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Staying safe with laparoscopic cholecystectomy: the use of
landmarking and intraoperative time-outs
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Introduction

Laparoscopic cholecystectomy is one of the most common
procedures in General Surgery. Devastating complications
of laparoscopic cholecystectomy include vascular and bile
duct injury. Bile duct injury is an especially serious and
potentially life-threatening complication that occurs at a
reported rate of 0.08-1.5% (1-4). Vasculobiliary injuries
can be prevented by following an algorithmic approach to
laparoscopic cholecystectomy. At our institution, we have
devised a culture for safe laparoscopic cholecystectomy
designed around two principles: landmarking and
intraoperative time-outs to determine if it is safe to
progress. This standardized approach and decision tree have
been helpful in promoting safe completion of laparoscopic
cholecystectomies even in the most challenging cases (5).
We have disseminated this approach to safe laparoscopic
cholecystectomy to several divisions of General Surgery in
our region through educational rounds. The purpose of this
manuscript is to describe our clinical pathway and highlight
the art we have developed to illustrate the algorithmic
approach. These educational materials may be valuable tools
for the broader community of General Surgeons to promote
a culture of safety for laparoscopic cholecystectomies.

Intraoperative Time-out #1

The first intraoperative timeout aims to set the surgeon
up for safety. This involves thorough landmarking of
relevant structures and assessing the need for maneuvers

to optimize exposure before starting dissection. We believe
a commitment to diligent intraoperative planning and
setup will render even the most difficult laparoscopic
cholecystectomy facile to approach with safe and
reproducible results.

There are several anatomic features that should be
identified in all cholecystectomies to help orient the
surgeon. In our institution, these landmarks are the fundus
of the gallbladder (which may be the only immediately
identifiable structure), the porta hepatis, the duodenum,
the sulcus of Rouviere, the cystic plate, the hilar plate, the
umbilical fissure, and the inferior boundary of dissection,
which we also refer to as the Line of Safety (6). Another
widely used approach is the B-SAFE landmarks; the bile
duct, the sulcus of Rouviere, the left hepatic artery pulsation,
the umbilical fissure, and the duodenum (Enteric) (7).
According to expert consensus, the most important
landmark to identify prior to dissection is the sulcus of
Rouviere (8). The Sulus of Rouviere is a reliable landmark
present in 83% of patients undergoing laparoscopic
cholecystectomy and located superior to the common
bile duct in 79% of cases (9,10). The Line of Safety is a
theoretical line drawn through the Sulcus of Rouviere to
the junction of the cystic and hilar plates (11). The sulcus of
Rouviere corresponds to the right posterior portal pedicle
in 70% of cases, while the junction of the cystic and hilar
plate approximates to the location of the right anterior
portal pedicle (12). When dissection is performed only
above the Line of Safety, dangerous dissection around the
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common bile duct is avoided and bile duct injury may be
prevented (11). The importance of a systematic approach to
landmarking, which should include the Sulcus of Rouviere,
is echoed by experts who report that 76.2% of bile duct
injuries can be attributed to misidentification of the local
anatomy (8).

Next, the gallbladder must be securely grasped to achieve
proper retraction and visualization of the cystohepatic
triangle (8). With the patient positioned in reverse
Trendelenburg with slight upward tilt of the right side,
the lateral aspect of the gallbladder fundus is grasped and
reflected towards the patient’s right shoulder. Hartman’s
pouch is retracted towards the patient’s right hip to splay
out the cystohepatic triangle for dissection. In the setting
of acute cholecystitis, it can be difficult to securely grasp a
distended, tense gallbladder. In such circumstances, it may
be necessary to decompress the gallbladder by inserting
a trocar directly into the gallbladder lumen to suction its
contents in a controlled fashion, thereby minimizing bile
spillage and contamination.

