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Foreword by Lord Darzi of
Denham

Biliary disease remains one of the most enigmatic areas of
human health. The path of bile that originates in the liver and
progresses down several anatomical ducts that flow to a vari-
ety of structures and organs such as the gallbladder and the
small bowel where once considered to be one of the most
understood areas of early twentieth century medicine. The
system was maintained to be one that released digestive
chemicals used in fat absorption and a mechanical blockage
in this path would result in an excess of bile that would result
in jaundice (icterus).

These diseases have characteristic patterns and associa-
tions and can afflict patients through multiple routes affect-
ing the biliary pathway that include bile duct obstruction,
autoimmune diseases, hepatitis, and blood disorders in neo-
nates. These are conditions that can affect both genders, all
socio-economic classes, all ages, and all nations—an issue that
was highlighted at the last World Innovation Summit for
Health (WISH). In the world of politics, biliary disease has
been seen in the United States Presidents Lyndon B. Johnson
and James A. Garfield and the prominent British Foreign
Secretary Anthony Eden which have been reported as carry-
ing significance on national and international decisions.

In subsequent years, the growth of molecular laboratory
techniques, structural biology, enzymology, and metabolism
has highlighted the increased complexity of the biliary sys-
tem. We now understand that bile and its molecular receptors
govern a wide variety of cellular metabolic processes whose
dysfunction can modulate an extensive range of physiological
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states that span basal metabolic rate, immune cell activity,
gene expression, and multiple hormonal pathways.

Managing biliary disease has therefore grown significantly
in the past century, and the birth of minimally invasive
approaches that I have personally witnessed and championed
(ranging from laparoscopic, endoscopic, and even robotic
techniques) has offered whole new paradigms for surgeons to
manage biliary obstruction.

During my time as a consultant surgeon, I have seen
Alberto Isla innovating in the management of benign obstruc-
tive biliary disease. He has done this in an auspicious area of
western central London (at St Mary’s Hospital at Imperial
Healthcare NHS Trust) where, as colleagues, we found our-
selves practicing surgery meters away from the site of United
Kingdom’s first bile duct operation that had historically been
performed by John Knowsley Thornton in the nineteenth
century.

Alberto has a large surgical experience in biliary opera-
tions and has innovated novel techniques to manage obstruc-
tive biliary stone disease. These include the LABEL
procedure; Lithotripsy-Assisted Bile Duct Exploration by
Laparoendoscopy for Choledocholithiasis (where he also
first introduced lasers into this part of the anatomy). He has
also enhanced transcystic approaches for bile duct
exploration.

This book therefore represents the culmination of the
author’s experience in high volume and advanced bile duct
surgery with the laparoscopic approach. It is a wide-ranging
text on the origins and evolution of biliary surgery to progres-
sive surgical approaches for managing biliary obstruction. It
presents the reader with information to tackle the nuances
and complexities of biliary obstruction and gives a vision of
where this field is headed in the future. As a practicing sur-
geon, my early research was in biliary diseases and novel
technologies used to manage them. I have continued to be
fascinated by this area. I found this book to be a valuable
guide to laparoscopic biliary techniques for surgeons, train-
ees, and those interested in biliary ailments. It represents a
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platform for continued innovation in biliary surgery and
healthcare technology for the foreseeable future and adds to
the dissemination of good-quality clinical practice for sur-
geons faced with biliary disease.

Lord Darzi of Denham, OM PC KBE
FMedSci FREng FRS

Imperial College

London, UK



Foreword by Peter B. Cotton

I have enjoyed reading this scholarly and comprehensive
treatise on laparoscopic common bile duct exploration
(LCBDE). As a specialist in biliary and pancreatic disorders,
I was closely involved in the early discussions and controver-
sies about the optimal treatment strategy for patients with
gall bladder stones and suspected choledochal stones. For me,
an important question was the role of ERCP, if and when it
should be wused before, after, or even during
cholecystectomy.

The first issue was (and is) how best to define the level of
suspicion that stones might be present in the bile duct in
patients with choledochlithiasis. Just 30 years ago, using clini-
cal, imaging, and biochemical parameters, we proposed three
categories of patients referring to the likelihood of duct
stones: i.e. very likely, very unlikely, and intermediate (1,2).

These observations and categories have been argued and
refined with numerous research studies, made more intrigu-
ing and complex by the availability of MRCP, EUS, and
indeed LCBDE (3-7). How patients in the “intermediate”
category are treated remains a key practical and controversial
question. Is it “best” to do LCBDE or LC + ERCP?

Why still controversial? Surely a large formal randomized
trial would provide the answer? However, such a study could
only be done by experts in specialist centers, and the results
would, therefore, have little relevance to the real world where
most surgery is done. Obviously the one-stop LCBDE
approach would appear to be ideal, but does not seem to
dominate practice, at least in the USA. Chapter 8 in this book
highlights the fact that surgery trainees have little exposure to
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LCBDE, so that most entering practice are unlikely to
embrace it. Many general surgeons prefer to avoid the techni-
cal complexity, possible risks, and added OR time, and rely on
ERCP post-operatively to remove stones detected by intra-
operative cholangiography (8). Whether they are comfortable
and right to do so depends very much on the expertise of
their local colleagues offering ERCP, which is an issue that
has long concerned me.

I have stopped doing procedures now, but my experience
of referrals and as an expert in medico-legal cases showed me
that not all those doing ERCP were indeed competent. A
fundamental problem is that there is no compulsion or
indeed mechanism for ERCPists to document and report
their performance. A key issue in the USA is that most hos-
pitals do a poor job in credentialing for ERCP, as shown in a
recent survey (9).

All this means that patients are at the mercy of practitio-
ners of unknown expertise, and adds relevance to the need
for GI surgeons and Gastroenterologists to work closely
together, another hobby horse of mine (10). I have been for-
tunate to have had awesome surgical partners in my career,
especially Chris Russell at The Middlesex Hospital in London,
Bill Meyers and Ted Pappas at Duke, and David Adams at the
Medical University of South Carolina.

As this excellent book shows, LCBDE is an elegant and
valuable procedure, but there is an elephant hiding some-
where. In order to expand its use, should cholecystectomy be
the purview of pancreatic-biliary surgeons, rather than
generalists?

Peter B. Cotton, MD FRCP FRCS
Digestive Disease Center

Medical University of South Carolina
Charleston, SC, USA
http://www.drpetercotton.com
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Preface

I have been a consultant laparoscopic upper GI surgeon at
London North West University Healthcare NHS Trust for the
last 25 years and Mr Lalin Navaratne is a specialist registrar
in upper GI surgery who has joined me in this project for the
last six years. The single stage management of common bile
duct stones has been a matter that has concerned me for the
last 25 years. Since publication of NICE guidelines on gall-
stone disease in 2014, laparoscopic bile duct exploration
(LBDE) has gained popularity within the UK and currently
is considered the treatment of choice when local expertise is
available. My experience in LBDE surgery commenced in
1998, and was the topic of a PhD, which I read at the
University of Salamanca in 2019.

With my co-editor, Mr Lalin Navaratne, we have co-
authored several publications which form the backbone of
this text. Within the last two years, we began to amalgamate
and condense all of the lessons learnt from a quarter century
of pioneering this technique. This book accompanies our
video Laparoscopic Bile Duct Exploration (DOI: https://doi.
org/10.1007/978-3-030-95504-5; Online ISBN: 978-3-030-
95504-5; Publisher: Springer) and Laparoscopic Bile Duct
Exploration: Problem-Based Learning Case Quiz (DOI:
https://doi.org/10.1007/978-3-030-95505-2; Online ISBN: 978-
3-030-95505-2; Publisher: Springer), which provides detailed
step-by-step instructions on how to undertake various tech-
niques in LBDE. The content includes the indications of
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Xiv Preface

LBDE, the materials and equipment required, and the surgi-
cal technique to successfully perform the procedure. This text
is aimed to be a valuable reference guide for any surgeon who
wishes to learn more about laparoscopic bile duct
exploration.

London, UK Alberto Isla
London, UK Lalin Navaratne
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Chapter 1

History of Bile Duct
Surgery

Alberto Martinez-Isla, Maria Asuncion Acosta-Mérida,
Lalin Navaratne, and Hutan Ashrafian

The First Cholecystectomy

The gallbladder has historically been considered an irreplace-
able vital organ of the body associated with the fundamental
elements of existence. The Sumerians and Babylonians con-
sidered vital for understanding life and utilised this organ
(taken from ungulates) as part of their process to assess and
predict life events as early as the fifth millennia BCE. By the
time of Hippocrates (c.460-370 BCE), the gallbladder was
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included in the underlying categorisation of the ‘four
humours’ in health and therefore considered vitally impor-
tant for life [1]. In 1508, Leonardo Da Vinci accurately identi-
fied and drew the cystohepatic triangle and was clear in
presenting a known variant (in approximately 2% of indi-
viduals) where the cystic artery comes off the right hepatic
artery (as opposed to the proper hepatic artery) [2].

In the nineteenth Century, Karl Langenbuch (1846-1901)
(Fig. 1.1) was the first supporter of the theory that the gall-
bladder was a non-vital organ and that it could be removed
without any problems for the patient, thereby introducing the
concept of cholecystectomy. He studied medicine in Kiel and
trained as a surgeon with Wilms, eventually becoming Chief
of Surgery in Hospital Lazarus (Fig. 1.2). In that era, biliary
disease was treated by physicians. The medical and surgical
departments were close to each other which allowed him to
observe the chronic and recurrent course of biliary disease.
His first description of a cholecystectomy was in 1882. The
original procedure was described in 1983 [3], and outlined the
following concepts:

Langenbuch suggested that the gallbladder was the place of the
formation of stones, he avoided discussing its development in the
bile duct. He also suspected that stones up to 1 cm would be able
to pass into the duodenum [4].

His plans of performing a cholecystectomy moved forward when
he faced Mr H. a 40-year-old man who was one of the administra-
tors of the hospital and that had been suffering from biliary colic
with repeated cholecystitis and cholangitis since 1874; that ren-
dered him a morphine addict and eventually killed him of second-
ary lymphangitis secondary to biliary sepsis. This experience and
considering his assumption that the gallbladder was not a vital
organ, made him start developing the technique of cholecystec-
tomy working in cadaver; that brought him to the conclusion that
this, with the ligation of the cystic duct, shouldn’t be one of the
most difficult procedures that require a laparotomy.
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Ficure 1.1 Dr. Karl Langenbuch
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FiGure 1.2 Hospital Lazarus

Following his work in cadavers he described the following
technique:

The laparotomy was T-shaped in the right upper quadrant with
the vertical extension at the lateral border of the rectus muscle; he
used a sponge to retract the small bowel and the colon under the
abdominal wall. Then the hepatoduodenal ligament was ten-
sioned by lifting the liver, helped with the retraction of the left
hand of the assistant. The gallbladder was then freed of its adhe-
sions and the cystic duct exposed, dissected, and ligated with silk
1-2 cm distal to the gallbladder; he was against using catgut
because its absorbable nature. This should be followed by the dis-
section of the gallbladder from its bed and finally division of the
cystic duct.

The ligation of the cystic artery was not mentioned, apart
from this fact this technique doesn’t differ much from the
traditional open procedure that we all know.

Soon after he met Mr. D. a 43-year-old Court Secretary
that presented in 1866 with biliary colic that was followed
3 years later by obstructive jaundice that lasted for 2 months.
All those events made him lose 36 kg and suffer with lack of
appetite nausea and persistent constipation. The days before
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the procedure he was suffering with daily attacks, leading to
depression and requiring constant morphine. Facing this ter-
rible picture Langenbuch offered Mr. D. performing a chole-
cystectomy which he accepted and therefore he was admitted
at Lazarus on the tenth July 1882. Pre-operatively Mr. D was
asked to rest in bed for 5 days and his bowels cleaned; on the
15th of July, helped by Dr. Martin and Professor Buch,
Langenbuch proceeded with the cholecystectomy as he has
previously described. The first post op night Mr. D. slept well,
and at the time of the ward round he was smoking a cigar, on
the third post-operative day he ate meat and mashed pota-
toes, the fourth day he spiked a temperature of 38.6° that
disappeared the next day, and on the fifth and sixth days, he
opened his bowels with loose stools, that greatly alleviated his
symptoms. He got out of bed on the tenth day. By the time
Langenbuch wrote the case up the patient had been well and
without recurrence of all his symptoms.

As a reflection Langenbuch concluded that cholecystec-
tomy ‘was only indicated in the cases where both the patient
and the surgeon had run out of patience though treatment by
medical means, and therefore he considered it a last resource.’
He concluded his article analysing the risks of cholecystos-
tomy vs cholecystectomy which ‘with an adequate ligation of
the cystic should be a more effective and less risky treatment
for a diseased gallbladder’. In 1884 in Philadelphia “Medical
News” he published the editorial “Cholecystostomy and
Cholecystectomy,” concluding in favour of the former for
having less risks [5]. This was contested by Lawson Tait
(Fig. 1.3) a British surgeon who, initially described the chole-
cystectomy as absurd, but a year later changed his mind and
wrote that it didn’t seem to have a higher risk and completely
prevents the recurrences [5] of biliary disease.

At that time the American opinion was mainly voiced by
Musser & Keen, two surgeons from Philadelphia that wrote
‘we should oppose to cholecystectomy, its only point would be
preventing future formation of more calculi .....even in cases
of severe inflammation, extraction of the stones and establish-
ment of a fistula should be enough, so it doesn’t make sense to
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AN

FiGure 1.3 Dr. Lawson Tait

add the risk of the removal of the organ’ [6]. This work was
soon followed by Justus Ohage a German surgeon working in
Minnesota who performed the first American cholecystec-
tomy in 1886; he defined cholecystectomy as ‘ideal that after
curing the patient from his disease leaves him in the same
situation that he was before’ He reported a low mortality of
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one patient in 9 operations and he joined Langenbuch declar-
ing the gallbladder as a non-essential organ. His paper was
advanced in the sense that he discussed the indications of
cholecystectomy and cholecystostomy, the former more indi-
cated in young patients where the stone formations hasn’t
finished, the adhesions are manageable and the ducts patent
[7]. William Worral Mayo, another surgeon also in Minnesota,
often sent his sons William and Charles to watch Ohage oper-
ate, the Mayo family would be crucial in the ulterior expan-
sion of cholecystectomy.

In the following 20 years cholecystectomy experienced an
expansion through Europe and America with an important
drop in its mortality. The Mayo family played an important
role for that in America, and William Mayo in 1889 presented
the experience of the hospital that bears his name, with just
four cholecystectomies but encouraged to expand its practice
[8], and 4 years later they had done 65 procedures. Charles
Mayo in 1917 reported a mortality of less than 2%, but he
would still defend the practice of cholecystostomies in
patients with otherwise healthy gallbladders. In 1926, William
Mayo published the Mayo Clinic experience showing large
numbers, even 3 or 4 procedures a day [9], yet still mentioned
performing some cholecystostomies. John Deaver, (1885-
1931), famous for his retractor, besides this it seems that he
performed more procedures in Philadelphia than anyone else
before [10]. In his paper, he recommended that cholecystec-
tomy should be performed by experience surgeons and gen-
erally when the gallbladder is not healthy, and it is likely the
cause of infection.

In the 1920s it was accepted that cholecystectomy was the
right approach, in the absence of severe inflammation that
could jeopardise the dissection, this principle would continue
valid during the following decades with a low mortality of
0.1-0.6% and bile duct injury 0.1-2% [11]. Figure 1.4 shows
the increase in the number of cholecystectomies performed
since 1894 with the reduction in its mortality.
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FiGuURrE 1.4 Evolution of number cholecystectomies performed and
mortality (picture William James Mayo)

The First Choledochotomy

Now we will leave the cholecystectomy aside and we will see
what happened with the management of the stones in the bile
duct since the introduction of the cholecystectomy by
Langenbuch. John Knowsley Thornton (1845-1904) (Fig. 1.5),
on the ninth May 1889 in London, was the first to successfully
perform the first choledochotomy. He started medicine late,
aged 22, and after finishing he was appointed house officer to
Lord Lister in Edinburgh, that marked in him a strong obses-
sion with antisepsis and the excessive use of carbolic was
often problematic. Before being a surgeon, he worked as
General Practitioner in Northumberland and later he worked
at the Samaritan Free Hospital, where surprisingly his main
interest was ovariotomy. Nearly 7 years after the first chole-
cystectomy by Langenbuch, he performed the first choledo-
chotomy and removed a large calculus. This was followed by
the examination of the inside of the bile duct with a specu-
lum. He presented his work at the Medical Society of London
and this was later published in the Lancet [12, 13]. It is
believed that this likely took place at the Samaritan Free
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FiGurE 1.5 Dr. John K Thornton

Hospital. The original building is still in existence on London’s
Marylebone Road but sadly it is visibly decaying since it was
abandoned nearly 25 years ago in 1997 (Fig. 1.6).

One year later, on 18th February 1890, Ludwing
G. Courvoisier (1843-1918) (Fig. 1.7), who described the sign
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FIGURE 1.6 Samaritan Hospital, London

that bears his name, performed a choledochotomy in Riechen
(Switzerland) [14], and finally Ludwing Rehn (1849-1930),
better known for the first cardiac operation in the world [15],
performed a combined cholecystectomy and bile duct explo-
ration procedure. However, those were just isolated attempts
to access the bile duct, and the techniques were not formally
described and expanded upon until the early part of the
twentieth century thanks to the work of Hans Kehr. Hans
Kehr (1862-1916) (Fig. 1.8), who also described the T-tube,
was instrumental in popularising bile duct surgery at begin-
ning of the twentieth century.

Halstead, who operated on his mother who had choledo-
cholithiasis in 1901, suggested that a method to diagnose the
presence of stones in the bile duct was much needed. He
would not guess that some years later he would suffer from
bile duct stones. In 1919, he underwent a cholecystectomy
that left him with retained stones, which ultimately developed
into biliary fistula that resulted in his death in 1922 [14].
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Figure 1.7 Dr. L G Courvoisier
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FiGcure 1.8 Dr. Hans Kehr
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History of Common Bile Duct Imaging

As was suspected by Halstead, achieving an image of the bile
duct was mandatory. Graham & Cole in 1924 introduced the
cholecystogram to help to diagnose biliary disease, besides
just with clinical history and physical examination [16]. The
first radiological image of the biliary tree was accidentally
obtained in 1918 by Reich, who injected bismuth and petrolate
in order to define a fistula between the 10th and 11th rib, in
one of his patients, Miss J de M, who had undergone pelvic
surgery years before. After the injection, she presented with
severe epigastric pain, followed by fever and jaundice the
next day. An x-ray showed an opacified biliary tree draining
into the duodenum. He treated her with heat, morphine, mag-
nesium and warm olive oil injections through the tract [17].

This pioneering work may have paved the way for Pablo
Luis Mirizzi (1893-1964) (Fig. 1.9) to develop the intraopera-
tive cholangiogram (IOC). He was an Argentinian doctor,
who graduated top of his class from Universidad de Cordoba
in 1915. He underwent further training at the Mayo Clinic
and in 1926 was appointed Professor of Surgery at Universidad
Nacional de Cordoba. His main work was “Bile duct explora-
tion during operation by injection of contrast substance”
Amongst other achievements, he defined the Mirizzi syn-
drome. In 1959, the “Société Internationale de Chirurgie” in
Munich nominated him president of the national congress. In
1938, he published his experience in “Lancet” [18]. Since
1931, he had performed intraoperative cholangiogram in all
his cholecystectomies by injecting 3 cc of lipiodol® through
the cystic, gallbladder or by direct puncture of the bile duct in
400 cases. In 55 patients with good drainage of the bile duct,
he performed a primary closure. He emphasized the value of
cholangiogram in order to bring the number of bile ducts
explored to a minimum.
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FIGURE 1.9 Dr. P L Mirizzi

Technique of Bile Duct Exploration
in the 1960s and 1970s

The technique of bile duct exploration between 1960 and
1970 has been captured by Patel, as described in his book on
surgical technique [19]. In the chapter Surgery of the Bile
Duct, he described the silent forms of lithiasis, without clinical
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or radiological manifestations. When he described bile duct
exploration, he did so with a diagnostic rather than therapeu-
tic aim, and he classified it into: manual, manometric/radio-
logic and instrumental transcystic. Surprisingly, he gave
priority to the diagnostic manometric over the radiologic,
because he believed this can give information about the
sphincter of Oddi and allow its classification into: normal,
hypertonic and hypotonic. He also postulated that use of
these diagnostic methods could abolish the presence of post-
cholecystectomy syndrome. He also mentioned that the
transcystic instrumental exploration is preferred by the
Anglo-Saxon authors, which is performed after dilatation of
the cystic with Bengolea forceps, using Bake’s dilators intro-
duced into the duodenum. In the case of an unobstructed
duct, this can be palpated through the duodenal wall
(Fig. 1.10). If the presence of a stone was suspected then a
choledochotomy would be required (Figs. 1.11 and 1.12), and
even in some cases a transduodenal approach with
sphincteroplasty might have been needed (Fig. 1.13). He
described the indications of performing a choledochotomy
between the two extremes: on one end of the spectrum those
patients who have an obvious obstruction with a dilated duct
and the other end of the spectrum those with non-dilated bile
ducts with good passage. He defined the difficulty of choledo-
chotomy as being inversely proportional to its diameter and
presence of inflammation. He recommended opening the bile
duct distal to the insertion the cystic duct, principles that are
still valid to this day. The choledochotomy was performed
longitudinally with a knife between 2 stay sutures (Fig. 1.11)
and it was followed by the introduction of the stone forceps
after some degree of Kocherisation had been achieved
(Fig. 1.12). Once the duct had been explored, in order to
check that no residual stones had been left behind, Patel rec-
ommended matching the number of stones extracted to the
number present on the cholangiogram. Surprisingly, he didn’t
advocate performing a completion cholangiogram.

In the textbook, choledochoscopy is initially described,
using a rigid Wildegans instrument with a 120° angle (Fig. 1.14).
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FIGURE 1.10 Transcystic

This instrument appeared to be valuable in obtaining a proxi-
mal view of the bile duct and the intra-hepatic bifurcation but
not very useful for examination of the distal duct. We would
have to wait until 1965 for the first flexible choledochoscope
to be available (American Cystoscope Makers Inc.,
Southborough, MA, USA). In 1973, Longland used this scope
for the first reported flexible choledochoscopy in the UK [20].
Longland performed 37 choledochoscopies in 35 patients,
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FiGure 1.11 Choledochotomy

mainly to clarify dubious cholangiograms. He described his
technique and experience with 35 patients. He found stones
on 26 occasions in 24 patients with 11 blank examinations
(30%). The stones were initially extracted blindly, which was
then followed by choledochoscopy. In 24 patients, 11 had
residual stones and 13 were clear, therefore the CBD was
closed over a T-tube. In 11 patients with residual stones, the
extraction failed in two, therefore a choledochoduodenos-
tomy was performed. Longland’s report was very advanced
for its time, and he also recommended primary closure of the
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FiGURE 1.12 Transductal exploration
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FiGure 1.13 Transduodenal sphincteroplasty

bile duct but only exceptionally, when there was a healthy duct
combined with very good distal drainage. He routinely recom-
mended closure of the bile duct over a T-tube, as described in
Fig. 1.15. At that time, he used vascular silk or catgut 00 or 000,
sometimes closing the peritoneum over it.

The Arrival of Endoscopic Retrograde
Cholangiopancreatography (ERCP)

Much of the techniques previously described was referenced
between 1959-1973. In 1968, biliary surgery was about to
change forever with the reporting of the first endoscopic can-
nulation of the papilla by McCune and colleagues [21].
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FiGure 1.14 Choledochoscope of Wildegans

McCune’s work was well received, because at the time, there
was no accurate diagnostic imaging for the pancreas, which
had previously been achieved by indirect imaging. His work
was centred on the non-operative injection of radiopaque
material into the pancreatic duct through the ampulla of
Vater. The first time that this was achieved was in 1965 by
Simon and Rabinov [22]. McCune et al., attached a cannula
housing onto an Eder fibreoptic duodenoscope. It had a light
source and a mobile tip helped by a balloon and controlled
from the handle. They used Valium and Demerol as sedative
medication and injected 5 cc of 50% Hypaque through the
cannula. They reported a 50% cannulation rate and no mor-
tality. In 1972, Peter Cotton reported his experience with 63
patients achieving an 80% cannulation success rate [23]. He
used Olympus JFB (Figs. 1.16 and 1.17) and Machida FDS
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FIGURE 1.15 Insertion of T-tube

FiGUre 1.16 Cotton’s Olympus scope (Courtesy of Dr. Peter Cotton)
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N

FiGUure 1.17 Dr. Peter Cotton at work (Courtesy of Dr. Peter
Cotton)

scopes, the latter difficult to get outside of Japan. In his pub-
lication, he quoted a cost of £2500 for this instrument! Cotton
described ERCP as a teamwork between the endoscopist, the
radiologist, the interventional radiologist and the surgeon
(Fig. 1.18). The procedure was performed with the patient in
a left semi-prone position and his endoscope did not have the
balloon as described by McCune [21], but did have lateral
vision. Following the procedure, he recommended 36 h of in-
patient observation. Interestingly, he mentioned pancreatitis
and Australia antigen positive as contraindications. He
reported that one third of patients will be successfully can-
nulated without difficulty and a cholangiogram can be
achieved by just introducing the cannula 5 mm. At that time,
the cannulation rates were 75-96%.

Cotton’s work initially was mainly aimed at diagnosis and
surprisingly in his indications, he didn’t mention choledocho-
lithiasis, with the focus being mainly pancreatic disease.
Cotton describes ERCP as difficult to learn and perform, but
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FiGure 1.18 Dr. Peter Cotton with radiology colleagues and surgical
colleague Mr. Russel (Courtesy of Dr. Peter Cotton)

he stills prioritises it against transhepatic cholangiogram. His
work didn’t pass unnoticed by the surgeons, and the President
of the Royal College of Surgeons of England at the time,
Lord Rodney Smith, at the end of one of his talks said the
College should charge corkage on each stone removed by a
gastroenterologist. It was Cotton who coined the acronym
ERCP, that was subsequently officially approved at the
Mexico City World congress [24].

In 1974, Kawai et al. in Japan [25] and Classem and
Demling [26] in Germany simultaneously report the first
endoscopic sphincterotomy (Figs. 1.19 and 1.20). Only Kawai’s
report was published in English. His group described per-
forming two successful endoscopic sphincterotomies and
extraction of stones in two patients and failure of the tech-
nique in another patient. They used the same technique for
polypectomy but applied to the ampulla of Vater. With the
electrode inserted into the working channel of the Olympus
duodenoscope, the papilla was cannulated as per cholangio-
pancreatography. The technical failure in one patient was
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Ficure 1.19 Kawai (Courtesy of Dr. Peter Cotton)
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FiGure 1.20 Classen and Demling (Courtesy of Dr. Peter Cotton)

because of the inability to cannulate the ampulla. The two
successful patients were a 29-year-old male that presented
with painful jaundice, the diagnosis was made when the stone
was seen protruding on a barium meal and confirmed on a
transhepatic cholangiogram. As planned the papilla was cut
open with the electrode and a control endoscopy performed
a week later confirmed extraction of the stone. The second
patient was a 48-year-old female with a retained stone after a
cholecystectomy and bile duct exploration with a T-tube.
Sphincterotomy and stone extraction were successful and
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T-tube cholangiography confirmed it. Kawai finished his
article without knowing that a new era in the treatment of
ductal stones was just born.

Approach to Common Bile Duct Stones
in the 1980s

Until the end of the 1980s, the management of ductal stones
changed very little. The approach to ductal stones at that time
was captured in Professor Blumgart’s ‘Surgery of the Liver
and Biliary Tract’ textbook. In the chapter dedicated to cho-
lecystectomy, JM Ham described the technique, which differs
very little from the initial description by Langenbuch [27], but
reported a lesser morbidity and mortality. Ham emphasised
the importance of the dissection of Calot’s triangle (Fig. 1.21),
what later would be defined as the ‘critical view of safety’, as
a safeguard to decrease the incidence of bile duct injuries. He
also recommended the use of absorbable material and he
challenged the manoeuvre of closing the peritoneum on the
gallbladder bed and the use of drains. All those principles
could be applied to today’s standard laparoscopic cholecys-
tectomy technique.

In the chapter dedicated to bile duct stones [28], Girard
and Legros described manual palpation or cholangiography
as the most common methods to detect ductal stones. They
associated the addition of a bile duct exploration to the cho-
lecystectomy with a 3-to-7-fold increase in morbidity and
mortality. They therefore recommended surgeons to have a
high index of suspicion before embarking upon bile duct
exploration. When it was needed, they advised performing
the choledochotomy at the supraduodenal portion of the bile
duct, and if necessary, to complement this with a transduode-
nal approach in case of distal impacted stones. They also
recommended performing a completion cholangiogram and
they introduced the concept of choledochoscopy.
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FiGure 1.21 Dissection of Calot’s triangle

They recommended closure of the choledochotomy over a
T-tube, at least 14F, to allow its use in case of retained stones.
Their indications for bilioenteric anastomosis were:

1. Multiple stones, elderly patients and dilated ducts
2. Large stones in dilated ducts



28 A. Martinez-Isla et al.

3. Failure to remove intrahepatic stones
4. Papillary stenosis
5. Distal impacted stones

Table 1.1 shows the Girard (819 ductal explorations) as
well as McSherry’s (1371 ductal explorations) data, together
with other authors [28]. Our own experience to date since
1998 is nearly 500 laparoscopic explorations. Some of the
authors only found stones in 50% of the of explorations, and
their approach to the bile duct was not laparoscopic transcystic
3 mm choledochoscopy, as we aim to do today. The same
author refers to the presence of retained stones after bile duct
exploration in 83 patients, three of those requiring a third

TaBLE 1.1 Incidence of CBD stones in patients with gallstones
(from Girard RM)

Overall

Total CBD Positive incidence
cases of Explorations explorations of CBS

Authors gallstones % % stones

Way et al. 952 21 65 14

1972

Kakos 753 25 62 15

et al. 1972

McSherry 8971 15.6 59.7 9.3

& Glenn

1980

Hampson 2889 15 51 78

et al. 1981

Doyle 4000 22 52.5 115

et al. 1984

Lygidakis 3710 11.6 80 9.4

et al. 1983

Coelho 908 21 72 14.9

et al. 1984

Girard 7436 11 71.8 79

1988
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operation. This suggests that in 1984, the management of duc-
tal stones was surgical, despite of ERCP being an established
technique. Girard concluded saying that the success of bile
duct exploration is ‘exploring all and only those patients with
choledocholithiasis’ and that the most reliable method to
confirm that the bile duct is clear are the completion cholan-
giogram and choledochoscopy.

