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Preface

Biliary tract diseases represent one of the most common clinical conditions encountered  
by hepatobiliary surgeons, encompassing congenital disorders, inflammatory diseases, 
and neoplastic conditions, which pose significant threats to human health. The 
challenges we face include diagnosing, treating, and improving the quality of life for 
patients. With advancements in science and technology, numerous innovative tech-
niques and methods have emerged in recent years, leading to substantial improve-
ments in therapeutic outcomes for these diseases. However, many aspects still require 
further enhancement. The authors of this book have invited renowned professors 
from around the world who have made outstanding contributions to the diagnosis  
and treatment of biliary tract diseases to provide in-depth discussions on these topics. 
We have also selected several high-quality papers with particular clinical significance 
and practical guidance, compiling them into this volume to offer readers valuable 
insights.

Qiang Yan
Zhejiang University,

Hangzhou, China
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Chapter 1

Introductory Chapter: Biliary 
Tract-Disease, Treatment, and 
Quality of Life
Qiang Yan

1.  Anatomy and physiological basis of biliary system

1.1 Composition of the biliary system

The biliary system consists of intrahepatic bile ducts, extrahepatic bile ducts, the gall-
bladder, and the sphincter of Oddi. The intrahepatic bile ducts originate from the capillary 
bile ducts and progressively converge into interlobular bile ducts, segmental bile ducts, 
and lobular bile ducts, ultimately forming the left and right hepatic ducts. The extrahe-
patic bile ducts consist of the common hepatic duct, cystic duct, and common bile duct. 
The common bile duct converges with the pancreatic duct to form the hepatopancreatic 
ampulla (Vater’s ampulla), which terminates in the descending part of the duodenum. The 
pear-shaped gallbladder serves to store, concentrate, and evacuate bile. The cystic duct 
joins with the common hepatic duct to form the common bile duct. The sphincter of Oddi 
controls the release of bile and pancreatic juice through its contraction and relaxation.

1.2 Bile production and excretion

Bile is continuously secreted by hepatocytes, with a daily secretion volume of 
about 800 to 1200 ml. The main components of bile include bile salts, phospholipids, 
cholesterol, and bilirubin. Bile salts exert essential functions in fat digestion and 
absorption by emulsifying fats, increasing the contact area between fats and lipase, 
and promoting the absorption of fatty acids and glycerides. Bile secretion is regulated 
through neurohumoral pathways: Postprandial gastric acid, protein degradation 
products, and dietary fats stimulate the duodenal mucosal lining to release chole-
cystokinin (CCK) and secretin. CCK induces gallbladder contraction coupled with 
sphincter of Oddi relaxation, facilitating bile discharge into the duodenal lumen.

2.  Common biliary diseases and their pathogenesis

2.1 Gallstones

2.1.1 Etiology and pathogenesis

The formation of gallstones is closely related to the imbalance of bile com-
ponents, reduced gallbladder contraction function, and bacterial infection. 
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Cholesterol/bilirubin supersaturation in bile initiates crystal nucleation, while 
delayed gallbladder evacuation predisposes to biliary stasis, compounded by bacte-
rial-induced inflammatory cascades - all contributing to lithogenesis. Stone classifica-
tion based on compositional predominance stratifies them into cholesterol stones 
(representing >80% of cases), pigment stones, and mixed variants.

2.1.2 Clinical manifestations

Most patients with gallstones are asymptomatic, termed “asymptomatic gall-
stones.” When calculi obstruct the cystic duct or gallbladder neck, this can cause 
biliary colic, characterized by paroxysmal pain in the upper right abdomen, which 
may radiate to the right shoulder or back, often accompanied by nausea and vomiting. 
If secondary bacterial infection occurs, it can progress to acute cholecystitis, mani-
festing with systemic signs including pyrexia, rigors, and Murphy’s sign (cessation of 
inspiration during gallbladder palpation).

2.2 Biliary calculi

2.2.1 Classification and etiology

Biliary calculi are stratified into intrahepatic and extrahepatic biliary stones. 
Extrahepatic biliary stones often result from gallstones migrating into the biliary 
tract, whereas intrahepatic biliary stones are associated with factors such as intrahe-
patic infection, bile stasis, and parasites (like Clonorchis sinensis). Intrahepatic lithiasis 
may induce progressive biliary strictures and hepatic parenchyma atrophy, increasing 
the difficulty of treatment.

2.2.2 Clinical manifestations

Biliary calculi, especially intrahepatic bile duct stones, are often asymptom-
atic. Extrahepatic bile duct stones and some intrahepatic bile duct stones may 
manifest with the Charcot triad: right upper quadrant pain, spiking fever with 
rigors, and obstructive jaundice. Ductal obstruction by calculi results in biliary 
stasis precipitating conjugated hyperbilirubinemia, while bacterial superinfection 
induces endotoxemia manifesting as systemic inflammatory response syndrome 
(SIRS). Progression to Reynold’s pentad (Charcot’s triad plus hypotension and 
altered mental status) signals acute obstructive suppurative cholangitis (AOSC), 
a life-threatening condition requiring emergent intervention. Early diagnosis and 
early relief of obstruction with unobstructed drainage are particularly empha-
sized in such diseases.

2.3 Cholecystitis

2.3.1 Acute cholecystitis

Acute cholecystitis predominantly arises from cystic duct obstruction by gall-
stones, with less frequent cases resulting from microbial infiltration of the gallbladder 
wall (commonly Escherichia coli and Klebsiella spp.). Pathologically, it demonstrates 
hyperemic, edematous, and exudative changes. Advanced cases may progress to 
gangrenous necrosis and carry the risk of transmural perforation.
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2.3.2 Chronic cholecystitis

Chronic cholecystitis is often evolved from recurrent acute cholecystitis or chronic 
gallstone irritation of the gallbladder mucosa. Affected individuals may experience 
persistent right upper quadrant (RUQ ) discomfort, postprandial epigastric fullness, 
and dyspeptic symptoms including belching. Notably, a significant patient subset 
remains clinically asymptomatic throughout disease progression.