Once adequate retraction is achieved, the cystohepatic
triangle is evaluated for overlying inflammation and fibrosis.
The peritoneum overlying the cystohepatic triangle has
been termed the “Shield of McElmoyle” (13). Hostile, stiff,
and inflamed tissue in this region should alert the surgeon
to the potential for biliary injury. If it is unsafe to dissect
through the Shield of McElmoyle, we recommend “top-
around” mobilization of the gallbladder or opening the
gallbladder for controlled removal of stones (5). The top-
around approach begins with dissection above the Line
of Safety, along the medial border of the gallbladder. The
plane is developed in a counter-clockwise fashion between
the gallbladder fundus and cystic plate. This approach, by
definition, begins above the biliary pedicles and dissects
away from them before stopping the dissection above the
Line of Safety on the lateral side of the gallbladder. From
the fundus, the plane is extended towards Hartmann’s pouch
until the gallbladder is separated from the gallbladder fossa.
An alternative approach is to open the gallbladder and
extract stones in a controlled manner. The Line of Safety
may be used as a landmark above which it is safe to open the
gallbladder to remove stones and visualize the cystic duct
orifice from inside the gallbladder (6,11).

Intraoperative Time-out #2

The second intraoperative time-out serves to determine if

the critical view of safety (CVS) has been achieved.
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The CVS stipulates that the lower third of the
gallbladder is dissected away from the cystic plate, the
cystic triangle is cleared of fibrofatty tissues, and that two
and only two structures (cystic duct and cystic artery)
are visualized entering the gallbladder. These criteria are
satisfied with anterior and posterior views (doublet view)
(8,11). If the CVS cannot be obtained due to a hostile
cystohepatic triangle, the safe alternative is to pursue a
subtotal cholecystectomy to prevent bile duct injury (5,8).

Subtotal cholecystectomy involves removal of the distal
portion of the gallbladder, in order to avoid the need for
dissection of a hostile cystohepatic triangle. It is classified
as fenestrating or reconstituting depending on whether the
gallbladder remnant is left open or closed (14). Subtotal
fenestrating cholecystectomy involves leaving a lip of
proximal gallbladder tissue, containing the cystic duct
orifice, open, and placing an external drain in the gallbladder
fossa (14). It is associated with a higher incidence of
postoperative biliary fistula, compared to the reconstituting
type (14). Subtotal reconstituting cholecystectomy involves
closing the proximal gallbladder remnant using endoloop,
staples, or sutures, or closing the cystic duct orifice from the
inside using a purse-string suture (14). This technique may
be associated with reformation of gallstones and a higher
recurrence of symptomatic cholelithiasis, which may require
re-operation (15).

A last resort would be to convert from laparoscopic to
open approach. The decision to convert is made on the
basis of ensuring patient safety. Conversion to open surgery
should be rare, published rates are as low as 2.6% due to
worse cosmesis, longer hospital length of stay and recovery,
and possibly increased post-operative complications such as
pneumonia and wound infection (16-18). However, it may
be the safest or best option in several situations. The most
common intraoperative findings that prompt conversion to
an open procedure are inflammation, adhesions, and unclear
anatomy (16). Moreover, in cases where it is difficult to
control bleeding, opening can be a safe and quick way of
gaining control, rather than deploying excessive clips or
sutures dangerously and imprecisely if the bleeding cannot
be easily controlled laparoscopically. If the gallbladder
is gangrenous and cannot be completely removed
laparoscopically, the procedure must be converted to open
to remove all necrotic tissue. Laparoscopic cholecystectomy
remains the gold standard for most cases.

Clips may only be deployed once the CVS is achieved.
The dissected cystic duct and artery should be clipped with
6 mm clips. If larger clips are required, the surgeon should
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be able to justify the reason for enlarged cystic structures,
such as gallstone pancreatitis and choledocholithiasis. If
the surgeon is unable to clearly identify a cause for dilation
of the cystic structures, an intraoperative consult from
a hepato-pancreato-biliary (HPB) surgeon or another
experienced surgeon is recommended. If a HBP specialist
or experienced colleague is not imminently available, a
telephone or virtual consult can be sought. This serves as an
additional safety check as larger clips or other methods such
as staplers are commonly associated with bile duct injuries
in our experience.

