage of
contents from the gallbladder when the duct is opened. The
scissors are used to incise the duct.

The opening in the cystic duct is made on the
anterosuperior aspect. Correct alignment of the cystic
duct and infusion of saline facilitates insertion of ureteric
catheter to perform cholangiography. Insertion is difficult,
if the opening in the cystic duct is made too close to the
gallbladder. The dissector is used to spread the incision to
adequately dilate it for introduction of the cholangiogram
catheter. The catheter is introduced through one of the
5-mm port. It is secured by either inflating a balloon or
placing a clip to hold it in place. The catheter is then flushed
with saline to ensure appropriate placement. All instruments
are removed and a dynamic cholangiogram with real-time
fluoroscopy is performed. The contrast medium should be
injected slowly during screening and the patient should be
in a slight Trendelenburg’s position with the table rotated
slightly to the right. It is essential that the entire biliary tract
be outlined.

When the cholangiogram is completed, the catheter is
removed, and two clips are placed proximally on the duct.
The duct is then divided. Surgeon should ligate or clip
cystic duct when he is sure up to the point of absolute
certainness.
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The main advantages of intraoperative cholangiography = Delineation of the biliary anatomical variations at risk for
during cholecystectomy are: bile duct injury

= Detection of CBD stone

Intraoperative cholangiogram is a highly sensitive tool
= Reduction of the incidence of residual CBD stone for detecting choledocholithiasis, with an overall accuracy of

H
Figs. 10A to H
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Figs. 106’
Figs. 10A to L: Cystic duct a@ Iy

Figs. 11A and B: Intraoperative cholangiogram.
(CBD: common bile duct; CHD: common hepatic duct)

95%. Routine intraoperative cholangiography can diagnose With increased experience, successful laparoscopic IOC
unsuspected CBD stone in 1-14% (average 5%) of patients can be achieved in 90-99% of cases, a rate similar to that of
without indications for ductal exploration. I0C during open cholecystectomy.

The failure of laparoscopic IOC is due to:

» The narrowness of the cystic duct Intraoperative Ultrasonography

= Cystic duct rupture If there is any concern for choledocholithiasis (elevated
= Obstructive cystic valves bilirubin and dilated duct) or uncertain anatomy, the
= Impacted cystic stones CBD should be imaged intraoperatively. This should

= Dye extravasation from cystic duct perforation occur after the first clip is placed on the cystic duct. IOC
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or laparoscopic ultrasound (LUS) may be performed.
Many studies focused on the role of intraoperative US
in laparoscopic cholecystectomy. Intraoperative US
is technically demanding, but is as accurate as I0C
(88-100%) for screening CBD stone.

The advantages of intraoperative US over IOC are:
= Speedy

= Safer

= Multiple time use

= Economical

The greater sensitivity of intraoperative US examination
concerned mainly small stones or debris in the CBD.

The disadvantages of intraoperative US is that it is
impossible to provide extended views of the intrahepatic and
extrahepatic biliary tree, difficult to show passage of contrast
into the duodenum and to identify bile duct injuries.

Ligation of Cystic Duct

Although the majority of surgeons opt for clipping the cystic
duct, before dividing it, this technique, though quick, is
intrinsically unsound, as internalization of the metal clip
inside the CBD over the ensuing months is well documented.
Thereisreportofinternalization of clip and subsequent stone
formation after many years. The internalized clip becomes
covered with calcium bilirubinate pigment. For this reas%
to tie the cystic duct using a catgut Roeder external gli
N2

should be done.
\9
‘\\

hafé action on the

lIer es medial and
‘g ndibulum with

Dissection of Gallbladder
from Liver Bed (Fig. 12)
The assistant places continual

gallbladder fundus while the surg
lateral anteroposterior traction

Fig. 12: Separation of gallbladder from gallbladder bed.