Since the first report of choledochoscopy in 1973, very lit-
tle happened until Ashby, who in 1985 published his work in
the British Journal of Surgery [29]. He described an impres-
sive 150 patient series over an 8-year period (127 with ductal
stones). He realised that the technique for stone extraction
was not quite there, and in fact it would take a few more years
to develop. He mentioned the important role of palpation
during bile duct exploration and emphasised the important
problem caused by retained stones, which became the main
focus of his work. He used and described the Olympus CHF-
10 reusable choledochoscope, which allowed sterilization by
immersion. He reported his technique of choledochoscopy
through a right subcostal incision extended over the midline,
and like Longland he described the concept of the hepatic
carina as the choledochoscopic view of the bifurcation of the
intra-hepatic ducts due to its resemblance to the bronchial
bifurcation (Fig. 1.22). Ashby described the use of balloons,
baskets and forceps, and reported a 41% rate of negative
choledochoscopy. This is because when CBD stones were
suspected, he would go directly to choledochoscopy, rather
than performing an intraoperative cholangiogram. This has
similarities to our current practice as we have a low threshold
for direct choledochoscopy when using a laparoscopic tran-
scystic approach with a 3 mm choledochoscope. Ashby pio-
neered primary closure of choledochotomy, with a 2% rate of
prolonged bile leaks, and ‘a number’ showing some bile in the
drain for a few days. He also stressed the difficulty of
achieving a waterproof closure, which is not surprising con-
sidering he used 000 catgut. Finally, he concluded that blind
exploration and extraction of stones should be avoided, the
surgeon should be able the inspect the inside of the ducts and
that choledochoscopy does not seem to increase morbidity.
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FiGURE 1.22 Intra-hepatic bifurcation

The Revolution in the 1990s: Laparoscopic
Cholecystectomy and Bile Duct Exploration

At the same time that Blumgart’s book was printed in 1988,
and just 3 years after Ashby’s work on choledochoscopy, a
revolution was brewing in the surgical world: the laparo-
scopic cholecystectomy. The pioneers of this new technique
are listed in Table 1.2. Professor Erich Miihe (Fig. 1.23) from
Boblingen on 12th September 1985 became the first surgeon
to perform a laparoscopic cholecystectomy with a lateral
view scope in Berlin. However, his work was never published
in the English language which is why Mouret of France, is
often credited as the first person to perform this operation.
Reynolds described the technique and instruments used dur-
ing the first laparoscopic cholecystectomy [30]. The three
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TaBLE 1.2 The pioneers of laparoscopic cholecystectomy

Name Country Date

Miihe Germany September 1985
Mouret France March 1987
Dubois France April 1988
McKernan and Saye USA June 1988
Reddick and Olsen USA September 1988
Berci Australia September 1988
Perissat France November 1988
Cuschieri UK February 1989

most important, basic instruments used for the first laparo-
scopic cholecystectomy were the laparoscope (used by the
gynaecologists for many years), the haemoclip® (Weck-
Reynolds pistol grip clip applier) and the scissors
(Weck-Reynolds pistol grip scissors). In 1972, Weck & Co
developed instruments for Reynolds. These were to be used
in open surgery to ligate ducts and blood vessels. Reynolds
then started to perform minimally invasive cholecystecto-
mies using these instruments through a pararectal incision
because this seemed to be tolerated better than the conven-
tional open cholecystectomy. Miithe used the same instru-
ments for his first laparoscopic cholecystectomy in 1985,
which he confirmed in a personal communication to Reynolds
in January 1998.

In 1972, Erich Miihe was assistant to Professor Gerd
Hegeman, and returning from a congress where he saw the
advantages of laparoscopy, convinced him to introduce lapa-
roscopy in their surgical clinic. In 1980, Semm performed the
first laparoscopic appendicectomy [31] and fascinated by his
work, Miihe began to develop the idea of laparoscopic chole-
cystectomy. In 1982, Miihe was appointed Chief of Surgery at
the Boblingen County Hospital in Biblingen and in 1984 he
designed an endoscope with side-viewing optics (the ‘gallo-
scope’), which was used to perform the first laparoscopic
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FIGURE 1.23 Dr. Erich Miihe

cholecystectomy. Miihe published his work in Endoscopy [32]
as follows: ‘The first endoscope constructed and used by our-
selves (‘Galloscope’) had side-viewing optics, and an instru-
mentation channel with valves, a light conductor and a duct for
the establishment of continuous pneumoperitoneum by the
Veress needle technique; the endoscope was introduced through
the umbilicus into the peritoneal cavity. For the insertion, we
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used a sharp mandrel within a trocar sleeve. After removal of
the mandrel, a trap valve was ejected from the inner wall of the
tube to seal off escaping CO, When the gallbladder was
removed under optical control through the endoscope, the top
of the endoscope had to be taken off. However, the gallbladder
could also be removed through the trocar sleeve.” From 1986,
Miihe presented his work at the German Surgical Society on
several occasions, but this was received with scepticism.
Perhaps America would have been a better audience, but
only 7% of the 342 articles that he published between 1965
and 1973 were written in English. Furthermore, he submitted
an article to the American Journal of Surgery in 1990 which
was rejected because the English language was substandard.
However, the wheels were already set in motion and the pro-
cedure soon would extend across Europe, but this time as
Litynski mentions in his book, led by a French surgeon,
Phillipe Mouret and the ‘French Connection’ [31, 33].

In 1987 Mouret was in Lyon performing a gynaecological
operation on a woman who also suffered from gallstones.
When he directed the laparoscope upwards, he saw the gall-
bladder, and decided (not without difficulty), to perform a
cholecystectomy. Francois Dubois, another French surgeon,
learned about Mouret’s work from a theatre nurse, Claire
Jeaupitre, who had previously worked with Mouret in Lyon.
They met soon after at the Paris Hilton in December 1987 as
Mouret happened to be visiting Paris for a gynaecological
meeting. Dubois, an enthusiast of the mini-cholecystectomy,
was convinced by Mouret of the advantages of the laparo-
scopic cholecystectomy but his self-acknowledged lack of
laparoscopic experience meant that he converted his first
cases into open surgery: ‘At the very beginning I was not
skilled enough to finish this procedure in the endoscopie way.
The first operations I always began laparoscopically, but [
finished the procedure using laparotomy. Finally, it worked!
My first fully laparoscopic cholecystectomy was done at the
end of April 1988.” Dubois published his early experience of
laparoscopic cholecystectomy in 36 patients in the Annals of
Surgery [34]. During this time, Jacques Perissat of Bordeaux,
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France, was heavily invested in extracorporeal shock wave
lithotripsy (ESWL) for gallbladder disease, but its poor
results lead him to develop a technique of laparoscopic
assisted intracorporeal lithotripsy via cholecystotomy. After
attending one of Dubois lectures, he was given the idea of
performing cholecystectomy in place of cholecystotomy, and
became the third person who would help to expand laparo-
scopic cholecystectomy across Europe. He published their
groups initial experience in Endoscopy and Surgical
Endoscopy [35]. Perissat reported that he performed an intra-
venous cholangiogram the day before surgery and for the
operation he used two 10 mm and two 5 mm ports, a 10 mm
laparoscope with a cold light source, and a CO, insufflator
with a pressure monitor. The instruments were diathermy
scissors, atraumatic graspers and a titanium-clip applier.
Pneumoperitoneum was created with a Veress needle and
this was followed by insertion of the supraumbilical 10 mm
trocar and the other 3 trocars (Fig. 1.24). Once the cholecys-
tectomy was completed, the gallbladder was removed through
the umbilical incision. Surprisingly, his description did not
mention either the critical view or the systematic dissection
of the hilum. He attempted the procedure in 39 patients and
3 (8%) required conversion to open surgery. He had two
main complications: a patient with bleeding who required
mini-laparotomy and another laparotomy for biliary perito-
nitis. In the 3 months since he reviewed the proofs of his
paper until its final publication, he operated on a further 220
patients, the last 180 being uncomplicated. The new era of
laparoscopic cholecystectomy was born that would change
the face of biliary surgery forever.

With the expansion of the technique there was an increase
in the number of publications on both sides of the Atlantic,
including Karl Zucker’s (Baltimore, Maryland, USA) book
published in 1991 [36]. The textbook portrayed the American
perspective on laparoscopy and 98% of the authors were
American. Surprisingly, it didn’t mention Professor Erich
Miihe in the development of the procedure and it was a basic
book describing the principles of laparoscopy including
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FIGURE 1.24 Port placement: French position

instruments, energy devices, anaesthesia, indications (cancer
staging, cholecystectomy, appendicectomy, pelvic lymphade-
nectomy, vagotomy and inguinal hernia) and complications.
Unlike the French authors, they recommended the American
technique (Fig. 1.25), the main differences being that no ports
are placed on the left side of the abdomen and the surgeon
stands to the left of the supine patient. The textbook included
a chapter on choledocholithiasis [37]. The use of intraopera-
tive cholangiogram was mainly to prevent bile duct injuries
and it was advised against laparoscopic management of the
stones found. It seems that the main reason to recommend
performing an intraoperative cholangiogram was to provide
legal cover against bile duct injuries that could happen during
a procedure that was in its infancy. Therefore, the authors’
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FIGURE 1.25 Port placement: American position

recommendation was to perform exhaustive screening for
CBD stones pre-operatively. If there were CBD stones pres-
ent, the CBD was to be cleared prior to laparoscopic chole-
cystectomy with pre-operative ERCP. Finding ductal stones
during the cholecystectomy was considered a failure of pre-
operative screening. However, in this scenario, it was recom-
mended to convert to open surgery or alternatively perform
post-operative ERCP, preferably the former because the lat-
ter could also fail and condemn the patient to a second lapa-
rotomy. This is what most American surgeons thought at the
time. The University of Maryland Medical Centre reported a
series of 175 patients where an intraoperative cholangiogram
had been performed. In only 12 (6.8%) patients, filling
defects compatible with bile duct stones had been detected
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and two underwent an ERCP during the same admission and
the other 10 were followed up, and of those, only two pre-
sented with symptoms requiring ERCP and stone extraction
[37]. It therefore transpires that there was a lack of experi-
ence and various limitations were acknowledged. This was
perhaps due to a lack of laparoscopic instruments and the
impression that laparoscopic closure of choledochotomy was
a very complex challenge. The manuscript concludes with
hope that in the near future new developments will emerge in
the laparoscopic management of the ductal stones. When
analysing Zucker’s work, despite the lack of evidence and
experience, they nevertheless were able to support the tran-
scystic approach as, quite rightly, the safest route to accessing
the bile duct. Furthermore, they described the use of a cho-
ledochoscope with a working channel, which could be rail-
roaded over a guidewire, and then passage of a Dormia
basket through the working channel. As a result, 30 years ago
they were setting the foundations to develop laparoscopic
bile duct exploration. As predicted, the laparoscopic approach
to the bile duct was a subject of great interest and research.
In the same year Zucker’s book was published, Joseph
Petelin (Kansas City, USA) published his early experience
with laparoscopic biliary ductal evaluation, choledochoscopy
and removal of common duct stones in Surgical Laparoscopy
& Endoscopy [38]. Also in the same year, Moises Jacobs and
colleagues (Miami, Florida, USA) described a technique of
laparoscopic choledochotomy and placement of a T-tube [39]
whereas Sackier, Berci and Paz-Partlow (Los Angeles,
California, USA) reported their method for laparoscopic
transcystic choledocholithotomy with removal of common
duct stones through the cystic duct using a flexible nephro-
ureteroscope [40]. It was just a year later, in 1992, when the
first description of lithotripsy during laparoscopic common
bile duct exploration (which we refer to as lithotripsy-assisted
bile duct exploration by laparoendoscopy or LABEL) was
reported by Maurice Arregui et al. (Indianapolis, USA) [41].
The authors described two patients who initially failed pre-
operative ERCP due to large and/or impacted CBD stones,
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who were successfully managed by laparoscopic transcystic
common bile duct exploration with electrohydraulic litho-
tripsy. The very same manuscript also reports on 10 patients
who underwent laparoscopic cholecystectomy with intra-
operative ERCP. Fittingly, some 10 years later, Maurice
Arregui wrote about Zucker in a “Tribute to Karl Zucker: an
ambitious, dedicated, and unselfish surgeon of his time’ which
was published in Surgical Laparoscopy, Endoscopy and
Percutaneous Techniques [42].

The several millennia of human focus on the gallbladder
has seen multiple re-considerations of the role of this organ
on health and disease. The early nineteenth century led to
understanding that it could be safely removed, and the past
30 years have led to a revolution in minimally invasive
approaches that have offered new approaches in the laparo-
scopic management of biliary disease. The current standard of
excellence and future developments, which have been
expanded upon in the remainder of this book, will allow
improved patient outcomes and patient related outcome
measures so that the scourge of biliary disease will be further
minimised in years to come.
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Review of the Evidence
for Laparoscopic Bile
Duct Exploration
(LBDE)

Lalin Navaratne and Alberto Martinez-Isla

Introduction

Currently, there is no consensus for the optimal treatment of
common bile duct (CBD) stones with gallbladder in situ.
Guidelines from the British Society of Gastroenterology
(BSG) do not report a superiority in efficacy, morbidity or
mortality, between laparoscopic cholecystectomy with intra-
operative cholangiogram (LC-IOC) =+ laparoscopic bile duct
exploration (LBDE) and preoperative or intraoperative
endoscopic retrograde cholangiopancreatography (ERCP)
followed by LC [1]. NICE guidelines recommend the single-
stage management LC-IOC = LBDE, but only provided that
the necessary expertise is available [2]. There are 4 strategies
available for the management of CBD stones with gallblad-
der in situ: pre-operative ERCP + LC; LC + LBDE;
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LC + intra-operative ERCP and finally LC + post-operative
ERCP. Multiple randomised control trials (RCT) have been
performed in the last 20 years comparing these 4 treatments
followed by numerous systematic reviews in the last 10 years
(Tables 2.1, 2.2 and 2.3) trying to identify the best manage-
ment strategy for choledocholithiasis with concomitant gall-
stones [3-14].

TaBLE 2.1 Systematic reviews of the management of choledocholi-
thiasis within the last 10 years

No. of
Author Management of concomitant gallstones RCTs
Year and CBD stones (patients)
Li LC + LCBDE vs pre-op ERCP+ LC 5 RCT
2011 (621)
LC + LCBDE vs LC + post-op ERCP 2 RCT
(166)
Pre-op ERCP vs LC + intra-op ERCP 3 RCT
(412)
Pre-op ERCP + LC vs LC + post-op 1 RCT (59)
ERCP
Alexakis  One-stage laparoendoscopic 9 RCT
2012 (LC + LCBDE and LC + intra-op (933)
ERCP) vs two-stage (pre-op ERCP +
LC and LC + post-op ERCP)
Lu One-stage (LC + LCBDE) vs two-stage 7 RCT
2012 (pre-op ERCP+ LC and LC + post-op (787)
ERCP)
Dasari LC + LCBDE vs pre-op ERCP+ LC 5SRCT
2013 (621)
LC + LCBDE vs LC + intra-op ERCP 1 RCT
(234)
LC + LCBDE vs LC + post-op ERCP 2 RCT
(166)
One-stage vs two-stage 7 RCT

(787)
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TaBLE 2.1 (continued)

No. of
Author  Mapagement of concomitant gallstones  RCTs
Year and CBD stones (patients)
Liu LC + LCBDE vs LC + EST (studies 15 RCT
2014 include pre-op, intra-op and post-op (1410)
ERCP)
Nagaraja LC + LCBDE vs pre-op ERCP + LC 6 RCT
2014 (741)
LC + LCBDE vs LC + post-op ERCP 2 RCT
(166)
LC + LCBDE vs LC + intra-op ERCP 2 RCT
(453)
Pre-op ERCP + LC vs LC + intra-op 5 RCT
ERCP (632)
Zhu One-stage (LC + LCBDE) vs two-stage 8 RCT
2015 (pre-op ERCP + LC) (1130)
Prasson One-stage laparoendoscopic 14 RCT
2016 (LC + LCBDE and LC + intra-op (1600)
ERCP) vs two-stage (pre-op
ERCP + LC and LC + post-op ERCP)
Gao LC + LCBDE vs LC + EST (studies 11 RCT
2017 include pre-op, intra-op and post-op (1663)
ERCP)
Ricci LCBDE 20 RCT
2018 (2489)

Pre-op ERCP + LC
LC + post-op ERCP
LC + intra-op ERCP
Singh One-stage (LC + LCBDE) vs two-stage 11 RCT

2018 (pre-op ERCP + LC) (1513)
Li One-stage (LC + LCBDE) vs two-stage 11 RCT
2019 (pre-op ERCP + LC and LC + post-op  (1338)

ERCP)
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Stone Clearance

Zhu et al., and Singh et al., compared LC + LCBDE vs two-
stage (preoperative ERCP + LC) and found LC + LBDE
achieved significantly higher stone clearance rates (Table 2.2).
Zhu et al., included 1130 patients from 8 RCTs and found
clearance rates of 90.2% vs 85.7% (OR 1.56;95% Confidence
Interval 1.05 to 2.33, p = 0.03) in favour of LC + LBDE [10].
Singh et al., studied 1513 patients from 11 RCTs and reported
higher rates of stone clearance from patients receiving
LC + LBDE (92.7% vs 89.1%; OR 1.55, p = 0.03) [13]. Liu
et al. compared laparoscopic vs endoscopic management of
CBD stones and found higher stone clearance rates with
laparoscopic techniques (92.7% vs 89.1%; OR 1.55,p = 0.03)
[8]- Two further systematic reviews of RCTs found superior
LC + LBDE clearance rates but these did not reach statistical
significance (872% vs 78.8%, p = 0.17 and 82.0% vs 78.8%,
p = 0.15 [6, 11]. Ricci et al., performed a network meta-
analysis of RCTs and reported that LC + intraoperative
ERCP was the approach with the greatest probability of suc-
cess (surface under the cumulative ranking curve (SUCRA)
872%), followed by LC + LBDE (SUCRA 55.7%),
preoperative ERCP + LC (SUCRA 44.3%) and finally
LC + postoperative ERCP (SUCRA 12.8%) [12].

Morbidity

Alexakis et al., conducted a systematic review of one-stage
laparoendoscopic (LC-IOC + LBDE and LC + intraopera-
tive ERCP) versus two-stage management of CBD stones
(preoperative ERCP + LC and LC + postoperative ERCP)
and the authors found a non-significant trend towards
increased morbidity within the one-stage group (19.9% vs
16.1%, p = 0.10) [5]. This was consistent with Lu et al. find-
ings, who also described a trend towards increased morbidity
within the one-stage group (19.0% vs 15.2%, p = 0.16) [6]. Liu
et al., included 15 RCTs and 1410 patients in their compari-
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son of laparoscopic versus endoscopic (including pre-, intra-
and postoperative ERCP) management of ductal stones and
did not find any difference between the groups in terms of
overall morbidity (15.4% vs 18.8%, p = 0.58), however,
reported a higher bile leak rate within the laparoscopic group
(6.3% vs 0.5%) and a higher incidence of bleeding and pan-
creatitis in the endoscopic group (0% vs 3.7% and 0.3% vs
3.6% respectively) [8]. Rabago et al., randomised patients
with choledocholithiasis to either preoperative ERCP + LC
or LC + intraoperative ERCP, and reported favourable mor-
bidity outcomes in the latter single-stage group (23% vs
8.5%, p < 0.05) [15]. Ricci et al., in terms of morbidity, found
LC +intraoperative ERCP to be the safest approach (SUCRA
69.7%), followed by LC + postoperative ERCP,
LC-IOC = LBDE, and finally preoperative ERCP + LC
(SUCRA 62.7%,43.9%),23.8% respectively) [12].

Bile Leak

As discussed, LC-IOC + LBDE appears to be neither supe-
rior nor inferior to endoscopic techniques in terms of overall
morbidity for treating bile duct stones, however its morbidity,
is mainly represented by bile leak. Ricci et al., included in
their meta-analysis 915 patients from 14 RCTs that under-
went LC + LBDE (Table 2.3), but from these trials, only 331
(36.2%) patients had their duct explored via the transcystic
route [12]. Furthermore, during the last two decades, 23 RCTs
have compared LC + LBDE with other therapeutic options,
and from 16 studies published in English, the transcystic
approach was used in just 32% (305/953) of patients
(Table 2.4). In five trials, the sole method of LBDE was via
choledochotomy (transductal approach) [16-20]. When the
transcystic route was attempted, the success rate for stone
clearance was 80% (from extractable data). A recent review
in 2020 found that the transcystic approach can be achieved
in up to 71% of cases [21], however, higher transcystic rates
approaching 90% have been reported [22, 23]. Series with
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TaBLE 2.4 Attempted and success rates of transcystic LCBDE with
surgeon’s experience in LCBDE from 16 RCTs performed within
last 20 years

Attempted
Transcystic  Transcystic LCBDE
LCBDE success rate  surgeon
Paper Year (%) (%) experience
Cuschieri 1999 56/111 45/56 (80.4)  Varying
(50.5) experience
NOS
Sgourakis 2002  20/35(57.1) Not Not
extractable  extractable
Noble 2009 5/44 (11.4) 5/5 (100) Experienced
biliary
surgeons/
trainees under
supervision
Rogers 2010  17/17 (100) 15/17 (88.2)  Single surgeon
with extensive
experience
Bansal 2010  0/15 (0) N/A Early
institutional
experience
Ferulano 2011 55/62 (88.7)  29/38 (76.3) Not
extractable
Koc 2013  0/57 (0) N/A Two
experienced
hepatobiliary
surgeons
Ding 2014 0/110 (0) N/A Single surgeon
with extensive
experience
Bansal 2014 1/84 (1.2) 1/1 (100) Early
institutional

experience
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TABLE 2.4 (continued)
Attempted
Transcystic  Transcystic LCBDE
LCBDE success rate  surgeon
Paper Year (%) (%) experience
Lv 2016 23/29 (79.3)  23/23 (100) Not
extractable
Gonzalez 2016  Not Not Three
extractable  extractable  experienced
laparoscopic
surgeons
Rhodes 1998  28/40 (70) 23/28 (82.1)  29/40 by
consultant
(experience
unknown).
11/40 by
trainee
Nathanson 2005 0/41 (0) N/A Experienced
laparoscopic
surgeons
Hong 2006  0/141 (0) N/A Not
extractable
ElGeidie 2011 57/115 Not Not
(49.6) extractable  extractable
Poh 2016 43/52 (82.7)  29/43 (67.4)  Individual
experience of
10-40 cases
Total 305/953 170/211
(32.0) (80.6)

high rates of transductal exploration have reported bile leak
rates as high as 13.3-16.7% [16, 24]. Therefore, the advantages
of easier access and extraction of stones from the transductal
(transcholedochal) approach are taxed with complications,
mainly in the form of bile leak. In series with high rates of
transductal exploration, bile leakage will highlight the main
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weakness of the LC-IOC + LBDE approach when compared
to the other endoscopic techniques. Liu et al., reported that
the total incidences of bile leakage in the laparoscopic and
endoscopic groups from eight studies included in their sys-
tematic review were 6.3% and 0.5% respectively [8]. Reinders
et al., published a systematic review on transcystic versus
transductal stone extraction during single-stage treatment of
choledochocystolithiasis in 2014 [25]. Expectedly, the authors
found that there were more bile leaks after transductal stone
extraction (11% vs 1.7%, p < 0.5) and total morbidity was
also significantly less in the transcystic group (7-10.5% vs
18.4-26.7%, p < 0.05). Pang et al., more recently published
their results from a similar study and found that transcystic
exploration had significantly shorter operative time and hos-
pital stay, less operative blood loss, fewer complications and
was more cost efficient than traditional transductal LBDE
[26]. From the authors institution and review of over four
hundred LBDEs, the rate of bile leak from transductal and
transcystic exploration was 5.8% and 1.1% respectively
(p = 0.02) [23]. Furthermore, Ricci and colleagues found that
regarding biliary leak, the worst approach was ‘undoubtedly’
LBDE when compared to pre-, intra- or postoperative ERCP
with laparoscopic cholecystectomy [12]. However, when
approximately only a third of patients included in their sys-
tematic review (and all RCTs conducted within the last two
decades) received transcystic LBDE, it is perhaps likely that
the overall reported morbidity associated with bile leak from
the LBDE arm overrepresents the true morbidity associated
with a contemporary transcystic predominant LBDE
practice.

Post-Procedural Pancreatitis

The rate of post-procedure pancreatitis has been reported as
being higher in endoscopic groups (pre-, intra- or postopera-
tive ERCP with LC) when compared to LC + LBDE groups
[8, 12]. This difference is still apparent despite many of the
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randomised trials having included a substantial proportion of
patients within the LC + LBDE arm who underwent closure
of choledochotomy over an antegrade stent [19, 27-29]. It is
known that this technique appears to be associated with pan-
creatitis due to instrumentation of the biliary sphincter [30].
The incidence of pancreatitis following closure over an ante-
grade stent has been reported to be as high as 12% with 26%
of patients becoming hyperamylasaemic [23, 31]. At the
authors institution, if it is not possible to explore the bile duct
through the transcystic approach and the transductal route is
used, the duct is currently closed primarily without an ante-
grade stent [23]. As with morbidity secondary to bile leak, it
is likely that if individual randomised studies had higher rates
of transcystic stone extraction, the overall morbidity associ-
ated with LBDE (in terms of bile leak and pancreatitis)
would be lower than that currently reported in the systematic
reviews. Future research consisting of large, multicentre pro-
spective studies with strict trial protocols for transcystic
exploration (where possible) are required to identify morbid-
ity associated with a contemporary transcystic predominant
LBDE practice.

Hospital Stay and Cost

There is fairly robust evidence to support shorter hospital
stay in LC + LBDE groups when compared to endoscopic
(pre-, intra- and postoperative ERCP) groups [8] and two-
stage (preoperative ERCP + LC) groups [10, 13]. Nagaraja
et al., studied 632 patients from 5 RCTs of preoperative
ERCP + LC versus LC + intraoperative ERCP and found
shorter hospital stay within the latter group (6.1 vs 3.5 days,
p < 0.01) [9]. However, the authors did not find any differ-
ences in length of hospital stay when comparing LC + LBDE
to pre-, intra- or postoperative ERCP [9]. Furthermore, Ricci
and co-workers found that the shortest hospital stay was
when LC + intraoperative ERCP was performed (SUCRA
92.7%), followed by LC + LBDE (SUCRA 68.0%), preop-
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erative ERCP + LC (SUCRA 22.1%) and LC + postopera-
tive ERCP (SUCRA 172%) [12]. Two RCTs comparing
LC + LCBDE vs preoperative ERCP + LC and one RCT
comparing LC + LBDE vs LC + postoperative ERCP have
demonstrated shorter hospital stay with LCBDE [16, 27, 28].
Chang et al., randomised patients with gallstones pancreatitis
to preoperative ERCP + LC or LC-IOC with selective post-
operative ERCP in patients with a positive IOC, and reported
reduced cost and hospital stay in the selective postoperative
ERCP group [32]. However, according to most guidelines, the
common bile duct should be cleaned before or during laparo-
scopic cholecystectomy [2, 33-35]. The remainder of the sys-
tematic reviews listed in Tables 2.1 and 2.2 did not find any
difference in length of hospital stay between treatment
groups [3-6, 11].

Two randomised studies comparing preoperative
ERCP + LC with LC + intraoperative ERCP have demon-
strated significantly less cost associated with the single-stage
procedure [15, 36]. Another randomised study comparing
LC + LBDE with preoperative ERCP + LC reported reduced
costs with the single-stage group [16]. Ricci et al., considered
total cost in US dollars of the four different treatment strate-
gies and concluded that the procedure with the highest
probability of being the least expensive was LC + LBDE
(SUCRA 98.9%), followed by LC + intraoperative ERCP
(SUCRA 39.6%) and preoperative ERCP + LC (SUCRA
11.5%) [12].

Learning Curve and Teaching

The first published reports of LBDE came from the early
1990s with data extracted from randomised studies discussed
in this chapter from 1998 onwards. This year also coincides
with the same year the technique was started in the authors
institution [23]. Published reports for ERCP date back to the
mid-1970s, however, the earliest study of intraoperative
ERCP included in systematic reviews was 2006. With the two
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techniques sitting apart on the learning curve, ERCP has had
a two-decade head start when compared to LCBDE. The
learning curve of LBDE has been demonstrated at the
authors institution which spans 20 years. The success rate of
stone clearance in chronological blocks of 100 cases has, as
expected, increased with experience: 90%, 98%, 97 %, 100%
and increasing use of transcystic choledochoscopy has also
been observed. Lessons learned after the first 200 LBDE
cases was published in 2014, and at that time, the transductal
exploration rate was 88.5% [31]. At the beginning of the
series, closure of the duct over a T-tube was performed but
subsequently closure over an antegrade stent was preferred.
However, due to a high incidence of acute pancreatitis, pri-
mary closure was then adopted. At that time, primary closure
of the duct after LBDE seemed to be superior to closure over
a T tube and stent, but this was a lesson learned only after
almost 200 cases. The complication rate of pancreatitis was
6.8% in the first half of the series (~200 cases) which has
reduced to less than 1% in the latter half of the series (~200
cases).

