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Summary
Background Since implementation of the laparo-
scopic approach for removal of the gallbladder in the
early 90s, a shift in numbers from open cholecys-
tectomy (OC) to laparoscopic cholecystectomy (LC)
has been observed. Despite initial reservations, LC
has become the most favoured technique in the past
3 decades. Consecutive technical improvements sup-
port this trend. Considering this development, the
question regarding the relevance of OC nowadays
inevitably arises.
Methods This study represents a literature review per-
formed in PubMed.
Results Laparoscopic cholecystectomy has evolved to
be the leading technique for cholecystectomy. This
technique has become well established in elective as
well as in acute indications. However, concomitant to
increasing numbers of performed LC, the proportion
of performed OC is declining, leading to a decreas-
ing expertise and a lack in training in OC nowadays.
However, in complex situations, when the operation
strategy has to be changed to maintain patient safety,
conversion to OC is the most common strategy.
Conclusion Owing to past and current developments,
open cholecystectomy can hardly be assumed to be
common surgical knowledge anymore. Hence, OC as
bail-out strategy in cases of intraoperative difficulties
must be critically evaluated. From this point of view,
alternative patient management and treatment con-
cepts should be considered to maintain patient safety.
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Abbreviations
BDI Common bile duct injury
CVBI Combined vasculobiliary injury
ERCP Endoscopic retrograde cholangiopancre-

aticography
ICG Indocyanine green
LC Laparoscopic cholecystectomy
LSC Laparoscopic subtotal cholecystectomy
OC Open cholecystectomy
OR Odds ratio
RR Relative risk

Surgical removal of the gallbladder has a history of
nearly 140 years—a period allowing for technical pro-
gression with most advances in the past 30 years, when
minimally invasive surgery became implemented in clinical
routine. This article addresses current developments and
limitations regarding cholecystectomy, reflected against
a historical background.

Introduction

In 1882 Carl Langenbuch was the first to perform
a cholecystectomy. The implemented technique rep-
resented the standard surgery for indications like
gallstones, polyps, acute and chronic cholecystitis,
as well as for carcinoma of the gallbladder, for more
than 100 years.

In 1985 Erich Muehe performed the first laparo-
scopic cholecystectomy in Boeblingen, Germany. At
this time, he and his technique didn’t receive much at-
tention. Phillipe Mouret of Lyon and Francois Dubois
of Paris, France, adapted this approach in 1987 and
1988, respectively, and popularized it in the surgical
society [1].
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Despite initial scepticism and rejection of this
new technique, surgeons began to recognize the
advantages of the laparoscopic approach and it be-
came widely implemented in the early 90s. In 1993
a National Institute of Health consensus officially
approved this technique for all patients with symp-
tomatic and asymptomatic gallstones [2].

Operative skills and perioperative management
have been developing ever since. Nowadays, laparo-
scopic cholecystectomy seems to be feasible not only
in uncomplicated cholelithiasis, but also challenges
cholecystectomy in complex patient situations. Al-
though the Society of American Gastrointestinal and
Endoscopic Surgeons claimed acute cholecystitis to
be a relative contraindication for laparoscopic chole-
cystectomy in 1993 [3], the laparoscopic technique
has evolved into the most favoured method for this
indication these days.

A 2015 published meta-analysis compared 677 pa-
tients treated with laparoscopic cholecystectomy (LC)
and 697 patients treated with open cholecystectomy
(OC) for acute cholecystitis regarding postoperative
morbidity. The results revealed a benefit for patients
with LC in terms of a reduction of the overall mor-
bidity rate by nearly half (OR= 0.46) compared to
OC. In detail: postoperative wound infection rate
(OR= 0.54), postoperative pneumonia (OR= 0.51) and
also postoperative mortality rates (OR= 0.2) were re-
duced. The conversion rate ranged from 9.5–35.5%
(mean 20.87%). Coccolini et al. found no significantly
higher incidence of biliary leakage or intraoperative
blood loss. They also did not observe prolonged oper-
ative times and the postoperative hospital stay in the
LC group was reduced. Taken together, these results
plead for a laparoscopic attempt in acute cholecystitis
[4].

The Tokyo Guidelines from 2018, in their third re-
vision, classify acute cholecystitis into three severity
grades with different appraisals of laparoscopic feasi-
bility. Compared to the 2007 revision, the 2018 ver-
sion also recommends LC in grade III cases, with the
severest inflammatory alterations in the cystohepatic
triangle, if certain conditions are met [5].

Because of frequently present comorbidities, LC in
elderly patients had been avoided so far. Stress of
the capno-peritoneum or possible extended operation
times have been mentioned among other reasons for
why OC was favoured.