the left hand grasper. The electrosurgical hook or harmonic
scalpel is used with cautery through the epigastric port to
dissect the gallbladder from the bed of the liver. Using a
grasper, the gallbladder is first retracted right to expose and
dissect the medial side of the attachment. The gallbladder
is then retracted to the left and the lateral side is dissected.
Using this back-and-forth action, the hook is used to dissect
the gallbladder off the bed from inferior to superior until it is
90% removed from the liver. Holding the remaining portion
of the gallbladder attached to the liver, the dissection bed
and the clipped structures are evaluated and any active
bleeding is stopped using heal of the hook or spatula.
Gallbladder should be separated from the liver
through the areolar tissue plane binding the gallbladder
to the Glisson’s capsule lining the liver bed (Fig. 13). The
actual separation can be performed with scissors with
electrosurgical attachment or electrosurgical hook knife.
Pledget can be’ s%&o remove the gallbladder from liver bed
once a good of dissection is found. Perforation of the
eparation is a common complication,
d in 15% of cases.
‘be careful at the time of dissection and if

&i\ iMz&€ of stone, each stone should be removed from
e&ﬁeal cavity to avoid abscess formation in future.
ctlon of Gallbladder (Figs. 14A to D)

e gallbladder is now freed from the liver and placed on
top of the liver. The patient is returned to the supine position
and the area of dissection and the upper right quadrant
are irrigated and suctioned until clear. The gallbladder is
extracted through the 11-mm epigastric operating port with
the help of gallbladder extractor. The specimen can also be
retrieved through the subxiphoid (epigastric) port site. We
generally prefer epigastric port for removal of uncomplicated
gallbladder. We feel that the subxiphoid site may be better
for specimen extraction, as the subxiphoid site has a lower
likelihood of hernia formation. Many surgeons use umbilical
port for withdrawal of gallbladder. The umbilical incision

9%

Fig. 13: Glisson’s capsule lining the liver bed.
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Fig. 15: Extraction of gallbladder by gentle pull from outside.

Y - 5

has no muscle layers and is easy to extend with minimal pain
and cosmetic sequelae. If gallbladder is removed through
the umbilical port, the laparoscope is placed through the
epigastric port and the gallbladder is visualized on the dome
of the liver. A large grasper with teeth is placed through the
umbilical port and used to grasp the gallbladder along the
edge of the clipped cystic duct stump. The gallbladder is
then exteriorized through the umbilical incision where it is
held into position with a clamp (Fig. 15).

CHAPTER 13: Laparoscopic Cholecystectomy

Fig. 16: Extraction of gallbladder by hiding the neck in cannula.

First, the neck of the gallbladder should be engaged in the
cannula and then cannula will withdraw together with neck
of gallbladder held within the jaw of gallbladder extractor
(Fig. 16).

Once the port with the neck of the gallbladder is out,
the neck is grasped with the help of a blunt hemostat and it
should be pulled out with screwing.

If gallbladder is of small size, it will come without much
difficulty, otherwise small incision should be given over the
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Fig. 19: Stone may be crushed to r%cigumg?f galibladder.
e

neck of the gallbladder and suction irrigation instrument

should be used to suck all the bile to facilitate easy withdrawal

(Figs. 17 and 18).

Sometimes big stones will not allow easy passage of
gallbladder and in these situations, ovum forceps should be
inserted inside the lumen of gallbladder through the incision
of its neck and all the stone should be crushed (Fig. 19).
When ovum forceps is used to remove the big stones from
the gallbladder, care should be taken that gallbladder should
be held loose to have room for forceps, otherwise it will
perforate and all the stone may spill out (Figs. 20A and B).

Extraction inside a bag is recommended as a safeguard
against stone loss and contamination of the exit wound
(Figs. 21 and 22).

Gallbladder Perforation during Laparoscopic
Cholecystectomy

During the dissection of the gallbladder, the laparoscopic
surgeon may enter the gallbladder inadvertently, causing

- .

