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Abstract Background: Laparo-
scopic cholecystectomy (LC) has
become the treatment of choice for
symptomatic cholelithiasis. However,
the laparoscopic approach has re-
mained controversial for patients with
acute cholecystitis (AC) because of
technical difficulties that, compared
with open cholecystectomy (OC),
might lead to higher complication
rates, particularly common bile duct
(CBD) injuries and infection.
Methods: We reviewed recent clini-
cal findings on feasibility, safety and
potential benefits of LC in patients
with AC. An electronic search using
the PubMed and MEDLINE data-
bases was performed using the terms
laparoscopic cholecystectomy, open
cholecystectomy and acute cholecys-
titis. Pertinent references from articles
and books not identified by the search
engines were also retrieved. Relevant
surgical textbooks were also

reviewed. Conclusions: The early
laparoscopic approach has been
shown to be technically feasible and
at least equally as safe as the open
approach. However, extensive in-
flammation, adhesions and conse-
quent increased oozing can make
laparoscopic dissection of Calot’s tri-
angle and recognition of the biliary
anatomy hazardous and difficult.
Therefore, conversion to OC remains
an important treatment option to
secure patient safety in such difficult
conditions. The question of whether
intraoperative cholangiography (I0C)
should be used routinely or only
selectively has never been resolved.
Proponents for each side have put
forward compelling arguments.
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Introduction

Since Carl Langenbuch performed the first open cholecys-
tectomy (OC) in 1882 [1], this technique has remained the
“gold standard” for the treatment of symptomatic chole-
lithiasis and acute cholecystitis (AC) for more than 100
years. The first laparoscopic cholecystectomy (LC) was
achieved by Miihe, another German surgeon, in 1985 [2],
and, by 1988, Dubois had started to perform LC regularly
[3]. Since then, LC, owing to its perceived efficacy in both
rapid recovery and cosmesis, has rapidly become the treat-

ment of choice for symptomatic gallstones in industrialised
nations [4-8]. However, even though LC for treating symp-
tomatic cholelithiasis had already gained wide acceptance,
AC was still considered as a relative contraindication, be-
cause a high incidence of common bile duct (CBD) injuries
(1.3%—-5.5%) had been reported in several series [9, 10].

Today, the considerable experience acquired in minimal
invasive surgery has led to LC’s being the treatment of
choice for AC [11-14]. Similar mortality rates [15-17] to
those historically observed in OC [18], but significantly
lower morbidity rates, are reported.
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Diagnosis, indication and timing of surgery
Clinical findings and symptoms

Clinically, AC is defined mainly by acute onset of abdom-
inal pain in the right upper quadrant, often radiating through
the right shoulder, with fever and mild leukocytosis (12,000
14,000 cells/mm*). Clinical examination shows a positive
Murphy’s sign.

Imaging techniques

Ultrasound is the initial imaging modality of choice for the
assessment of suspected acute gallbladder disorders and is
often sufficient for correct diagnosis [19]. Computed to-
mography (CT) is particularly useful in situations where
ultrasound findings are equivocal. CT is also extremely
valuable in the assessment of suspected complications of
AC, particularly emphysematous cholecystitis, haemor-
rhagic cholecystitis and gallbladder perforation, which are
often very difficult diagnoses to establish with sonography
[19, 20].

Common bile duct stones

Common bile duct stones (CBDS) are reported in 10%—
15% of patients who undergo gallbladder surgery [21].
Therefore, every patient with suspected AC also has to be
assessed preoperatively for the presence of concomitant
CBDS.

Numerous indicators (symptoms and signs, laboratory
parameters and imaging techniques) have been examined
for their ability to predict the presence of CBDS. Among
laboratory findings, only elevated alkaline phosphatase and
bilirubin yield sensitivities greater than 50%. The presence
of cholangitis, preoperative jaundice, CBDS or dilatation of
the CBD > 7 mm during ultrasonography are the indicators
with the greatest discriminatory power [22, 23].

Although CT has no routine role in the diagnosis of CBDS,
magnetic resonance cholangiopancreatography (MRCP) is
an excellent tool, with a sensitivity of 91.6%, and 100%
specificity [24], but with disadvantages that include high
costs and low availability.