2.4 Biliary tract tumors

2.4.1 Gallbladder cancer

Gallbladder carcinoma represents the most prevalent primary malignancy within 
the hepatobiliary system. Early-stage disease typically manifests with nonspecific 
clinical presentations, frequently masqueraded by coexisting cholelithiasis and 
chronic cholecystitis. In the advanced stage, jaundice, weight loss, and mass in the 
upper right abdomen may occur. Prognosis remains dismal, with 5-year survival rates 
<5% even with multimodal therapeutic approaches.

2.4.2 Cholangiocarcinoma

Cholangiocarcinoma originates from the biliary epithelium and is stratified into 
intrahepatic and extrahepatic subtypes. The main symptoms are progressive jaundice, 
refractory pruritus, and alcoholic stools. Established etiological factors encompass hepa-
tolithiasis, primary sclerosing cholangitis (PSC), and congenital biliary malformations, 
with chronic inflammatory insults constituting the principal carcinogenic pathway.

3.  Progress in diagnosis and treatment of biliary diseases

3.1 Diagnostic methods

3.1.1 Imaging examination

• Ultrasound examination: As we all know, it is the preferred method for biliary 
diseases. Ultrasound contrast examination can be carried out in combination 
with special contrast agents, which is of great help in distinguishing benign and 
malignant tumors.

• CT/MRI: can more accurately assess the extent of biliary cancer invasion, 
intrahepatic bile duct dilation, and metastasis. Magnetic resonance cholangio-
pancreatography (MRCP) is a non-invasive examination that can clearly show 
the anatomical structure of the biliary system.

• Endoscopic retrograde cholangiopancreatography (ERCP): both diagnostic and 
therapeutic functions, through the insertion of the duodenoscope into the bile duct, 
can directly observe the lesions of the bile duct and perform operations such as stone 
removal, biopsy, stent placement, etc. The advent of the second-generation SpyGlass 
digital system (DS) cholangioscope has provided a novel diagnostic approach for 
early-stage cholangiocarcinoma, biliary strictures, and bile duct stones [1].
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• PET-CT/MRI: can further clarify the benign and malignant lesions of biliary 
tract tumors and the status of distant metastasis.

• The application of AI in imaging is becoming more and more extensive, which 
not only reduces clinical work pressure but also improves the accuracy of clinical 
diagnosis.

3.2 Laboratory examination

In addition to the common serum bilirubin, alkaline phosphatase (ALP), 
γ-glutamyl transferase (γ-GT), white blood cell count, C-reactive protein (CRP), car-
cinoembryonic antigen (CEA), carbohydrate antigen 19-9 (CA19-9) for the diagnosis 
of biliary diseases, the latest circulating tumor cells, peripheral blood RNA, cell gene 
sequencing also provide a lot of effective information.

3.3 Treatment methods

3.3.1 Surgical treatment

Conventional surgeries, including cholecystectomy, choledocholithotomy, and 
radical tumor resection, have evolved from open surgery to laparoscopic surgery 
and then to robotic surgery. Compared to traditional laparoscopy, robotic systems 
significantly enhance the precision of complex biliary tract tumor resections 
(such as hilar cholangiocarcinoma) and reduce risks of vascular and neural injury 
through three core technologies: 3D high-definition visualization, 7-degree-of-
freedom robotic arms, and tremor filtration technology [2]. During this period, 
there was also a phase where extended resections were performed to achieve com-
plete removal of the lesion. Today, we aim for surgeries that preserve maximum 
function (such as partial sphincter-preserving resection and reconstruction of the 
bile duct, and pancreaticoduodenectomy with duodenal preservation). Currently, 
there is a growing emphasis on minimally invasive approaches. The transumbilical 
single-incision laparoscopic cholecystectomy offers concealed postoperative scar-
ring and reduced pain, effectively meeting the esthetic demands of young female 
patients [3].

3.3.2 Endoscopic treatment

ERCP can be used for gallbladder stone removal, biliary stricture dilation, 
and stent placement. For patients with cholangiocarcinoma who cannot undergo 
surgery, metal stents can be placed through ERCP to relieve jaundice and improve 
quality of life. The application of choledochoscopy in the management of bile 
duct stones significantly enhances stone clearance rates while reducing both 
patient discomfort and healthcare burden [4]. The novel stents offer innovative 
therapeutic strategies for disease management, including biodegradable polylactic 
acid (PLA) or polycaprolactone (PCL) stents, which degrade within 6–12 months 
and are utilized for benign biliary strictures to eliminate the need for secondary 
removal procedures [5], as well as radioactive seed-loaded covered metal stents 
incorporating iodine-125 particles, which simultaneously alleviate malignant 
obstructions and deliver localized radiotherapy to prolong stent patency and 
inhibit tumor progression [6].
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3.3.3 Interventional treatment

Transperitoneal transhepatic biliary drainage (PTCD) is suitable for patients with 
obstructive jaundice who cannot tolerate surgery. The drainage tube is inserted through 
the puncture of intrahepatic bile duct to reduce jaundice symptoms. For intrahepatic bile 
duct stones, transperitoneal transhepatic cholangioscopy (PTCS) can be used.