Figs. 20A and B: Once the gallbladder is empty, gentle pull from
outside will facilitate its extraction.

spillage of bile and/or stones. The hole in the gallbladder can
be closed by incorporating it within the grasping forceps or
may be sutured closed to prevent further spillage. The bile
should be suctioned and irrigated. Bile spillage, when not
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Fig. 21: The spilled stone and torn gallbladder can be taken out with the
help of endobag.

accompanied by stone spillage and promptly evacuated, has
not been shown to increase postoperative infections.

Ending of the Operation

The instrument and then ports are removed. Telescope
should be removed leaving gas valve of umbilical port open
to let out all the gas. At the time of removing umbilical port,
telescope should be again inserted and umbilical port shoul
be removed over the telescope to prevent any entrapm

of omentum. The wound is then closed with sutur .
should be used for rectus and unabsorbable intra
stapler for skin. A single suture is used to clo

and upper midline fascial opening. Man
surgeons routinely leave this fascial d
Some surgeons like to inject local
site to avoid postoperative pain.
wound should be applied.

Since the first laparoscopic cholecystectomy was
performed, it has met with widespread acceptance as a
standard procedure using four trocars. The fourth (lateral)
trocar is used to grasp the fundus of the gallbladder so
as to expose Calot’s triangle. It has been argued that the
fourth trocar is not necessary in most cases. The three-port
technique is as safe as the standard four-port. The main
advantages of the three-port technique are that it causes less
pain, is less expensive, and leaves fewer scars. The three-
port cholecystectomy should be performed by experienced
laparoscopic surgeon because left hand movement is
very important in this surgery. Bimanual skill and correct
interpretation of anatomy is a must before proceeding for
this technique. Three-port cholecystectomy is possible by
the experienced laparoscopic surgeons.

arosc pic
out 1}l/ﬂefect
sthefic gent over port
\(Iresging over the

Mini-laparoscopic Cholecystectomy

Mini-laparoscopy uses instruments that are thinner
than the standard instruments (<3 versus 5-10 mm).

Figs. 22A and B: Extracted spilled stone and torn gallbladder.

These instruments@ either placed through special low-
friction trocars all diameters (2-4 mm). Although
mini-laparos
incisions
are s

C% ystectomy requires the same four
daoc olecystectomy, three of the incisions

\W refore less invasive to the patient. The
1cal incision has a standard size of 5-10
n%?w permits the use of a standard laparoscope
s&men extraction. About 10% of attempted mini-
rgscopic cholecystectomies require conversion, most
to standard laparoscopic cholecystectomy rather than

& pen surgery.

Laparoscopic Cholecystectomy
in Acute Cholecystitis

Impaction of a stone in the cystic duct will result in bile
stasis in the gallbladder. Acute cholecystitis results from
inflammation of the mucosa of the gallbladder, which may
secondarily become infected. This inflammation can then
evolve to hydrops of the gallbladder and gallbladder abscess.
Complications such as necrosis, perforation, phlegmon, or
peritonitis can result, if surgical intervention is not done in
timely manner.

In certain cases, acute cholecystitis can be acalculous,
especially in diabetic patients or in the immediate
postoperative period following other surgical interventions.
In the elective setting, a laparoscopic cholecystectomy has
become the standard of care; the laparoscopic approach
to acute cholecystitis remains controversial. In past
publications, acute cholecystitis was considered as a relative
or absolute contraindication to a laparoscopic approach. The
laparoscopic approach to acute cholecystitis is preferred in
practice by a large number of experienced teams. Nowadays,
laparoscopic approach is considered safe, if the intervention
is performed in a timely fashion. If laparoscopy is considered
in acute attack, a conversion rate of 20% demonstrates
that the procedure is only pursued when felt to be safe.
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Laparoscopic cholecystectomy can be done safely in the
setting of acute or gangrenous cholecystitis and should be
done as soon as possible to fall within the “golden period”
within 72 hours when edema is the primary manifestation
of the inflammation. If the patient presents in a delayed
fashion (>72 hours from onset of symptoms), the surgery can
be performed if there are no contraindications to an open
procedure, as conversion is a significant risk. In the face of
acute cholecystitis with multiple comorbidities, it may be
preferable to treat with intravenous antibiotics and possibly
percutaneous drainage, with subsequent laparoscopic
cholecystectomy 6-8 weeks later.
= Acute cholecystitis is distinguished from biliary colic by
the presence of at least two of the following signs:
¢ Right upper quadrant pain lasting for more than
24 hours
¢ Fever more than 37°C
e The presence of a palpable distended tender
gallbladder
o Elevation of the WBC count >11,000/mm?®
e Ultrasonographic findings demonstrating thickening
of the gallbladder wall > 4 mm
e Pericholecystic fluid collection in ultrasound
The studies have concluded that the ideal time for the