Endoscopic retrograde cholangiopancreatography (ERCP)
is a valid diagnostic and therapeutic tool. The success rate
of ERCP is 95% in experienced hands, with a sensitivity
and specificity of 80%-90% and 95%—100%, respectively
[21]. However, one has to keep in mind that ERCP is an
invasive procedure with a significant morbidity rate of
14% and mortality rate of 2% [25]. These findings argue
for a selective use of preoperative ERCP only for patients
with a “high risk” of CBDS and/or cholangitis.

A high positive predictive value (<85%) is reported [25]
for the presence of CBDS during ERCP in patients with

acute cholangitis, persistent obstructive jaundice, or in the
acute phase of gallstone pancreatitis. Santucci et al. dem-
onstrated in a prospective study a 95% probability of CBDS
in patients who presented with elevated levels of alkaline
phosphatase (ALP) (over 300 IU/l) and alanine aminotrans-
ferase (ALT) (over 40 IU/1) and CBD dilation over 8 mm on
ultrasound [26]. Patients with a “medium” or “low” risk for
CBDS should directly undergo LC with a selective use of
intraoperative cholangiography (I0C).

Indication and timing of surgery

Many surgeons still prefer to treat patients with AC by
initial conservative management and delayed cholecystec-
tomy [27]. Nevertheless, approximately 15% require emer-
gency surgery, and another 25% of patients are re-admitted
prior to elective surgery. A third of re-admissions are within
3 weeks of the first hospital discharge [27]. Those results
document the high incidence of complications experienced
by patients waiting for delayed cholecystectomy. Therefore,
early cholecystectomy might help to reduce costs by prevent-
ing recurrent emergency admissions and shortening overall
hospital stays [28, 29]. A recently published meta-analysis
that compared early versus delayed open and laparoscopic
cholecystectomy showed that there are no significant
differences between the perioperative morbidity and mor-
tality rates in patients who undergo either early or delayed
surgery. However, a trend towards the lowest conversion
rates with the shortest overall hospital stay is reported for
early LC, with no differences regarding the incidence of
CBD injuries [30—40]. The results of prospective trials that
compared early versus delayed open and minimally inva-
sive cholecystectomy are summarised in Tables 1 and 2.

It is now generally accepted that early LC is not only
technically feasible but is the preferred method of treat-
ment, as it effectively short-circuits the illness. As for OC,
the boundary for early LC is postulated to be 4 days after the
initial symptoms occur [41-43]. Therefore, every patient
with AC should undergo open or laparoscopic surgery
within the first 96 h of the onset of symptoms. Critically ill
patients who are unfit for emergency surgery might be
candidates for percutaneous cholecystostomy. This proce-
dure, in experienced hands, has been shown to have low
complication and high success rates. Patients often improve
clinically, so total or subtotal cholecystectomy can be done
electively [44].

Technique of laparoscopic cholecystectomy
Preoperative preparation
Prior to surgery, dehydration or electrolyte imbalance is

corrected by intravenous fluid administration and broad-
spectrum antibiotic treatment (e.g. second-generation ceph-
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Table 1 Randomised trials that

Author Year Arm No. of  Mortality Morbidity CBD MHS
addressed early versus delayed . S
OC (MHS mean hospital stay) patients  n (%) n (%) injuries n (%) (days)
Jarvinen and 1991 Early 80 0 11 (13.7) 0 10.7
Hastbacka [31] Delayed 75 1(1.3) 13(17.3) 0 18.2
Schaefer et al. [32] 1980 Early 28 0 8(286) O 12.0
Delayed 25 1 (4.0) 9(36.0) 0 22.0
Norrby et al. [33] 1983  Early 101 0 15 (14.8) 1 (1.0) 15.5
Delayed 106 1 (0.9) 14 (13.2) 2(1.9) 11.6
Singh et al. [34] 1984  Early 54 0 7129 0 11.6
Delayed 54 0 59.2) 0 22.1
Misra et al. [35] 1988  Early 24 0 2 (8.3) 0 7.0
Delayed 23 0 287 0 229
Ahmad [36] 1992  Early 50 1(2.0) 11 (2200 0 10.0
Delayed 50 2 (4.0) 9 (18.0) 2 (4.0) 15.0

alosporin and metronidazole) is given. A nasogastric tube
should be placed as early as possible if there are any clinical
symptoms of ileus. Otherwise, a tube can be inserted prior
to the surgical intervention to decompress the stomach and
to optimise exposure.