3.3.4 Drug therapy

Antibiotics are used to control biliary tract infection; bile-promoting drugs can 
promote bile excretion and relieve symptoms; for patients with biliary tract tumors 
who cannot be operated, chemotherapy, targeted therapy, immune checkpoint inhibi-
tors, and other treatments can be used.

4.  The impact of biliary diseases on quality of life

4.1 Physiological function limitation

Patients with biliary diseases often suffer from abdominal pain, indigestion, 
jaundice, and other symptoms that affect eating and nutrient absorption, leading to 
weight loss and fatigue. Post-cholecystectomy, some patients develop steatorrhea, 
necessitating long-term dietary fat restriction. In advanced cholangiocarcinoma, due 
to liver failure, patients’ ability to take care of themselves severely declines.

4.2 Psychological stress

Disease recurrence, surgical risks, and adverse prognostic outcomes in biliary 
malignancies predispose patients to psychiatric comorbidities, particularly anxiety 
and depressive disorders. Clinical observations consistently reveal multidimensional 
impairment of health-related quality of life (HRQOL) in biliary disease patients, 
paralleled by increased suicidality rates. This patient cohort demonstrates a dispro-
portionate psychological burden, with one-third manifesting significantly greater 
distress levels than observed in other cancer populations [7].

4.3 Social dysfunction

Frequent medical treatment and long-term treatment lead to the decline of 
patients’ working ability and the reduction of social activities. Pathophysiological 
manifestations such as jaundice and pruritus frequently engender impaired self-
perception, creating psychosocial barriers that impede societal reintegration in 
susceptible individuals.

5.  Strategies to improve quality of life

5.1 Diet management

Patients should follow the principles of low-fat and high-fiber diet, gradually 
increase fat intake, and avoid greasy and spicy food. Supplementing vitamin K (such 
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as green leafy vegetables) can improve coagulation function; patients with intrahe-
patic lithiasis require specific dietary oxalate restriction, notably avoiding spinach 
and chocolate.

5.2 Psychological intervention

Psychoemotional distress in biliary disorders can be ameliorated through mul-
timodal interventions including professional psychotherapy, structured family-
system support, and peer-led support collectives. Cognitive behavioral therapy 
(CBT) can help patients adjust their perception of the disease and enhance coping 
ability.

5.3 Advances in treatment strategies

Modern medicine not only focuses on the diagnosis and treatment of diseases 
but also places increasing emphasis on improving patients’ quality of life. Treatment 
strategies have evolved to become more precise and individualized, with progres-
sively reduced adverse effects on normal physiological functions, enabling patients to 
recover more quickly.

5.4 Rehabilitation and follow-up

Patients after cholecystectomy should exercise appropriately to promote the 
recovery of gastrointestinal function; cholangiocarcinoma patients need regular 
review of tumor markers and imaging examinations to monitor the changes in 
the condition. During postoperative convalescence, digestive function can be 
improved through adjunctive Traditional Chinese Medicine (TCM) modalities 
(e.g., acupuncture therapy and herbal formulations).

6.  Conclusion

Biliary system diseases constitute significant clinical challenges to global health, 
and their diagnosis and treatment require a comprehensive consideration of disease 
type and individual patient differences. With the development of minimally invasive 
techniques, endoscopic treatments, and molecularly targeted agents, treatment 
outcomes have significantly improved. However, improving patients’ quality of life 
is equally important, necessitating intervention measures from physiological, psy-
chological, and social dimensions. In the future, personalized therapy and precision 
medicine will bring more hope to patients with biliary diseases.
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Chapter 2

Alagille Syndrome in the Paediatric 
Population
Sabina Więcek

Abstract

Alagille syndrome (AGS) is a genetically determined condition affecting the 
liver and bile ducts, the cardiovascular system, the eyesight, the skeletal and/or the 
urinary systems. In most patients, the mutation of the JAG1 gene is responsible for 
the condition and less frequently NOTCH gene. The clinical picture is characterised 
by cholestasis, heart defects (most commonly pulmonary stenosis) and features 
of dysmorphia. The syndrome is diagnosed based on the symptoms and results of 
specialist tests and confirmed by the result of genetic tests JAG1 (jagged canonical 
notch ligant1) or NOTCH (neurogenic locus notch homolog protein). mutation. If 
untreated, Alagille syndrome leads to cirrhosis and liver failure. The new treatment 
options, which have become available in the form of sodium-dependent bile acid 
transporter inhibitors, may improve the prognosis as well as the patient’s quality of 
life, and may prevent the need for liver transplant in this group of patients.

Keywords: Alagille syndrome, children, symptoms, diagnostic procedure, 
therapeutic procedure

1.  Introduction

Alagille syndrome (AGS) is a congenital, genetically determined multisystemic 
disease that presents with bile duct paucity, congenital heart defects, as well as defects 
of the spine, the eyesight, kidneys and features of dysmorphia. It was first described 
by Dr. Daniel Alagille in 1962 (Congenital absence of the intrahepatic bile ducts) [1–8].

2.  Aetiology and aetiopathogenesis

Alagille syndrome is caused by mutations (or deletions) within two main genes, 
namely JAG1 (responsible for around 90–95% of cases)—coding for the JAGGED1 
protein—a ligand for the NOTCH receptors, and less frequently NOTCH2—coding 
for one of the NOTCH receptors (~2.5%). Ninety-five per cent of patients show het-
erozygous expression of the JAG1 gene—15% are missense mutations (mainly cyste-
ine), and in 85% of cases it involves shortening of the protein chain. As many as 2.5% 
of patients show the heterozygous variant of the NOTCH2 gene—68% of missense 
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mutations, and in 32% of cases it involves shortening of the protein chain. Disruption 
in the JAG1/NOTCH signalling pathway, which is necessary for the process of cellular 
differentiation during embryogenesis, contributes to the abnormal development of 
many tissues and organs, including the intrahepatic bile ducts. The JAG1 gene muta-
tion (Jagged 1 proteins) involves transmembrane protein combined with epidermal 
growth factor (EGF) [9].