A 2013 published meta-analysis including 2 ran-
domized and 11 observational studies with 101,559
patients compared the outcome of patients age 65
and older regarding postoperative morbidity, cardiac
and respiratory complications, and mortality, and
displayed a beneficial trend for laparoscopic surgery
compared to open surgery (OR 0.44, 0.55, 0.55 and
0.24, respectively). Morbidity data from the 2 RCTs
including symptomatic cholecystolithiasis and acute
cholecystitis clearly indicate a trend in favour of the

laparoscopic approach, although statistical signifi-
cance could not be reached [6].

Gad et al. showed that LC is practicable even in cir-
rhosis according to Child–Pugh stage, with conversion
rates of 0–17% in centres experienced in perioperative
management of such patients [7]. Also, growing exper-
tise in laparoscopic common bile duct explorations
can be registered. There have been reports that even
management of type II Mirizzi syndrome seems prac-
ticable laparoscopically [8].

This demonstrates that the limits of feasibility of
the laparoscopic technique have not yet been set.

Regarding all these advances, the supreme goal is
to improve patient safety and morbidity.

Safety

Compared to open surgery the laparoscopically op-
erating surgeon is challenged by the lack of intraop-
erative tactile perception. Another challenge can be
found in the reduction of the stereoscopic vision to
a two-dimensional image and, consequently, a sus-
ceptibility to optical illusions and misinterpretation
of depth.

Way et al. analysed 252 laparoscopic bile duct in-
juries and claimed that 97% of errors that had led to
bile duct injury were caused by visual perceptual illu-
sion and not due to faults in technical skills, knowl-
edge or judgment [9]. This study was conducted in
the pre-3D imaging era, whereas nowadays, 3D la-
paroscopy is available in many centres. To evalu-
ate the possible benefit of this technical evolution,
Schwab et al. randomized 112 elective patients be-
tween conventional and 3D laparoscopic cholecystec-
tomy. They could show that the 3D view reduced op-
erative time in complex cases and also the number of
gallbladder perforations [10]. A Korean group stud-
ied possible differences between 3D LC and 2D LC
in acute cholecystitis and found no significant differ-
ences between the groups in terms of conversion rate
or blood loss, but did in terms of operation time and
postoperative stay (54.88± 28.68 vs. 86.31± 35.07 min
and 5.71± 4.75 vs. 6.99± 6.79 days, respectively) [11].
A publication addressing the question of whether 3D
LC improves the rate of bile duct injuries by reducing
visual misperception remains outstanding.

Among the technical complications, common bile
duct injuries (BDI) are those most serious [12]. De-
spite growing experience in laparoscopy, improve-
ments in operative skills and technological advances
in optical and surgical devices, bile duct injuries
occur nearly twice as frequently in patients with la-
paroscopic cholecystectomy than in those with open
surgery [13]. Also, the pattern of bile duct injuries
seems to be different to that in open surgery. Com-
plex injuries (e.g., central injuries, thermal injuries
or complete transections) represent one third of bile
duct complications. Combined vasculobiliary injuries
occur in nearly one out of four bile duct injuries [14].

K The complicated gallbladder—is old-school treatment an alternative? 115



main topic

Fig. 1 Safety strategies:
a dissection above the sul-
cus of Rouvière, b Stras-
berg’s critical view of safety
(CVS); bail-out strategies:
c “fundus first” technique,
d conversion to open chole-
cystectomy; e subtotal
cholecystectomy: the gall-
bladder remnant can be left
open or closed with suture

Prevention of bile duct injuries

To prevent bile duct injuries or combined vasculobil-
iary injury (CVBI), Strasberg et al. proposed a concept
under the term of “critical view of safety” (CVS), which
should be achieved when performing the “infundibu-
lar” attempt of LC. This approach includes the metic-
ulous dissection of all fatty and fibrous tissue in the
triangle of Calot, visualisation of the posterior liver
bed by separating the lowest part of the gallbladder
from the cystic plate and identification of only two
tubular structures entering the gallbladder [15]. Dis-
section above the Rouviére’s sulcus and a short time-
out and re-evaluation of anatomical structures before
transecting were additionally claimed by the Delphi
consensus to reduce BDI [16]. If these requirements
cannot be fulfilled, a bail-out strategy should be con-
sidered to minimize the risk of BDI or CVBI (Fig 1).

Bail-out strategies

One bail-out strategy is represented by changing to
the “fundus first” technique, where the separation of
the gallbladder begins at the fundus. By following the
cystic wall, the cystic duct will be identified as the
remaining structure leaving the gallbladder (Fig 1c).