surgical intervention is within 48-72 hours of the appearanci

of symptoms.
Laparoscopic cholecystectomy, when performed ea@s
to reduction in:
= Operative difficulty «Q 0\
= Conversion rate ,&Q ‘é
= Operative time

One of the major determinin faCtors'}@ the gonversion
rate, an indicator of the actual iculty of;fhe procedure.
Numerous studies have demonst#ztcdia slgfuﬁcantly lower
conversion rate when the laparossﬂ?:m“?cholecystectomy
isperformed within the first 72hours of the onset of symptoms
as opposed to a delayed procedure after this period. In case
of an interval cholecystectomy following medical therapy,
it must be performed within a period of 8-12 weeks. It is
demonstrated that interval cholecystectomy is associated
with a higher morbidity rate than in early intervention.

Laparoscopic Cholecystectomy
during Pregnancy

There is a strong association between pregnancy
and gallstones. In the past, elective laparoscopic
cholecystectomy for symptomatic gallstones was deferred
as much as possible until after pregnancy. For patients with
severe biliary colic, however, waiting until after pregnancy
can lead to repeated hospitalizations and complications.
Laparoscopic cholecystectomy is relatively contraindicated
during pregnancy due to the potentially adverse side
effects on the fetus. However, when complications arise, a
surgical intervention becomes mandatory. This intervention

should be ideally performed during the second trimester
of pregnancy where the operative risks are considered
to be the lowest. Laparoscopic cholecystectomy during
pregnancy has been reported in many series of randomized
controlled trials, with no specific complications related to
the laparoscopic approach. When laparoscopic surgery
is performed in pregnant patients, the trocars need to be
placed higher in the abdomen due to the enlarged uterus.
The CO, insufflation should be kept at the lowest possible
pressure while maintaining an adequate working space. If
CBD imaging is necessary, LUS should be used in place of
IOC to limit radiation exposure.

Single Incision Laparoscopic Cholecystectomy
Single incision laparoscopic (SILS) cholecystectomy uses
one rather than multiple skin incisions for trocar placement.
Through asingle skin incision typically made periumbilically,
multiple trocm{% placed through one or more fascial
punctures. SI@ %en most widely used in gallbladder
surgeqw xtensively studied in comparison with
standay arpstopic cholecystectomy. Overall, SILS offers
littl Wer standard laparoscopic surgery. A 2017
q§ rsfs of 37 trials comparing SILS with conventional
ar pu, cholecystectomy showed that SILS is associated
ctter cosmesis, body image, and wound satisfaction
andfess postoperative pain, but a slightly longer operative
tite and a higher conversion rate. Additionally, the risk of
incisional hernia is four times higher after SILS than after

conventional laparoscopic cholecystectomy.