Technique of laparoscopic cholecystectomy

LC is generally performed under general anaesthesia with
endotracheal intubation. We prefer the “French” position,
where the surgeon stands between the patient’s legs with the
video-monitor positioned at the patient’s right side. An
angled (30°—45°) camera with high resolution is used. The
pneumoperitoneum is established by either an open access
(Hasson) technique with a blunt-tipped 12 mm trocar or by a
Veress needle, placed below the umbilicus. In obese pa-
tients, with sub-umbilical access the working distance to the
gallbladder is often too long. Therefore, in such patients,
depending on the patient’s anatomy, the Hasson trocar or
Veress needle is placed between the xyphoid and the um-
bilicus. The pneumoperitoneum is then established by in-
sufflation with carbon dioxide at a working pressure of
up to 12 mmHg. Three further trocar sleeves are inserted
under direct vision. Before trocar puncture is performed,
the abdominal wall is trans-illuminated with the camera

light beam so that epigastric vessel injury is avoided. A
5 mm trocar is inserted in the right anterior axillary line
approximately 15 cm distal to the gallbladder. A second
5 mm trocar sleeve is inserted sub-costally, paramedially
left or, in accordance with Dubois’s technique, to the right
paramedian [3]. A 10 mm sleeve for the working instru-
ments is inserted in the left medioclavicular line, somewhat
cranial to the umbilicus. In the ideal situation, the trocars
form a semi-circle around the gallbladder. Additional or
alternative trocar sites can be selected, according to ana-
tomical variations. Care must be taken that the distance
between the trocars is sufficient for the instruments not
to obstruct each other. The trocar sleeves must also be far
enough from the gallbladder to ensure that there is an
adequate working radius that allows proper handling of
the forceps.

The patient is now placed in an anti-Trendelenburg
position and turned slightly to the left side to optimise ex-
posure. Adhesions between the gallbladder, liver, duode-
num and the omentum are divided by blunt dissection or
with scissors. Dense adhesions are dissected with a hook
electrode. The gallbladder is then exposed, and the diag-
nosis and grade of inflammation of the gallbladder are
confirmed. A careful inspection of the entire abdominal
cavity is routinely performed prior to the start of the gall-
bladder dissection. Often, it is difficult for the surgeon to

Table 2 Randomised trials that

addressed early versus delayed Author Year Arm No. of Mortality Morbidity Conversion MHS CBD injuries
LC (MHS mean hospital stay) patients 1 (%) n (%) n (%) (days) 7 (%)
Lo et al. [37] 1998 Early 45 0 6 (13.3) 5(11.1) 60 0
Delayed 41 0 12(293) 9219 11.0 124
Lai et al. [38] 1998 Early 53 0 504) 11 (20.7) 76 0
Delayed 46 0 3(6.5 11239 116 0
Chandler 2000 Early 21 0 2 (9.5) 5(23.8) 54 0
et al. [39] Delayed 22 0 2(9.1) 8 (36.4) 71 0
Johansson 2003 Early 74 0 13 (18.8) 23 (31) 50 0
et al. [40] Delayed 69 0 7 (10.1) 20 (29) 8.0 1(L5)
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grasp the distended, oedematous and necrotic gallbladder
with the grasping tools. In such cases, gallbladder decom-
pression is indicated. Decompression can be established
with either an aspiration needle, inserted through a trocar
sleeve, or with a spinal needle, guided percutaneously into
the cystic fundus. After decompression, the surgeon can
seal the puncture site by grasping the gallbladder opening
with atraumatic forceps.