Alagille syndrome is inherited in an autosomal dominant pattern. In about 60% 
of cases, de novo mutations are reported. So far, no correlation between the type of 
mutation and the clinical picture (genotype → phenotype) has been observed. The 
clinical picture may vary, even within one family [10–17].

3.  Epidemiology

The occurrence of Alagille syndrome is estimated at 1/70,000 live births but it 
appears to be greater (1/30,000), with the former number being the result of under-
diagnosis [7, 8, 11, 17–20].

4.  Clinical manifestations

The systemic lesions most commonly include the liver and the bile ducts, the 
cardiovascular system, the eyesight, the skeletal system and features of facial dysmor-
phia. The clinical picture of Alagille syndrome is shown in Table 1.

Other symptoms of Alagille syndrome include: growth failure, laryngological and/
or endocrine complications.

To confirm the diagnosis of Alagille syndrome, it is necessary to confirm three 
main features or two in patients with a family history of the condition [1, 5, 7, 10, 11, 
13, 15, 16, 21].

4.1  Cholestasis

Cholestasis usually occurs in the first weeks of life. Acholic stools and increased 
activity of gamma-glutamyl transpeptidase (GGTP) are observed in some patients, 
so biliary atresia should always form part of the differential diagnosis. In clinically 
uncertain situations, histopathological examination must be performed. Biliary 
paucity is observed in children with Alagille syndrome, which affects the peripheral 
parts of the liver in particular (lesions in the central part are relatively less advanced) 
[6, 7, 16, 17, 21–23]. Hepatic regenerative nodules are observed in patients with 
Alagille syndrome, but they are thought to be a functional adaptation to vascular 
changes rather than a neoplastic process. The nodules are typically centrally located 
and normal hepatic vasculature coursing through the lesions is noted radiologically. 
Microscopically, they are characterised by circumscribed hepatic lesions with pre-
served architecture, lesser degrees of fibrosis and relative preservation of interlobular 
bile ducts compared to the background cirrhotic liver [22–24]. These nodules should 
be distinguished from hepatocellular carcinoma (HCC) and adenoma because there 
is a decreased risk of hepatocellular carcinoma (HCC) in patients with Alagille 
syndrome [22, 24, 25]. Other histological findings observed in the liver biopsies 
in patients with Alagille syndrome include hepatocanalicular bilirubinostasis with 
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resetting, patchy giant cell transformation, haemopoiesis and variable portal inflam-
mation. Malnutrition, deficiency in fat-soluble vitamins, blood-clotting disorders and 
osteopenia are observed as a result of cholestasis. As the condition progresses, in most 
children a persistent skin itch develops together with cirrhosis and portal hyperten-
sion (relatively late). The development of portal hypertension is proportional to the 
levels of bilirubin (with concentration levels of bilirubin in blood serum at 5–10 mg/
dL—it is 4 times greater, >10 mg/dL 8× greater risk) [21–26].

Increased skin itch occurs in a large proportion of patients, which contributes to 
the following:

System Symptoms/clinical picture

1. Liver and bile ducts (75–100%) Bile duct paucity
Cholestasis
Pruritus

2. Cardiovascular system (85–98%) Peripheral pulmonary artery stenosis—most frequent
Pulmonary stenosis
Complex heart defects—e.g., tetralogy of Fallot (TOF)
Atrial septal defect (ASD)
Ventricular septal defect (VSD)
Lesions in the peripheral vessels, e.g., central nervous system (CNS)

3. Skeletal system (33–87%) Butterfly vertebrae
Hemivertebrae
Fusion of adjacent vertebra
Spina bifida occulta
Short distal phalanges of the fingers
Insufficient growth

4. Ocular (56–88%) Posterior embryotoxon—abnormality of the posterior chamber
Optic disc drusen
Defects of the iris
Pigmentary retinopathy
Angulated retinal vessels

5. Facial dysmorphia (70–98%) Broad forehead
Deep-set eyes
Bulbous tipped nose
Upslanting palpebral fissures
Prominent ears
Pointed chin
Underdeveloped earlobes (rarely)
Cleft palate (rarely)

6. Urinary system (17–73%) Kidney dysplasia
Posterior urethral valve
Renal tubular acidosis
Kidney cysts

7. Vascular system (4–38%) 30% abnormalities in the internal carotid artery
20% cerebral aneurysms
Aneurysm of intra-abdominal vessels
Increases the risk of stroke
Moya-moya disease
Intracranial bleeding

Table 1. 
Clinical manifestations of Alagille syndrome.
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a. Problems falling asleep and sleeping

b. Impaired concentration—poor scholastic

c. Lower mood and self-esteem

d. Discomfort

e. Lichenification of skin and secondary infections

The aetiopathogenesis of this increased skin itch is not fully understood; however, 
high concentration levels of bile acids (especially hydrophobic, unconjugated), lysophos-
phatidic acid (LPA), lysophosphatidylcholine (LPC), steroids (derivatives of pregnane-
diol) and elevated levels of bilirubin undoubtedly play a role [13, 18, 21, 25–27].

Splenomegaly is observed in 30–70% of patients, usually occurring secondary to 
portal hypertension.