It is important to consider technical experience prior to
drawing any firm conclusions from a study (Table 2.4). Poh
et al., published a study comparing LC + intraoperative
ERCP with LBDE, and operator experience of LCBDE was
comparatively lower than that of ERCP being between 10
and 40 cases only [29]. Within the UK, ERCP endoscopists
must achieve a benchmark of 180 cases in training with a
minimum of 75 cases per year to retain their competency [37].
For LBDE, 250 cases has been described as the learning
curve for competency by some authors [38]. Within the UK,
there is a standardised ERCP training pathway delivered by
the Joint Advisory Group (JAG) on GI Endoscopy and
almost every hospital has a gastroenterology department
offering an ERCP service. Conversely, there are just a few
hospitals offering a LC-IOC + LBDE service with audited
outcomes and reliable clinical pathways. Table 2.4 shows the
operator experience of the surgeons who participated in each
of the 16 RCTs published in English within the last 20 years.
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Two studies reported a proportion of the operations being
performed by trainee surgeons [28, 39]. Another study was
performed in a centre with very early institutional experience
of LBDE [16]. In a large multicentre trial administered
through the European Association of Endoscopic Surgeons
(EAES), participating surgeons from several European cen-
tres and Australia had varying experience in LBDE at the
beginning of the trial [27]. The investigators described this as
the main strength of the study stating that it was pragmatic
and therefore the results were applicable generally, not just in
centres with specialised expertise in laparoscopic biliary sur-
gery. We believe that LBDE should be considered specialist
practice and therefore only performed by surgeons who have
had specific training in LCBDE and advanced laparoscopic
techniques [40]. In accordance with UK NICE guidelines, we
recommend that LBDE should be offered in all centres
receiving emergency surgical patients and performed by sur-
geons with regular exposure to managing CBD stones [2]. We
advocate that LCBDE should be included as part of the man-
datory training for upper gastrointestinal surgeons (see
Chapter on mentoring and training).
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Chapter 3
Laparoscopic Biliary
Ultrasound

Stuart Andrews and Kirk Bowling

Laparoscopic intra-operative ultrasound (LUS) as a modality
for investigating the bile duct in biliary surgery is gaining
popularity for a number of reasons. It is rapid, gives accurate
and reliable information for treatment and can provide sig-
nificant advantages in efficiency of patient care.

Evidence shows that LUS is equally as sensitive and spe-
cific as MRCP or intra-operative cholangiogram in the detec-
tion and exclusion of bile duct stones [1-5]. The process of
acquiring images using LUS is significantly quicker than x-ray
cholangiogram [6], remains within the surgeon’s control and
negates the need for potentially dangerous radiation expo-
sure. There is also a growing practice of using intra-operative
LUS as an alternative to pre-operative MRCP in those
patients who have indices to suggest synchronous common
bile duct stones (CBDs) when presenting with symptomatic
gallbladder stones. Currently in the UK 1/3 of the 66,000
patients undergoing Laparoscopic Cholecystectomy have a
pre-operative MRCP; less than 10% of these patients will
have CBDs [7 8]. LUS can reliably identify and reassure these
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negative CBDs patients, those patients that have CBDs iden-
tified can proceed with treatment either with laparoscopic
common bile duct exploration (LCBDE) or post-operative
ERCP.

For those surgeons providing a LCBDE service, large
amounts of information can be acquired from an LUS other
than just exclusion of duct stones. When CBDs are identified,
they can be measured in size and number, CBD diameter and
cystic duct diameter can be measured, which provides deci-
sion making information for LCBDE in terms of trans-cystic
vs choledocotomy. LUS naturally compliments a LCBDE
service and once experienced it is quickly adopted as a stan-
dard of practice.

Equipment

Laparoscopic ultrasound machines are compact and mobile
(Fig. 3.1). The probes come in two types, a fixed straight type
and flexible type (Fig. 3.2), they most commonly use a linear
array transducer and operate at a frequency of 4-10 MHz giv-
ing a typical tissue penetration of 3-8 cm, ample for detailed
scanning of the porta hepatis and views through the pancreas
of the intra-pancreatic portion of the CBD. The flexible type
can have more applications for liver/pancreatic imaging, how-
ever some surgeons prefer the fixed type probe if to be used
exclusively for CBD imaging to allow more controlled han-
dling characteristics, although flexible probes have locking
levers which emulates this to some degree. Probes all have
common characteristics, they are real-time B-mode, providing
high quality images, colour doppler capability is necessary in
order to identify and navigate anatomy of the porta. A typical
probe has a diameter of 10 mm to allow use down a standard
size 11 mm epigastric port used in laparoscopic cholecystec-
tomy, if you are using the American technique or the left
upper quadrant port for those using the French technique.
The probes are typically 40-50 cm long and can be place
alongside other laparoscopic instruments making the LUS
set-up very ergonomic and space efficient (Fig. 3.3).
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FIGURE 3.1
Laparoscopic ultra-
sound machine

Probe sterility for each patient use can be either with a
sheath cover (Fig. 3.4) and probes disinfected between
patients, or formally sent away to the hospital sterilisation
department between each use (Fig. 3.5). This is an important
consideration when purchasing equipment volume, as if a
formally sterilisation process is adopted several probes will
need to be purchased (at least 5) in order to provide a con-
tinuous service for multiple patients on a list and morning/
afternoon lists-(approximately 6 h turnaround time). It is
important that you agree sterilisation protocols with your
infection control department when deciding equipment num-
bers to purchase in your business case.
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Fixed Probe Flexible Probe

FiGurE 3.2 Laparoscopic ultrasound probes

FiGure 3.3 Laparoscopic ultrasound used during laparoscopy
Principles of Imaging Acquisition

If using sheaths for probes it is important to remember that
ultrasonic gel is placed within the sheath around the trans-
ducer head in order to breakdown density interface picture
quality problems.
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FiGURE 3.4 Laparoscopic ultrasound probe cover

The probe when inserted through the epigastric/left upper
quadrant port will naturally rest on the porta hepatis in the
short axis view to give cross-sectional view of the porta hepa-
tis structures (Fig. 3.6). The ultrasound machine will rotate
the image automatically so giving the user the impression
that they are scanning the porta hepatis anteriorly to poste-
rior (Fig. 3.6). This allows easier conceptualisation of imaging
for the user.
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FiGURE 3.6 Laparoscopic ultrasound probe resting on porta hepatis
and images obtained. Lateral to medial USS wave direction; USS
autorotation to AP view
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Principles and Technique of Picture
Acquisition

Acquiring information from LUS about the biliary tree that
you trust to make decisions about patient care comes from a
combination of training and experience in practice. Attending
a training course and mentorship is advised.

We would recommend dissection of Calots triangle first,
clipping and division of the cystic artery prior to performing
the LUS. This allows greater access to the biliary system and
manoeuvrability with the ultrasound probe around the porta
hepatis structures. LUS is not the best modality for defining
unclear biliary anatomy, if there is uncertainty, x-ray cholan-
giogram provides the best conformation.

Like any ultrasonic device media density interface
degrades picture quality due to reflection which you must be
mindful of, often there is sufficient moisture from tissue dis-
section alone for a high-quality image. However poor image
quality can be improved with saline infusion intra-peritoneally
pooling in sub-hepatic space to breakdown unwanted acous-
tic reflection (sometimes patient will need to be levelled from
head up position). The probe is positioned perpendicular to
the hepatoduodenal ligament on the porta hepatis, the linear
array probe should immediately produce a cross-sectional
image of the porta hepatis, ‘the mickey mouse’ view (Fig. 3.7).
Grasping the gallbladder fundus with the left hand can pro-
vide additional manoverability and clarity of porta hepatis by
lateral traction. The vascular structures of the porta provide
the navigation markers for clear identification of the CBD.
The colour doppler is activated on the ultrasound machine
and doppler signal is confirmed using the doppler signal box
in both the larger posterior structure -portal vein (mickey
mouse face) and normally in screen right position- hepatic
artery (mickey mouse left ear). No significant doppler signal
is seen in common bile duct (mickey mouse right ear)
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Portal Vein g;;

‘Mickey Mouse View’ Doppler Signal on Portal Vein

FiGure 3.7 The ‘Mickey Mouse’ view

(Fig. 3.8). Structures can vary in size and relative position
within the porta hepatis so it is important to start each scan
with this orientation procedure to be sure it is the biliary
ductal system you are identifying. If you become lost during
the scan process then returning to this default start point is
advised.

Once the CBD is identified the aim is to travel inferiorly
down the supra-duodenal bile duct keeping it central in posi-
tion on the ultrasound image. The probe should rest gently on
the hepatoduodenal ligament otherwise the CBD will be
compressed and obscured, to little pressure and the ultra-
sound window on the porta will narrow.

The aim is to slowly and carefully examine the entire bili-
ary drainage system from hepatic ducts to ampulla. It is
important while manoeuvring the probe that you try and stay
in the short axis plane producing crisp cross-sectional images
to allow accurate interpretation. This is achieved with a com-
bination of probe insertion and withdrawal and wrist rotation
and has a learning curve. As the distal CBD passes through
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Doppler ignal Heatic Artery No Doppler Signal on CBD

FiGgure 3.8 Identification of hepatic artery and common bile duct.
Doppler Signal on Portal Vein; Doppler Signal Hepatic Artery; No
Doppler Signal on CBD

the pancreas it angulates laterally to join duodenum, in order
to stay in short axis view of the CBD, reasonably significant
supination of the wrist is required in combination with down-
wards travel of the probe to correctly angle the transducer
(Fig. 3.9: a—c).

A complete scan involves several components and ana-
tomical land marks can assist with this, they include right and
left hepatic ducts and their confluence to form the common
hepatic duct. Cystic duct and common hepatic duct conflu-
ence to form the CBD and pancreatic duct confluence with
the CBD at the ampulla. The CBD should be followed down
to its termination at the ampulla. The intra-pancreatic portion
of the bile duct can sometimes be more difficult to interpret
due to the echogenic reflectivity of the pancreas which can be
made worse in patients with recent pancreatitis. A trans-
duodenal view can sometimes help in this scenario (Fig. 3.10).
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FiGURE 3.9 Downwards travel of the ultrasound probe; (a)
Identification of left and right hepatic duct; (b) Identification of
CBD ‘Mickey Mouse View’ (¢) Identification of intra-pancreatic
common bile duct and pancreatic duct

Shosrt axis auto-rotation
A-P trans-duodenal view
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véin
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FIGURE 3.10 Trans-duodenal view of the common bile duct
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Documentation and Pathology

It is good practice to document structures seen and take a
standard set of measurements to record in the operation note,
this involves using the measurement calliper function of the
ultrasound machine to document CBD dimeter distally and
proximally. It advisable to discuss with your x-ray department
about linking the captured images from the ultrasound
machine to the hospital radiology archive system.

Stones within the duct seen are usually very obvious with
the casting of an acoustic shadow (Fig. 3.11). Echogenic
sludge is sometimes seen within the duct system defined by
its more diffuse appearance and lack of acoustic shadow and
is usually of little clinical consequence and a CBD flush is
recommended.

If using LUS for LCBDE then useful information can be
obtained for surgical planning such as size of stone, CBD
diameter and cystic duct diameter if attempting trans-cystic
exploration (Fig. 3.12).

Business Case
Although the initial cost of equipment can seem high, cost

analysis shows that equipment costs are covered after the
first 60-70 cases of use based on cost of pre-operative MRCP

_§_ Acoustic

Shadow

Sludge in CBD without acoustic
shadow

FiGurE 3.11 Stones with and without acoustic shadow. Stone in
CBD with acoustic shadow; Sludge in CBD without acoustic shadow
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Cine Play

14.0 mm Dist 2 17.0 mm Dist 3 10.3 mm = 1.20<1.70 TIS:

FIGURE 3.12 Assessing size stone

avoidance in both the inpatient or outpatient setting [9]. As
patients presenting with symptomatic gallstones and synchro-
nous deranged LFTs can procedure straight to surgery with
the majority accurately reassured the bile duct is clear then
emergency bed days can be saved through more efficient
patient journey.
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Chapter 4

Equipment and Operative
Setting for Laparoscopic
Bile Duct Exploration
(LBDE)

Alberto Martinez-Isla, Maria Asuncion Acosta-Mérida,
and Lalin Navaratne

Equipment

For laparoscopic bile duct exploration (LBDE) at the time of
cholecystectomy, the standard laparoscopic cholecystectomy
set can be complemented with disposable items listed in
Table 4.1 and a 3 mm choledochoscope. Table 4.2 summarises
the characteristics, advantages and disadvantages of the vari-
ous 3 mm choledochoscopes currently available on the mar-
ket. For complex choledocholithiasis, Lithotripsy Assisted
Bile duct Exploration by Laparoendoscopy (LABEL) is
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often required. The equipment required for LABEL will be
discussed here, however, patient selection and technical
aspects of LABEL will be described elsewhere (see Chap. 5).

Intra-Operative Cholangiogram (10C)

In reality, transcystic LBDE begins with the cannulation of
the cystic duct for intra-operative cholangiography (I0C).
For cholangiography, we recommend using an open-end flexi-
tip SF (70 cm) catheter (Table 4.1, Serial 7) which can be
introduced through a Horner needle (Table 4.1, Serial 1).
Alternatively, if a Horner needle is not available, a disposable
ENT suction device can be used to similar effect. An initial

TaBLE 4.1 Disposable equipment

Serial Item Description Picture

1 Steriseal Used to direct
Horner™ the catheter
perioperative guidewire to
laparoscopic the cystic duct
cholecystectomy  opening
cholangiogram
set (Optech
Diagnostic &

Surgical)

2 Endoloop® For retraction I
(Ethicon) or of the proximal
Surgitie™ cystic duct =
(Covidien)

3 Endo close™ To retract the

trocar site closure
device
(Covidien)

Endoloop®

or Surgitie™
through the
anterior
abdominal wall
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TABLE 4.1 (continued)

81

Serial Item Description Picture
4 Adjustable biopsy Used to make the 3
Port sealing working channel
device watertight. Can
(Olympus) be connected to
[8] if needed
5 2.4F (120 cm) For CBD stone _;;‘._‘

Dormia

basket (cook
medical) or 2.4F
(120 cm) Segura
hemisphere™
retrieval basket
(Boston Scientific)

6 Flexor® ureteral
access sheath 9.5-
12F (35 cm) (cook
medical)

7 Open-end flexi-
tip® SF (70 cm)
catheter (cook
medical)

8 3-way valve

9 Ureteral dilator
set 6-18F (cook
medical)

10 PTFE guidewire
(0.035 inch
diameter, 145 cm
length, 3 cm
flexible tip) (cook

medical)

extraction

To introduce 3 mm
choledochoscope

)
Za

To cannulate e
the cystic duct
and perform

intraoperative
cholangiogram

Allows dual

use of the
working channel
for irrigation
and basket
instrumentation

-

To achieve cystic
duct dilatation
and introduce

5 mm scope

The catheter

[7] and dilator
[6] can be
railroaded over
the guidewire for
access
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attempt should be made to introduce the catheter directly
into the cystic duct. In some patients, the tortuosity of the
cystic duct and/or the spiral valves of Heister prevent easy
passage of the cholangiocatheter. In such cases, a guidewire
(Table 4.1, Serial 10) can be used to railroad the catheter
safely into the common bile duct (CBD) [1]. Once the chol-
angiogram is completed, and if LBDE is indicated, the guide-
wire is reintroduced through the SF Cholangiocatheter. The
cystic duct can be gently dilated by railroading a 9.5-12F
Flexor® Ureteral Access Sheath (Cook Medical, Bloomington,
IN, USA) (Table 4.1, Serial 6) over the guidewire. This
manoeuvre has dual purpose, as the inner sheath dilates the
cystic duct as mentioned, and the outer sheath can introduce
the 3 mm choledochoscope. The access sheath is hydrophilic
and therefore should be wet prior to its introduction.

Retraction of the Liver

Complex laparoscopic upper gastrointestinal procedures may
necessitate the use of the Nathanson retractor for retraction
of the left lobe of the liver (Fig. 4.1). We advocate using the
French technique (or double-access position) for positioning
of the patient during cholecystectomy and LBDE (Fig. 4.2)
[2]. In this position, the hook of the Nathanson retractor is
introduced through the 5 mm epigastric port incision (after
removal of the port). We find that this retraction provides
excellent exposure of the hilum when combined with our
preferred positioning of the patient (Figs. 4.1, 4.2 and 4.3). If
the surgeon is concerned about the risks associated with
insertion of the Nathanson liver retractor (bleeding, haema-
toma formation or creating of false tracts), an alternative
technique of safe insertion using a 12F Jacques Nelaton cath-
eter (Teleflex Medical, High Wycomb, UK) as a ‘guidewire’
has been described [3]; in our experience this has never been
necessary but we think that it is an useful trick to know.
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FIGURE 4.1 (a) Nathanson liver retractor. (b) intraoperative mea-
surement of the CBD
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SEPARADIR
NATRANSON

FIGURE 4.2 Surgical setting

Choledochoscopes

Flexible choledochoscopes are a crucial part of the equip-
ment required for LBDE. Choledochoscopes are available in
two sizes: 3 mm and 5 mm, and are similar to cystoscopes and
ureteroscopes, but require a different method of sterilisation.
The video image can be digital or fibreoptic, the former pro-
viding better picture quality and not subject to deterioration
due to rupturing of the fibres. Furthermore, an additional
camera will not be necessary for digital choledochoscopes.
Like other endoscopes, choledochoscopes have a working
channel for guidewires, baskets, lithotripsy probes etc. The
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30 Degree scope 1.
Umbilical insertion

30 Degree scope
High insertion

FIGURE 4.3 Views of the CBD with a 30° laparoscope from different
port sites. (a) At the umbilicus. (b) Epigastric
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working channel in a 5 mm choledochoscope is up to 6F and
2.5-3.6F in a 3 mm choledochoscope. Choledochoscopes can
be reusable or single-use (disposable). Reusable 3 mm scopes,
whether digital or fibreoptic, are very delicate and break eas-
ily. In the best-case scenario, you can expect a maximum of
20-30 uses before a technical fault which may require costly
and lengthy repairs. Reusable scopes also need to be steril-
ised, which is costly and often needs to be performed on an
alternative site. For a relatively busy service, performing one
to two LBDESs per week, we recommend stocking a minimum
of three choledochoscopes if the institutional preference is
for using reusable choledochoscopes. Historically, most dis-
posable scopes were in fact ureteroscopes, not specifically
designed for use in the bile duct. Figure 4.4a demonstrates the
use of the PUSEN ureteroscope (Zhuhai PUSEN Medical
Technology Co., Ltd., China) during LBDE. Recently Boston
Scientific has launched the SpyGlass™ Discover (Fig. 4.4b),
which is a 3.5 mm specifically designed disposable (single-
use) choledochoscope. It has a 3.6F working channel and the
two-wheel control offers four-way steering, similar to a gas-
troscope or colonoscope, allowing superior tip control. This is
particularly important during lithotripsy, when precision tar-
geting of the CBD stone is essential for safety and treatment
success. The disposable scope also comes equipped with an
accessory suction irrigation channel which can be also used as
an extra irrigation channel during lithotripsy. The working
channel is independent this avoids retrograde fluid spilling
during the procedure. The SpyGlass™ Discover can be intro-
duced through a 12F ureteral sheath (refer to table) with the
dilator to aid cannulation of the cystic duct once railroaded
over the guidewire. We had the opportunity of being the first
European team to use the new SpyGlass™ Discover in a live
patient. The four-way steering allows precise targeting and
relies less on excessive torque and therefore more natural
movements. Other disposable scopes (particularly uretero-
scopes) equipped with two-way steering require more torque,
which can result in detachment of the tip from shaft of the
scope thereby breaking it; moreover, the irrigation shares the
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“

FIGURE 4.4 3 mm disposable choledochoscopes. (a) PUSEN uretero-
scope. (b) SpyGlass™ Discover Boston Scientific
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working channel making necessary the use of a biopsy port to
avoid unpleasant fluid spillage on the face during the proce-
dure. Table 4.2 summarises the characteristics, advantages
and disadvantages of the various 3 mm choledochoscopes
currently available on the market.

Scope Fatigue

With prolonged usage times, the performance of both dispos-
able and reusable choledochoscopes will drop. We describe
this phenomenon as scope fatigue. Reusable digital choledo-
choscopes are least likely to become troubled with this,
whereas reusable fibreoptic choledochoscopes can show
fatigue with use manifested by the appearance of black dots
on the video display corresponding to broken optic fibres. In
our experience, disposable choledochoscopes are also likely
to experience fatigue with prolonged use. The most com-
monly observed problems are loosening of the junction
between the deflecting tip and the shaft of the scope (thereby
losing the ability to transmit torque to the tip), general degra-
dation of the deflecting mechanism over time and peeling of
the outer plastic cover of the scope shaft. We have also
noticed that introducing the laser fibre (stiff) with the scope
in deflection has led to perforation of the working channel
and exteriorization of the fibre through the lateral side of the
scope. Injection of lubrication jelly into the working channel
of the choledochoscope may help. When using laser litho-
tripsy with both disposable and reusable choledochoscopes, it
is very important not to activate the laser inside of the work-
ing channel as this will damage the scope. Scope fatigue is
more likely to affect disposable scopes, however, in the vast
majority of cases, a single disposable choledochoscope will be
sufficient to do the job.

Scope Failure

Scope failure is the inability to continue a bile duct explora-
tion due to a malfunctioning scope. Possible causes of scope
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failure include complete disruption of the video display/
image, the inability to manoeuvre the scope due to malfunc-
tioning tip deflection, light source failure and damage to the
optical fibres by heavy handed grasping of the shaft of a reus-
able 3 mm choledochoscope. During long procedures it may
be necessary to change the scope. We have had to use three
disposable choledochoscopes in a single operation for a
patient with complex type II Mirizzi syndrome which required
more than 7 h of lithotripsy. Scope fatigue and failure appears
to affect disposable scopes more frequently, however, the cost
effectiveness of using multiple disposable scopes versus send-
ing an expensive reusable choledochoscope for repair (which
can be very costly and place the scope out of action for sev-
eral weeks) needs to be considered when setting up a new
service.

Laser Lithotripsy

Light activation by the stimulated emission of radiation
(LASER) technology has been utilised for the treatment of
urinary stones since the mid-1980s. Two laser devices that are
in use today for the endoscopic treatment of CBD stones are
the frequency-doubled double-pulse neodymium:YAG
(FREDDY) and holmium:YAG (holmium) lasers. The mech-
anism of action of these lasers differ, thereby producing dif-
ferent safety and efficacy profiles. FREDDY laser lithotripsy
causes fragmentation of the stone by the generation of a
plasma bubble with mechanical shockwave effects, whereas
holmium laser lithotripsy uses a photothermal mechanism of
action by creating a vapour bubble that transmits laser energy
[4-6]. There have been no studies to date comparing these
two modalities during LCBDE. However, in one study com-
paring FREDDY and holmium lasers during ureteroscopic
lithotripsy, the two modalities demonstrated similar stone-
free and complication rates, though there was a trend toward
a higher complication rate and lower stone-free rate with the
FREDDY laser [4]. The two lasers have similar start-up costs
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TaBLE 4.3 Description of the costs associated with purchase of the
devices and fibres for laser lithotripsy

Laser modality Device Cost Fibre cost
Holmium £50,000 £300—£500 (200 pm)
FREDDY £45,000 £280—£480 (280 pm)

All fibres are disposable

(i.e., device purchase costs) and laser fibre costs (Table 4.3).
At the authors institution, holmium laser lithotripsy is pre-
ferred, and due to its widespread use in urological procedures,
the laser system (device) should already be available in most
hospitals [5, 7]. The laser fibres are disposable and cost
approximately £400 (€450) and are available in different
diameters. We recommend the 200 pm because it is the small-
est and therefore will have less impact on deflecting the tip of
the scope. There is no official accreditation to be able to use
laser lithotripsy, but several laser safety courses are available
to become familiar with the equipment and safety protocols.
Figure 4.5 shows a laser safety checklist which is in use at our
institution. Use of the laser lithotripsy device (Fig. 4.6a) must
be conducted in a laser-amenable operating theatre which
has been fitted with the appropriate electrical sockets and
blinds (Fig. 4.6b, c). Therefore, when faced with the possibility
of managing complex CBD stones (see Chap. 5, section
“Which Patients Might Require LABEL?”: Which patients
might require LABEL?), an appropriate operating theatre
should be booked that can cater for use of laser lithotripsy.
Additionally, it is important to be aware that different lasers
have different wavelengths and each will require the specific
protection goggles for that particular wavelength (Fig. 4.6d).

Electrohydraulic Lithotripsy (EHL)

The AUTOLITH® TOUCH (Northgate technologies Inc.,
Elgin, IL, USA) Bipolar Electrohydraulic Lithotripter (EHL)
is a software controlled, electronic device capable of frag-
menting biliary calculi of any size and composition (Fig. 4.7).
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Laser Safety Checklist

Laser machine pre-checked and calibrated including delivery device?

Yes [] No:

All doors closed and blinds down?

Yes |:| No:

Laser warning light outside each door of theatre is switched ON?

Yes [] No:

Protective eyewear warn by all staff in theatre, except for surgeon
performing the procedure with filtered microscope laser?
(Only ENT)

Yes |:| No:

Laser mask warn by all staff?

Yes |:| No:

Jug of saline available on scrub trolley?

Yes [] No:

Patient’s eyes protected with laser eye shields?
(Only ENT)

Yes [] No:

Wet gauze used to protect patient’s face and neck?
(Only ENT)

Yes |:| No:

Location of fire extinguisher known?

Yes |:| No:

Laser register book to be completed at the end of the procedure.

Yes [] No:

FIGURE 4.5 Laser safety checklist
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FiGURE 4.6 Equipment required for LABEL. (a) laser generator and
probe. (b) special electrical socket. (¢) theatre blinds. (d) goggles
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FIGURE 4.6 (continued)
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FiGURE 4.7 The AUTOLITH® TOUCH (Northgate technologies
Inc., Elgin, IL, USA) Bipolar Electrohydraulic Lithotripter (EHL)
unit

The electronic circuitry generates a single high-voltage pulse
or a series of pulses across the tip of a flexible bipolar litho-
tripter probe. When discharged in 0.9% normal saline solu-
tion, these pulses produce sharp, high-amplitude hydraulic
shock waves that fragment calculi located within the bile
duct. The components of this device are:

AUTOLITH® TOUCH unit
Operation/Maintenance Manual
Extender cable

Foot Switch

Detachable Power Cord

The AUTOLITH® TOUCH unit is a software controlled,
lithotripter device and will regulate the discharge voltage and
repetition rate of a shot delivered to a connected extender
cable and probe. The unit will display the relative power
delivered to the probe, the number of pulses to be delivered
to the probe as requested by the surgeon and the number of
pulses delivered. The unit will automatically sense the exis-
tence of a plugged-in probe, preset start-up values for power
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and pulses according to the probe type and scale the power
range according to the probe type. The unit will also auto-
matically compare the pulses delivered at the selected power
levels and display when to inspect or replace the probe. To
ensure proper operation of the EHL unit during the surgical
procedure, 0.9% normal saline must be used to irrigate the
endoscopic viewing field, and no other irrigating solution
should be used. The AUTOLITH® TOUCH 1.9F 375 cm EHL
Probe is a single-use device and is to be used with the
AUTOLITH® TOUCH EHL unit. The EHL probe has been
optimised for use with the SpyGlass™ DS Direct Visualisation
System (Boston Scientific, Natick, MA, USA) to help manage
large biliary stones. EHL is contraindicated in patients who
have an externally connected intra-cardiac catheter or
pacemaker.

Operative Setting
Patient Position

Prior to induction of general anaesthesia, all patients should
be consented according to local and/or national guidelines
(e.g. GMC guidelines in the UK) [8]. For laparoscopic chole-
cystectomy + LBDE, we prefer the French position with the
surgeon standing between the legs [2]. As previously men-
tioned, in complex cases or in patients with large fatty livers
we may use a Nathanson retractor to retract the liver
(Figs. 4.1 and 4.2) [9-12]. During choledochoscopy, the cho-
ledochoscope is handled by the surgeon with their left hand
and the Dormia basket with their right hand. Opening and
closing of the basket is performed by either the first assistant
(standing to the patient’s left side) or the second assistant/
scrub nurse (standing to the patient’s right side). The moni-
tors for the choledochoscope and laparoscope are displayed
to the right of the head-end of the operating table as shown
in Fig. 4.2.
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Port Placement

At the authors institution, positioning of the ports has
evolved since 1998 when the first LBDE was performed until
now (Fig. 4.2) [10, 11]. The most significant change was
realised after moving the position of the 5 mm 30° laparo-
scope. Previously, this was placed at the umbilicus, but a supe-
rior view of the CBD is obtained if it is placed more cranially,
some 15 cm below the xiphoid (Fig. 4.3). An optimal view of
the CBD is especially important in more challenging cases
(e.g. fibrotic and/or inflamed hilum) or obese patients with a
long xipho-umbilical distance [12]. The improved view of the
CBD and hilum is more in keeping with the view experienced
during the open era of CBD exploration. The surgeon’s right
hand provides laparoscopic instrumentation through a
10-12 mm port in the patient’s left upper quadrant (approxi-
mately in the midclavicular line and horizontally level with
the laparoscope port). The surgeon’s left hand operates
another laparoscopic instrument through a 5 mm port in the
patient’s right flank. A high 5 mm epigastric port (near the
xiphoid) is used for retracting the gallbladder fundus by the
assistant’s right hand or the Nathanson liver retractor as pre-
viously discussed. Finally, if choledochoscopy is indicated, an
extra 5 mm port can be inserted in the right upper quadrant
for a 5 mm scope or a 12F sheath for a 3-3.5 mm
choledochoscope.