If the gallbladder is pulled cephaled and laterally, Calot’s
triangle and its structures (i.e. cystic duct, cystic artery,
inferior border of the liver and CBD) are put under tension.
Care must be taken not to apply too much tension, which
can change the natural course of the CBD. Dissection of the
peritoneal cover starts near the fundus of the gallbladder
and proceeds upwards to the liver. The dissection is con-
tinued close to the gallbladder wall by blunt dissection or
the hook dissector. After identifying the transition of the
gallbladder into the cystic duct at the area of the Mascagni
lymph node (landmark transition gallbladder/cystic duct),
the surgeon retracts the gallbladder in a slightly ventral
position and exposes the cystic duct, using mainly blunt
dissection. Calot’s triangle is now completely exposed by
blunt dissection. No structure presumed to be ductal or
vascular should be divided until all the anatomical features
have been identified. If the ductal or vascular structures are
too inflamed for safe dissection to be performed, laparo-
scopic subtotal cholecystectomy offers a simple and safe
solution that prevents bile duct injuries and decreases the
rate of conversion in anatomically difficult situations [45,
46]. Subtotal cholecystectomy is performed by leaving the
posterior wall of the gall bladder intact. The gall bladder is
incised adjacent to its anterior attachment to the liver, and its
contents are evacuated. The incision is carried out around to
the posterior wall, both incisions meeting medially, and the
intraperitoneal gall bladder being removed. The posterior
wall of the gall bladder is left undisturbed, attached to the
liver. The cystic duct, if accessible, is controlled in the usual
way [47]. A closed suction drain left in place of the gall-
bladder bed for some days postoperatively is recommended.
However, the open approach remains the gold standard in
difficult cases.

A clip is applied to the cystic duct at the neck of the
gallbladder. Then, the cystic duct is incised proximal to the
clip, with scissors, and then “milked” back into the gall-
bladder with atraumatic forceps (Fig. 1). In the case of IOC,
a 14-gauge polyethylene IV-type needle is now advanced
through the abdominal wall in a slight cranial direction. The
insertion site is slightly medial to the midclavicular portal.
Through this sleeve, the cholangiography catheter is then
inserted into the peritoneal cavity. The catheter is grasped
with forceps and introduced into the cystic duct. The
position of the catheter is then fixed with a partially closed
clip that is placed across the catheter and the cystic duct.
The patency of the catheter is monitored during its fixation
by continuous application of saline solution through the
catheter. I0C is performed as a next step.

Fig. 1 “Milking” back of small gallstones in the cystic duct prior to
catheter insertion

The contrast dye is gently injected to monitor the opal-
escence of the distal bile duct and to identify CBDS. The
patient is then placed in a Trendelenburg position and fur-
ther contrast dye is injected to visualise the intrahepatic bile
ducts. Care must be taken not to inject any air bubbles,
which can mimic CBDS. After IOC has been completed, the
cystic duct is routinely clipped with two titanium clips. The
cystic duct is divided with scissors. In the case of thick or
scarred cystic duct, the occlusion by titanium clips might
be difficult. As an alternative option, larger clips such as
Laparo clips, Réder loops or an endo-GIA can be used.

After double titanium clip ligation in the same manner as
described for the cystic duct, the artery is divided with
scissors. The next step is for the gallbladder to be dissected
from its liver bed. We use electrocautery with monopolar
current to mobilise the gallbladder. Care must be taken to
perform the dissection in the right plane to avoid gallblad-
der perforation or severe bleeding from the liver. Bleeding
from the gallbladder bed should be controlled immediately.
Superficial bleeding is controlled by electrocautery. Bleed-
ing from deeper vessels can, in most cases, be managed
with a laparoscopic argon-enhanced device. During coag-
ulation with such a device, the intra-abdominal pressure
must be carefully monitored to prevent fatal gas embolism
by over-pressurisation [48]. As a final alternative, an at-
tempt to control liver-bed bleeding can be made by the
insertion of deep-biting liver sutures.