4.2  Cardiovascular system

Most common abnormalities concern the cardiovascular system of the right-hand 
side and include pulmonary artery hypoplasia (PAH), tetralogy of Fallot (TOF) 
and pulmonary stenosis. Pulmonary stenosis is the most common complication and 
accounts for around 67% of heart defects. Heart defects are very often detected 
as early as during prenatal testing. No correlation between the type of JAG1 gene 
mutation and the type of anomaly within the cardiovascular system has been shown. 
Pulmonary arteries show features of the narrowing of the lumen of arteries as a result 
of the thickening of the middle section, an increased number of elastic fibres and 
internal membrane overgrowth caused by proliferating smooth muscle cells. Vascular 
lesions often occur in this group of patients (in around 10%) and include strictures, 
aneurysms within the central nervous system, the jugular veins, the aorta and renal 
arteries. The presence of vascular lesions in the group of patients with Alagille syn-
drome significantly deteriorates their prognosis and increases the mortality rate. It is 
worth noting that that the presence of vascular lesions in Alagille syndrome highlights 
the significance of the Jagged1 gene and NOTCH in the formation of vessels. Systemic 
and cerebrovascular vasculopathy undoubtedly plays a role [28–32].

Unfortunately, it has been proved that the intra- and postoperative course in 
patients with a heart defect in Alagille syndrome is worse than in patients without 
AGS. Liver transplant can be performed before or after reducing the stricture in the 
pulmonary artery depending on the pressure in the right ventricle and the heart’s 
ability to sustain increased output [28–32].

4.3  Kidneys and the urinary and reproductive system

NOTCH2 is expressed in renal tubular and glomerular epithelia, while JAGGED1 
is expressed over the endothelium of glomeruli collecting tubules in a fully formed 
nephron. It has been proved that mice, which are homozygous carriers of the 
NOTCH2 gene, have defects of the glomerular blood vessels, podocytes and the proxi-
mal ureters. The impact of the NOTCH gene mutation on acute and chronic kidney 
damage has also been confirmed. The most common renal complications in patients 
with Alagille syndrome are:
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a. CAKUT—congenital anomalies of kidney and urinary tract—renal agenesis, 
hypoplasia, dysplasia, renal cysts, hydronephrosis and ureteropelvic junction 
obstruction

b. Proteinuria

c. Renovascular hypertension

d. Proximal renal tubular defect (RTA)

e. Renal tubular acidosis

Kidney biopsy is rarely performed. The histopathological examination most often 
reveals glomerular mesangiolipidosis-like lesions. They correlate with intensified 
cholestasis and the concentration level of cholesterol and triglycerides in the blood 
serum. Sometimes the following are observed: glomerular basement membrane 
lipidosis, biliary nephropathy and/or focal glomerulosclerosis and small kidney cysts. 
Renal tubular acidosis is characteristic for Alagille syndrome and it also affects the 
absorption of calcium and contributes to abnormalities in bone mineralisation, the 
process of growth and weight gain [18, 31, 33, 34].

The observed hypertension may be of a vascular nature (renal vasculopathy). 
Unfortunately, no preventative methods are available. Blood pressure has to be checked 
on a regular basis in patients with Alagille syndrome. Parameters of kidney function, 
such as creatinine, urea, electrolytes in the blood serum, gas analysis, general urinalysis, 
urine protein/albumin excretion and kidney ultrasound (a minimum of once a year), also 
have to be checked regularly. Periodically, it is also important to perform Doppler ultra-
sound and angioCT or angioMRI in questionable cases. If any abnormalities are noticed, 
the patient should be referred to a nephrologist. The use of ACEI/ARB (angiotensin 
converting enzyme inhibitors/angiotensin II receptor antagonists) should be cautious. 
It has to be highlighted that patients with Alagille syndrome and liver failure have a high 
risk of developing kidney failure as a result of the hepatorenal syndrome [28, 33, 34].

4.4  Central nervous system

4.4.1  Vascular lesions

NOTCH plays an important role in angiogenesis, as it is expressed by vascular 
endothelium during embryogenesis. This could explain the predisposition to develop 
vascular abnormalities. According to Kamath, over 30% of patients with Alagille 
syndrome have abnormalities within the central nervous system, including changes 
in the vessels (over 30% involve abnormalities in the internal carotid artery and 
20% cerebral aneurysms). Abnormalities within the vertebral arteries are reported 
in around 10%. In 16% of patients, increase in the risk of stroke is observed, but it 
is not a common feature in children under 16 years of age. Cerebral aneurysms are 
slightly higher in males. CT/MRI scans should be performed in patients with Alagille 
syndrome in the case of head trauma or the occurrence of new abnormal neurological 
symptoms. Additionally, it is recommended to perform angioCT before liver trans-
plantation. Central nervous system bleeding is observed in around 15% of patients. It 
is intracranial bleeding that is responsible for 25–50% of deaths of patients with AGS. 
Ischaemic strokes are also more frequently observed in this group of patients. Some 
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authors postulate that an MRI of the CNS should be done in every patient with AGS 
over the age of 8 years when a general anaesthetic is no longer necessary. The scan 
should be repeated every 5 years [8, 10, 19, 26, 28–31].

4.4.2  Psychomotor development

Impairment of the psychomotor activity in children with AGS is described in the 
subject literature. The mean intelligence quotient (IQ ) in patients with Alagille syn-
drome is lower, and some of them require special education. Its course and frequency 
of occurrence are comparable with those of the group of patients with biliary atresia. 
Patients with Alagille syndrome are also known to have higher incidence of attention 
deficit hyperkinetic disorder, depression, anxiety and eating disorders. The follow-
ing factors may have an impact: frequent hospitalisations, medical interventions, 
increased skin itch and in older patients low self-esteem (e.g., caused by the features 
of dysmorphia) and lower quality of life [35–38].