Cholecystectomy

Exposure of Calot’s triangle and cystic artery ligation should
be performed in the standard way. Following dissection of
Calot’s triangle, we find that there are two key steps that
facilitate transcystic intubation. The first step is to mobilise
the gallbladder from the liver bed without transecting the
cystic duct. The second step is to completely dissect the cystic
duct all the way to the cystobiliary junction. The application
of an Endoloop® (Ethicon, New Brunswick, New Jersey,
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USA) or Surgitie™ (Covidien, Mansfield, Massachusetts,
USA) at the infundibulum, which is then exteriorised through
the abdominal wall in the right upper quadrant using an
Endo Close™ (Covidien, Mansfield, Massachusetts, USA),
allows a 45° horizontal elevation (Fig. 4.8) and ideally a per-
pendicular cystic duct relative to the CBD [13]. Figure 4.9
demonstrates our ‘gallbladder mobilisation first’ approach

FIGURE 4.8 Retraction of the proximal cystic duct with an Endoloop
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FiGURE 4.9 Correction of cystic duct-common bile duct angle. (a)
Dissection of the gallbladder from the liver. (b) Creation of ~90°
angle. (¢, d) Endoloop retraction. (e) Determining optimal angle for
traction (white arrow: extracorporeal palpation). (f, g) Exteriorising
the Endoloop. (h) Guidewire cannulation of the cystic duct. (i)
Choledochoscopy with 5 mm scope
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FIGURE 4.9 (continued)
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FIGURE 4.9 (continued)
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FIGURE 4.9 (continued)
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FIGURE 4.9 (continued)

resulting in correction of the cystic duct-common bile duct
angle to a more favourable ~90°. A small incision is then
made in the cystic duct to provide access for intra-operative
cholangiogram and/or transcystic choledochoscopy.

Intra-Operative Cholangiogram (10C)

Choledocholithiasis is a dynamic disease and as there is con-
stant passage of stone material, we believe that an MRI per-
formed days or weeks before surgical intervention does not
guarantee that the bile duct is going to be clear on the day of
cholecystectomy. For this reason, the CBD should be assessed
intraoperatively with intra-operative cholangiogram (IOC)
or laparoscopic intra-operative ultrasound (LIOUS). The
need for contemporary imaging is illustrated in Fig. 4.10,
which demonstrates pre-operative diagnosis of multiple CBD
stones on MRCP (Fig. 4.10a) but normal choledochoscopy
(with a widely open papilla) in the same patient at the time



104  A.Martinez-Isla et al.

FIGURE 4.10 (a) MRCP demonstrating multiple CBD stones. (b)
cholangioscopy demonstrating no CBD stones
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of surgery (Fig. 4.10b). In patients with a high index of suspi-
cion, or in patients who are pregnant or allergic to iodine, a
sensible approach is to perform LIOUS or proceed directly
to 3 mm transcystic choledochoscopy.

Once an incision has been made in the cystic duct, the
cholangiogram needle can be introduced through the
abdominal wall in the right upper quadrant. We recommend
using the Horner needle (Table 4.1, Serial 1), however, if one
is not available then a Belluci style 30° ENT disposable suc-
tion tube can be used instead (Fig. 4.11). If an ENT dispos-
able suction tube is used, the 30° angulation in the tube needs
to be straightened out, which can be done easily by hand. For
easier cannulation, an attempt should be made to align the
cholangiogram needle (or ENT suction tube) with the axis of
the cystic duct (Fig. 4.12). An open-end Flexi-Tip® 5F (70 cm)
catheter (Cook Medical) (Table 4.1, Serial 7) can then be
introduced through the needle into the cystic duct. If the
cannulation is challenging, a PTFE guidewire (0.035-inch
diameter, 145 cm length, 3 cm flexible tip) (Cook Medical)
(Table 4.1, Serial 10) can be used to cannulate the cystic duct,
and thereafter, the SF catheter can be railroaded over the
guidewire. The catheter can be secured with a single clip,
however, it may impede the flow of contrast during the chol-
angiogram and may also prevent its use as a working channel
if the surgeons wants to perform the basket-in-catheter (BIC)
technique for transcystic access to the bile duct [14]. Our
preference is not to use it.

—r,

FIGURE 4.11 Belluci style 30° ENT disposable suction tube
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FIGURE 4.12 Cannulation of a guidewire into the cystic duct using a
Horner’s needle

For I0C we use Omnipaque™ (iohexol) 300 mg I/ml (GE
Healthcare, Oslo, Norway) and a mobile C-arm. The correct
sequence for obtaining a cholangiogram can be remembered
by the pneumonic ‘COAX. The first step (‘C’) ensures that
the Clips appear in the Centre of the image. The second step
(‘O’) involves Orientation of the image (Fig. 4.13). The spi-
nous processes of the thoracic spine can be used to instruct
the radiographer to rotate the image clockwise or anti-
clockwise until the correct orientation has been achieved. The
third step (‘A’) requires the anaesthetist to temporarily stop
ventilation (Apnoea). Finally, the last step (‘X’) is to proceed
to X-ray. Once the IOC has been completed, the image(s)
should be saved in the patient’s electronic medical record for
medico-legal purposes and maintaining accurate documenta-
tion. When reviewing the image, it is important to ensure that
the whole biliary tree has been included and that there is
passage of contrast into the duodenum (Fig. 4.14). The IOCis
considered negative or normal when the presence of filling
defects have been excluded. Figure 4.15 demonstrates a
patient with metal implants, which can obstruct the view of
the biliary tree during IOC. In such cases, the tilt of the oper-
ating table or C-arm can be adjusted to obtain clear views of
the biliary tree.
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FIGURE 4.13 Orientation during intra-operative cholangiogram
(A-B-0)
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(N

FIGURE 4.14 Intra-operative cholangiogram of the entire biliary tree
within view

Not all radiolucent defects represent CBD stones. Filling
defects caused by air bubbles are often more rounded, mobile
and can change shape. In order to minimise its presence, care
should be taken to check the syringe containing contrast to
ensure there are no air bubbles that can inadvertently be
injected into the biliary tree. More rarely, filling defects can
correspond to anatomical artefact. Figure 4.16 displays an
IOC with the appearance of a filling defect in the distal CBD
in the vicinity of the ampulla (false-positive), caused by a
thickened mucosal fold confirmed with 3mm choledochoscopy.
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g5 -0 pverurite

FIGURE 4.15 Metal implants can obstruct the view of the biliary tree
during intra-operative cholangiogram

Figure 4.17 demonstrates another false-positive filling defect
during IOC caused by a small blood clot, which was con-
firmed by 3 mm choledochoscopy. In the event of an equivo-
cal I0C, we recommend proceeding to 3 mm transcystic
choledochoscopy as this procedure does not add morbidity
and is generally simple to perform once the cystic duct has
already been cannulated as described previously. If a 3 mm
choledochoscope is not available, another less invasive
approach that can be used to exclude the presence of small
distal stones during an equivocal IOC is the basket-in-
catheter (BIC) technique [14]. For the BIC technique, a 5F
cholangiogram catheter (Table 4.1, Serial 7) is employed as a
working channel and a 2.4F basket is introduced into the
duodenum. The basket, whilst in an open configuration, can
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FIGURE 4.16 False-positive intra-operative cholangiogram caused by
a thickened mucosal fold confirmed with choledochoscopy (inset)

then be withdrawn thereby trawling the duct. This manoeuvre
can be repeated as necessary with or without IOC image
guidance.

1OC supported by choledochoscopy can also help to fur-
ther clarify the anatomy in unusual situations. Figure 4.18
demonstrates a variation in hepatic and cystic duct anatomy
(joining duct). The entire biliary tree is filled with contrast
from two different ducts, both of which were also communi-
cating with the gallbladder. One was the cystic duct (blue)
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FIGURE 4.17 False-positive intra-operative cholangiogram caused by
a blood clot within the common bile duct confirmed with choledo-
choscopy

and the other was a joining duct (red) that could have been
wrongly classified as double cystic duct; joining ducts are
those ducts connecting 2 parts of the biliary tree in this case
the duct was connecting the gallbladder with the right pos-
terolateral. Figure 4.19 shows an extrahepatic bifurcation of
the common hepatic duct with the cystic duct draining into
the right hepatic duct. This anatomical variant did not pre-
clude LBDE via the transcystic route, but certainly would
have made impossible the transcystic access to the left
hepatic duct. The diameter of the CBD should be known pre-
operatively with imaging techniques but can also be mea-
sured intra-operatively with IOC and using a ruler (Fig. 4.1b).
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FIGURE 4.18 “Joining ducts”

FIGURE 4.19 Cystic duct draining into the right hepatic duct
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Choledochoscopy

Once the cholangiogram has been completed and there is an
indication for choledochoscopy, the size of the cystic duct
needs to be assessed. If the cystic duct is not overtly dilated
to allow the passage of the choledochoscope, a PTFE guide-
wire (Table 4.1, Serial 10) should be introduced through the
cholangiogram catheter so its flexible tip lies within the bile
duct or duodenum. The catheter can then be removed leaving
the guidewire in situ. Next, the 9.5-12F ureteral access sheath
(Table 4.1, Serial 6) is railroaded over the guidewire to gently
dilate the cystic duct to allow passage of the 3 mm choledo-
choscope. Ideally the access sheath should approach the CBD
at a right angle (perpendicular), but this may not always be
possible in patients with a very narrow costal margin, and this
will certainly make the cystic duct intubation more challeng-
ing. Figure 4.20 demonstrates the insertion of the 9.5-12F
access sheath in the subcostal region of the right upper quad-
rant (left) and the introduction of the 3 mm choledochoscope
through the access sheath, accessing the cystic duct at a right
angle to the CBD (right). A full description of the surgical
technique for choledochoscopy is provided in Chaps. 5 and 6.

When a proximal view of the intra-hepatic ducts is not pos-
sible during choledochoscopy (i.e. unable to intubate the
common hepatic duct), then a completion cholangiogram is
recommended. If this scenario is encountered during difficult
cystic duct intubation, then the cholangiogram can be
obtained via the choledochoscope prior to its removal, by
injecting contrast through its working channel. This avoids
removal of the choledochoscope, which is in a satisfactory
position, and a challenging re-intubation that may be subse-
quently required (Fig. 4.21).



114  A.Martinez-Isla et al.

L
—

FIGURE 4.20 Transcystic cannulation with 3 mm choledochoscope
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FIGURE 4.21 Transcystic choledochoscopy demonstrated on intra-
operative cholangiogram. (a) 5 mm choledochoscope. (b) 3 mm
choledochoscope
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Assisted Bile duct Exploration by Laparoendoscopy,” aimed
at decreasing failure of CBD clearance for large and/or
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Modes of Lithotripsy

Laser lithotripsy was first described by Orii et al. in 1981
when a Neodymium-doped yttrium aluminium garnet
(Nd:YAG) laser was successfully used with a choledocho-
scope during open surgery to fragment stones in two patients
[2]. However, the Nd:YAG laser was less effective on choles-
terol stones, tending to drill rather than fragment, limiting its
use to pigment stones. Safety issues surrounding the use of
Nd:YAG within the bile duct causing thermal injury and
damage to bile duct mucosa fuelled the search for alternative
energy sources. The pulsed-dye laser converts light energy
into acoustic energy, creating shock waves which results in
fragmentation of CBD stones [3]. Of the pulsed-dye lasers,
the 504-nm coumarin laser was utilised the most. However,
there were still concerns over damage to the mucosa of the
biliary tree with the possibility of subsequent perforation and
bile leak [4]. Pulsed-dye laser lithotripsy has been used via
multiple routes to the CBD: (1) T-tube choledochoscopy [5],
(2) percutaneous transhepatic choledochoscopy [6, 7] and (3)
cystic duct (transcystic) [8-10]. However, pulsed-dye laser fell
from favour because of high costs and the limited range of
applications, and subsequently laser lithotripsy appeared to
fall from vogue altogether for the next decade or so.
Technical progresses have brought the holmium: YAG
(Ho:YAG) laser to the forefront among the modalities of
stone fragmentation to treat ureteric calculi. In the case of
flexible percutaneous nephrolithotomy, the Ho: YAG laser
has become the elective intracorporeal lithotripter, being the
most efficient lithotripsy method for all types of stones,
regardless of their location. Holmium laser lithotripsy (HLL)
offered an alternative method to fragment the larger and
more refractory biliary calculi with good success. HLL can
deliver high energy to a distant target along flexible fibres of
narrow diameter. The laser emits energy in pulses, which cre-
ates extreme temperatures at the fibre tip for a fraction of
time. This converts material into gas (vaporisation) at high
speed. Water expands explosively as a gas bubble, which is
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known as the cavitation effect [11]. There are multiple effects
of HLL, and apart from vaporisation, causes rupture of cell
membranes and coagulation in the immediate proximity of
the cavitation when directed on cell tissue. When directed to
solid material, such as biliary calculi, the effect is vaporisa-
tion. Furthermore, the resulting shockwave also causes ero-
sion by shearing and contrecoup forces. The diameter of the
cavitation is just 0.4 mm, which is ideal for the narrow con-
fines of the bile duct, minimising the risk of damage to the
surrounding mucosa and therefore avoiding subsequent scar-
ring and stricture formation. The advantages of Ho: YAG
laser when compared to pulsed-dye laser include its greater
energy absorption by water, therefore reducing the risk of
accidental damage. Moreover, it is less dependent on stone
composition for its fragmentation rate, and the optical fibre is
less likely to get damaged during handling and firing. The first
use of HLL within the bile duct was via the percutaneous
route (percutaneous transhepatic choledochoscopy) in 1998
followed by its use combined with T-tube tract choledochos-
copy in 2001 [12, 13]. It was not until a few years later than
HLL was combined with a laparoscopic approach during
LBDE, and perhaps surprisingly, the first few reported cases
were via the transcystic route [14-16].

There are studies that have shown that frequency-doubled
double-pulsed neodymium:YAG (FREDDY) laser litho-
tripsy is efficacious and safe in the management of refractory
biliary stones by ERCP and choledochoscopy [17-20]. In
2016, the first series of FREDDY laser lithotripsy combined
with LBDE was published which included 24 patients from
2008-2015 [21]. In this series, over a third of patients with
impacted CBD stones required laser lithotripsy, all using
transductal access via choledochotomy. Compared to Ho:
YAG lasers, the FREDDY laser functions through the gen-
eration of a plasma bubble. Upon bubble collapse, a
mechanical shockwave is generated, causing stone fragmen-
tation without adverse thermal effects [22]. Direct visualisa-
tion via choledochoscopy is therefore recommended to
minimise the risk of tissue injury from the laser. Owing to
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increased uptake since 2016, with published studies to date
coming exclusively from China, FREDDY laser lithotripsy
during LBDE has become the modality with the highest
number of reported cases published worldwide (>300
patients).

Electrohydraulic lithotripsy (EHL) was developed in the
1950s as an industrial technique for fragmenting rocks. EHL
was first applied medically to the management of bladder
stones in 1968, which then led to its widespread use for stones
in the bladder, ureter and renal pelvis over the next decade.
EHL of human gallstones was investigated using in vitro and
animal studies in 1987 [23]. The technique was largely effec-
tive and power requirement correlated with mechanical
strength of stones, but not with biochemical composition. A
trend toward higher power requirement was recorded with
larger stones and stones over 2 cm in diameter could not be
fragmented. Safety studies indicated that electrohydraulic
lithotripsy was safe, provided the probe tip was not in contact
with the bile duct wall. The probe is made up of two coaxially
insulated electrodes ending at the open tip which acts as a
sparking chamber. Each spark lasts approximately 1 micro-
second and when discharged in 0.9% saline, vaporises the
fluid resulting in high amplitude hydraulic pressure waves of
varying wavelength which fragment solid objects in their
path. In the in vitro study, duct injury was only seen when the
end of the probe was in direct contact with the duct wall, most
likely due to thermal injury from the spark itself rather than
any effect of the shockwave. EHL was the first lithotripsy
modality to be used during LBDE, where two patients suc-
cessfully underwent EHL via the transcystic route in 1992
[24]. Since then, 13 more studies have reported on the use of
EHL during LBDE in over 170 patients.

Table 5.1 summarises the different types of lithotripsy that
have been used during LBDE along with the pooled number
of cases that have been reported from 1992-2020.
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TaBLE 5.1 Types of lithotripsy

Number of cases reported in

Type of lithotripsy literature
EHL 172
CPDL 23

HLL 141
Pneumatic 15

PSW 62
FREDDY 305

EHL electrohydraulic lithotripsy, CPDL Coumarin (504-nm)
pulsed-dye laser, HL L holmium laser lithotripsy, PSW plasma shock
wave, FRED DY frequency-doubled double-pulsed neodymium: YAG

What Is the Evidence for Lithotripsy during
LBDE?

Between 1992 and 2020, 36 studies including 718 patients
have reported the outcomes of lithotripsy during LBDE
(Table 5.2) [8-10, 14-16,21,24-52]. The aforementioned stud-
ies have reported on patients from 13 countries across the
world. Figure 5.1 demonstrates the trend of reported cases by
year from the inaugural description in 1992. There appeared
to be increasing interest within the first 5 years in the early
1990s, which then seemed to wane over the next two decades
until more recently where larger case series have been pub-
lished. Figure 5.2 shows a similar trend in reported cases, but
categorised by lithotripsy modality. It is important to note
that the usual indication for lithotripsy techniques during
LBDE is for difficult (large and/or impacted and/or multiple)
CBD stones. From the available data, lithotripsy via the tran-
scystic route has been used in just over half the cases (53%).
Furthermore, several studies have shown that lithotripsy
increases the transcystic rate of LBDE [27 41, 45, 50]. The



L. Navaratne et al.

124

001 T 0 T THA sn S00T OZUAN O]
001 0 (4 z TIH sn 00T ueTwEueys
aN aN aN 63 THA SN 200t uosdwoy,
001 (4 0 (4 THA QoueL] 8661 noyrog
001 0 z C THA sn 8661 a1gIer)
001 anN aN ¢ THA wnisog L661 1081
'L 0 S S THA ueder 9661 opI
001 01 0 01 THA ueMIE], S661  UdYD-UAIYS
aN aN aN 0T T1AdO sn S661 19018
001 0 S S THA [zerg 7661 e[nedo(
001 0 z (4 1ado sn €661 [lo1re)
001 0 T T gletie] sn 2661 noyug
001 0 z z THH sn 2661 3oLy
(%) TH4VT-dL THAVT-OL u Asdiyoyry Anuno) Teax loyny

uered])

Koeoyyo :Adoosopucorede] £q uoneio[dxa 1onp 9[1q pajsisse ASALIIOYIIT JO MOIAJI ONJBWIAISAS T°§ A14V],



125

Chapter 5 Lithotripsy Assisted Bile Duct...

(ponunuoo)

aN 01 S <1 THA e L10T BUISAIEN)
001 I 0 T TIH Aoy, L10T uady0n
001 0 8¢ 8¢ TIH eury) 810C erx
001 0 68 68 Addgdd eIy 910¢C nry
001 T 0 144 AQaadd eIy 910C Suojyurp
$'€6 9 0 9 MSd eIy 910C nd
aN 0 6T 6T THA euIy) 10T nyz
18 0 8 8 TIH uopomg 10T U0SSI0}od
001 € 0 € onewmaud [edoN 0102 1ysof

SL 8 0 8 THH SN 010C A3t
001 Tl 0 Tl onewmauq eIpu| 010C booreq

SL 0 4 14 TTH sn 0102 ueqIeA
001 0 T T TIH SN 600 feq
001 0 I 1 TIH Areir 800C o1z



L. Navaratne et al.

126

pouIuIdlop 10U (7N ‘OVA wniwipoau pasind-a[qnop pajqnop-souanbaiy 1 qqa ¥4 ‘oaem yooys ewsed

MSd ‘Asdinoyiny sose] wniwjoy 777 ‘19se] 2Ap-pasind (Wwu-(¢) uLrewno)) 74D ‘Asdinoylny ornerpAyonode 7

%1'€6 %Ly %6°CS
€79/28S ¥99/€ 1€ #99/15¢€ 8IL TVIOL
001 0 ve ve TIH SN 0202 oujeIEABN
vL6 9L 0 9L Addadd euryD 020t |
LS8 L 0 L TIH 3N 610 souof
001 w 0 w AQaadd eury) 610 L ‘Suex
€16 g3 0 93 TIH ) 610 O ‘Suex
001 6 0 6 THA eury) 0202 ueyy
001 1 0 1 THA uedef 6102 eNIN
001 0 L L Addadd euryD 810¢ Sueg
001 01 0 01 TIH euryD 810¢ IN
(%) TA4VT-dL TAIVT-OL u Asdioyry Anuno) Ieax Toypny
00-—&.—&0—0

(ponunuoo) ¢S atavy,



Chapter 5 Lithotripsy Assisted Bile Duct... 127

200

180 175
160
140
120
100
80
60 54
a7
40 30 31 =
20
5
3 2 34 090000210011 080000
o m = W - m - -
AN MO T W0 O N 00O O - MO T N O N0 0O - N M F 0 o
O 0O 0O O 0O 0O O O 0O 0O O 0O 0O 0O 0O 0O 0 9O «©v- - T T T T T
D 0O O O O O O O O O O O O O O O O O O O O O O O O
- - - - - - - - A A N NN AN AN N AN NN AN NN N NN

2017 w——m

2018

122 449

2019

2020

Ficurk 5.1 Total number of LABEL cases published in the litera-

ture from 1992 to 2020

120

100

80

60

40

20

2010 =

S}

2015 —

1

N MY W ON DO N®NY W ON QD - o o % ©
D DD DDDDDDNDD OO0 Q QOO 90 QD - - © = -
> P00 0000000 QC O Qo Q o o 9 o o
- - - - -+ - - & JJ VNN AA ] 8 |« «

WEHL = CPDL mHLL mPneumatic ®mPSW mFREDDY

2017 -

2018
2019 -
2020

FiGure 5.2 Total number of LABELS cases published in the litera-

ture from 1992 to 2020 categorised by lithotripsy modality



128 L. Navaratne et al.

pooled stone clearance rate when lithotripsy has been used as
an adjunct to LBDE was 93.4% (Table 5.2). Pooled safety
data demonstrates that all modalities of lithotripsy was safe
when used under direct vision with video choledochoscopy.
The overall lithotripsy related complication rate from 621
patients was 1.1% (Table 5.3). These include haemobilia
(n = 2 from EHL and n = 1 from plasma shock wave),
retained stone fragments requiring post-operative endo-
scopic retrograde cholangiopancreatography (ERCP) (n =2
from EHL and n = 1 from HLL), and pancreatitis from stone
fragments (n = 1 from HLL). Within Europe and USA, the
two most commonly used modalities to augment LBDE are

TaBLE 5.3 Systematic review of Lithotripsy Assisted Bile duct
Exploration by Laparoendoscopy: Safety

Lithotripsy
related

Author Year Lithotripsy morbidity Other morbidity

Arregui 1992  EHL None None

Birkett 1992 CPDL None None

Carroll 1993 CPDL None None

DePaula 1994 EHL Haemobilia None

after EHL
(n=1;C-D
1-2)

Stoker 1995 CPDL None ND

Sheen-Chen 1995 EHL Haemobilia None

after EHL
(n=1;C-D
1-2)

Ido 1996 EHL None Hyperamylasaemia
(n=3),
hyperbilirubinaemia
(=1

Gigot 1997 EHL ND ND

Craigie 1998 EHL None None

Berthou 1998 EHL None ND
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TaBLE 5.3 (continued)

Lithotripsy
related
Author Year Lithotripsy morbidity Other morbidity
Thompson 2002 EHL None ND
Shamamian 2004 HLL None ND
Lo Menzo 2005 EHL None Pulmonary oedema
(due to extended op
time) (n=1;C-D 2)
Muzio 2008 HLL None None
Day 2009 HLL None None
Varban 2010 HLL Retained None
stone
fragment
requiring
post-op
ERCP (n=1;
C-D 3a)
Farooq 2010  Pneumatic None None
Kelly 2010 EHL Retained None
stone
fragments
requiring
post-op
ERCP (n=2;
C-D 3a)
Joshi 2010  Pneumatic ND ND
Petersson 2015 HLL None None
Zhu 2015 EHL ND ND
Pu 2016  PSW Haemobilia  Bile leak (n =1),
(n=1) haemobilia (n = 1),

cholangitis (n = 2),
intra-abdominal
collection (n = 4),
worse hepatic
insufficiency (n = 4),
pleural effusion
(n=2)

(continued)
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TaBLE 5.3 (continued)

Lithotripsy
related
Author Year Lithotripsy morbidity Other morbidity
Jinfeng 2016 FREDDY None ND
Liu 2016 FREDDY None Post-op infection
requiring antibiotics
(n=4,C-D2)
Xia 2018 HLL ND ND
Gokeen 2017 HLL None None
Quaresima 2017 EHL ND ND
Ni 2018 HLL Pancreatitis ~ Pancreatitis (n = 1;
(n=1;C-D C-D2)
2)
Fang 2018 FREDDY None None
Nitta 2019 EHL None None
Zhan 2020 EHL ND ND
Yang, C 2019 HLL None Retained stones
(n=2;C-D 3a)
Yang, T 2019 FREDDY None Bile leak (n =4;
C-D 2-3a)
Jones 2019 HLL None Retained stone
(n =1; C-D 3a), bile
leak (n =1;C-D
3a), gastrointestinal
bleed (n =1; C-D
2), exacerbation
of cardiac failure
(n=1;C-D2)
Li 2020 FREDDY  None Retained stone

(n =2; C-D 3a), bile
leak (n=2;C-D
3a), intra-abdominal
collection (n = 1;
C-D 3a), CBD
stricture (n = 1; C-D
3a)



Chapter 5 Lithotripsy Assisted Bile Duct... 131

TaBLE 5.3 (continued)

Lithotripsy
related
Author Year Lithotripsy morbidity Other morbidity
Navaratne 2020 HLL None Bile leak (n =1;
C-D 3b), minor
complications
(n=4;,C-D 1-2)
TOTAL 7/621 45/542
1.1% 8.3%

EHL electrohydraulic lithotripsy, CPDL Coumarin (504-nm)
pulsed-dye laser, HLL holmium laser lithotripsy, PSW plasma shock
wave, FRED DY frequency-doubled double-pulsedneodymium: YAG,
ND not determined, C-D Clavien-Dindo

EHL and HLL. Table 5.4 summarises the main differences
between EHL and HLL. Three studies reporting on EHL did
not include efficacy data for patients that specifically required
lithotripsy [31, 38, 43], however, from the remaining studies
(97 patients) the pooled stone clearance rate of EHL was
84%. By comparison, HLL has a pooled stone clearance rate
of 96%. Lithotripsy related morbidity were similar between
the two modalities (3% and 2% respectively).

Which Patients Might Require LABEL?

In 2017 our group published the LABEL (Laser-Assisted
Bile duct Exploration by Laparoendoscopy) technique for
treating difficult common bile duct (CBD) stones and reduc-
ing technical failure [1]. Since then, we have demonstrated
that use of lithotripsy techniques has increased our rate of
successful transcystic LBDE from 67% to over 83% and only
one reported failure of stone clearance in the last ~250
patients [50]. Therefore, without lithotripsy, we estimate that
transcystic exploration is limited to around 60-70%, which is
an opinion shared by other authors [53-55]. Since the
LABEL technique is applicable to all forms of lithotripsy
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TaBLE 5.4 Electrohydraulic lithotripsy versus holmium laser

lithotripsy
EHL HLL
Mechanism
Fragmentation ~ Vaporises normal  The laser emits energy

saline resulting in
high amplitude
hydraulic
pressure waves

of varying
wavelength which
fragment stones

Equipment related

Probe size
Price per unit

Number of
shots

Availability of
generator

Special license
required

Special theatre
required

Goggles
required

Interference
with video
image

Target diode
light

800 pm
£350
1500

~3% of UK
hospitals®
NO

NO

NO

YES

NO

in pulses, which creates
extreme temperatures

at the fibre tip for a
fraction of time. This
converts material into

gas (vaporisation) at high
speed. Water expands
explosively as a gas bubble,
which is known as the
cavitation effect

200 pm
£350

Unlimited

Most hospitals

YES

YES

YES

NO

YES
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TABLE 5.4 (continued)

EHL HLL
Efficacy®
Stone 81/97 (84%) 136/141 (96%)
clearance
Safety®
Lithotripsy 4/116 (3%) 2/103 2%)
related
morbidity
Haemobilia 2/116 2%)
Retained stone  2/116 (2%) 1/103 (1%)
fragments
Pancreatitis 1/103 (1%)

EHL electrohydraulic lithotripsy, HL L holmium laser lithotripsy
“Estimated in March 2021
"From pooled data

(not just laser), the term has been changed to Lithotripsy-
Assisted Bile duct Exploration by Laparoendoscopy, and we
recently published the ABCdE (age, bilirubin, CBD diame-
ter, ERCP) score for PREdicting Lithotripsy Assistance dur-
ing transcystic Bile duct Exploration by Laparoendoscopy
(PRE-LABEL) [52]. We found that when using the transcys-
tic approach to the bile duct, the chance of encountering dif-
ficult CBD stones (large and/or multiple and/or impacted)
was nearly one-fifth of cases (18.1%). The addition of a litho-
tripsy procedure to standard retrieval techniques increases
cost, operative time and requires additionally trained theatre
staff. Furthermore, there are often operating room restric-
tions when using lasers. The ability to predict which patients
might require lithotripsy in addition to standard retrieval
techniques, by using standard pre-operative investigations,
would therefore be useful in operative planning. The conse-
quence of failing to clear the bile duct of stones using the
transcystic route is to subject the patient to choledochotomy,
with increased bile leak rate, other morbidity and length of
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hospital stay, and/or a post-operative endoscopic retrograde
cholangiopancreatography (ERCP) [56]. Predicting the
requirement for advanced extraction techniques, such as
lithotripsy, identifies patients at risk of transcystic failure and
prepares the surgical team for a complex procedure.