In the case of gallbladder perforation, the lesion might be
closed by being grasped with the forceps. If this manoeuvre
is not appropriate, the gallbladder content is completely
aspirated, and smaller stones are aspirated. Larger stones
are removed with an endobag. The operation site is then
extensively irrigated and “lost” stones are removed either
by aspiration or with an endobag.
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After dissection from the liver bed, the gallbladder is
then extracted in an endobag. The abdomen is carefully
inspected and irrigated with saline solution. The operating
field is checked for bleeding or bile leaks from the cystic
artery, liver bed, or the cystic stump. Drainage is not rou-
tinely performed; however, if it is used, a closed suction
drain is preferred.

In the next step, the trocar sleeves are removed under
direct vision to detect abdominal wall bleeding and, if nec-
essary, to perform haemostasis. The sub-umbilical fascia
and the fascia at the 10 mm trocar sleeve are closed with a
resorbable suture. The other incisions require only skin
closure [49, 50].

Risks and outcome
Conversion rate and risk factors

Nowadays, an average conversion rate of between 11% and
30% has been reported in several published prospective and
retrospective series [37—40]. However, higher rates of con-
version, up to 75%, must be expected in patients with gangre-
nous cholecystitis or gallbladder empyema [51]. Although
the conversion rate for AC is high when compared with
elective LC (4.5%-5.0%) [52, 53], it is far lower than in
early series of patients with AC (35%—45%) [54, 55]. Sev-
eral factors and conditions associated with an increased
risk for conversion to open surgery can be identified. De-
layed surgical intervention after the first 96 h of symptom
onset is associated with a significant increased risk for
conversion (23%-32%) when compared with early LC [41,
56]. Furthermore, higher conversion rates should be ex-
pected in: male patients [52, 57]; age over 65 years [37];
gallbladder thickness > 5 mm during ultrasound examina-
tion [58]; inexperienced surgeons [37]; severe gallbladder
inflammation [42]. The latter, with or without perforation
(Fig. 2), should be suspected in male patients with pro-
longed duration of symptoms, ASA classification > II,
white blood count (WBC) > 15,000 cells/mm® and C-re-
active protein levels > 100 mg/1 [59].

Based on the patient’s clinical history and risk factors,
and the laboratory and ultrasound findings, the likelihood
for conversion can already be estimated preoperatively.
Patients with a high risk for conversion can be informed
and their operation scheduled appropriately.

Intraoperative complications

The most common intraoperative complications of laparo-
scopic surgery are related to needle and trocar insertion
and bleeding. The reported incidence for Veress needle
and trocar injuries in several large retrospective studies,
including a variety of different laparoscopic interventions,
is reported as between 0.18% and 1% [60, 61]. Whereas

Fig. 2 Severe gallbladder inflammation with perforation and dense
adhesions

perioperative bleeding complications in patients who un-
derwent LC for symptomatic cholelithiasis are observed in
only approximately 1% of patients [62], some authors re-
port complications from bleeding > 500 ml as high as 8%
during LC for AC [40]. In fact, these complication rates
are still relatively low when compared with those observed
for early OC, where 7% of patients received blood trans-
fusions [33].

CBD injuries during LC remain the most serious com-
plication encountered with this procedure. Especially in the
beginning of the laparoscopic area, several studies report
much higher rates of CBD injuries (1.3%-5.5%) than in OC
[9, 10]. Nowadays, it is accepted that the incidence of CBD
injuries during LC is only approximately double the rate for
OC, reaching 0.4%—0.7%, as reported in larger trials [17,
63]. Strict adherence to the principles of surgical dissection
is obviously of utmost importance for the prevention of
CBD injuries. Whether the routine use of IOC decreases the
incidence of CBD injuries remains controversial. One has
to keep in mind that IOC is not without inherent risks,
despite being a safe procedure. A risk of CBD injury due to
bile duct avulsion in 0.4% of patients and an incidence of
false positive cholangiograms with conversion to open
CBD exploration in 0.46% have been reported [64]. More-
over, the selective use of IOC in laparoscopic cholecystec-
tomy will not yield a higher incidence of intraoperatively
diagnosed CBDS than routine use [65]. However, when the
anatomical features are unclear during surgical dissection,
I0C must be performed to give a surgical “road map”. CBD
injury must be suspected in the presence of contrast ma-
terial extravasation or lack of opacification of the right
posterior intrahepatic bile duct. Hospital mortality rates,
postoperative biliary complications and re-interventions
can be reduced in patients with early intraoperative CBD
injury detection during I0C [66].
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Common bile duct stones