4.4.3  Malformations of the cranium and the facial skeleton

The loss of the Jagged1 protein in the cranial sutures may cause craniosynostosis 
and progressing plagiocephaly. The expression of NOTCH in the human jaw cartilage 
is high. Idiopathic intracranial hypertension has also been reported in Alagille syn-
drome. Pathogenesis is still not defined but it can be related to craniosynostosis. As 
well, as it may influence cerebrospinal fluid (CSF) production due to its involvement 
in angiogenesis [7, 8, 10, 16, 37].

4.4.4  The normal functioning of the Jagged1-Notch gene has been proved to be 
crucial for the development of the inner ear and thus hearing

Defects of the stirrup and the cochlea of the inner ear, leading to impaired hear-
ing, are observed in Alagille syndrome [5, 7, 8, 10, 26, 31].

4.4.5  Ophthalmologic abnormalities

Ophthalmologic abnormalities mainly concern the front section of the eye, with 
posterior embryotoxon (PE) affecting over 80% of patients with AGS. Posterior 
embryotoxon (PE) is a corneal abnormality that is visible with slit-lamp biomicros-
copy as a thin grey-white, arcuate ridge on the inner surface of the cornea, adjacent 
to the limbus. It is an anteriorly displaced Schwalbe’s line, the junction of Descemet’s 
membrane and the uveal trabecular meshwork. Histologically, it consists of a central 
collagen core surrounded by a thin layer of Descemet’s membrane and is separated 
from the anterior chamber by a layer of endothelium. Abnormalities concerning the 
optic nerve or the retina (its peripheral part) occur relatively rarely. The first symp-
toms involve difficulty seeing in the dark and impaired peripheral vision. There have 
been reports of lens subluxation in patients with Alagille syndrome [7, 8, 16, 39, 40].

5.  Other abnormalities

a. Bone abnormalities—structural abnormalities, lower bone mass, fractures. The 
NOTCH gene regulates the osteoblastic and the osteoclastic differentiation, and 
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the bone remodelling in the early stages of development. Abnormalities within 
the skeletal system are summarised in Table 2 [5, 31, 41].

b. Insufficient growth and body weight—impaired growth is observed in 50–87% of 
cases. In most patients, insufficient body weight and/or growth is observed from 
the foetal stage of development. Two thirds of children are born with lower than 
expected body weight and height. The aetiopathogenesis of growth insufficiency 
in patients with Alagille syndrome is very complex. Reduced muscle and fat mass 
is observed. The concentration levels of the growth hormone and the growth 
hormone-binding protein are elevated in patients with Alagille syndrome; 
however, the number of growth hormone receptors and insulin-like growth fac-
tor 1 (IGF-1) receptors is reduced. Additional factors involve malabsorption and 
digestive disorders (cholestasis, pancreatic insufficiency and food neophobia), 
increased need for (circulatory insufficiency, ESLD—end-stage liver disease) 
and insufficient supply of nutrients and calories (lack of appetite, increased skin 
itch). The occurrence of insufficient body weight and height in children with 
Alagille syndrome is also affected by anomalies in the circulatory system, the 
kidneys, CNS and cholestasis [42, 43].

Skeletal abnormalities Characteristic

Butterfly vertebrae 39–87% of patients
Consequence of early stage developmental defects
Characterised by the presence of the central sagittal cleft in the vertebral 
body, caused by failed fusion of lateral chondrification centres during 
spinal embryogenesis.
Most often concerns the thoracic and lumbar spine
Most frequently asymptomatic
Multiple even in 40–48%

Other abnormalities of the 
vertebrae

Hemivertebrae, fusion of adjacent vertebrae (may be related to spinal 
deformation)
Narrowing of disc space in the lumbar spine

Abnormal bone density Reduced ability of bone regeneration
Impaired osteoblastic and osteoclastic differentiation

Proneness to fractures Impaired osteoblastic and osteoclastic differentiation Abnormalities in 
bone regeneration / remodelling
Very frequent fractures without a cause or following a minor incident
Most frequent in children below the age of 13

Craniofacial dysmorphism Deep-set eyes
Broad forehead
Mild hypertelorism
Small cheeks
Sometimes cleft lip and palate
Significant dysmorphic features require plastic surgery.

Scoliosis

Abnormal fusions between 
adjacent ribs and forearm bones

Shortening of the distal 
phalanges and of the ulna

Table 2. 
Abnormalities of the skeletal system in Alagille syndrome.
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Special growth and body weight centile charts have been developed for patients 
with Alagille syndrome and should be used when assessing this group of pae-
diatric patients. Meagre height significantly reduces the quality of life. It has 
been proved that insufficient body height and weight correlates with intensified 
cholestasis. However, when comparing patients with biliary atresia and Alagille 
syndrome with those with AGS, malnutrition, insufficient height (the average 
values are higher) and ascites are less frequently observed. In his study, Rovner 
confirmed a higher occurrence of deficiency body height and mass in patients 
with Alagille syndrome. He proved greater faecal fat losses in over 90% of pa-
tients, lower calorie intake in the diet (in particular in those with heart defects) 
and more frequent fat-soluble vitamin deficiency [42, 43]. Exocrine pancreatic 
insufficiency, which can be confirmed by measuring the amount of fat and 
elastase in faeces, is confirmed in around 40% of patients. Supplementing the 
diet with pancreatic enzyme proves useful in some patients. So far, no correla-
tions between insufficient height and anomalies in the skeletal system have been 
shown. Therapy with IGF-1 has been attempted on this group of patients but has 
been unsuccessful [41–43].