A simple scoring system for predicting CBD stones in
patients with gallstones has been described [57]. Several
other studies have evaluated various predictors of CBD
stones prior to cholecystectomy [58-61]. In 2020, we pub-
lished a scoring system for predicting the need for lithotripsy
during transcystic LBDE (ABCdE Score) [52]. The primary
aim of that study was to investigate clinical variables for
PREdicting Lithotripsy Assistance during transcystic Bile
duct Exploration by Laparoendoscopy (PRE-LABEL). The
ABCAE score is composed of four independent predictors of
requiring lithotripsy assistance during transcystic LBDE
(Table 5.5). The hazard ratios of such factors allowed for
weighting of the score: age <40 years (1 point), bilirubin >
two-times upper limit of normal (1 point), CBD diameter
>10 mm (1 point), ERCP (pre-operative) failed stone extrac-
tion (3 points). An ABCdE score >2 correlates with a sensi-
tivity, specificity, and accuracy of 71%, 81% and 79%
respectively for predicting lithotripsy assistance during tran-
scystic LBDE (Table 5.6). We recommend using such a tool to
identify complex choledocholithiasis, which can also be used

TaBLE 5.5 ABCAE Score based on age, pre-operative bilirubin and
CBD diameter and pre-operative ERCP (patient data from the UK)

Clinical variable (predictor) Score
Age < 40 years 1

B Bilirubin > two-times upper limit of 1
normal

Cd CBD diameter > 10 mm

E ERCP (pre-operative) failed stone 3
extraction

CBD common bile duct, ERCP endoscopic retrograde
cholangiopancreatography
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TaBLE 5.6 ABCdE Score as a screening tool for predicting litho-
tripsy assistance during bile duct exploration by laparoendoscopy
(PRE-LABEL) from UK patient data

ABCdE Sensitivity Specificity Accuracy
Score (%) (%) (%)

>1 94 36 46

>2 71 81 79

>3 38 92 82

>4 18 96 82

to triage such patients to centres with high volume and expe-
rience in lithotripsy and advanced extraction techniques. We
have proposed the concept of LATEST (Leveraging Access
to Technology and Enhanced Surgical Technique) in LBDE
[62]. Leveraging access to technology includes using thinner
and more flexible choledochoscopes, often disposables, com-
bined with fragmentation techniques such as laser or electro-
hydraulic lithotripsy. Enhanced surgical technique refers to
full mobilisation of the gallbladder followed by complete
dissection of the cystic duct to the cystic duct-common bile
duct junction. The proximal cystic duct is then retracted by an
Endoloop (Ethicon, New Brunswick, New Jersey, USA) to
the abdominal wall using an Endo Close™ (Covidien,
Mansfield, Massachusetts, USA) to create an optimal 90°
cystic duct-common bile duct angle [56]. Enhanced surgical
technique also refers to the trans-infundibular approach
(TIA), which we have previously described, and is indicated
when Calot’s triangle cannot be safely dissected due to a ‘fro-
zen’ hepatic hilum secondary to severe inflammation or fibro-
sis [63]. From the authors institutional data, we found that our
transcystic exploration rate during the pre-LATEST era
(n = 237) was 12% with a stone clearance rate of 979%,
whereas during the LATEST era (n = 223), our transcystic
rate had increased to 86% with a stone clearance rate of
99.3%. We believe that the concept of LATEST should be
adopted by centres aiming to achieve high rates of transcystic
LBDE.
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Surgical Technique for LABEL

LABEL is a good example of laparoendoscopy where laparo-
scopic and endoscopic (choledochoscopy) techniques work
together harmoniously, often also augmented by radiology
(image intensifier and laparoscopic ultrasound). For LABEL,
access to the lumen of the bile duct through the cystic duct is
the preferred route, but sometimes that is not possible and it
is necessary to perform a choledochotomy and use the trans-
ductal route (see Chap. 6). As previously mentioned, the main
indications for LABEL are when CBD stone(s) are larger
than the diameter of the cystic duct during transcystic LBDE,
or when the stones are impacted and cannot be removed with
standard extraction techniques during either transcystic or
transductal LBDE. We outline three principles of the LABEL
technique: (1) a clear view of the stone must be achieved, (2)
the choledochoscope must be positioned to allow a perpen-
dicular angle between the stone surface and the fibre (the
newer 4-way steering choledochoscopes e.g., SpyGlass™
Discover from Boston Scientific makes this easier: Fig. 5.3)
and (3) targeting must be under direct vision to avoid direct
contact with the bile duct mucosa whilst firing.

Passing the Laser Probe Through the Working
Channel of the Choledochoscope

Although the fibre used for laser lithotripsy (200 pm) is
smaller than the probe used for EHL (800 pm), it is still very
rigid and when passed through the working channel of the
choledochoscope (~1 mm in diameter) may result in compro-
mised deflection of the scope. This is more frequently experi-
enced when the choledochoscope is directed towards the
proximal ducts via the transcystic route which requires a high
degree of deflection. Furthermore, there are situations which
may require lithotripsy whilst the choledochoscope is in
maximal or near maximal deflection. In this scenario, you
may experience that the laser fibre doesn’t move easily within
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FIGURE 5.3 An example of a 4-way steering choledochoscope
(SpyGlass™ Discover) (with permission from Boston Scientific,
Marlborough, Massachusetts, USA)

the scope. The work around to this problem is to remove the
choledochoscope and straighten the scope. Advance the laser
fibre until it is just protruding from the tip of the choledocho-
scope, then withdraw the fibre so it is flush with the tip of the
scope. Re-insert the choledochoscope and despite high
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degrees of defection, the laser fibre should be able to be
advanced enough to be used safely and effectively. An addi-
tional reason to try this is because advancing a laser fibre all
the way through the working channel whilst the choledocho-
scope is fully deflected can (rarely) cause the fibre to perfo-
rate through the shaft of a disposable scope.

Aiming at the Stone

At the authors institution, the Ho:YAG laser is preferred
because the laser fibre has smaller diameter and a visible
diode allows for safe targeting of the stone (Fig. 5.4). This
may prevent collateral damage to the bile duct mucosa
(Fig. 5.5) [64, 65]. As shown in Fig. 5.4, the targeting diode
must be aimed at the stone perpendicular to the stone surface
and separate to the bile duct mucosa to avoid iatrogenic
injury.

FIGURE 5.4 Holmium laser fibre with visible diode which allows safe
targeting of the stone
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FiGure 5.5 Collateral damage to the bile duct mucosa

Fragmentation vs Powderization

There are two main parameters determining the action of the
laser: the pulse energy (PE) and the frequency (Fr). The PE
is measured in Joules (J) and the frequency in Hertz (Hz).
Power, in watts (W), is the product of energy and frequency:

Power (W ) = Energy (J)x Frequency (Hz)

In general terms, increasing the Fr will increase the speed,
and therefore also the power. The setting of PE will be influ-
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enced by certain factors, namely the stone density and the
desired fragment size. The desired fragment size will depend
on one of two scenarios: do you want to achieve fragmenta-
tion or powderization? Figure 5.6 and Table 5.7 outline these
two scenarios. If your patient has had a failed pre-operative
ERCP due to an impacted CBD stone, but a sphincterotomy

Powderize + + Fragment

024 PE Joules 5J

FIGURE 5.6 Fragmentation vs powderization. Increasing the PE will
favour fragmentation whereas a lower PE will result in powderiza-
tion. PE, pulse energy

TaBLE 5.7 Fragmentation vs powderization

Powderization Fragmentation
Previous Yes No
ERCP + ES
PE setting Low (~0.27) High (~17)
Fr setting Can be increased to Can be increased to
reduce lithotripsy time reduce lithotripsy
time

Clearance of Irrigation will wash small Extraction with
fragments fragments through the basket
papilla into the duodenum

Lithotripsy Longer Shorter
time
Extraction Shorter (or none) Longer
time

ERCP endoscopic retrograde cholangiopancreatography, ES endo-
scopic sphincterotomy, PE pulse energy, Fr frequency
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was performed, an appropriate strategy would be to powder-
ize the stone and let the continuous irrigation wash the small
fragments into the duodenum. This technique has been previ-
ously described as the dusting technique (Fig. 5.7) [66]. A

FiGURE 5.7 Dusting technique
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lower PE setting of 0.2 J will be required for this approach
and the frequency can be increased to increase the power and
reduce the overall lithotripsy time. The other scenario is when
your patient has not undergone a previous sphincterotomy
and therefore passage of all fragments through the papilla is
unlikely. The resulting fragments will need to be small enough
for basket extraction through the cystic duct (in the majority
of cases) or choledochotomy. For this, the PE should be
increased to 1 J, which is considered a relatively high setting
for lithotripsy and will cause fragmentation (Fig. 5.8). The
dusting technique (powderization) takes longer in terms of
lithotripsy time; however, it is important to remember that
with fragmentation, the extraction time will be longer as indi-
vidual fragments will need to be removed with a basket. Pre-
operative imaging allows measurement of the size and
density of the stone, which can be used to predict lithotripsy
time and difficulty. Figure 5.9 shows a very large stone with a
high calcium content (bright white on CT) predicting a
lengthy and difficult lithotripsy procedure.

Rate of Irrigation

The rate of irrigation is very important during choledochos-
copy and needs to be adapted during the various phases of
the procedure. During lithotripsy (mainly powderization) we
should be keep a high flow to help with the passage of small
fragments through the papilla. Similarly, for lithotripsy of
intrahepatic fragments, a high irrigation flow rate should be
maintained which will help to move stone fragments distally.
When PE is set to fragmentation mode, the irrigation flow
rate should be slowed down after lithotripsy to facilitate the
capture of stone fragments with the basket. Newer choledo-
choscopes (e.g., Spy Discover DS Direct Visualisation System
from Boston Scientific) have a working channel that can also
be used for aspiration and therefore augment the dual dedi-
cated irrigation channels to achieve a high flow rate (Fig. 5.10).
We recommend the use of a foot pump for irrigation so the
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FiGURE 5.8 Fragmentation
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FIGURE 5.9 Pre-operative imaging allows measurement of the size
and density of the stone, which can be used to predict lithotripsy
time and difficulty
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SPYGLASS DISCOVER DISTAL TIP

Equipped for both diagnostic
and therapeutic procedures,
the tip consists of:

?9

° CMOS VIDEO IMAGING SENSOR e

INTEGRATED DUAL
e o

LED LIGHT SOURCE

DUAL DEDICATED
IRRIGATION CHANNELS

1.2MM WORKING CHANNEL FOR
ACCESSORIES AND ASPIRATION

FIGURE 5.10 SpyGlass™ Discover with dual irrigation and 1.2 mm
working channels by Boston Scientific (with permission from
Boston Scientific, Marlborough, Massachusetts, USA)

operator can control the flow rate. Furthermore, the tradi-
tional use of saline bags is time consuming for the nursing
staff and offers poor control of the irrigation flow rate. High
flow irrigation will also help to prevent thermal injuries that
may happen when the laser is used for long periods at high
power settings (>40 W).

Damage to the Laser Fibre

During lengthy lithotripsies, the fibre tip may get damaged
(fibre tip degradation) or bent. In such cases, after setting the
laser device on standby and removing the laser fibre, it may
be worth trying to cut the damaged tip with scissors and try-
ing again prior to opening a new fibre. As a general rule, the
higher PE used, the more likely that the fibre tip will degrade.

latrogenic Injury to the Bile Duct Mucosa

Perforation of the ureter is an uncommon but well-known
complication experienced by urologists during lithotripsy due
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to the high volume of procedures that they perform. To date
at the authors institution, there has not been a perforation of
the bile duct, although superficial mucosal burns have been
observed after lateral deflection of energy. In our experience,
this has not required any treatment. If a ductal perforation
does occur, the CBD should be drained, ideally with a tran-
scystic drain or with a T-tube or anterograde stent if the
lithotripsy was performed via the transductal route. Energy
and frequency settings will determine the total power in watts
(PE (J) x Fr (Hz) = Power (W)). High power settings will
induce higher temperatures, which can be mitigated with
intermittent laser firing and high irrigation rates, which will
reduce the power to 20 W. In an experimental porcine model,
40 W were needed for 18 seconds in order to induce thermal
injury [67]. From our experience, with the standard settings, it
is difficult to achieve power readings as high as 40 W.
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Different Scenarios in LBDE

Not all patients with common bile duct (CBD) stones will
require the same technique for laparoscopic bile duct explo-
ration (LBDE). It will vary according to whether or not the
cystic duct and CBD are dilated and also on whether or not
there is hilar inflammation (Fig. 6.1). We have found that all
patients fall into one of five different scenarios (Table 6.1).
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Both the cystic duct and CBD are not dilated (most
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3
4 Both the cystic duct and CBD are dilated
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There is severe inflammation or fibrosis around the

hilum making its dissection hazardous
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Scenario 1: Both the Cystic Duct and CBD Are
Not Dilated

This scenario will occur when neither the cystic duct nor the
CBD are dilated (Fig. 6.2). From the first four scenarios out-
lined in Table 6.1, it is the most difficult scenario and it will
demand a very refined surgical technique; luckily it is the
least frequent situation.

FiGure 6.2 Both the cystic duct and CBD are not dilated
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For the management of this scenario, an ultra-thin 3 mm
choledochoscope should ideally be available. The technique
described here would typically follow an intra-operative chol-
angiogram (IOC) and therefore the SF cholangiogram cathe-
ter would already be in situ (see Chap. 4, sections
“Intra-operative cholangiogram (IOC)” and “Intra-operative
cholangiogram (IOC)”). The first step is to re-introduce the
guidewire through the cholangiogram catheter into the CBD,
then remove the catheter. The Flexor® Ureteral Access
Sheath 9.5-12F (28 cm) (Cook Medical) is railroaded over the
guidewire to gain access to the cystic duct. The hydrophilic tip
of the sheath-dilator is soft and therefore will follow the
guidewire and pass into the CBD, dilating the cystic duct and
overcoming the Heister valves (Fig. 6.3). Once this is achieved,
the tip of the access sheath (light blue) is removed and you
will need to make sure that the sheath (black) is not advanced
too far into the cystic duct thereby abutting the tip of the
access sheath against the opposite wall of the CBD at the
cystic-common bile duct junction. This will preclude the pas-
sage of the choledochoscope into the CBD (Fig. 6.4). If we are
using a reusable choledochoscope, we always take great care
not to manipulate the scope with the forceps as this will cause

FicUure 6.3 Cystic duct dilatation with Flexor® Ureteral Access
Sheath 9.5-12F (35 ¢cm) (Cook Medical) for 3 mm choledochoscopy
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FiGURE 6.4 Three mm scope advancing through the access sheath
introduced into the cystic duct

damage and ultimately scope failure. Reusable choledocho-
scopes are very expensive and repairs can be very costly which
also take several weeks to be returned in working order.
Instrumentation to steady the choledochoscope adjacent to
the cystic duct entry can be achieved by manipulating the
semi-rigid access sheath when the scope is in the CBD (an
alternative approach is to pass the choledochoscope through
an additional 5 mm laparoscopic port sited in the right upper
quadrant). When using 3 mm choledochoscopes, the instru-
ment should be kept as straight as possible because these
scopes are fragile which makes it difficult to transmit the
torque to the tip. The left hand should control the choledocho-
scope and the right hand, using the thumb and index finger,
will transmit the torque and also direct the access sheath to
the cystic duct opening. For this purpose, the access sheath
should ideally have a rigid body, and the Flexor® Ureteral
Access Sheath 9.5-12F (28 cm) (Cook Medical) works well.
Once the choledochoscope has been introduced into the
bile duct, any visualised non-impacted stones can be removed
with a stone retrieval basket, of which there are many to
choose from. In the authors experience, we prefer to use a
2.4F (120 cm) Dormia basket (Cook Medical) or a 2.4F
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(120 cm) Segura Hemisphere™ retrieval basket (Boston
Scientific). If a 3 mm choledochoscope is used in combination
with laser lithotripsy, we recommend using the 200 pm (small-
est) fibre because larger fibres may have a negative impact on
the ability of the choledochoscope to fully deflect and there-
fore successfully navigate the biliary tree. If an ultra-thin
3 mm choledochoscope is not available, and if we face this
scenario (both the cystic duct and CBD are not dilated) with
a distal filling defect during IOC (Fig. 6.5), we are left with
two options. The first option is to dilate the cystic duct to be
able to accommodate a 5 mm scope (which is more likely to
be available), however, this can be can be dangerous and pre-
cipitate a bile duct injury at the junction of the cystic duct and
CBD. The second, and safer option, is to employ the basket-
in-catheter (BIC) technique as described by Ahmad Nassar
and colleagues [1]. This technique involves the introduction
of a basket through the 5F cholangiogram catheter, ideally

FiGURE 6.5 Basket-in-catheter (BIC) technique for stone extraction
(without choledochoscope)
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passed into the duodenum, and under fluoroscopic guidance
the tip can be advanced beyond the catheter and opened
once in the duodenum. Then the SF catheter and the opened
basket are withdrawn thereby trawling the duct and collect-
ing any stones. Retrieval of proximal and/or multiple and/or
impacted stones by this method may prove to be very chal-
lenging. If the cystic duct can be dilated and this is thought to
be the better and/or only option, this must be performed in a
controlled and safe manner. To achieve this, we recommend
inserting the guidewire (Chap. 4, Table 4.1 Serial 10) into the
CBD, then railroad ureteral dilators gradually increasing in
size between 6 to 18F (Ureteral Dilator Set, Cook Medical)
(Chap. 4, Table 4.1 Serial 9). This should be done gently and
gradually as demonstrated in Fig. 6.6. It should be noted that
the 18F dilator is the same size as the 5 mm choledochoscope.
Cystic duct dilatation can also be performed with a columnar

FiGURe 6.6 Dilatation of the cystic duct in order to accommodate a
5 mm choledochoscope. 1, introducing a guidewire. 2 & 3, progres-
sive dilatation. 4, the cystic duct has been sufficiently dilated to be
able to accommodate a 5 mm scope
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dilatation balloon; however, the authors have limited experi-
ence with this technique [2]. Prior to making a decision to
dilate the cystic duct, it is important to recognise the risk of
iatrogenic injury to the bile duct, therefore an alternative
(bail out) option would be to place a transcystic drain and
refer the patient for post-operative endoscopic retrograde
cholangiopancreatography (ERCP).

Once all the stones have been extracted from the distal
duct (common bile duct) using the choledochoscope, the next
step is to assess the proximal ducts (common hepatic duct
and intra-hepatic ducts) before completing the procedure.
Ideally, this should be done with the choledochoscope,
thereby providing direct visualisation of the proximal ducts.
To give the choledochoscope a fighting chance of being able
to deflect upwards into the proximal ducts, the dissection of
the cystic duct-common bile duct junction should ideally be
completed as previously described (see Chap. 4, section
“Cholecystectomy” and Fig. 4.9). Complete dissection of the
cystic duct-common bile duct junction followed by mobilisa-
tion of the gallbladder from the liver bed will allow for the
correction of the cystic duct-common bile duct angle to a
more favourable 90° (Fig. 6.7). The ‘windscreen wiper’

Ficurke 6.7 Complete dissection of the cystic duct-common bile duct
junction followed by mobilisation of the gallbladder from the liver
bed will allow for the correction of the cystic duct-common bile duct
angle to a more favourable 90°
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manoeuvre enables the tip of the choledochoscope to move
from a distal duct view to a proximal duct view (Fig. 6.8). The
manoeuvre begins with the choledochoscope pointing dis-
tally, then anti-clockwise torque is applied to the scope using
the right thumb and index finger thereby rotating the scope
proximally. In the event that proximal choledochoscopy is not
possible, a completion cholangiogram should be performed
to exclude proximal stones.

There are some situations where transcystic exploration
may not be possible. For example, a very low cystic duct inser-
tion into the CBD with a mid-ductal stone may entirely pre-
clude proximal choledochoscopy. Similarly, a proximally
facing cystic duct insertion into the CBD, in a double-barrel
fashion (which we have experienced only twice), may not
permit access to the distal bile duct, and therefore a
choledochotomy may be required to achieve distal choledo-
choscopy. A cystic duct crossing to the other side and draining
medially should not be a contraindication if it is dissected
properly, however, a thin non-dilated cystic duct may prove to
be a very challenging conduit in this scenario [3].

Scenario 2: The Cystic Duct Is Dilated But
the CBD Is Not Dilated

The scenario where the cystic duct is dilated and the CBD is
not dilated (normal calibre) (Fig. 6.9) is unusual but favour-
able, because the dilated cystic duct will probably allow the
direct transcystic insertion of a 5 mm choledochoscope.
Moreover, the stones in a duct that is not dilated should not
be too large, and therefore unless they are impacted, would
be easy to extract transcystically.

As described in Scenario 1, a similar technique for intro-
duction of the choledochoscope can be used, however, in a
cystic duct that is dilated, there is no need for the use of the
access sheath. If you are using a 5 mm choledochoscope, this
can be introduced from an extra 5 mm laparoscopic port, also
inserted in the right upper quadrant. If you are using the
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FiGure 6.8 The ‘windscreen wiper’ manoeuvre for proximal CBD
access
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FiGure 6.9 The cystic duct is dilated but the CBD is not dilated

‘American’ supine patient position, the mid 5 mm port can be
used for choledochoscopic access. The same Endoloop trac-
tion technique should be used, but in this scenario, any dilata-
tion of the cystic duct that is required can be achieved using
Johan grasping forceps (Fig. 6.10). This manoeuvre will often
also overcome any obstructing Heister valves.
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FiGure 6.10 Cystic duct dilatation using Johan grasping forceps

Scenario 3: The Cystic Duct Is Not Dilated But
the CBD Is Dilated

In this scenario, you will find a dilated bile duct with a non-
dilated cystic duct (Fig. 6.11). Transcystic access can be
achieved using the same technique as described in scenario 1.
This should be the first approach, however, if this is not pos-
sible, a dilated bile duct will allow for a safe choledochotomy
to be performed. The minimal safe diameter of the bile duct
when performing a choledochotomy is controversial and has
previously been contested. Closure of the bile duct less than
5 mm has been associated with strictures [4]. In general terms,
a choledochotomy should not be performed on a bile duct
smaller than 7-9 mm [5, 6]. In our practice, we consider a duct
as being dilated when it is more than 8 mm.

Generally, large bile ducts harbour large-sized stones,
and if the aim is to manage them using a transcystic
approach, the Lithotripsy Assisted Bile duct Exploration
by Laparoendoscopy (LABEL) technique may be required
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FiGure 6.11 The cystic duct is not dilated but the CBD is dilated

[7 8]. In very rare occasions, when the stones are very large
and with a high calcium content (best seen on CT imag-
ing), the LABEL technique is used to powderize the stones
into smaller fragments. If the patient has had a previous
endoscopic spincterotomy (ERCP-ES), these fragments are
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powderized and therefore easily washed down into the duo-
denum. If there has not been a previous ERCP-ES, and if
the fragments cannot be extracted tanscystically, then it may
be necessary to complete CBD clearance of these fragments
with a post-operative ERCP-ES.

Figure 6.12 demonstrates transcystic extraction of a 10 mm
stone through a 5 mm cystic duct. The temptation would be to
perform a choledochotomy for easy stone extraction, how-
ever, the aim should always be to perform transcystic LBDE
where possible. Therefore, in this case we elected to perform
lithotripsy (LABEL technique), thereby fragmenting the
stone into smaller pieces that are then able to be extracted
via the cystic duct using a Dormia basket. It is important to
not be too ambitious when extracting large unfragmented
stones through the cystic duct. The danger is that if a stone
larger than the size of the cystic duct is extracted with a bas-
ket, the entire basket-stone complex can get impacted either
within the CBD, at the cystic duct-common bile duct junction
or the cystic duct itself (Fig. 6.13a). What are your options in
this scenario? First, dismount the handle of the basket so that
the choledochoscope can be removed. Second, exteriorise the
proximal free end of the wire through the abdominal wall
close by using a wide bore needle (Fig. 6.13b) or alternatively,
leave the free end within the abdomen. Third, re-intubate the
cystic duct with the choledochoscope and perform lithotripsy
on the impacted basket-stone complex (Fig. 6.13c). Once the
basket-stone complex has become disimpacted by fragment-
ing the impacted stone, the loose wire can safely be removed
along with the stone fragments via the cystic duct opening.
However, this situation can be avoided altogether if the stone
size is assessed from the outset and the LABEL technique
applied prior to extraction of the large stone with a basket.

If the transcystic route is not feasible, proceeding to cho-
ledochotomy and transductal stone extraction is an appropri-
ate option, taking advantage of the dilated bile duct. This
should be performed via a longitudinal (vertical) incision
within the supraduodenal portion of the bile duct. In a non-
inflamed, thin-walled bile duct, this can be achieved with
laparoscopic scissors or a Berci knife® [9] (Fig. 6.14). In a
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FIGURE 6.12 Transcystic extraction of a large stone. (a) transcystic
access with 5 mm choledochoscopy. (b) 10 mm CBD stone. (c¢)
LABEL technique. (d) transcystic removal of small fragments
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FIGURE 6.12 (continued)
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FIGURE 6.13 Impacted basket-stone complex within the bile duct (a)
and a strategy for getting out of trouble by disconneting the basket
handle (b) and fragmenting the impacted basket-stone complex
using the LABEL technique (c)
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Ficure 6.14 Choledochotomy incision. Knife choledochotomy
(left), scissors choledochotomy (right)

severely inflamed, thick-walled bile duct, the potential dan-
ger with scissors or a knife is that cutting into a thickened
duct wall can create a false channel and miss the ductal lumen
altogether. In such cases, we have controversially used the
hook (in pure cut mode) without problems (Fig. 6.15). The
size of the choledochotomy should be tailored to the size of
the stone. Standard stone extraction techniques include
removal with grasping forceps (if the stone is lodged in the
mid portion of the duct) (Fig. 6.16) or a Dormia basket.
Advanced stone extraction techniques with LABEL may be
required for large and/or impacted stones.

Scenario 4: Both the Cystic Duct and CBD Are
Dilated

The scenario of a dilated cystic and common bile duct
(Fig. 6.17) is an ideal situation, and perfect for the beginner
during his or her learning curve. This situation will allow the
liberal use of the 3 mm or the 5 mm choledochoscopes for the
transcystic route. If a decision is made to adopt the transduc-
tal approach, then performing a choledochotomy on a dilated
duct should be easy. Less commonly, a massively dilated cys-
tic duct can be difficult to differentiate from a type II Mirizzi
syndrome, which can compromise reconstruction of the com-



Chapter 6 Operative Techniques in Laparoscopic... 171

FiGure 6.15 Hook choledochotomy in acute cholangitis

mon bile duct. This will be discussed next in section “Scenario
5:The Impossible Hilum: Trans-Infundibular Approach (TTA)
to the Bile Duct” and in Chap. 7, section “Management of
Type II Mirizzi syndrome”’

Scenario 5: The Impossible Hilum: Trans-
Infundibular Approach (TIA) to the Bile Duct

After several attacks of inflammation, the hilum becomes
fibrotic and can become frozen (Fig. 6.18). In this scenario, it
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FiGure 6.16 Transductal extraction of a stone using grasping forceps

is not safe to continue with dissection in order to obtain the
critical view of safety. In such cases we have had to resort to
novel techniques, often aided by leveraging access to new
technologies such as laser or electrohydraulic lithotripsy.
Figure 6.19 demonstrates a frozen hilum which was fibrotic
and precluded its safe dissection. A very large stone was
impacted in the infundibulum, and in this case, we used the so
called ‘trans-infundibular approach’ (TIA) to the bile duct
combined with LABEL to successfully access and clear the
bile duct. We have described TIA as the approach to the bile
duct in cases of a severely inflamed or fibrotic hilum which
precludes safe dissection. The inside of the gallbladder infun-
dibulum is used to gain access to the internal opening of the
cystic duct and then onwards to the CBD. This technique
often needs to be combined with LABEL [10], because in
most cases the offending stones are impacted or too large to
be removed through the cystic duct [11, 12]. When TIA is
indicated, choledochotomy is often also precluded, not only
because the duct wall is inflamed and thickened, but also
because identification of the bile duct is often not possible.
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FiGURE 6.17 Both the cystic duct and CBD are dilated
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FIGURE 6.18 The frozen hilum
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FIGURE 6.19 The impossible hilum requiring a transinfundibular
approach (TIA) to the CBD combined with laser lithotripsy
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At the time of describing the technique, we reviewed the
last 154 consecutive patients in our series (February 2014—
June 2018) and reported nine cases where the bile duct had
been accessed through this novel route. For access, a chole-
cystotomy is performed at the infundibulum where generally
a large stone or stones is/are impacted. Once the impacted
stones are removed, the choledochoscope is then inserted
with the tip directed to the infundibulum, and it often follows
into the duct (Fig. 6.20). In our series of patients who under-
went TIA, a cholangiogram was performed in only four
patients, confirming that a cholangiogram is not necessary to
perform this technique. However, we have used this tech-
nique more recently to achieve a cholangiogram in complex
cases which would not be possible using the standard tech-
nique. A cholangiogram can be achieved either by injecting
the contrast through the working channel of the choledocho-
scope or by guiding cystic duct intubation with the cholangio-
gram catheter during choledochoscopy. The TIA can also be
used to clarify the anatomy and appropriately site a choledo-
chotomy (if required). In a difficult hilum, transillumination
from the tip of the scope can be used to identify the common
bile duct, which in turn can be used to select the correct loca-
tion for choledochotomy if this is required. In another
patient, transillumination via the TTA (Fig. 6.21) was used to
identify the entrance of the cystic duct into the CBD, allowing
clarification of the anatomy and permitting further safe dis-
section of the cystic duct to subsequently perform our stan-
dard transcystic LBDE.