M POSTOPERATIVE CARE

Most of the patients can be discharged 6 hours after the
surgery or on the next day. The patient who has urinary
retention, prolonged nausea, more pain, or difficulty in
walking can be discharged after bowel sound. Three doses
broad-spectrum antibiotic should be administered. First
dose infused 1 hour before surgery, second and third
should be administered on consecutive days. Few patients
may complain pain over tip of shoulder after laparoscopic
surgery. This is due to irritation of diaphragm from CO.,.
Tramadol hydrochloride is advised in these patients. Most
of the patients are able to resume their normal day-to-day
activity within 48-72 hours after surgery. Generally, the
patient can return to their sedentary work within a week.
The patient should have no activity restriction unless the
umbilical incision was particularly large. Then, limited heavy
lifting for a few weeks is advisable. Most patients are able to
return to work within 1 week. Patients follow-up in clinic 2-4
weeks after their operation.

Postcholecystectomy Syndrome

Postcholecystectomy syndrome is a complex of hetero-
geneous symptoms including persistent abdominal pain



and dyspepsia that recur and persist after cholecystectomy.
In a prospective cohort study, only 60% of patients
reported complete relief of abdominal pain at 12 weeks
after cholecystectomy for uncomplicated symptomatic
cholelithiasis. Treatment for postcholecystectomy syndrome
is tailored to the specific cause of the symptoms. Diagnosis
of the underlying problem causing postcholecystectomy
syndrome usually requires imaging to look for retained or
recurrent stones or identify a bile duct leak, stricture, or
transection. This can be accomplished in most cases with
ultrasound and/or computed tomography (CT) scanning
followed by direct cholangiography or MRCP. MRCP
provides a noninvasive alternative to direct cholangiography
for evaluation of the biliary tract.

Robotic Cholecystectomy

Robot-assisted cholecystectomy has also been performed.
Compared with conventional laparoscopic cholecystectomy,
robotic cholecystectomy has not been found to be more
effective or safer than for benign gallbladder diseases but
incurs longer operative time and higher cost. The use of
robotic-assisted extended cholecystectomy for gallbladder
cancer is currently being evaluated.

Cholecystectomy by Natural Orifice
Transluminal Endoscopic Surgery

M

Transgastric or transvaginal cholecystectomy
performed with natural orifice transluminal e

C
surgery (NOTES). Compared with conve sug
NOTES offers true scarless chole ctomy, which
has the potential of minimizing %Twe batient
discomfort. However, as an emergitig te‘ghrii}}ogy, NOTES
still faces many technical cha ¢ rrently, the
transgastric cholecystectomy is no 10 erformed; only

a few international centers continue to offer transvaginal
cholecystectomy.

Liver

Gallbladder

Cystic duct

Common bile duct

O
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COMPLICATIONS OF LAPAROSCOPIC
CHOLECYSTECTOMY

Early Complications

= Common bile duct injury

= Bileleak

= Injury to viscera

=  Hemorrhage

= Retained stones and abscess formation.

Late Complications

= Biliary strictures
= Cystic duct clip stones.

Laparoscopic Cholecystectomy and
CBD Injury

Incidence of iatrogeb'(CBD injuryis 0.12% and 0.55% during
open and laparos cholecystectomy, respectively.

X
Commo eg&D Injury

. Misuair refafi pn of anatomy—70%
. &i 1ots
» %k @rs’
n operates on image rather than reality.
igual psychological studies have shown that
scopic surgeon works on snap interpretation by brain
success or disaster depends on whether snaps are right
orwrong. Snap interpretation will be wrong, if there is eyeball
degradation. Surgeon should not dissect the cystic duct,
if there is lack of initial identification and memory of key
structure to the point of absolute certainty (Figs. 23A and B).
Most important technical error is hilar bleeding and frantic
attempts are made to control bleeding by electrosurgery.
This frantic attack can catch the CBD and will be injured.
In case of bleeding, surgeon should first apply pressure
and if it does not stop, he should take suction irrigation

Gallbladder

Cystic duct

Tented common
bile duct

Figs. 23A and B: Testing of common bile duct.
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and atraumatic grasper to find out exact point of bleeding.
Electrosurgery should be used only when bleeding point is
identified.