c. Anomalies within the oral cavity involve a change in the number of teeth (in 
particular of canines), abnormal milk/permanent tooth eruption and position, 
changes in the shape and size of the teeth, enamel hypomineralisation, additional 
cusps [44].

d. Endocrine disorders. Abnormal functioning of the hypothalamic-pituitary-
gonadal axis and secondary disorders of the metabolism of oestrogens are 
observed in this group of patients. Hypogonadism was first described by Alagille. 
Secondary period abnormalities and even lack of menstruation are observed in 
women [1, 2, 18, 27]. NOTCH signalling in thyrocytes is crucial for the normal 
functioning of thyroid in adults.

e. Disorders of the lipid metabolism. Elevated levels of total cholesterol (sometimes 
as high as 500 mg%) and the low-density lipoprotein (LDL) fraction and triglyc-
erides (TGs) in the blood serum are observed in patients with Alagille syndrome. 
Additionally, the concentration levels of phospholipids and lipoprotein X are 
elevated. The pathomechanism of hypercholesterolaemia involves the abnormal 
binding of the bile with the Farnesoid X receptor (FXR), which hinders the produc-
tion of bile acids and leads to the inability to excrete cholesterol. Cholesterol and 
phospholipids migrate to the bloodstream where they bind with albumins. Because 
of its size, lipoprotein X cannot penetrate the vessel wall like very low-density 
lipoprotein-cholesterol (VLDL-C) and so it continues to circulate in the blood-
stream. Also, lipoprotein X cannot reach the liver via the LDL/ApoB (apolipoprotein 
B) receptor, so it accumulates in the blood and causes hypercholesterolaemia. 
Additionally, cholestasis disrupts the lipid metabolism by inducing 3-hydroxy-
3-methyl-glutaryl-coenzyme A reductase (HMG-CoA reductase), increasing the 
expression of the LDL receptor and reducing the expression of liver cytochrome 
P-450 7A1 (CYP7A1) (reducing the conversion of cholesterol to bile acids). It must 
be remembered that elevated concentration levels of lipoprotein X/triglycerides 
cause pseudohyponatraemia in the blood serum. The pharmacological treatment 
with statins, PCXK9 antagonists or cholestyramine of this form of hypercho-
lesterolaemia is ineffective. There are ongoing studies on the use of low doses 
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of atorvastatin, which reduce the LDL-cholesterol by inhibiting the HMG-CoA 
reductase and improving the production and secretion of bile acids in this group 
of patients. Xanthomas occur in 20–42% of patients with Alagille syndrome. They 
most often develop at the age of 20–48 months in patients with severe jaundice. 
The presence of xanthomas and accompanying high concentration of cholesterol 
(about 500 mg%) is an adverse prognostic factor. Their intensity reduces as the liver 
function improves, with age and following the procedure of partial external biliary 
drainage or liver transplant [5, 17, 18, 20, 31, 45].

So far, the impact of hypercholesterolaemia on atherosclerotic lesions in patients 
with Alagille syndrome has not been proved. Lipoprotein X does not have atherogenic 
properties. However, Nagasaka et al. proved that through its antioxidant action, it 
has protective properties and additionally, it increases the concentration levels of the 
high-density lipoprotein-cholesterol (HDL-C) [45].

The role of immune disorders (cluster of differentiation 46 (CD46)) in patients 
with Alagille syndrome has been stressed. Twenty-five per cent of patients have 
recurrent infections of the respiratory tract. However, the incidence of postliver 
transplantation infections is similar to that of patients suffering from other aetiolo-
gies leading to advanced liver disease. The defective Jagged gene would also increase T 
helper 2 (TH2) cells, predisposing patients to asthma, food allergy and atopic derma-
titis [29, 33, 46, 47].

During the ESPGHAN 2024 congress, the participants discussed the importance 
of the NOTCH gene mutation, including new variants for the aetiopathogenesis of 
Alagille syndrome, the natural history of liver lesions, extrahepatic manifestations 
and the latest treatment options with ileal bile acid transporter (IBAT) inhibitors. 
A significant amount of new information about the Alagille syndrome was offered 
by the multi-centre Global Alagille Alliance (GALA) study. The data were shared 
by Binita Kamath. Out of 931 patients with Alagille syndrome, only 34 carried the 
NOTCH2 mutation and this group was predominantly male. Patients who carried the 
NOTCH2 mutation during infancy in over 90% of cases presented with cholestasis 
in the neonatal period and in 60% of cases with biliary paucity. When the phenotype 
of the patients with NOTCH2 and JAGGED was compared, less frequent occurrence 
of the characteristic phenotype (56.3 vs. 90.1%) was concluded, as well as of heart 
defects (60.7 vs. 92.1%) and butterfly vertebrae (3.3 vs. 44.1%). Posterior embryo-
toxon was also less frequently diagnosed (18.5 vs. 53.1%) [19, 48].

6.  Diagnostics

A thorough interview involving the medical history and a physical examina-
tion (features of dysmorphia, heart murmurs, cholestasis) plays a major role in the 
diagnostic process, as they may provide directions towards the correct diagnosis.