In addition to limiting clip size in the absence of clear
indications, the number of clips used should follow “The
Six Hemoclip Rule”, which states that a structure in the
cystohepatic triangle requires no more than three clips:
two clips placed on the staying side and one clip on the
specimen side (19). Therefore, a total of six clips is all that
is usually needed. Expert consensus recommends against
excessive, unnecessary clipping (8). If a total of more than
six clips is required, exception to the rule should be justified
by examining for evidence of anomalous biliary or vascular
anatomy, using intraoperative cholangiography (I0C) or
near-infrared fluorescent cholangiography (NIRF-C). At
our institution, IOC is our navigational modality of choice
as it is readily available and does not require pre-operative
administration of indocyanine green dye for optimal
imaging (20). If anomalous anatomy is not identified, an in-
person, telephone, or virtual intraoperative consult from a
HBP surgeon is again advised. After ensuring the CVS is
achieved and that appropriately sized clips are intentionally
placed, the surgeon can then proceed to divide the two
structures between the clips, completing the laparoscopic
cholecystectomy.

Conclusions

In summary, laparoscopic cholecystectomy is a common
procedure that carries with it a risk of devastating
complications. Following a standardized approach and
decision tree can help keep patients safe from bile duct
injury. Several guiding principles should be taken into
account for every laparoscopic cholecystectomy. These
include landmarking, consideration of gallbladder
decompression, maneuvers to facilitate clearance of the
cystohepatic triangle, delineation of the CVS, consideration
of imaging modalities as IOC and NIRF-C, as well as bail-
out options including top-around approach and subtotal
cholecystectomy, and conservative use of clips with respect

© Art of Surgery. All rights reserved.

Page 3 of 4

to size, number, and placement. The algorithm outlined
in this manuscript has been presented in the form of an
infographic that we have developed for rapid and eye-
catching knowledge dissemination. The interested reader
can find this in Appendix 1. Our goal is to foster an
approach to laparoscopic cholecystectomy wherein even the
most difficult cases can be performed safely and confidently.
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Supplementary

Safe Laparoscopic

Cholecystectomy

TIME-OUT #1: Landmarking and Operative Planning

STEP 1: Landmark
. Gallbladder fundus,
. Porta hepatis
. Duodenum
. Sulcus of Rouviere
. Cystic plate
Hilar plate
. Umbilical fissure
. LINE OF SAFETY

STEP 2a: Safety Measures I I I B
ST.

Does the gallbladder need decompression to ’
JOE’S
be grasped?

No J~ Yes Decompress gallbladder

STEP 2b: Safety Measures
Is the cystohepatic triangle hostile (Shield of Consider maneuvers
McEimoyle)? above LINE OF
SAFETY:

e Top-around
mobilization of
gallbladder fossa

e Opening gallbladder

STEP 3: Critical View of Safety for controlled
Has critical view of safety been achieved? removal of stones
e Lower % gallbladder dissected from
cystic plate
e Cystohepatic triangle cleared
e Two and only two structures entering
gallbladder Subtotal
e Doublet view cholecystectomy:

e Reconstituting
Yes [~ No e Fenestrating

oQ "0 Q0 T

STEP 4: _Cllp Size N Clearly justify (gallstone
Am | only using 6mm clips* pancreatitis,
choledocholithiasis),
ves J‘ No consider 10C, NIRF-C,

STEP 5: Number of Clips or intraoperative consult

Am | using more than six clips? Clearly justify

No Yes (ana_tomical anomaly),
17 consider IOC, NIRF-C,
STEP é: Clip Placement or intraoperative consult
Place one clip on specimen side and two - - )
q A . 10C (intraoperative cholangiography)
clips on staying side NIRF-C (near-infrared )

*INDICATIONS FOR: Conversion to Open Approach
Extensive adhesions, unclear anatomy, difficulty controlling bleeding (do not fire clips blindly or without clear anatomy),
gangrenous gallbladder that cannot be completely removed laparoscopically
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