FiGURE 6.20 Technique for trans-infundibular approach (TIA) to
the CBD. The impossible hilum (left), cholecystotomy (centre), TIA
to the bile duct (right) with choledochoscopy (insert)
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FiGure 6.21 TIA used to clarify anatomy and delineate the cystic
and common bile ducts
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The management of complex cases, including type II
Mirizzi syndrome, can be achieved laparoscopically using a
combination of TIA and LABEL (TIA-LABEL). Type II
Mirizzi syndrome (Fig. 6.22) is an uncommon cause of
obstructive jaundice caused by an inflammatory response to

FiGure 6.22 TIA in Type II Mirizzi syndrome
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an impacted gallstone in Hartmann’s pouch or the cystic duct
with a resultant cholecystocholedochal fistula, which can
sometimes be indistinguishable from a grossly dilated cystic
duct. Figure 6.23 demonstrates complex type II Mirizzi syn-
drome in a patient that required a TIA-LABEL strategy. In
this patient, a choledochotomy and bilioenteric anastomosis
were considered but were ultimately not feasible options. The
size of the stone (35 mm) and the high calcium content (as
seen on pre-operative CT imaging) resulted in a prolonged
laser lithotripsy time of over 6 h (total operative time 75 h).
After comprehensive dusting and fragmentation of the stone
with basket removal of the majority of fragments, some stone
debris remained in the bile duct. After a lengthy procedure,
we opted to clear the remaining fragments by a post-operative
ERCP which was completed on the 14th post-operative day
(the patient had normal LFTs post-operatively). In such
cases, a pragmatic decision to complete CBD clearance with
post-operative ERCP was appropriate as persisting with bas-
ket retrieval would have prolonged an already lengthy
procedure.

Ficure 6.23 Trans-infundibular approach laser assisted bile duct
exploration by laparoendoscopy (TIA-LABEL). Type II Mirizzi
syndrome (left), lithotripsy of large stone (centre), post-operative
ERCP to clear remaining fragments (right)
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Closure After Accessing the Bile Duct

Closure of the Choledochotomy

Closure of choledochotomy can be performed in several
ways:

1. Closure over a T-tube

2. Closure over an antegrade stent

3. Primary closure (without transcystic drain)
4. Primary closure with transcystic drain

5. Bilioenteric anastomosis

Closure Over a T-Tube

The T-tube should be trimmed in a similar way that is used in
open surgery and it can be introduced into the abdominal
cavity using the 10-12 mm port. After introducing the short
arms into the bile duct proximally and distally (Fig. 6.24 left
and centre), it is important to check that the drain moves
freely within the duct. The main stem of the drain is exterior-
ised through the 5 mm right upper quadrant port (the same
used for the choledochoscope). The choledochotomy is then
closed over the T-tube with interrupted or running 5-0
Vicryl™ (Ethicon, New Brunswick, New Jersey, USA) on a
round needle, starting either from the top or the bottom

FiGure 6.24 Closure of choledochotomy over a T-tube. Introduction
proximally (left), distally (centre) and closure with interrupted
sutures (right)
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(Fig. 6.24 right). To test the closure, water can be injected into
the T-tube at low pressure to ensure that there is no leak. The
exteriorised main stem of the T-tube should be securely fixed
to the skin with silk in multiple places to prevent inadvertent
misplacement of the drain.

At the beginning of our LBDE series, closure of choledo-
chotomy with T-tube was the favoured technique, however,
its routine use was largely abandoned after the early years.
Despite this, we still think there are some valid indications for
its use: the presence of a choledochoduodenal or cholecysto-
choledochal fistula (including some instances of type 2
Mirizzi syndrome) and presence of certain types of chole-
dochal cysts. Figure 6.25 illustrates the placement of a T-tube
through a choledochotomy with the main stem exiting
through a cholecystocholedochal fistula whilst the choledo-
chotomy was closed independently. Figure 6.26 demonstrates
reconstruction of the bile duct after resection of a type VI
choledochal cyst (isolated dilation of the cystic duct). The
technical considerations in this case consisted of resecting the
saccular dilatation of the cystic duct (Fig. 6.26 right) and due
to the wide implantation of the cystic duct, reconstruction of
the bile duct over a T-tube with a subsequent ERCP-ES to
address the common bilio-pancreatic channel associated in
such cases. The insert (bottom right) in Fig. 6.26 is the cho-
ledochoscopic view showing the exit of the distal common
bile duct into the common channel with entrance to the pan-
creatic duct (left) and duodenal papilla (right) [13].

Closure Over an Antegrade Stent

At the author’s institution, routine use of T-tube for choledo-
chotomy closure was abandoned in November 2001, and
over the next decade or so, closure over an antegrade stent
became the preferred choice of choledochotomy closure
using a 7F Amsterdam stent. Antegrade insertion of the stent
over a PTFE guidewire (0.035-inch diameter, 145 cm length,
3 cm flexible tip) (Cook Medical) (Chap. 4, Table 4.1, Serial
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FiGure 6.25 Use of a T-tube for a cholecystocholedochochal fistula

10) which was previously inserted into the CBD and duode-
num under choledochoscopic view. The choledochoscope
can also be railroaded over the guidewire after the stent
thereby using the scope as a ‘pusher’ [14] and allowing direct
visual confirmation that the stent has passed the papilla
(Fig. 6.27). Following this, the choledochotomy can be closed
over the stent with 5-0 Vicryl™. The stent is then removed
after 2 or 3 weeks with an standard gastroscope and a snare
(Fig. 6.28).
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FiGure 6.26 Type VI choledochal cyst
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FIGURE 6.26 (continued)

Primary Closure (Without Transcystic Drain)

Since 2012, primary closure has been our preferred method
of closure after choledochotomy. Our technique is performed
using 5-0 Vicryl™ and we routinely start the closure by plac-
ing a stay suture at the cranial end of the choledochotomy
(Fig. 6.29) [15, 16]. The choledochotomy is then closed pri-
marily using a continuous suture on a curved needle starting
from the caudal end, which is then tied to the originally
placed stay suture (Fig. 6.30). It is important to maintain the
tension after each stitch to ensure a water-tight closure.
Even though primary closure after choledochotomy is
considered the preferred method of closure, it should only be
used without additional biliary drainage when it is safe to do
so. This can be checked by performing a completion intra-
operative cholangiogram or cholangioscopy. Favourable
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FIGURE 6.27 Insertion of antegrade stent
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FIGURE 6.28 Removal of stent with gastroscope
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FIGURE 6.29 Start of the primary closure

observations to be able to proceed with primary closure
(without transcystic drain) are that the duct is clear and that
there is good passage into the duodenum. This can be seen
under direct vision, passing the closed basket into the duode-
num and then pulling the opened basket back, whilst watch-
ing to see how easily the papilla opens (Fig. 6.31). When we
use the 3 mm choledochoscope, we often pass it directly into
the duodenum (Fig. 6.32). If drainage into the duodenum is
not satisfactory, it would be wise to use some form of bile
duct decompression before closing the choledochotomy pri-
marily. For this we favour an 8F drain placed transcystically
(transcystic drain).
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FIGURE 6.30 Primary
closure completed

Primary Closure with Trancystic Drain

Primary closure with transcystic drain is a useful technique
when it is highly desirable to protect the ductal closure in
high-risk patients where the burden of a bile leak would have
serious impact on morbidity and even mortality. It is also
used when impaired papillary drainage is suspected render-
ing the bile duct a high-pressure system until normal outflow
is once again established (Fig. 6.33). An 8F infant feeding
tube or similar can be used for this and the tube is placed
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Good drainage papilla passing
basket

FIGURE 6.31 Assessing the drainage of the bile duct under direct
vision by choledochoscopy

transcystically, often railroaded over a guidewire (once the tip
has been cut), so that the tip lies within the common bile duct.
The drain should be secured well to the cystic duct stump
using a 2-0 Vicryl™ intracorporeal tie. As with the T-tube, the
extracorporeal part of the drain needs to be secured well to
the skin in multiple places to avoid the drain becoming dis-
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Open papilla Duodenum

FIGURE 6.32 Passing the 3 mm choledochoscope through the papilla
into the duodenum

FIGURE 6.33 Primary closure with transcystic drain in a patient with
papillary oedema

lodged. The transcystic drain is better tolerated than the
T-tube and is also subject to less complications.

Bilioenteric Anastomosis

Rarely after the choledochotomy and bile duct exploration
we need to perform a choledochoduodenostomy. The indica-
tions include retained, recurrent and impacted bile duct
stones, strictures of the bile duct, stenosis of the sphincter of
Oddi, pancreatitis associated with biliary disease, choledochal
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cysts, fistulas of the bile duct and biliary obstruction, either
benign or malignant. The laparoscopic technique is similar to
that performed in open surgery. A vertical incision is made in
the supraduodenal portion of the common bile duct and a
similar-sized transverse incision in the duodenum. Two stay
sutures are placed, one lateral and one medial, bringing the
two openings together (Fig. 6.34 left). The stay sutures are
then placed under traction and exteriorised using an Endo
Close™ (Fig. 6.34 left). The posterior layer of the anastomo-
sis is performed first (Fig. 6.34 right), historically using inter-
rupted 4-0 Vicryl™ but a contemporary alternative would be
to use a continuous V-Loc™ suture (Covidien, Mansfield,
Massachusetts, USA). Once the posterior layer is completed,
the stay sutures can then be tied and then the anterior layer
of the anastomosis completed in a similar fashion to the pos-
terior layer (Fig. 6.35).

Closure After the Transcystic Approach

Closure after transcystic exploration is often indistinguish-
able from that after a laparoscopic cholecystectomy without
bile duct exploration. An Endoloop (Ethicon, New Brunswick,
New Jersey, USA) or sometimes just a clip is needed to close
the cystic duct stump (Fig. 6.36).If acompletion cholangiogram
is indicated and the cholangiogram catheter is placed once
again transcystically, a loose 2-0 Vicryl™ tie can be placed
around the cystic duct to prevent leakage of contrast, which
can then be tightened once the catheter is removed to achieve
secure closure of the cystic duct (Fig. 6.37).

At the junction between the cystic and common bile duct
there is often a saccular dilatation. If the cystic duct cannot be
cannulated for the standard transcystic approach, then this
dilatation may have to be used for access to the bile duct. This
can complicate the closure and often requires sutures. The
same will occur if a near-total cholecystectomy is performed
after the TIA approach (Fig. 6.38). In this scenario, the infun-
dibulum should be closed under direct vision of the entrance
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FiGURE 6.34 Choledochoduodenostomy. (a) placement of stay
sutures for traction and to bring the two openings together. (b) per-
forming the posterior layer of the anastomosis
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FiGure 6.35 Choledochoduodenostomy: anterior layer
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FiGure 6.36 Closure of the cystic duct stump with an Endoloop

of the cystic duct (Fig. 6.38 blue arrow) or with the 3 mm
disposable choledochoscope inside of the bile duct to avoid
stenosis.

Bile Duct Exploration in the Patient
with Roux-En-Y Gastric Bypass (RYGB)

Approximately 10-30% of patients develop cholelithiasis (of
which about a third are symptomatic) and >1% develop cho-
ledocholithiasis after bariatric surgery [17-20]. Following
laparoscopic Roux-en-Y gastric bypass (LRYGB) specifi-
cally, the incidence is slightly higher. Although it is not our
practice, the majority of patients with choledocholithiasis and
concomitant gallstones in the UK still receive pre-operative
ERCP. Because of surgically altered anatomy, traditional
trans-oral ERCPisnot possible in patients with RY GB. Various
techniques have been described to access the biliary tree in
patients with altered anatomy or in situations where tradi-
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FiGure 6.37 Completion intra-operative cholangiogram prior to
cystic duct closure using an intracorporeal 2-0 Vicryl™ tie
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FiGUre 6.38 Closure after TIA

tional ERCP has failed. Varied results of each technique have
been reported. The various options include transcystic and
transductal LBDE, laparoscopic choledochoduodenostomy,
Laparoscopic  Transgastric Endoscopic  Retrograde
Cholangiopancreatography (LTG-ERCP), single-balloon
enteroscopy-assisted ERCP, endoscopic ultrasound (EUS)
guided transhepatic ERCP, EUS guided rendezvous and per-
cutaneous transhepatic cholangiography (with or without
lithotripsy).

The technique for transcystic or transductal LBDE in
patients with surgically altered anatomy in the same as
described above. Post-operative adhesions are usually mini-
mal after LRYGB, but the operating surgeon should be cau-
tious upon induction of pneumoperitoneum in these patients.
It is our opinion that transcystic LBDE is the optimal man-
agement strategy for all patients with choledocholithiasis and
concomitant gallstones, including patients with surgically
altered anatomy. LTG-ERCP has a post-operative complica-
tion rate of 36% [21] compared with lower complication rates
of up to 17% for other techniques [16, 22-24] (Table 6.2).
Accompanying a very high post-procedure complication rate
for LTG-ERCP is a 6% rate of conversion to open surgery
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TaBLE 6.2 Various techniques to access the biliary tree in patients
with altered anatomy and their respective major post-operative
complication rate

Major post-operative

Technique complications (%)
Transcystic LBDE 1

Transductal LBDE 7

Laparoscopic 9
choledochoduodenostomy

LTG-ERCP 13

Single-balloon enteroscopy- 7

assisted ERCP

Percutaneous transhepatic removal 7

LBDE laparoscopic bile duct exploration; LTG-ERCP Laparoscopic
Transgastric Endoscopic Retrograde Cholangiopancreatography,
ERCP endoscopic retrograde cholangiopancreatography

and 10% requiring a further surgical procedure. Regarding
single-balloon enteroscopy-assisted ERCP, biliary cannula-
tion and procedural success rates are 90% and 76% respec-
tively [23]. Our own institutional data reports success rates of
99% for transcystic LBDE in all patients and 100% for
patients with surgically altered anatomy.
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Our Series

As discussed in Chap. 2, Laparoscopic Bile Duct Exploration
(LBDE) is considered a valid option, if not the option of
choice, in the management of ductal stones with gallbladder
in situ. Outcomes used to compare it with the other treatment
modalities include clearance rate, retained stones, morbidity
and hospital stay (Table 71). As expected, mortality is very
low in all approaches, and therefore is often not used as a
parameter to compare different treatment options [1].

Approximately two-fifths (44 %) of the patients within our
series presented with jaundice and almost one-fifth (17%)
with acute pancreatitis [2]. This is comparable to previously
published large series of LBDE. Zhu et al., published their
cohort of 708 patients and reported similar presentations
with 39% and 20% respectively [3]. Table 71 summarises the
main outcomes (CBD clearance, morbidity, mortality and
hospital stay) following two-stage (pre-operative ERCP fol-
lowed by laparoscopic cholecystectomy) and one-stage (lapa-
roscopic cholecystectomy with LBDE) management of
choledocholithiasis with concomitant gallstones from the lit-
erature (systematic reviews and randomised trials) and com-
pares these metrics with data from our own series of LBDE
[4-10].

CBD C(learance

The CBD clearance rate of 96.4% that has been achieved in
our series compares favourably with the published standard.
Moreover, treatment success was 100% from the last 100
patients (Table 71). The last failure of stone extraction within
our series was case number 287 out of 481. Furthermore, a
fifth of the patients in our series had previously undergone
failed endoscopic retrograde cholangiopancreatography
(ERCP). We have analysed potential causes of stone extrac-
tion failure during LBDE and found that it was mainly due to
distal impacted stones [11]. In addition to the outcomes listed
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in Table 71, we also need to consider the number of patients
with stones inadvertently left behind (retained stones). In our
series, we have found 4 out of 481 (~0.8%) patients with
retained stones (August 2021) [2]. By comparison, this is less
than that described in other series of LBDE, which have
reported closer to 6% [10]. CBD stone recurrence is often
difficult to evaluate accurately, because many of the patients
feel well after the procedure and in most circumstances are
not followed up beyond a couple of years. However, we were
still able to identify a minority of patients (1.25%) with recur-
rent stones that is certainly less than the 14.1% reported in
other series [12].

Since we started performing the technique in 1998, our
main concern has always been failing to clear the bile duct of
stones, and in our experience, the two main reasons behind
this have been: (i) the presence of distal impacted stones and
(ii) the existence of a proximal stenosis (precluding access to
the stone with the choledochoscope +/— lithotripsy). In 2006,
we published the reasons for failure of the laparoscopic tech-
nique, with a series of 60 patients at the time [11]. We defined
failure as ‘the impossibility of stone extraction from the
lumen of the CBD’ and defined an impacted stone as one
which ‘did not allow the passage of the Dormia basket across
it” and ‘could not be moved proximally or distally.” At that
time, our success rate was 90%, far from the 100% obtained
in the last ~200 cases. Of the six cases where CBD clearance
was not achieved, one was converted to open surgery and the
stone removed through a transduodenal approach; another
required a mini-laparotomy for a hand-assisted disimpaction
with further closure of the CBD over a T-tube; and four
patients required post-operative ERCP, two of which had an
antegrade stent passed beyond the stone into the duodenum
during laparoscopy (Fig. 71). At that time, the transductal
approach was our preferred approach [13, 14], far from what
is widely recommended now [15, 16], and certainly not our
own current opinion [2]. At the time, the recommended strat-
egies to deal with impacted stones were: (i) balloon dilatation
of the papilla [17], (i) glucagon injection for relaxation of the
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FiGure 7.1 Insertion of an antegrade stent across an impacted stone
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papilla [18], (iii) intra-operative or post-operative ERCP, (iv)
antegrade sphincterotomy [19], (v) electrohydraulic litho-
tripsy (EHL) [20], or (vi) transoral laser lithotripsy [21]. The
first option (i) is associated with a high rate of pancreatitis
[22] and the use of lithotripsy was developed later at our
institution. We found that the best way to treat impacted
stones at the time was post-operative ERCP, either with intra-
operative insertion of an antegrade stent across the stone
(Fig. 71), or after closing the CBD over a T-tube or transcystic
drain for decompression. Impacted stones continued to be a
problem at our institution until February 2014 when we intro-
duced the Lithotripsy-Assisted Bile duct Exploration by
Laparoendoscopy (LABEL) technique [23, 24].

When we reported our outcomes from 416 patients since
starting the technique in 1998, failure to clear the bile duct
was analysed in four chronological groups of 104 patients.
Clearance rate, as expected, improved after the first 100 cases,
most likely due to the learning curve and equipment selection
[2]. Conversion to open surgery due to LBDE failure soon
disappeared and we learned to complete the procedure lapa-
roscopically whilst able to alleviate any biliary obstruction
[2]. However, there still remained a 2-3% failure rate, which
would only be overcome in the last quartile of the series
(Table 71). This was mainly due to the introduction of
LABEL and being able to leverage other emerging technolo-
gies [2,23,25-27].

In our experience, the rate of inadvertently left (retained)
stones was very low (<1%). In the last quartile of the current
series (n = 120), where 92% transcystic LBDE rate was
achieved, we did not experience difficulty in managing proxi-
mal bile duct (common hepatic duct) stones. We were able to
achieve a proximal choledochoscopic view in over 70% of
patients from the last quartile of the series. Furthermore, our
threshold for performing choledochoscopy after an equivocal
intra-operative cholangiogram has lowered as our transcystic
rate has increased (Fig. 72). The blank (negative) choledo-
choscopy rate was 29% for the last quartile of the series as
demonstrated in Fig. 72. This may be considered a high rate
of negative choledochoscopy (with increased cost) but it is
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FiGUure 7.2 Rate of negative (blank) choledochoscopy with increased
experience (480 cases)

certainly not at the expense of increased morbidity [13] due
to the fact that most of those choledochoscopies were per-
formed transcystically (97%) and completed with ultra-thin
choledochoscopes (85%). Transcystic choledochoscopy with
an ultra-thin choledochoscope does not result in additional
morbidity compared to laparoscopic cholecystectomy alone.
An even higher rate of negative choledochoscopy (41%) was
experienced in the early days of this technique in 1985 by
Brian Ashby, but at that time he was performing a choledo-
choscopy that not only required open surgery but also a cho-
ledochotomy to access the bile duct along with its associated
morbidity [28].

Morbidity

Most studies to date, including systematic reviews of ran-
domised trials, have failed to demonstrate difference in mor-
bidity between LBDE at time of laparoscopic cholecystectomy
and pre-operative ERCP followed by laparoscopic cholecys-
tectomy [6, 7, 29-32]. In our experience, as summarised in
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Table 71, morbidity is mainly represented by bile leak and
pancreatitis, the latter mainly associated with the historical use
of anterograde stents. Increased use of the transcystic approach
has helped us to decrease the total morbidity from 21% (when
the transductal route is used) to 8% (p = 0.0001) [2].

Bile leak is the most frequently occurring morbidity asso-
ciated with LBDE, which in our series complicated 3.3% of
patients (n = 481). As expected, bile leak was associated with
closure of choledochotomy after the transductal approach.
From 236 LBDE cases performed transcystically, bile leak
occurred in only two patients (<1 % ). Furthermore, of the two
bile leaks, one was secondary to a duct of Luschka and there-
fore related to the cholecystectomy part of the operation
rather than the bile duct exploration [2]. These results are
therefore acceptable when compared to the literature and
certainly not a drawback for the technique [33].

The second most common complication associated with
the technique is acute pancreatitis, with an incidence of 4% in
our series (n = 481), which is mainly related to the closure of
choledochotomy over an anterograde stent. This complica-
tion has been largely abolished since abandoning that prac-
tice and now we recommend using the transcystic approach
where possible (avoiding choledochotomy altogether) or
primary closure of choledochotomy when the transductal
route is unavoidable [2]. This treatment strategy has also been
shared by other authors [34, 35]. Our outcomes suggest that
increased use of the transcystic approach coincides with
reduced complications of LBDE, therefore strengthening the
position of the single-stage management of choledocholithia-
sis against other treatment options (two-stage management:
pre- or post-operative ERCP).

Mortality, as mentioned previously, is very low in all
approaches, and therefore is often not used as a parameter to
compare different treatment options. In our series, mortality
is 0.6% (3/481). All patients who died were older than
75 years, were within the first 100 patients of the series and
died from medical (e.g., cardiac) rather than surgical compli-
cations (e.g., bile leak, pancreatitis, bleeding). ERCP itself



210  A.Martinez-Isla et al.

also has recognised mortality which seems to be less age-
related, existing even in the young-age group [36]. It is likely
that our case selection for LBDE has become more rigorous
after the first 100 patients. We now recommend that patients
older than 75 years and/or with multiple co-morbidities may
be better suited to ERCP with endoscopic sphincterotomy
(ES) rather than laparoscopic cholecystectomy with LBDE
[1], but clearly final decision making is made on a case-by-
case basis.

Closure After Accessing the CBD

In LBDE, unlike ERCP, an anterograde approach to the bile
duct is required, which can be achieved through a choledo-
chotomy in the more traditional transductal approach, or
through the more innovative transcystic route. The former
generally offers easier access to the CBD (for both proximal
and distal choledochoscopy), allows retrieval of larger stones
and generally requires less deflection of the choledochoscope
(therefore arguably less operator skill). All of these advan-
tages pale into insignificance when it comes to its closure. In
1985, Brian Ashby knew that primary closure of the CBD
should only be performed when the ampulla was shown to be
open during choledochoscopy [28]. Therefore, the most com-
mon practice since the work of Professor Hans Kehr in the
early twentieth century was closure of the bile duct over a
T-tube. In the following sections, the different ways in which
the CBD can be closed after choledochotomy are discussed:
T-tube, antegrade stent, and primary closure with and without
transcystic drainage.

T-Tube vs Antegrade Stent

After a choledochotomy, the CBD has traditionally been
closed over a T-tube, and this is the practice that was adopted
in 1998 when our institutional experience of LBDE was born.
However, it was soon realised that this method was not
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exempt of complications. After instrumentation within the
CBD that is required for the extraction of stones, papillary
oedema may develop thus leading to a pressure increase
inside of the CBD [37]. Therefore, since the work of Kehr, the
CBD has been closed after being decompressed by a T-tube
[38]. As demonstrated by Ashby in 1985, there has always
been underlying interest in primary closure of choledochot-
omy, and he reported an undetermined number of cases with
bile in the intra-operatively placed abdominal drain. Despite
that, he emphasized that an hermetic closure of the duct had
been achieved and that he used 3-0 catgut for the said closure
[28]. The T-tube also has a secondary function besides decom-
pressing the biliary tree and affords percutaneous access to
the bile duct in the event of retained stones [39]. Laparoscopic
insertion of a T-tube is associated with a 6-30% complication
rate which is similar to data following open surgery [40].
Furthermore, T-tubes are uncomfortable, can be painful for
patients, delay patient’s return to work and have a negative
impact on quality of life. There is also a risk of accidental
removal/dislodgement resulting in bile leakage and biliary
peritonitis [40, 41].

A retrospective study from 2002 reported a T-tube related
complications in 15% of patients [42]. At that time, our
institutional complication rate associated with T-tube closure
of choledochotomy was 8.7% and therefore an alternative
method was proposed: closure of the bile duct over an antero-
grade stent [43]. In 2003, after incorporating this technique
into our practice, we compared the outcomes from both types
of closures: T-tube vs anterograde stent [40, 44]. At that time,
the series contained 61 patients and after excluding eight
transcystic explorations, the remaining 53 patients were anal-
ysed. Thirty-two patients underwent closure of choledochot-
omy with T-tube and 21 over an anterograde stent. Amongst
the complications associated with T-tube insertion that had
been described: dislodgement and obstruction [45], bile leak
[46], duodenal erosion [47], skin problems and ascending
cholangitis [48, 49], we had already seen most of them during
our early experience. In the stented group, although 10% of
patients presented with hyperamylasaemia, the encouraging



212 A. Martinez-Isla et al.

finding was that there were no bile leaks, and they had
shorter hospital stay. There appeared to be better outcomes
in favour of stented choledochorraphy. With these results and
based on the available evidence at the time [50-52], this
method became the standard closure after choledochotomy
[40].

Some 5 years later in 2008, we published the largest known
consecutive series of stented choledochorraphy after LBDE
(n = 140; closure over stent = 70) [44]. Stent related complica-
tions included eight (11.2% ) patients with hyperamylasaemia,
with only two (2.8%) patients fulfilling Atlanta criteria for
acute pancreatitis. One (1.4%) patient presented with an
upper GI bleed from duodenal erosion secondary to the stent
(Fig. 73), which was treated endoscopically with adrenaline

Ficurk 7.3 Stent related bleeding
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injection and stent removal. One (1.4%) patient died and the
median hospital stay was 4 days [2]. Spurred on by these out-
comes, the technique was continued until our next institu-
tional review of 206 patients in 2012 [53]. This contemporary
analysis discovered a high incidence of stent-related pancre-
atitis that demanded a stop to its routine use in favour of
primary closure. Transductal access was performed in 88.5%
patients and in 133 patients the CBD was closed over a stent.
A biochemical hyperamylasaemia was observed in 26% of
those patients, however, acute pancreatitis was diagnosed in
12% of patients in accordance with Atlanta criteria [54].
Although the sample size was small, we noticed that patients
managed with stented choledochorraphy who underwent
prior ERCP-ES had a much lower incidence of acute pancre-
atitis (3.4%). It is possible that a history of sphincterotomy
may be protective against acute pancreatitis in those patients
who undergo closure of choledochotomy with an anterograde
stent [5, 44].

Primary Closure

Following the high incidence of acute pancreatitis associated
with stented choledochorraphy, primary closure of choledo-
chotomy was then adopted and continues to be the current
standard. If there are any doubts regarding biliary drainage or
the patency of the papilla, we choose to protect the closure by
decompressing the bile duct with a transcystic drain.

A meta-analysis of 956 patients who underwent LBDE
comparing choledochotomy closure with and without a
T-tube found that the former presented with more post-
operative complications [55]. The study concluded that CBD
drainage should be reserved for special cases. This is further
supported by randomised studies that have demonstrated
primary closure as the preferred method after transductal
exploration [55-57]. The authors reported it to be safe and
subject to less complications when compared to closure with
a T-tube. In our experience, bile leak occurred in 14% of
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patients who underwent primary closure, however, only 4%
required intervention with the remaining 10% having a mild
grade A bile leak [58]. In our current practice, when a cho-
ledochotomy is performed (~10% cases) in the absence of
papillary stenosis, we favour primary closure [2]. The use of a
transcystic drain is reserved for high-risk patients and the
T-tube for very special cases.

After completing primary closure following choledochot-
omy, a small leak around the sutures may occasionally be
observed (Figs. 74 and 75). It is important to try to assess
what extent this might be clinically relevant and decide when
to reopen the choledochotomy and decompress the bile duct
with a T-tube (or anterograde stent in rare instances) or insert
a transcystic drain to prevent a bile leak. However, it is not
always straightforward and consistently predictable. Figure 7.4
shows a primary closure following transductal exploration in
a patient with previous cholecystectomy, precluding the use

FIGURE 7.4 Primary closure with intra-operative signs of impending
bile leak
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FIGURE 7.5 Primary closure of choledochotomy (1). closure with no
leak (2). closure with a leak

of the preferred transcystic route for LBDE. The procedure
was complex for two reasons; firstly, multiple pre-operative
ERCPs had failed to clear the duct and secondly, (as predicted
by the ABCdE score—see Chap. 5, section “Which patients
might require LABEL?”) a complex and lengthy LABEL
procedure was required due to a large impacted stone. As
seen in the figure, there is a tint of bile around the needle
entries of the sutures. This was not appreciated
intra-operatively and assessed appropriately. Post-operatively,
the patient developed a grade C leak that required re-
laparoscopy and subsequent ERCP with insertion of a cov-
ered metal stent. In hindsight and after reflection, the
choledochotomy should have been reopened and closed over
a T-tube or perhaps over an anterograde stent (the previous
ERCP-ES would have rendered the patient low-risk for
stent-induced pancreatitis) [44]. Note that a transcystic drain
would not have been possible due to the previous cholecys-
tectomy. Conversely, Fig. 75 (1) shows primary close without
any intra-operative signs of bile leakage, however, the patient
presented 24 h later with biliary peritonitis and required lapa-
roscopy with T-tube insertion for a grade C bile leak. The
patient in Fig. 75 (2), which demonstrates primary closure
with signs of bile leakage, had an uneventful post-operative
recovery with removal of the drain (which did not procedure
any bile) on the first post-operative day. Assessing the
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adequacy of primary closure to predict whether a clinically
significant bile leak will develop based on the intra-operative
appearance of the closure is very difficult. Bile leak consti-
tutes the Achilles heel of bile duct exploration, and without
doubt, the transductal approach is the main source of it.
Therefore, use of the transductal approach should be mini-
mised to ‘special’ unavoidable situations. When a choledo-
chotomy is performed, and after ensuring patency of the
papilla, a very delicate technique for its closure will be
required using a 5-0 absorbable suture on a small round bod-
ied needle [2]. If an ensuing bile leak is suspected after pri-
mary closure, the surgeon should not hesitate to reopen the
choledochorraphy and decompress it with an antegrade stent,
T-tube or transcystic drain. Recently, an article reported the
use of fibrin-collagen to protect the choledochorraphy [59];
however, we believe that the best strategy to avoid a bile leak
should not be to use an adjunct for the closure of the cho-
ledochotomy, but to minimise the number of choledochoto-
mies performed altogether [60]. Afterall, prevention is better
than a cure!