The most frequently used strategy to overcome
a critical situation or to prevent major complication
in the case of intraoperative difficulties in LC is con-
version to open surgery. The haptic feedback and
the possibility of applying local pressure to control
bleedings makes this strategy suitable in any difficult
cases (Fig 1d).

In fact, in the early years of LC, a low threshold for
conversion to improve patient safety and prevent se-
vere complications was demanded. A problem of this
approach is that with increasing skills of surgeons in
LC, training in open cholecystectomy decreases con-

comitantly. This is revealed in a questionnaire survey,
where only 17.5% of expert surgeons in Taiwan, Japan
and South Korea declared that conversion made the
surgery easier [17]. This evaluation mirrors a common
development among surgeons, reflecting a general de-
crease in training and skills to perform OC, despite
an overall increase of performed cholecystectomies in
the US. In the period from 2010 to 2018, the numbers
of performed LC increased by 39% from 81 to 117 per
graduating general surgery resident [18]. On the other
hand, OCs per surgical residency have declined from
70.4 to 3.6 over the past 30 years according to the ob-
servation of a single centre in Texas [19].

Subtotal cholecystectomy is another bail-out strat-
egy. In open surgery, this concept is well imple-
mented. In laparoscopic surgery, this strategy is also
an appropriate option. Therefore, the gallbladder is
opened at the most proximal secure site, ideally at
the level of Hartmann’s pouch, and gallstones are
removed. The remaining biliary structures are left
without approaching to the cystohepatic triangle.
The gallbladder remnant is subsequently closed or
left open, depending on remaining bile secretion via
the cystic duct. If dissection in the liver bed turns
out to be unsafe, resection of merely the anterior wall
seems to be a reasonable option (Fig 1e). Drainage of
the situs is mandatory in any case.

A Canadian study compared postoperative out-
comes of 105 LC patients and 46 with laparoscopic
subtotal cholecystectomy (LSC) in severe cholecys-
titis. They counted four bile duct injuries in the LC
group compared to none in the LSC group. Bile leaks
had an RR of 3.4 combined with a higher rate of ERCP
(Endoscopic retrograde cholangiopancreaticography)
(RR 3.2) and stent implantation (RR 4.6) in the LSC
group. Long-term bile fistulas were not observed.
Overall postoperative morbidity did not differ be-
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tween the LC and the LSC groups, supporting this
strategy as an approbate bail-out option [20].

Discussion

Considering the recent developments in biliary surgery
and extrapolating these trends, recommendations for
surgical strategies, especially in exceptional situations
where the operating surgeon has to change course to
ensure patient safety, have to be re-evaluated con-
stantly.

Regarding obvious changes in expertise, the ques-
tion arises of whether open cholecystectomy or con-
version to open surgery is still a safe bail-out proce-
dure in complex cases or in the event of intraoperative
complications.

Currently, there is a sufficient proportion of sur-
geons within the surgical staff who grew up being
trained in open surgery, but in 10 years, most general
surgeons will lack routine and skills in open cholecys-
tectomy. So how should we manage in the future? Is
it necessary to restrict this operation to a few high-
volume centres and not consider cholecystectomy as
“general surgical knowledge”, as we have done so up
until now? Do we have to change treatment strate-
gies, for example, initially starting conservative ther-
apy with antibiotics in acute cholecystitis and trans-
ferring patients to centres with multimodal interdisci-
plinary expertise? Should we convert or indicate open
surgery more liberally to regain routine? Or should we
place more emphasis on laparoscopic bail-out strate-
gies?

New developments or variations of LC like sin-
gle-incision laparoscopic cholecystectomy (SILC),
solo single-incision laparoscopic cholecystectomy (S-
SILC), laparoscopic surgery through natural orifices
(NOTES) or trans-cylindrical (gas-free) small-incision
cholecystectomy, 3D vision in laparoscopic cholecys-
tectomy, robotic cholecystectomy or the use of fluo-
rescent ICG to visualize critical structures have found
their ways into clinical implementation. All techni-
cal and methodological advances should support the
surgeon in preventing complications. Further objec-
tives are the reduction of postoperative morbidity by
reducing the operative trauma or the improvement of
cosmetic results.

The answer to the question of whether open chole-
cystectomy is a reasonable option for complicated
cholecystectomies cannot be answered without con-
sidering actual trends and developments of practical
and technical nature. Due to changes in training and
expertise, the question has to be asked against the
background of current rather than historical perspec-
tives, keeping in mind for the future the one crucial
fact no technical improvement can overcome: surgical
quality comes only with practice.
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