Types of CBD Injury

Bismuth classification:
=  Type 1—CBD stump >2 cm
= Type 2—CBD stump <2 cm
= Type 3—hilar, right, and left duct confluence intact
= Type 4—hilar, separation of right and left ducts
= Type 5—injury to aberrant right duct + CBD injury

If complication of CBD injury is recognized intra-
operatively, reconstructive surgery should be performed
same time if surgeon has sufficient experience. For high
complete transaction, Roux-en-Y hepaticojejunostomy is
preferred. For lower complete injuries, primary suture repair
over T-tube is better but long end of T-tube must not be
exteriorized from same site. For partial injuries, insertion of
T-tube and Roux-en-Y serosal patch should be thought.

Strategy to Handle Complication
Recognized Postoperatively

= USG + ERCP + MRCP
= Fluid + electrolyte + systemic antibiotic

Variation in cystic artery
often encountered at the
time of laparoscopic
cholecystectomy

Double cystic artery; both from
normal right hepatic, one inside
and the outside cystic triangle

May originate from
intermediatte or left
hepatic artery

May cross anterior
to hepatic duct

%
%

May originate
from proper
hepatic artery

= Conservative treatment and biliary drainage for 6 weeks
by ERCP stent insertion or
= PTBD (percutaneous transhepatic biliary drainage), if
endoscopic stent application is not possible
= After several weeks: Reconstructive surgery
= Roux-en-Y choledocoduodenostomy or hepato-
jejunostomy
All the variation of cystic duct and artery should be
memorized to avoid inadvertent injury of CBD.
The variation in cystic artery and hepatic duct is shown
in Figures 24Ato D.

How to avoid injury?
= Tryto memorize initial anatomy of Calot’s triangle
= A large distended gallbladder should be aspirated and
lifted rather than grasped
= Anterolateral traction is better than fundus pull to avoid
tenting of CB
= Avoid meti@s dissection by energized instrument
e ization through pledget
et ent of gallbladder from liver bed,
e of adipose tissue
ririgation frequently.
n of the CBD should always be kept in mind at the
issection to avoid injury.

Double cystic artery, both

from aberrant right hepatic.
One inside and one outside
cystic triangle

May originate
from gastroduodenal
artery

May cross anterior
to common bile duct

Figs.24A and B



May originate in cystic triangle from aberrant
right hepatic artery (from superior mesenteric)

Superior mesenteric
artery
Low union with common Adherent to common
hepatic duct hepatic duct

CHAPTER 13: Laparoscopic Cholecystectomy SESK]

May originate outside cystic triangle
from aberrant right hepatic artery

A

May cross anterior

to hepatic duct

High union with common
hepatic duct

Anterior spiral joining common Posterior spiral joining common
hepatic duct on left side hepatic duct on left side

Figs.24Cand D

Figs. 24A to D: Variation in cystic artery and hepatic duct.

LAPAROSCOPIC CHOLECYSTECTOMY WITH
REAL-TIME NEAR-INFRARED FLUORESCENT
CHOLANGIOGRAPHY

Sometimes, there are certain mistakes that can happen
during laparoscopic cholecystectomy procedure. The
most common mistake is usually the misidentification of
the extrahepatic bile duct anatomy, which can lead to bile
duct injury. At World Laparoscopy Hospital, now we have
started using indocyanine green (ICG) during laparoscopic
cholecystectomy (Fig. 25). However, there is something that
can be down about the mistake, or basically, the mistake
can be avoided. In order to avoid the mistake, it requires
the doctor to use a technique or tools that will enhance
or promote the easier recognition of the biliary anatomy

decvirice e ICG given IV
b gt (KD 45 minutes
before surgery

Fig. 25: Indocyanine green (ICG) used in
laparoscopic cholecystectomy.
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in the intraoperative procedure by use of near-infrared
fluorescence cholangiography or imaging.