Achieving Higher Rates of Transcystic LBDE:
Leveraging Access to Technology
and Enhanced Surgical Technique (LATEST)

Four factors have been mainly responsible for achieving
higher rates of transcystic LBDE at our institution [2]. Firstly,
we completely mobilise the gallbladder from the liver bed
and correct the cystic duct-common bile duct junction so that
the cystic duct is perpendicular to the CBD. This allows for
easier cystic duct intubation, even in challenging cases (see
Chap. 4, sections “Cholecystectomy” and “Intra-operative
cholangiogram (IOC)”), and transcystic choledochoscopy
both distally (towards the duodenum) and proximally
(towards the liver). Secondly, liberal use of ultra-thin (~3 mm)
choledochoscopes (at our institution we prefer disposable
scopes) allows transcystic LBDE even in the presence of a



Chapter 7. Our Experience of Laparoscopic Bile... 217

thin cystic duct. Thirdly, the use of lithotripsy (the LABEL
procedure —see Chap. 5) allows transcystic stone extraction
even for large and/or impacted CBD stones [23-25]. Fourthly,
the trans-infundibular approach (TIA) permits transcystic
LBDE even when there is severe inflammation within Calot’s
triangle [61].

Figure 7.6 shows the total number of cases performed per
year since 1998 until 2020 (red), along with total number of
transcystic explorations (blue) and the % of cases performed
transcystically (black). There is a sharp increase in the per-
centage of transcystic explorations after 2014 which coin-
cides with the ‘Leveraging Access to Technology and
Enhanced Surgical Technique’ (LATEST) era [27]. It is
through this process that we have been able to maximise the
transcystic exploration rate which forms a key component of
what we later defined as the ‘Biliary Surgery 2.0’ concept
(Fig. 77) [26].

3 mm Choledochoscopes

Since the first choledochoscopy in the UK by Longland in
1975 [62], the quality and availability of devices have substan-
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Figure 7.6 LBDE cases 1998-2019. Total number of cases (red),
transcystic (blue) and % transcystic (black)
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tially improved. The use of 3 mm ultra-thin choledochoscopes
allows access to the CBD through a non-dilated cystic duct
with minimal morbidity (Fig. 78). Currently, the available
choledochoscopes are fibreoptic or digital, of which the latter
can be either reusable or disposable (see Chap. 4, section
“Choledochoscopes”).

In our experience, we prefer to use disposable choledocho-
scopes. Firstly, the image quality is superior compared to the
reusable fibreoptic, and secondly, we believe it to be more
cost effective. The cost of initial purchase plus maintenance,
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repairs and sterilization of reusable choledochoscopes is
likely to be more than using disposable 3 mm choledocho-
scopes. Furthermore, if reusable instruments were preferred,
at least three functioning choledochoscopes would be needed
in order to be able to offer a reliable service. This would be
the minimum requirement and allow for one on the shelf, one
sent for sterilization (that very often occurs elsewhere off-
site) and one which may have been sent for repairs (the 3 mm
reusable choledochoscopes are very easily damaged through
improper handling).

Between February 1998 and February 2020 (prior to the
effect of the SARS-CoV-2 global pandemic on the UK) we
had performed 460 LBDEs at our institution. In the pre-
LATEST era (prior to February 2014), which we refer to as
‘Biliary Surgery 1.0°, 237 explorations had been undertaken
whereas 223 were carried out after February 2014 (LATEST
era). During the pre-LATEST era only 11% CBD explora-
tions were accessed through the transcystic route compared
to 85% during the LATEST era. Ultra-thin 3 mm choledo-
choscopes have been increasingly used at our institution and
during recent times have been the scope diameter of choice.
In the pre-LATEST era, we had not used 3 mm choledocho-
scopes at all (the 11% transcystic explorations were all per-
formed with 5 mm choledochoscopes), however, since the
introduction of LATEST, 3 mm choledochoscopy was per-
formed in 35% of patients (41% of transcystic explorations).
In the last 50 patients this had increased to 90% of patients
and 90% of transcystic explorations. We hypothesise that the
11% of transcystic explorations performed with a 5 mm cho-
ledochoscope prior to February 2014 was only possible
because the cystic duct was dilated and accommodated a
larger diameter scope. It is reasonable to assume that the
majority of the remaining cases did not have a dilated cystic
duct and therefore the non-availability of a 3 mm choledo-
choscope would have been a major factor that precluded
transcystic exploration prior to February 2104 (pre-LATEST
era). As previously mentioned, we favour disposable, single-
use choledochoscopes and the recently launched SpyGlass™
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Discover (9F with external diameter 3 mm) by Boston
Scientific is a good example and is currently the only cho-
ledochoscope on the market with 4-way steering (see Table
4.2). PUSEN Medical Technology Co® just released their
thinnest choledochoscope to date with an external diameter
of 2.5 mm (equivalent to 7.5F) which will allow intubation of
even narrower cystic ducts. Routine use of ~3 mm choledo-
choscopes not only increased the overall transcystic explora-
tion rate, but also increased the number of negative (blank)
examinations, which was not associated with increased mor-
bidity (Fig. 7.8). There were only two post-operative compli-
cations from 38 negative transcystic choledochoscopies [2].
Moreover, the number of negative (blank) choledochosco-
pies was not greatly influenced by whether or not we per-
formed an intra-operative cholangiogram (IOC), and our
threshold to perform choledochoscopy lowered as procedural
experience increased. This should not be surprising, because
at the beginning of the series, a choledochotomy would have
been necessary to perform choledochoscopy. During the first
(chronological) quartile (n = 120), the negative
choledochoscopy rate was 18%, which rose to 34% (almost
double) during the last quartile of the series (p = 0.0077) [2]
(Fig. 72). To summarise, our current practice is to perform
transcystic choledochoscopy in patients with an abnormal or
equivocal IOC, patients with allergy to radiological contrast
or pregnant patients [2]. Although, a very valid alternative in
these patients is to perform laparoscopic intra-operative
ultrasound (LIOUS —see Chap. 3).

Lithotripsy-Assisted Bile Duct Exploration by
Laparoendoscopy (LABEL)

The LABEL technique has been fully described elsewhere in
this book (see Chap. 5). In 2017, we published our early insti-
tutional experience of LABEL using holmium laser litho-
tripsy (HLL) [24]. At that time, the ‘L’ from LABEL stood for
‘Laser’, however, more recently we have expanded the
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definition to include all forms of lithotripsy. In 2019, we dem-
onstrated that the use of lithotripsy techniques alone had
increased our rate of successful transcystic LBDE to over
80% [23]. At the time of writing this book, our contemporary
rate of successful transcystic exploration was 93% (Fig. 76),
which has resulted from the culmination of all the factors
described in section “Achieving higher rates of transcystic
LBDE: Leveraging Access to Technology and Enhanced
Surgical Technique (LATEST)”The LABEL technique forms
one of the pillars of LATEST (Fig. 77). Prior to the LATEST
era, LABEL was not available at our institution and the tran-
scystic route was used in just 11% of patients. Since LATEST
was introduced, LABEL was used in almost one-fifth of
patients (19%) and the transcystic exploration rate increased
to 85%. The surgical team should anticipate having to use
LABEL at least once every five patients if there is an aspira-
tion to achieve a near-complete transcystic LBDE practice.

Trans-Infundibular Approach (TIA)
to the Bile Duct

It is well known that the transcystic approach during LBDE
is associated with less complications, mainly bile leak, but for
this method to be feasible, the cystic duct must be accessible
in a standard or modified manner [2, 63, 64]. Transcystic
access to the bile duct may be compromised when there is
severe inflammation and/or fibrosis within the hepatic hilum,
precluding safe dissection of Calot’s triangle. There are also
almost always accompanying changes to the CBD along with
the inflammation and fibrosis seen at the hilum. The CBD is
often inflamed and thick-walled, making choledochotomy
fraught with increased risk. In this scenario, the procedure
may be abandoned altogether, the operation completed with
a subtotal cholecystectomy and/or converted to open surgery.
The presence of CBD stones would also mandate a post-
operative ERCP to clear the bile duct [65-68]. In 2018, we
published a series of patients who underwent LBDE despite
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the intra-operative finding of a ‘frozen’ hilum due to severe
inflammation and fibrosis [61]. Access to the bile duct was
achieved via a trans-infundibular approach (TIA) as conven-
tional access to the cystic duct was denied, however, this
approach still qualifies as a transcystic LBDE. Our first expe-
rience of performing this technique was coincidentally also
our first reported use of the LABEL procedure in February
2014. TIA forms another pillar of LATEST and specifically
pertains to ‘Enhanced Surgical Technique’ (Fig. 77). We have
only used the TIA technique during the LATEST era, and
within this time, it has been required in 13 of 244 (5.3%)
patients who have undergone LBDE at our institution.
Therefore, one in 20 patients undergoing acute biliary surgery
for complex gallstone disease within our series had a frozen
hilum, and without the TIA to the bile duct, we would have
failed transcystic LBDE in approximately 5% of our patients
during the LATEST era. Failure of transcystic LBDE in this
subgroup of patients is perhaps more clinically significant, as
often a choledochotomy cannot or should not be performed,
with subtotal cholecystectomy and post-operative ERCP
being one of the only remaining feasible (but unsatisfactory)
options left.

The TIA to the bile duct is not completely new. Chen et al.,
described a novel method of transcystic choledochoscopy by
introducing the choledochoscope through the gallbladder
fundus [69]. However, the objective of their technique was
not to overcome the hazardous dissection of a hostile, frozen
Calot’s triangle, but instead their aim was to demonstrate a
technique that avoided the difficulty of laparoscopic intuba-
tion of the cystic duct with a choledochoscope. The author’s
initial report of this technique resulted in successful transcys-
tic CBD clearance in just 78% of patients. The reasons for
failure included a narrow cystic duct and unfavourable anat-
omy of the cystic duct-common bile duct junction. As already
extensively described, for routine cases with a permissible
hepatic hilum, we advocate complete mobilisation of the gall-
bladder from the liver bed and correction of the cystic duct-
common bile duct junction so that the cystic duct is



Chapter 7. Our Experience of Laparoscopic Bile... 223

perpendicular to the CBD (see Chap. 4, section
“Cholecystectomy”). The correction of this cystic angle
enables cannulation of the cystic duct for IOC and facilitates
intubation of the cystic duct for transcystic choledochoscopy
[2]. We only advocate using the TIA-LBDE technique to
overcome the challenging scenario of severe inflammation
and/or fibrosis within Calot’s triangle rather than achieving
transcystic choledochoscopy in cases where the cystic duct
can be accessed in the traditional manner [61, 70]. The TTA
technique can also be useful in obtaining an IOC in situations
where the cystic duct cannot be clearly identified and there-
fore cannulated. Figure 79 demonstrates TIA-
choledochoscopy in a patient with a frozen hepatic hilum
(left image). Contrast was then injected through the working
channel of the choledochoscope to obtain a cholangiogram
(TTA-cholangiogram) (right image). In this scenario, a chol-
angiogram can be extremely useful in enabling the surgeon to
orientate themselves with the cystic and common duct anat-
omy and therefore facilitate further ‘safe’ dissection of a fro-
zen Calot’s triangle. If a subtotal cholecystectomy is
unavoidable, TIA can be useful in excluding stones within the
remnant gallbladder as it is important to ensure that the
infundibulum is free of stones.

Once the CBD has been cleared, the infundibulum will
need to be closed primarily. The severe inflammation and
fibrosis within the hepatic hilum can draw the CBD towards
the infundibulum. The possibility of closing the infundibulum
with resulting stenosis of the bile duct should be strongly
considered after using the TIA technique. Therefore, in this
scenario, we have chosen to close the infundibulum with a
disposable choledochoscope inside of the CBD to protect it
from stenosis, which is then removed after the penultimate
suture (Fig. 710).

At the time of publishing our series of trans-infundibular
choledochoscopy, about half of the patients required a joint
TIA-LABEL technique [61]. The TIA technique can be fur-
ther enhanced by combining this approach with lithotripsy,
especially for patients with type II Mirizzi syndrome or a
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FIGURE 7.9 Trans-infundibular approach (TIA)-cholangiogram
obtained through the working channel of the choledochoscope
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FiGure 7.10 Closure of the infundibulum following the TIA tech-
nique with a choledochoscope inserted into CBD

large impacted stone. This is perhaps not surprising as we
suspect that many of the patients who had a ‘frozen’ (impos-
sible) hepatic hilum most likely had Mirizzi syndrome (and
probably type II). Prior to the establishment of LABEL,
these cases would have either resulted in failure of stone
clearance or necessitated choledochotomy. In cases of severe
inflammation and/or fibrosis within Calot’s triangle, choledo-
chotomy is best avoided due to the hostile environment and
questionable integrity of the bile duct wall, which would
result in an increased risk of bile leak. Avoiding choledo-
chotomy, especially in such cases, should be the primary aim.
Having said that, there may be extremely rare circumstances
where it is unavoidable, and the TTA technique can assist in
siting the appropriate location of the choledochotomy within
a frozen hilum. This can be achieved by transilluminating
through the bile duct wall from its lumen using the light
source from the choledochoscope introduced via TIA. This
scenario was encountered when in one patient we found that
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the angle of deflection of the choledochoscope inserted via
TIA was suboptimal to perform the LABEL technique of an
impacted intra-hepatic stone. This procedure was completed
prior to the availability of the newer ultra-thin 4-way steering
choledochoscopes (SpyGlass™ Discover) which may have
overcome this issue. Trans-infundibular choledochoscopy was
used to transilluminate the safe position for choledochotomy
in an inflamed duct [61]. This particular patient had a success-
ful transductal stone extraction and subsequently an unevent-
ful recovery without complication. Open and laparoscopic
subtotal cholecystectomy are considered as feasible operative
techniques when variable anatomy or other intra-operative
findings preclude safe dissection of Calot’s triangle. Surgery
performed in a patient with a ‘frozen’ hilum often ends in
subtotal cholecystectomy, however, these patients also repre-
sent a high-risk population for choledocholithiasis. In 2015, a
meta-analysis reported outcomes from subtotal cholecystec-
tomy from 30 studies (1231 patients) [66]. In this study, severe
cholecystitis, inflammation and fibrosis within Calot’s triangle
was the indication for subtotal cholecystectomy in nearly
three quarters of the patients. The authors found that 3.1% of
patients who underwent subtotal cholecystectomy subse-
quently presented with symptomatic retained stones. Of
those, 13.2% and 78.9% underwent subsequent LBDE and
post-operative ERCP respectively. TIA cholangiography with
choledochoscopy can help the surgeon to clarify distorted or
variable anatomy in these cases thereby facilitating complete
dissection of the vital structures within Calot’s triangle and
the safe completion of a total cholecystectomy together with
successful CBD clearance when indicated.

Transcystic Vs Transductal Access

The updated guidelines for the management of choledocholi-
thiasis from the British Society of Gastroenterology (BSG)
reports a lack of evidence for superiority in efficacy, morbidity
or mortality between LBDE and perioperative ERCP [71]. In
keeping with such guidelines, several studies (systematic
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reviews and randomised trials) have failed to demonstrate
significant difference in morbidity following one-stage (lapa-
roscopic cholecystectomy + LBDE) and two-stage (pre-
operative ERCP followed by laparoscopic cholecystectomy)
management of CBD stones with concomitant gallstones (see
Table 2.2). In a meta-analysis by Ricci et al., 915 patients from
14 randomised controlled trials (RCTs) who underwent
LBDE were included [72]. However, transcystic LBDE was
only performed in about a third of these patients (36.2% ), and
therefore almost two-thirds were subject to transductal explo-
ration via choledochotomy. This has been confirmed in our
own analysis of 23 RCTs published within the last two
decades, and from the 16 studies published in English, the
transcystic approach was attempted in just 32% (305/953) of
patients (Table 2.4) [73]. As previously discussed in Chap. 2,
section “Bile leak’; the morbidity of LBDE is primarily repre-
sented by bile leak (if a choledochotomy is performed and
closed primarily or with a T-tube) and secondarily by
pancreatitis (if a choledochotomy is performed and closed
over an antegrade stent). In studies with a high rate of trans-
ductal LBDE, the reported rates of bile leak have been as high
as 13.3-16.7% [16, 63]. Liu et al., reported that the total inci-
dences of bile leakage in the laparoscopic and endoscopic
groups from eight studies included in their systematic review
were 6.3% and 0.5% respectively [33]. Two meta-analyses
have further proven that transcystic, when compared to trans-
ductal LBDE, resulted in significantly less bile leaks and over-
all morbidity, shorter operative time and hospital stay, reduced
operative blood loss, and reduced costs (increased cost effi-
ciency) [34,35]. Post-procedure acute pancreatitis occurs more
frequently in patients who undergo endoscopic management
of their CBD stones compared to patients who undergo
LBDE [4, 72]. It should be noted that this difference is still
appreciated despite many of the randomised trials having
contained many patients within the LBDE arm who had clo-
sure of choledochotomy over an antegrade stent [74-77]. The
link between antegrade stenting and acute pancreatitis is
thought to be due to instrumentation of the biliary sphincter
[78]. Our earlier institutional data demonstrated an incidence
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of acute pancreatitis in 12% (and 26% hyperamylasaemia) of
patients following closure of choledochotomy over an ante-
grade stent [53]. In 2020, we reported our outcomes from 416
consecutive LBDEs and demonstrated that transcystic LBDE
resulted in significantly lower major (Clavien-Dindo III-IV)
and minor (Clavien-Dindo I-IT) morbidity when compared to
transductal LBDE (1.1% vs 5.8%, p = 0.0181 and 8.0% vs
21.9%, p = 0.0001 respectively) [2]. In particular, bile leak was
significantly reduced (1.1% vs 5.8%, p = 0.0181) as well as
post-procedural pancreatitis (0.6% vs 74%, p = 0.0005). When
approximately only a third of patients who underwent LBDE
during prospective randomised trials received a transcystic
approach, the pooled morbidity associated with bile leak from
LBDE is certainly an over-estimate of the true morbidity
associated with a contemporary transcystic predominant
(>80-90%) LBDE practice. We have noted just one patient
with a bile leak from our last 100 patients (1% ) from our tran-
scystic predominant (>90%) LBDE practice (Table 71).
Furthermore, with higher rates of transcystic exploration, the
morbidity associated with acute pancreatitis (secondary to
closure of choledochotomy over an antegrade stent) would
also be lower than that currently reported in the literature.
From our last 100 patients who underwent LBDE, the inci-
dence of post-procedural acute pancreatitis has been zero
(Table 71). Currently, evidence to evaluate the outcomes of
laparoscopic cholecystectomy with transcystic LBDE alone
versus laparoscopic cholecystectomy with pre-, intra- or post
operative ERCP is lacking and further studies in this area
should be a focus of future research.

There is a learning curve associated with the transcystic
approach. In particular, since 2014 we have experienced an
increase in the rate of transcystic explorations following the
adoption of ultra-thin choledochoscopes at our centre and
the introduction of LABEL and TIA techniques (see section
“Achieving higher rates of transcystic LBDE: Leveraging
Access to Technology and Enhanced Surgical Technique
(LATEST)”). These landmark changes to our practice have
been embodied in what we have termed ‘LATEST’ in LBDE
and enabled a >90% transcystic exploration rate from our
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last 100 consecutive LBDE patients. Moreover, unpublished
data from a surgeon at an institution outside of the UK, who
received our mentoring, has achieved similar rates of tran-
scystic exploration in their first 100 procedures. This suggests
that it is not only the learning curve, but also applying the
LATEST principles coupled with mentoring that can result in
similar outcomes to the last 100 procedures from our series,
which have been performed after two decades of experience
in LBDE! The advantage of the transcystic approach is that it
is not necessary to close the common duct, and as described
in great detail, closure after choledochotomy is the main
source of post-operative morbidity. Mastering the transcystic
approach is technically demanding and requires incorporat-
ing all four pillars of LATEST into routine practice (Fig. 7.7).
Without ultra-thin choledochoscopes and LABEL, the
basket-in-catheter (BIC) technique can be used to achieve
transcystic exploration [79]. Although our preference is for
exploration under direct vision using choledochoscopy, rather
than exploration under fluoroscopic guidance, we have used
this technique successfully on three occasions in patients with
narrow cystic and common ducts when a 3 mm choledocho-
scope was not available. The group who described the BIC
technique, increased their transcystic exploration rate from
55% to 70% [79]. As previously mentioned, exploring the
CBD via the transcystic route lowers the threshold to per-
form choledochoscopy in patients who are pregnant, have a
contrast allergy or have an equivocal IOC. A low threshold
for transcystic choledochoscopy is another significant advan-
tage of transcystic LBDE. Figure 711 summarises our institu-
tional algorithm for the surgical management of proven or
suspected choledocholithiasis with concomitant gallstones.
In 2019, Hajibandeh et al., published the most recent sys-
tematic review comparing transcystic and transductal LBDE
and included 4073 patients from 30 studies [80]. The authors
found that there was no difference in CBD clearance rates,
however, and reported lower overall complications, biliary
complications, blood loss and reduced length of stay with the
transcystic approach. The findings were congruent with our
own institutional data and the previously described systematic
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CBD stone?
Proven CBD stones or suspected in cases where I0C
is not possible .g. contrast allergy, pregnancy Suspected

FIGURE 7.11 Management algorithm for proven or suspected cho-
ledocholithiasis. *Placing a common bile duct stent and/or inserting
a T-tube and/or placing transcystic drain. CBD common bile duct,
TC transcystic, T'D transductal, Pc primary closure, LCBDE laparo-
scopic common bile duct exploration, /OC intra-operative cholan-
giogram, LABEL lithotripsy-assisted bile duct exploration by
laparoendoscopy, ERCP endoscopic retrograde cholangiopancrea-
tography

reviews [2,34,35]. From the 30 studies included in their meta-
analysis, 10 were prospective and 20 were retrospective
observational studies. The two largest individual studies, were
by Paganini et al. (retrospective study with 329 patients) [78]
and Zhang et al. (prospective study with 330 patients) [81].
Our study from 2020, albeit retrospective in nature, repre-
sents the largest single study to date comparing outcomes
from transcystic and transductal LBDE [2].

Management of Type II Mirizzi Syndrome

In 2020, we reported our outcomes from 11 patients following
the laparoscopic management of type II Mirizzi syndrome
[70]. Mirizzi syndrome is an uncommon complication of long-
standing gallstone disease. It was first described by Kehr in
1905 and Ruge in 1908, as a rare form of obstructive jaundice
caused by external obstruction of the bile duct by an impacted
stone in the cystic duct with associated inflammation [82].
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However, the eponymous accreditation was given to Pablo
Mirizzi in 1948 who defined the condition as compression of
the hepatic duct by an impacted gallstone in the cystic duct or
gallbladder neck. Compression of an impacted gallstone
leads to pressure ulceration with subsequent local inflamma-
tion, resulting first in external compression (obstruction) of
the bile duct then further erosion into the bile duct. An evolv-
ing cholecystocholedochal fistula will ensue with varying
degrees of communication between the gallbladder and bile
duct (Fig. 712) [83, 84].

iy
i d

FiGure 7.12 Type II Mirizzi syndrome
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There have been several classifications of this complex
disease since its description, but only two are in wide use.
McSherry classified Mirizzi syndrome into types based on
ERCP findings [85]. Type I was characterised by the extrinsic
compression of the common hepatic duct (CHD) or proximal
CBD due to an impacted gallstone in the infundibulum or
cystic duct with subsequent inflammation. Type II was
defined by its association with a cholecystocholedochal fis-
tula. Csendes’ classification further divided the communica-
tion between the gallbladder and bile duct into three types
depending on the size of the fistula in relation to the circum-
ference of the CBD (Csendes’ I being equivalent to McSherry
I, and Csendes’ 11, III and IV involving less than one-third,
between one-third and two-thirds, and more than two-thirds
of the circumference of the CBD respectively) [82]. In 2007,
Csendes’ classification was extended to include the presence
of a cholecystoenteric fistula together with any other form of
Mirizzi (Csendes’ V) [86]. Our series of type II Mirizzi syn-
drome has been classified according to McSherry’s classifica-
tion [70]. The incidence of Mirizzi syndrome appears to be
higher within Asian and South American populations [87-
89]. At the time of writing, 2.7% (13/481) of patients within
our LBDE database had undergone laparoscopic manage-
ment of type II Mirizzi syndrome. Other authors have
reported a higher incidence, with similar frequencies amongst
all cholecystectomies, rather than amongst bile duct explora-
tions as in our series [90]. Pre-operative diagnosis is challeng-
ing as there are no defining symptoms or signs and low
sensitivity rates of imaging tests. The sensitivity of pre-
operative imaging is variable and summarised in Table 72 [87,
91, 92]. ERCP has the highest sensitivity for the diagnosis of
Mirizzi syndrome and is considered the gold standard diag-
nostic tool. However, we observed that four of the type II
Mirizzi patients within our series had pre-operative ERCP, of
which none were diagnostic and the condition was only
realised intra-operatively. Pre-operative diagnosis improves
outcomes of surgery, allowing better planning and referral to
an appropriate surgeon.
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TaBLE 7.2 Diagnostic sensitivity of pre-operative imaging for Mirizzi
syndrome

Modality Sensitivity (%)
[N 8.3-27

CT 25-31

MRCP 50-63

ERCP 55-90

At present, there is no general consensus for the manage-
ment of Mirizzi syndrome and in particular type II Mirizzi
syndrome. The available evidence still recommends open
cholecystectomy for the management of Mirizzi syndrome
[89, 92]. However, some surgeons have recommended a lapa-
roscopic approach, but only for patients with confirmed type
I Mirizzi syndrome [91, 93, 94] and others have described
their laparoscopic technique for patients with type II Mirizzi
syndrome [95, 96]. Regarding endoscopic treatment, peroral
cholangioscopy-directed lithotripsy has been reported to suc-
cessfully treat complex bile duct stones in patients with
Mirizzi syndrome; however, the anomalous anatomy is not
corrected which might explained the high recurrence rate
(16%) [91]. Finally, a combined laparoendoscopic approach
for type II Mirizzi syndrome has also been described consist-
ing of pre-operative ERCP and laparoscopic subtotal chole-
cystectomy [97]. In our type II Mirizzi syndrome series,
laparoscopic success rate has been 100% with no conversions
to open surgery, but there was a trend towards increased bile
leak (18% ) compared to non-Mirizzi LBDE (3.8%) (p = 0.06)
[70]. Zhu et al., reported two cases of Mirizzi amongst their
14 conversions to open surgery (14%) in their series of 708
patients [3]. Kumar et al., managed to complete just one case
laparoscopically from the 23 patients that they operated on
[90]. The traditional approach involves access to the bile duct
through a choledochotomy or fistulotomy in order to remove
the stone (s) (Fig. 713), followed by a subtotal cholecystec-
tomy, which leaves Hartmann’s pouch to reconstruct the bile
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FiGuRE 7.13 Incisions to access bile duct: (1) Infundibulotomy (2)
Fistulotomy (3) Choledochotomy

duct over a T-tube (Figs. 714 and 7.15). In much larger defects,
a bilioenteric anastomosis may be required [98, 99]. In some
patients, we reconstructed the CBD over an indwelling stent
(Fig. 7.16) whilst in others, the infundibulum was closed pri-
marily over a 5F catheter after near-total cholecystectomy
(Fig. 717 left and top right). The placement of the ‘transcystic’
drain enables a post-operative cholangiogram prior to its
removal (Fig. 717 bottom right). The technique has evolved
over the 13 cases performed since 1998. As with LBDE in
general, the management of Mirizzi syndrome changed sig-
nificantly since the introduction of the LABEL and TIA
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FiGure 7.14 Type II Mirizzi syndrome: large defect with proximal
and distal CBD exposed

FiGURE 7.15 Repair of type II Mirizzi syndrome over a T-Tube (left
and centre) and cholangiogram through the T-tube (tubogram)

Figure 7.16 Type II Mirizzi syndrome: repair over an antegrade
stent
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FiGure 7.17 Type II Mirizzi sindrome: closure with transcystic drain
(left and top right) and cholangiogram (bottom right)

techniques [23, 61]. The communication between the
infundibulum and the bile duct in type II Mirizzi syndrome is
similar to the one mentioned in our description of
TIA. Therefore, TTA is a suitable adjunct to be used in type
II Mirizzi syndrome (we suspect that upon hindsight, some of
the early TIA-LBDEs were likely to have been undiagnosed
type II Mirizzi syndrome) and can be augmented with the
LABEL technique when the impacted stone cannot be
removed by standard methods (Fig. 718). TIA for type II
Mirizzi syndrome has also been described under the designa-
tion ‘transfistulous bile duct exploration’ (TBDE) by another
group from Taiwan [96]. When we used TIA specifically for
type 1I Mirizzi syndrome, we coined the expression ‘trans-
infundibulo-fistulous approach’ (TIFA) [70]. TIFA enables
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FiGure 7.18 Type II Mirizzi syndrome: TIA-LABEL

access to the CBD from inside the gallbladder, away from the
inflamed area, whilst allowing removal of impacted stones
(with or without LABEL) in the area of the fistula (Fig. 7.19).
It is difficult to differentiate between a dilated cystic duct in
an inflamed hilum and a type II Mirizzi syndrome and can be
open to interpretation. If the CBD is approached via TIA (or
TIFA in type II Mirizzi syndrome), it may not be possible to
make such a distinction intra-operatively. For the laparo-
scopic management of type II Mirizzi syndrome, we hypoth-
esise that TIA (or TIFA) will become the standard approach.
However, as discussed, if pre-operative imaging has not
diagnosed type II Mirizzi syndrome, then differentiating
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Ficure 7.19 Type II Mirizzi syndrome: Trans-Infundibulo-Fistulous
Approach (TIFA). Large stone impacted in the fistulous tract

between total destruction of the ductal wall (Fig. 714) and
impaction of a passing large stone in the cystic duct with local
inflammation of the joint cystic duct and CBD walls may not
be possible intra-operatively.