In patients who undergo laparoscopic cholecystectomy, CBDS
are reported to occur in approximately 4.5%—15% [21, 39].
Preoperatively undiagnosed CBDS are found in only 2.3%—
3.5% intraoperatively [63, 67]. The optimal management of
CBDS in the laparoscopic area is controversial. The three
major treatment options are preoperative ERCP, intraoper-
ative laparoscopic bile duct exploration (trans-cystic or chole-
dochotomy) and intraoperative or postoperative ERCP.
Duct clearance and morbidity and mortality rates for these
three procedures are similar, except that laparoscopic CBD
exploration results in a significantly shorter hospital stay
[68, 69].

Intraoperatively, CBDS can initially be treated laparo-
scopically by the transcystic approach, if possible. If this
procedure fails, intraoperative or postoperative ERCP are
alternative options. Large stones, amenable neither by the
trans-cystic approach nor by ERCP, might be treated by
open bile duct exploration. Although laparoscopic chole-
dochotomy is reported to be as safe and effective as the
trans-cystic approach [68, 69], it is probable that the true
number of bile duct strictures in the long term follow-up
after laparoscopic choledochotomy is underestimated, and,
secondly, this technique is a technically demanding proce-
dure that requires surgeons with special skills in laparo-
scopic and biliary surgery. Moreover, the results published
for laparoscopic CBD exploration are probably too opti-
mistic, because the studies were conducted by experts in
laparoscopic biliary surgery and the patients that were in-
cluded in these studies had undergone elective surgery for
symptomatic choledocholithiasis [68, 69].

The role of laparoscopic CBD exploration has never, as
far as we know, been systematic analysed in a prospective,
controlled study in the setting of AC with difficult anatom-
ical conditions and increased oozing of the cystic duct and
the tissue in Calot’s triangle.

Postoperative complications and mortality

Despite the obvious advantages of LC over OC in terms of
length of stay, patient discomfort and cosmesis, concern

has lingered about the incidence of complications arising
during LC. Nowadays, the overall postoperative compli-
cation rate for early LC in randomised and non-random-
ised trials is reported to be between 9% and 16.5% [16, 38,
70], whereas early OC has a reported complication rate of
between 8% and 29% [31-36]. Comparing these data, one
has to keep in mind that complication and mortality rates
are significantly higher for older patients (>65 years), pa-
tients admitted to the hospital as emergencies and those
with acute or complicated cholecystitis (gangrene, empy-
ema, perforation, etc.). In a large series of 14,582 patients
who had undergone OC for acute or complicated chole-
cystitis, Roslyn et al. found a perioperative complication
rate of 19.4% and 25.2% with a mortality rate of 0.26%
and 0.6%, respectively [71]. Similar mortality rates of ap-
proximately 0.2% are reported in large prospective studies
[63]. In a recently published randomised trial, Kiviluoto et
al. found that LC for AC does not increase mortality rates
but that the morbidity rate seems to be significantly lower
than that observed in OC [18]. Complication and conver-
sion rates for early LC are summarised in Table 2.

Conclusions

Early LC is feasible and safe and is today’s treatment of
choice for patients suffering from AC. A shorter hospital
stay and faster recovery are the main benefits for patients
who undergo early minimally invasive cholecystectomy.
Whereas mortality rates are comparable, the morbidity
rates are found to be lower than for OC. However, CBD
injuries are still more frequently observed during LC, but
the incidence seems now to be acceptably low at approx-
imately 0.4%. In AC, IOC may be hazardous because the
tissues are commonly inflamed and friable. Therefore,
IOC should be performed only in selected cases, where the
bile duct anatomy is unclear or to rule out suspected in-
traoperative bile duct lesions. However, under difficult
conditions, where there is severe inflammation of Calot’s
triangle and difficult intraoperative anatomical findings,
OC remains the treatment of choice.
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