According to various studies on the use of the near-
infrared cholangiography in laparoscopic cholecystectomy,
the report showed that there was positive and successful
intraoperative identification of the extrahepatic bile ducts.
This reduced the likelihood of causing an injury to the bile
ducts. This is, however, unlike the conventional imaging;
whose results are usually not highly successful.

Understanding Laparoscopic Cholecystectomy

Laparoscopic cholecystectomy is one of the most performed
procedures in various countries. The procedure itself
is usually associated with bile duct injury due to a poor
intraoperative identification of the extrahepatic bile ducts.
However, that complication is usually rare and actually it is
associated with an incidence of 0.3-0.7%. However, it should
be noted that when the mistake happens and there happens
to be a bile duct injury, it can lead to various complications
such as lower quality oflife, morbidity, and mortality that are
clinically relevant, and extra costs.

Often an injury to the bile duct leads to leakage of bile
and abdominal sepsis, which can lead to the obstruction
or blockage of bile duct with obstructive jaundice. This will
eventually lead to orthotopic liver transplantation.

This complication should be detected as early as po -
however, if itis detected when it is late or hasreally e
it can be difficult to manage the bile ducts injuri Ze
will have caused severe damage, which pr t @ary
peritonitis, multiorgan failure, sepsiskand tuall%eath.
Therefore, you need to understan d ¥z ~+his 1S a_condition
that can be fatal, if not detected lﬁj mana%‘él early enough.
As earlier mentioned, the intrao & fige,mi iclentification of
.th.e bile ducts anatomy is usually ths%)giﬁ%ause of bile ducts
injury.

Fluorescence cholangiography can help to reduce the
risk of the bile duct, by helping to improve the orientation of
the anatomy during laparoscopic cholecystectomy (Fig. 26).

C

Fig. 26: Indocyanine green fluorescence cholangiography.

When the doctor can identify the relevant anatomical
structure, he is able to perform the operation easily without
making any mistakes that can be costly and fatal to the
patient. However, given this advantage, the procedure is yet
to be adopted across the globe due to several reasons. One
of the reasons is that the procedure takes times, involves
exposure to radiation, and requires additional practitioners.
Additionally, the ability to clearly identify the relevant
anatomical structure or interpret an IOC clearly to some
extent depends on the expertise of the surgeon.

Understanding Real-time Infrared
Cholangiography

On the other hand, real-time infrared fluorescent
cholangiography required is often performed after the
intravenous injection of ICG is viewed as a better and new
technique for edsjer recognition of the biliary anatomy
(Fig. 27). Oned a\XXposed to radiation and the procedure
does not re angadditional manpower. This makes it
easy a %—time and a flexible technique to use
durin rk%rosyzg ic cholecystectomy. Since the procedure
is af peevide real-time visual or identification of the bile

the outcome of the surgery can be

@r vant anatomy,
&lpr leading to almost 100% success rates in various
b1 LS

. #¥ccording to a clinical study, results showed that
inirared cholangiography provided an improved and real-
time identification of the extrahepatic bile ducts during
the phase of CVS dissection. The identification was faster,
in fact, up to 10 minutes of earlier identification of the
cystic duct and the CBD was recorded. One of the best
things about this procedure is that the liver is able to
quickly and exclusively clear ICG that is often intravenously
administered before the technique is put into action.
Still, according to the clinical study, it was established that
the real-time identification of the hepatic and cystic arteries
was obtained after a repeated dose of intravenous injection
of ICG.

Fig. 27: Recognition of the biliary anatomy.



Indocyanine Green

Indocyanine green is also known as the fluorescent
dye. As earlier mentioned, the liquid is usually injected
intravenously; it is actually the one that helps to light the path
for better and real-time identification of the biliary anatomy
during the laparoscopic cholecystectomy.

The near-infrared fluorescent cholangiography is usually
performed using, as its name goes, a fluorescent imaging
system that is usually used together with a laparoscope. The
system must have a lighting system that provideslight for both
infrared and xenon rays. To perform this cholangiography
technique, the ICG must be administered at least 45 minutes
before the procedure. This dye has been used for quite some
time now, in fact, since 1956. Today, it is widely being used
in almost every hospital for surgical and various clinical
purposes.