The Impact of LBDE in a General Surgery
Department

Emergency admissions represent up to 50% of the activity
within a General Surgery department [100]. Up to one third
of the emergency workload is represented by acute biliary
pathology [101]. Patients with a CBD >10 mm and abnormal
LFTs with an elevated bilirubin represent those at the highest
risk of choledocholithiasis with an incidence of approxi-
mately 30% within this group [102]. In the UK, gallstones
account for the underlying cause in about one third of
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patients with acute pancreatitis [103]. European Association
for Endoscopic Surgery (EAES) and British Society of
Gastroenterology (BSG) guidelines recommend imaging (+
clearance) of the bile duct and cholecystectomy within the
index admission for patients with acute gallstone pancreatitis
[104, 105]. Therefore, magnetic resonance
cholangiopancreatography (MRCP) + pre-operative ERCP
followed by laparoscopic cholecystectomy (two-stage man-
agement) or laparoscopic cholecystectomy + IOC + LBDE
(single-stage management) are the two most common options
available within the UK [76, 105, 106]. In our practice, the aim
of pre-operative imaging is simply to prove gallstones as the
underlying cause, and therefore ultrasound is entirely suffi-
cient. Patients with mild or moderate gallstone pancreatitis
who are surgical candidates are offered laparoscopic chole-
cystectomy + IOC + LBDE within the same admission [2].
Historical data from our institution has demonstrated the
feasibility and reproducibility of single-stage laparoscopic
management of acute gallstone pancreatitis [107, 108].
Adherence to current guidelines for the management of
acute gallstone pancreatitis is highly variable and compliance
lies between 6.6% and 89% [109-111]. At our institution, the
gold standard treatment for acute gallstone pancreatitis was
achieved in 66% of patients. Surgical Workload Outcomes
Research Database (SWORD) is a collaborative database
maintained by the Association of Upper GI Surgeons of
Great Britain and Ireland (AUGIS) and the Association of
Laparoscopic Surgeons of Great Britain and Ireland
(ALSGBI). SWORD has reported low levels of adherence
(mean 14%; range 0-40%) to the aforementioned guidelines
(cholecystectomy for acute gallstone pancreatitis during the
index admission or within 2 weeks of discharge) [112]. The
National Confidential Enquiry into Patient Outcome and
Death (NCEPOD) assessed the quality of care given to
patients with acute pancreatitis [113]. Their publication,
‘Acute Pancreatitis: Treat the cause’ published in 2016, found
that 21% of patients within the study had one or more previ-
ous episodes of acute pancreatitis, 93% of those for the same
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cause. Reasons for lack of compliance are multifactorial and
include financial constraints, non-availability of theatre space
(both restricted access to emergency theatre lists and lack of
predictable access to urgent theatre lists beyond the main
emergency list), lack of expertise and delayed diagnosis (e.g.,
gallstones not identified on ultrasound but subsequently
diagnosed by outpatient MRCP). In contrast, there was 95%
compliance with national guidelines at our institution for the
management of choledocholithiasis in patients presenting
with jaundice, deranged LFTs and/or dilated CBD on
imaging.

The creation of an acute biliary pathway at our institution
has enabled better adherence to national guidelines. The
pathway begins with rapid assessment within the Emergency
Surgery Unit (ESU) with reliable access to ultrasound imag-
ing within 24 h of admission. Patients with gallstones and
suspected CBD stones are referred via an online platform to
the acute biliary pathway. Following assessment by a surgeon,
suitable patients are then scheduled to a dedicated biliary list
for laparoscopic cholecystectomy + IOC + LBDE based on
clinical priority. The availability of a dedicated biliary list
reduces reliance on the emergency theatre and surgical
expertise in LBDE negates the need for bile duct imaging
with MRCP. Monkhouse et al., retrospectively reviewed 153
admissions for acute gallstone pancreatitis and estimated
additional hospital costs associated with readmissions for
recurrent pancreatitis or biliary pathology [114]. The authors
found that instigating a dedicated fortnightly half-day theatre
list for cholecystectomy after biliary pancreatitis would be
cost neutral when compared to the hospital costs related to
the 40 readmissions within this group. Murphy et al., success-
fully implemented an Acute Care Surgery (ACS) service to
facilitate index cholecystectomy for gallstone pancreatitis
[115]. The same authors identified that associated financial
costs and economic effectiveness of such an intervention
were unknown and were therefore potential barriers to its
widespread adoption. In a follow-on study, the group investi-
gated the impact of ACS services at two hospitals before and
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after its implementation and found that index cholecystec-
tomy rose from 16% to 76%, with significant reduction in
readmissions and a cost saving of 12.6% ($1162) per patient
undergoing cholecystectomy [116]. At a busy district general
hospital (600-700 acute hospital beds) with more than
100,000 A&E attendances a year, two protected theatre
sessions a week (either two half-days or one full day) would
be sufficient to meet national targets for the management of
acute gallstone disease (gallstone pancreatitis, acute chole-
cystitis and choledocholithiasis).

Biliary Surgery 2.0 Concept

If you are reading this book then you are a likely proponent
of the single stage management (laparoscopic cholecystec-
tomy + IOC + LBDE) of choledocholithiasis with concomi-
tant gallstones. As experience in LBDE grows, emerging
evidence is supporting this strategy as the treatment of choice
in patients who are fit for surgery. One of the main disadvan-
tages of LBDE is undoubtedly the morbidity associated with
bile leak. We have demonstrated that bile leak is largely asso-
ciated with transductal exploration via choledochotomy. It is
also important to remember that LBDE and two-staged
endoscopic techniques have had similar morbidity in studies,
even though the pooled data from the LBDE cohort con-
tained two-thirds of patients who underwent transductal
exploration via choledochotomy. Increasing the transcystic
exploration rate in LBDE will undeniably reduce the mor-
bidity associated with this procedure and should be the pri-
mary aim of any surgeon in their LBDE learning curve.

At our institution, we have applied four principles that
have directly increased transcystic LBDE to the current rate
of >90%. We have named these four ‘pillars’ LATEST as
described in section “Achieving higher rates of transcystic
LBDE: Leveraging Access to Technology and Enhanced
Surgical Technique (LATEST)” [27]. Modern day minimally
invasive surgery for complex gallstone disease has evolved
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greatly over the last two decades. We have described this pro-
gression as ‘Biliary Surgery 2.0’ [26]. Biliary Surgery 1.0 con-
sisted of mainly transductal exploration, using 5 mm
ureteroscopes without lithotripsy and enhanced surgical
techniques such as TIA or TIFA, with higher failure and con-
version rates. There was no mentoring or hands on courses
available in LBDE at that time. Furthermore, there was little
or no organisational infrastructure that could support ‘urgent/
semi-elective’ cases in complex gallstone disease. The ability
to perform these operations were often at the mercy of an
emergency (CEPOD) list, with all the inherent challenges
associated this this. The evolution of techniques and pro-
cesses could only be realised by gaining real time operative
experience and learning from patient outcomes. Biliary
Surgery 2.0 encompasses the overall strategy that has enabled
a leading acute biliary service for complex gallstone disease
at our institution (Fig. 720). LATEST is just a single element
of Biliary Surgery 2.0 and focuses on the technical aspects of
the procedure in order to increase the transcystic exploration
rate. In turn, this leads to better outcomes including reduced
morbidity and shorter hospital admissions. As described in
section “The impact of LBDE in a General Surgery depart-
ment’; the acute biliary pathway allows patients with acute
biliary pathology admitted under our Emergency Surgery
Unit (ESU) to be triaged into a dedicated ‘biliary list’ The

U ateaT i | Acute Biliary |
LT | _Pathway__!
Biliary Surgery
2.0
: Teaching : : Mentoring :

FIGURE 7.20 Biliary Surgery 2.0
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biliary list consists of protected theatre sessions that effec-
tively run like an emergency theatre and not scheduled with
elective patients. The biliary list would require the availability
of a radiographer and the C-arm to perform IOC which
would be required in almost all patients. Furthermore, the
equipment and staff required to perform lithotripsy (Holmium
Laser Lithotripsy at our institution) would also be available
including a laser-amenable theatre. Finally, teaching and
mentoring are extremely important elements of Biliary
Surgery 2.0 and enable a ‘shorter’ learning curve, where the
principles of LATEST becomes the main concentration. As
described in section “Transcystic vs Transductal access’,
unpublished data from a surgeon at an institution outside of
the UK who received our mentoring has achieved similar
rates of transcystic exploration in their first 100 procedures
compared to the last 100 from our series. Teaching and men-
toring will be expanded further in Chap. 8.
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Chapter 8

Training in Laparoscopic
Bile Duct Exploration
(LBDE)

Lalin Navaratne, David Martinez Cecilia,
and Alberto Martinez-Isla

Trends in the Utility of Laparoscopic Bile
Duct Exploration (LBDE)

A nationwide assessment of trends in choledocholithiasis
management in the United States from 1998 to 2013 found
that the overall use of common bile duct (CBD) exploration
(open and laparoscopic) decreased from 39.8% of admis-
sions in 1998 to 8.5% in 2013 [1]. Specifically, laparoscopic
bile duct exploration (LBDE) decreased from 9.2% to 3%
within the same duration. The decreasing trend in LBDE has
resulted in surgeons being less experienced in performing
this procedure. When it is undertaken, it is often at the
expense of longer operative times and more complications
[2]. Another study from the United States evaluated the
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impact of declining CBD exploration from 2000 to 2018 on
surgical training in bile duct procedures [3]. Despite an
increase in the number of laparoscopic cholecystectomies
performed per general surgery resident (84 to 117;39%), the
mean number of cases for open and laparoscopic CBD
exploration per general surgery resident decreased (2.7 to
0.7;74% and 0.9 to 0.7; 22% respectively). Therefore, general
surgery residents in the United States, on average, perform
less than one LBDE during their entire training, which has
also been confirmed by other authors [4]. Consequently, it is
not surprising that 86% of general surgeons in the United
States chose pre-operative endoscopic retrograde cholangio-
pancreatography (ERCP) as the management of choice for
pre-operatively known choledocholithiasis in a web-based
survey [5]. The situation in the United Kingdom is likely to
be similar. In order to promote single-stage management
(laparoscopic cholecystectomy + LBDE) of choledocholi-
thiasis and increase its widespread adoption, a comprehen-
sive training program together with mentoring is needed.
Training in LBDE should be available to consultants and
senior specialist registrars (SpR) in General Surgery and can
be delivered during surgical training as well as dedicated
LBDE training courses. A reliable and reproducible LBDE
training model should be used to facilitate learning and
enable translation of acquired skills into clinical practice.
The use of a LBDE curriculum has been shown to improve
the ability of surgeons to perform both transductal and tran-
scystic exploration on a procedural simulator and increase
the institutional utilisation of LBDE [6, 7].

Simulation Training in LBDE: The Porcine
Aorto-Renal Artery (PARA) Model

In the UK, NICE guidelines recommend LBDE at the time
of laparoscopic cholecystectomy for the management of cho-
ledocholithiasis with concomitant gallstones, provided that
the necessary expertise are available [8]. It has been discussed
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at great length throughout this book that LBDE should pref-
erably be performed via the transcystic route. If expertise in
LBDE is not available, then patients should be offered pre-
operative ERCP followed by laparoscopic cholecystectomy.
An important factor for skill acquisition in LBDE, besides
the theoretical knowledge, is the availability of a high fidelity,
reliable and reproducible model for surgeons to undertake
simulation training. Laparoscopic training boxes such as the
Fundamentals of Laparoscopic Surgery (FLS) trainer box
(VTI Medical, Waltham, Massachusetts, USA) can be com-
plemented with a realistic, readily available model of the bili-
ary tree for simulation training in LBDE.

Early models in LBDE were made from available medical
devices such as urinary catheters and latex tubes; however,
these models lacked realistic tissue-handling experience (face
validity) [9, 10]. In 2014, we described a new model for train-
ing in LBDE using the porcine aorta [11]. The diameter and
consistency of the porcine aorta resembles that of the human
bile duct, making it ideal for training in transductal LBDE
and flexible choledochoscopy. This model was successfully
implemented within the Pan-London General Surgical Skills
Training Programme and received good trainee feedback.
Since then, increasing rates of transcystic LBDE called for a
model specifically designed for training in transcystic tech-
niques. The Porcine Aorto-Renal Artery (PARA) model is an
evolution of the previous model enabling simulation training
in both transcystic and transductal LBDE [12]. The unpre-
pared specimen is obtained frozen and includes the whole
porcine aorto-renal block (from ~60 kg pigs) at a cost of
£18.50. For the preparation of the model, the peri-renal and
peri-aortic fat is removed (Fig. 8.1), and the specimen is
placed on a cork board. The left kidney with its renal artery is
rotated 90° anti-clockwise to simulate the liver and common
hepatic duct respectively (Fig. 8.2a). The supra-renal aorta is
ligated at the level of the renal arteries (Fig. 8.2b*) and the
distal infra-renal aorta is partially ligated to simulate
the papilla. Finally, the right renal artery (at the level of the
hilum) is elevated 40 mm to represent the anatomical
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f_ § Left kidney, (liver)

F
3

FiGure 8.2 Rotation of the left kidney Will result in the left renal
artery simulating the common hepatic duct
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configuration of the cystic and common ducts (Fig. 8.2¢).
Peppercorns or chalk can be used to simulate CBD stones.
Chalk was chosen as it simulates stones with high calcium
content and provides realistic training in lithotripsy
techniques.

Modular Training in Laparoscopic Bile Duct
Exploration (LBDE)

The concept of modular training can be used to structure
training. In modular training, a complex procedure is broken
down into smaller steps (‘modules’) of mixed complexity, and
mastering of the individual steps should result in the acquisi-
tion of skills required to achieve competency in the proce-
dure. For training in LBDE, we use a modified version of a
curriculum proposed by Teitelbaum et al. [6]. The procedure
has been modularised into 14 steps which is summarised in
Table 8.1 and Figs. 8.3,8.4,8.5,8.6,8.7, 8.8, 8.9, 8.10, 8.11, 8.12
and 8.13. The complete technical description of each step,
explained fully elsewhere in this book, can be found in the
right-hand column of Table 8.1. Table 8.2 summarises how the
steps of the procedure are translated into practice using the
PARA training model with a focus on common pitfalls and
tips for trainees.

Gaining Competency in LBDE

Competency in LBDE can be achieved in three phases.
Firstly, surgeons must understand the theoretical knowledge
of LBDE: indications, rationale and evidence-base, equip-
ment and devices, and technique. This book provides all the
theoretical knowledge required to undertake LBDE. Much
of the content of this book has also been delivered online in
a series of pre-recorded [13, 14] and live (‘One-Stage
Cholecystectomy and Laparoscopic Bile Duct Exploration
Pathway Program’, Johnson & Johnson Institute) webinars.
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TaBLE 8.1 Training in LBDE: 14 steps

Step

Operative stage

Technical description

1

Placement of the
cholangiogram needle (or
a Belluci style 30° ENT
disposable suction tube)
through the abdominal wall
aligned with the axis of the
cystic duct

Opening the cystic duct

Cannulation of the cystic duct
with a guidewire

Cystic duct dilatation with a
12F access sheath

Transcystic (3 mm)
choledochoscopy with distal
and proximal views

Transcystic standard retrieval
techniques: Capturing a stone
using a Dormia basket

Transcystic standard retrieval
techniques: Extraction of the
captured stone

Cystic duct ligation

Section “Intra-operative
cholangiogram (IOC)” in
Chap. 4

Section “Intra-operative
cholangiogram (IOC)” in
Chap. 4

Section “Intra-operative
cholangiogram (IOC)” in
Chap. 4

Section
“Choledochoscopy” in
Chap. 4

Section “Scenario 1:
Both the cystic duct and
CBD are not dilated” in
Chap. 6

Section “Scenario 1:
Both the cystic duct and
CBD are not dilated” in
Chap. 6

Section “Scenario 1:
Both the cystic duct and
CBD are not dilated” in
Chap. 6

Section “Scenario 1:
Both the cystic duct and
CBD are not dilated” in
Chap. 6

Section “Closure after
the transcystic approach”
in Chap. 6
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TABLE 8.1 (continued)
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Step  Operative stage

Technical description

9 Performing a choledochotomy
10 Placement of a 5 mm
port perpendicular to the
choledochotomy

11 Transductal choledochoscopy
with distal and proximal views

12 Transductal stone extraction
using standard retrieval
techniques

13 Closure of choledochotomy

14 Lithotripsy-assisted
bile duct exploration by
Laparoendoscopy (LABEL)

Section “Scenario 3: The
cystic duct is not dilated
but the CBD is dilated”
in Chap. 6

Section “Scenario 3: The
cystic duct is not dilated
but the CBD is dilated”
in Chap. 6

Section “Scenario 3: The
cystic duct is not dilated
but the CBD is dilated”
in Chap. 6

Section “Scenario 3: The
cystic duct is not dilated
but the CBD is dilated”
in Chap. 6

Section “Closure after
accessing the bile duct”
in Chap. 6

Sections “Laser
lithotripsy” and
“Electrohydraulic
lithotripsy (EHL)” in
Chap. 4

Section “Surgical
technique for LABEL” in
Chap. 5

Secondly, surgeons will gain hands-on experience of LBDE
using a simulation training model (e.g., PARA model). There
are many courses available in LBDE and the first ‘One-Stage
Cholecystectomy and Laparoscopic Bile Duct Exploration
Pathway Progrant’,by Johnson & Johnson Institute (AMI and
LN were faculty) was completed in London in 2021. An out-
line of the program is summarised in Fig. 8.14. The second
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FiGUre 8.4 Cannulation of the cystic duct with a guidewire
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FiGure 8.5 Cystic duct dilatation with a 12F access sheath
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FiGure 8.6 Transcystic (3 mm) choledochoscopy with distal and
proximal views
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FiGure 8.7 Transcystic standard retrieval techniques: capturing a
stone using a Dormia basket
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FiGUre 8.8 Performing a choledochotomy
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FiGgure 8.9 Transductal choledochoscopy with distal and proximal
views
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Figure 8.10 Transductal stone extraction using standard retrieval
techniques
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Ficure 8.12 Lithotripsy-Assisted Bile duct Exploration by
Laparoendoscopy (LABEL) with pepper corns simulating stones.
Left, electrohydraulic lithotripsy (EHL). Right, holmium laser litho-
tripsy (HLL)

part of this programme consisted of a hands-on (face-to-face)
course using the PARA model. We recommend following the
modular training program as outlined in section “Modular
training in Laparoscopic Bile Duct Exploration (LBDE)”
Thirdly, and finally, surgeons should undertake procedural
training in live patients. This will encompass supervised train-
ing and mentoring. For specialty registrars (residents) or
post-Certificate of Completion of Training (post-CCT)
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Figure 8.13 Simulation training in Lithotripsy-Assisted Bile duct
Exploration by Laparoendoscopy (LABEL) using white (top) and
green (bottom) chalk

fellows, rotating to institutions with an established LBDE
practice will provide immediate exposure. Assisting in LBDE
followed by supervised ‘modular’ training (see section
“Modular training in Laparoscopic Bile Duct Exploration
(LBDE)”) should be the aim of the trainee. For others, a
period of mentoring will enable safe practice and a quicker
learning curve. Mentoring will involve the mentee visiting the
mentor, and vice versa, to observe live surgery. Traditionally,
this has been carried out in person, but emerging technolo-
gies such as Rods & Cones (a platform for audio and visual
communication) enables ‘virtual’ mentoring anywhere in the
world [15]. These platforms can provide experts in LBDE on-
demand access to the operating theatre of the mentee
(one-to-one) to provide advice and guidance in real-time.
Similarly, the mentor can also live stream operations to an
audience (one-to-many) providing mentorship to multiple
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TaBLE 8.2 Modular training in LBDE

Step

Operative stage

Learning points

1

2

3

Access through
the abdominal
wall: TC

Opening the CD

CD guidewire
cannulation

Access through the abdominal wall
is achieved using a cholangiogram
needle or a Belluci style 30° ENT
disposable suction tube. Trainees
should focus on aligning the needle/
suction tube to the axis of the cystic
duct (which has been retracted
through the abdominal wall using
an Endoloop® and Endo close™ as
previously described—see Chap. 4,
section “Cholecystectomy”) as this
will determine the direction of the
access sheath for the transcystic
approach.

The cystic duct is then opened with
scissors (Fig. 8.3). Trainees should
take care not to completely transect
the cystic duct which is easily done if
it is very thin.

A guidewire is passed through the
cholangiogram needle or ENT
suction tube and the cystic duct

is cannulated (Fig. 8.4). Trainees
should practice co-ordinating the
movement of the guidewire through
the cholangiogram needle or ENT
suction tube using one hand and

the direction of the cholangiogram
needle or ENT suction tube with

the other hand. The model will allow
trainees to practice performing an
IOC. A 5F cholangiogram catheter
(Tables 4.1-4.7) can be passed over
the guidewire to lie in the CBD (with
subsequent removal of the guidewire)
in preparation for an IOC.

(continued)
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TABLE 8.2 (continued)

Step Operative stage

Learning points

4

CD dilatation

TC
choledochoscopy

If a cholangiogram has been
simulated, the guidewire will need

to be re-introduced into the CBD by
passing it through the cholangiogram
catheter. Training in transcystic
exploration is achieved by introducing
the 12F access sheath (Tables
4.1-4.6) over the guidewire to gently
dilate the cystic duct (Fig. 8.5). The
12F access sheath permits a 3 mm
choledochoscope and therefore the
cystic duct will need to be dilated

to 4 mm (the 12F access sheath has
an external diameter of 4 mm). This
should be done gently and gradually
and trainees should practice this step
without causing complete transection
of the cystic duct due to excessive
traction.

Using the access sheath, a 3 mm
choledochoscope is inserted into the
CBD via the cystic duct (Fig. 8.6).
Trainees should practice navigating
the choledochoscope without

directly grasping the shaft with a
laparoscopic instrument, which will
result in damaging the scope. Trainees
should practice the ‘windscreen
wiper’ manoeuvre to enable proximal
choledochoscopy of the intra-hepatic
ducts (Fig. 8.6 right).
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TABLE 8.2 (continued)

Step Operative stage

Learning points

6

7

8

TC stone capture

TC stone
extraction

CD ligation

Simulated stones are be captured
using a Dormia basket (Fig. 8.7).
There are many varieties of baskets
made by different manufacturers
and trainees should become familiar
with those likely to be used at

their institution. Trainees should
practice controlling the tip of the
choledochoscope whilst introducing
the basket through the working
channel of the choledochoscope. A
co-ordinated effort with the assistant
controlling the opening and closing
of the basket is required and should
be practiced to ensure efficient stone
capture.

The feasibility to extract captured
stones through the cystic duct must
be assessed. Extracting a large stone
through a thinner cystic duct could
result in impaction of the basket-
stone complex (see Chap. 6, section
“Scenario 3: The cystic duct is not
dilated but the CBD is dilated”). The
awareness of making this decision
should be instilled in trainees. If

the stone is deemed extractable

by standard retrieval techniques,

a co-ordinated extraction of the
basket-stone complex along with the
choledochoscope should be practiced
in order to remove the stone. For
larger stones, the LABEL technique
will be required (see step 14).

Trainees should practice ligating the
cystic duct with clips, an Endoloop®
and suture ligation.

(continued)



274 L. Navaratne et al.

TABLE 8.2 (continued)

Step  Operative stage

Learning points

9 Choledochotomy

10 Access through
the abdominal
wall: TD

11 TD
choledochoscopy

12 TD stone
extraction

Following training in steps 1-8
(transcystic LBDE), the same model
can be used for training in transductal
LBDE. The porcine aorta has great
likeness to the human CBD and
offers high fidelity training in tissue
handing which cannot be provided
by plastic models. A choledochotomy
provides transductal access and can
be performed using scissors (Fig. 8.8)
or a Berci knife®. We recommend
performing a longitudinal (vertical)
choledochotomy but a horizontal
incision can also be practiced.

Once a choledochotomy has

been performed, a 3 or 5 mm
choledochoscope can be used as the
incision will be 5 mm or more. If a

5 mm port is utilised for insertion of
the choledochoscope, it should be
inserted through the abdominal wall
so that it approaches the CBD at a
90° (perpendicular) angle (Fig. 8.9).
The same principle applies if the
12F access sheath is used for 3 mm
choledochoscopy.

Distal and proximal choledochoscopy
should be practiced via the
choledochotomy. Trainees should
focus on manoeuvring the
choledochoscope without directly
grasping the shaft with forceps.

As with steps 6 and 7, trainees should
practice the capture and extraction of
stones through the choledochotomy
using a Dormia basket (Fig. 8.10).
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TABLE 8.2 (continued)

Step Operative stage

Learning points

13

14

Closure of
choledochotomy

LABEL

Closure of choledochotomy will
require competency in advanced
laparoscopic suturing and the PARA
model will provide trainees with high
fidelity simulation. Trainees should
practice primary closure with both
interrupted and continuous suturing
(Fig. 8.11). Trainees can also practice
closure of choledochotomy over a
T-tube and primary closure with a
transcystic drain.

The PARA model can be turned into
a ‘wet’ model for training in lithotripsy
(LABEL). Irrigation of saline from
the choledochoscope is required for
both holmium laser lithotripsy (HLL)
and electrohydraulic lithotripsy
(EHL). Figure 8.12 Demonstrates
EHL (left) and HLL (right) to
fragment peppercorns. Some CBD
stones have very high calcium content
(best appreciated on pre-operative
imaging with CT), and this can be
simulated by substituting pepper
corns for chalk (Fig. 8.13). Trainees
should familiarise themselves with

the various equipment and devices
needed to perform LABEL (see Chap.
4, sections “Laser lithotripsy” and
“Electrohydraulic lithotripsy (EHL)”)
including all the safety aspects
involved (especially with laser). If
simulation is undertaken with laser,
ensure all the appropriate precautions
(e.g., goggles, room safety etc) are
taken prior to starting the training.

TC transcystic, CD cystic duct, /OC intra-operative cholangiogram,
CBD common bile duct, 7D transductal, LABEL Lithotripsy-
Assisted Bile duct Exploration by Laparoendoscopy
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Gohmonfohmon

INSTITUTE

Virtual Program

Virtual Session 1: Background & Justification for Single Stage Approach

« History of bile duct exploration

* Advantages of single stage treatment over the
traditional pre-operative ERCP + laparoscopic
cholecystectomy for management of CBD stones

Virtual Session 2: Clinical Use of Lithotripsy & Energy

* LABEL: Laparoscopic Bile Duct Exploration by
Laparoendoscopy: Principles and Technique

* Pre-LABEL: Factors predicting the use of lithotripsy
during LBDE

« Clinical Cases (Interactive)

Virtual Session 2: Laser Lithotripsy: Principles and Safety

* Delivered by Dr Ismail Badr
* Introduction to Holmium YAG Laser
¢ General principal and safety of laser

Virtual Session 4: Introduction to Surgical Techniques

* Trascystic bile duct exploration
* Transductal bile duct exploration
— Primary closure
— Closure over T tube
— Closure over anterograde stent
— Closure and transcystic drain
« Different scenarios that can be found in LBDE
* Advance and instruction for the practical session

FiGure 8.14 One-Stage Cholecystectomy and Laparoscopic Bile
Duct Exploration Pathway Program. Johnson & Johnson Institute

surgeons at the same time. The devices are designed to be
worn within the sterile environment of an operating theatre,
are lightweight and hands free (Fig. 8.15). The one-to-many
function of this technology can facilitate broadcasting of
LBDE from an expert surgeon to mentees and would be the
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FiGurE 8.15 ‘Rods & Cones glasses’

ideal start to the third phase (following theoretical learning
and hands-on simulation training). Other platforms such as
‘Proximie’ can also facilitate training and mentoring in
LBDE. Proximie is a technology platform that allows sur-
geons to virtually ‘scrub in’ to any operating theatre from
anywhere in the world [16]. This platform can empower
experts in LBDE to share their skills in real-time, thereby
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standardising technique (such as the LATEST principles),
reducing variation in care and improving patient outcomes.
Used in reverse, the mentor can be present in the mentee’s
operating theatre and the virtual interaction afforded by this
technology means that the mentor can physically guide the
mentee in real-time. Finally, the Surgical Process Institute
(SPI) is a platform from Johnson & Johnson that was devel-
oped to support surgeons and surgical teams through digital-
ised workflows, establishing optimum standards and promote
continuous practical leaning [17]. The intuitively operable
and modular platform allows for various processes (work-
flows) in the surgical theatre to be developed, digitized, and
implemented together. All procedural steps are illustrated
chronologically and documented, including any necessary
deviations that may be required during the course of the
operation. With our collaboration, the various steps of the
LBDE procedure (modular training) have been entered onto
this platform as the surgeon’s workflow (Fig. 8.16). This can
act as a ‘digital’ guidebook for surgeons who are beginning
their independent practice. LBDE is a highly technical proce-
dure that relies on various medical devices and equipment.
The long list of devices and consumables can be intimidating
to the novice surgeon and the nursing (scrub) staff. SPI allows
the creation of digitalised workflows, including checklists of

-\

n'_ll ..... c
s e e Fﬂ Tt KE

FiGure 8.16 Surgical Process Institute (SPI): Modular training for
LBDE using the PARA model
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the equipment required, which can be tailored to the surgeon
and appear on the nurse’s workflow. The recent advances in
digital health and mentoring platforms will facilitate wider
uptake of single-stage management of choledocholithiasis
and future work should focus on further developing educa-
tional platforms for training in LBDE.
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