Indocyanine green is able to provide better visualization
of the biliary anatomy when it is illuminated by the infrared
light, which makes it manifest fluorescence. When this
happens the practitioner is able to clearly and in real time
identify all the relevant biliary anatomy, thus enabling one
to perform laparoscopic cholecystectomy better without
causing injury to the bile ducts.

Therefore, ICG acts as an imaging agent, which is sterile,
water-soluble, and has a peak spectral absorption averacrln
at 805 nm in blood plasma or simply the blood. Smce
exclusively eliminated by the liver, it does not
enterohepatic recirculation. It only stays in the bil b%
8 minutes after injection. The removal of G I
several factors, including the blood ﬂow of vert, blhary
excretion, and parenchymal cellular fuﬁéﬁ@

Sometimes, fluorescence may ngithe detecs (}i 45 minutes
after the injection of ICG. Theref v@en;;;hls happens,
the second dose of 2.5 mg of ICé“ 38 administered
intravenously also. A second injection of ICG can also be
given if there is anything regarding perfusion that cannot be
clearly understood during the surgery.

Exploration of the Biliary Anatomy

Practitioners always report their experience with real-time
near infrared cholangiography using ICG. Most of the times
when it comes to laparoscopic cholecystectomy, feasibility
and safety of the technique are usually well reported.

The reports are quite interesting when it comes to robot
single-site cholecystectomy (RSSC) where the ICG is still
administered before the surgery and the biliary anatomy
can be analyzed before any dissection is made. This is quite
different for cholangiography requiring extensive dissection
of the cystic duct. Therefore, using ICG during RSSC can
help to analyze the extrahepatic biliary anatomy better and
this could help to reduce the bile duct injury due to the
misinterpretation of the biliary anatomy. However, there are
no data to prove this statement.

o
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Other Advantages of Real-time Near-infrared
Fluorescent Cholangiography

Near-infrared fluorescent cholangiography improves the
ability to analyze and identify the relevant biliary anatomic
structure in a quick manner; therefore, it can help to
reduce the time used in performing the procedure. Quicker
assessment of the extrahepatic biliary anatomy is what is
needed duringlaparoscopic cholecystectomy. The technique
is usually able to shorten the operative time due to the fact
there is no need to bring on board additional equipment and
manpower, especially the radiology personnel for an X-ray.

The technique also serves as a good teaching tool
for practitioners who are able to identify the relevant
extrahepatic structures in almost every patient. This helps
them become more experienced with the procedure, which
makes it easier for them to perform future procedures.

The technique Wpes not require any X-ray, therefore,
no one is expos radiation. The ICG that is used is
usually safe a t cause any adverse reactions in
patients. % cl %?;premoved by the liver even before
it under enmﬁcpatm recirculation. It is also a cost-

% qﬁe that can help the patients to save some
1e7that would otherwise have been used, if the

m%?was not used
'oWever, near-infrared fluorescent technique comes
ome limitations. The common one is that it lacks the
ndardization of the fluorescence imaging systems. This is
quite a drawback for this technique because standardization
is needed for the determination of the objective assessments
during any fluorescence-guided surgerylike the laparoscopic
cholecystectomy. The differences in fluorescence cholangio-
graphy make it difficult for the comparisons between
fluorescence cholangiography studies.

B CONCLUSION

The real-time near-infrared fluorescence cholangiography
is new and better technology that can help with the
identification of the vital biliary anatomy. Several studies
have been done on the technique and have been proven to
be good for laparoscopic cholecystectomy. It helps to reduce
the risk of the bile duct injury by proving clear vision of the
vital extrahepatic structures. The reduced risk helps to avoid
various complications that can arise from the injury of the
bile duct, which sometimes can be fatal to a patient.
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