The results of laboratory tests revealed elevated parameters of cholestasis (elevated 
levels of bilirubin with dominant direct bilirubin and of bile acids and increased 
activity of gamma-glutamyl transpeptidase and alkaline phosphatase (ALP) in blood 
serum) as well as elevated parameters of liver damage (increased activity of amino-
transferases). Hypercholesterolaemia is diagnosed in some patients. Blood-clotting 
disorders in the form of increased prothrombin time (INR) are quite frequently 
observed in young patients in particular, and require intravenous (iv) administration 
of vitamin K [7, 8, 10, 13, 20, 31, 46, 47].
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Liver biopsy is not usually needed and is performed in clinically doubtful situations 
when it is impossible to come to a conclusive diagnosis. Histopathological examina-
tion of Alagille syndrome reveals biliary paucity and a lowered ratio of the number 
of interlobular bile ducts in relation to portal triads in and around 30% of biopsy 
specimens collected from infants. In rare cases, it may suggest biliary atresia (stall-
ing of the bile flow, giant cell hepatitis, proliferation of the bile ducts) [20, 21, 46]. 
Unfortunately, sometimes as a result of a wrong diagnosis, patients with Alagille 
syndrome undergo the procedure of Kasai portoenterostomy.

Molecular testing proves very useful and contributes to a conclusive diagnosis, in 
particular in clinically doubtful situations [8, 14, 15, 17, 18]. Above 700 pathogenic 
variants in JAG1 and above 20 pathogenic variants in NOTCH2 have been reported in 
individuals with clinical features of Alagille syndrome.

7.  Differential diagnostics

Differential diagnostics should always include cholestatic disorders with elevated 
activity of GGTP, especially biliary atresia and alpha 1-antitrypsin deficiency. The 
clinical picture and results of laboratory tests in both cases may be very similar.

8.  Treatment

8.1  Management of pruritus

a. Bile secretion-promoting drugs—UDCA-ursodeoxycholic acid

b. Bile acid-binding drugs—cholestyramine

c. Antibiotics—rifampicin

d. Inhibitor of sodium-dependent bile acid transporter (ileal bile acid trans-
porter). Ileal bile acid transporter (IBAT) reabsorbs about 95% of the synthe-
sised bile acids when secreted into the small intestine. Maralixibat (Livmarli) 
and odevixibat (Bylvay) are IBAT blockers, and both are important treatment 
options for Alagille syndrome, the use of which can lead to significant reduc-
tions in the severity of pruritus. The most common adverse events reported 
across the trials included in this study were gastrointestinal (mainly diarrhoea 
and/or abdominal pain), which was likely due to the mechanism of action of 
IBAT blockers [48–51].

Maralixibat is approved by the Food and Drug Administration (FDA) and 
European Medicines Agency (EMA) for the treatment of children with Alagille 
syndrome below the age of 2 months. The recommended dose is 380 μg/kg of body 
weight 1 time/day. Maralixibat acts locally in the small intestine reducing the reuptake 
of bile acids from the distal ileum to liver portal circulation. Therefore, it lowers the 
concentration levels of bile acids in the blood and the liver, leading to the alleviation 
of the symptoms of pruritus [26, 47–51].

In clinical studies currently being conducted on children, there are other 
inhibitors of sodium-dependent bile acid transporters: odevixibat. Odevixibat is a 
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small-molecule inhibitor of the ileal bile acid transporter being developed for the 
treatment of various cholestatic diseases, including Progressive Familial Intrahepatic 
Cholestasis (PFIC) and Alagille syndrome [51, 52].

During the ESPGHAN conference 2024, Terner-Rosenthal showed the data con-
cerning the impact of the use of maralixibat on the need to use other anti-pruritus 
drugs in patients with Alagille syndrome. Because of the intensity of pruritus and its 
significant impact on the quality of life in this group of patients, the following drugs are 
often used: ursodeoxycholic acid, rifampicin and antihistamines. The presented data 
concerned 116 patients treated with maralixibat for at least a year as part of the ICONIC 
(Conservative versus Conventional oxygenation targets in intensive care patients) dou-
ble-blind study. Following the reduction in the intensity of pruritus in 35% of patients, 
one drug was stopped, in 19%—two drugs and in 6%—three drugs [48, 49, 53]. Sturm 
showed the data from the 3rd stage of a double-blind, randomised ASSERT (The 
Asymptomatic Atrial Fibrillation and Stroke Evaluation in Pacemaker Patients and the 
Atrial Fibrillation Reduction Atrial Pacing Trial) and open-label ASSERT-EXT trial 
that included patients with genetically confirmed Alagille syndrome (with JAG1 or 
NOTCH2 mutation). It involved patients treated with odevixibat for 48 weeks [54]. 
Similar to previous reports, a statistically significant reduction in the concentration of 
bile acids in the serum and in the intensity of pruritus as well as improved quality of 

Drug Dosage Adverse reactions

Choleretics
Ursodeoxycholic acid
UDCA-
hepatoprotective, 
cholangioprotective

10–20 mg/kg of body 
weight

Diarrhoea, abdominal pain

Bile acid sequestrants
Cholestyramine
Nonabsorbable anion exchange 
resin: binds with bile acids

240 mg/kg/24 h (max 
8 g/24 h)

Constipation, abdominal pain, diarrhoea, 
metabolic acidosis, absorption disorders

Antibiotics—Rifampicin
cytochrome P-450 induction
6 α hydroxylation of bile acids

10 mg/kg/24 h (max 
600 mg/24 h)

Reddish discolouration of body fluids
Allergic reactions
Increased activity of aminotransferases
CAUTIOUS approach is needed due to its 
interactions with other drugs

Antihistamines
Hydroxyzine
Diphenhydramine

2 mg/kg/24 h
5 mg/kg/24 h

Drowsiness
Difficulty concentrating

Opioid antagonists
Naltrexone

0.25–0.5 mg/kg (max 
50 mg)

Opioid withdrawal symptoms

Selective serotonin reuptake 
inhibitors (SSRIs)
Sertraline

1–4 mg/kg/24 h (max 
200 mg/24 h)

Behavioural changes
Skin lesions
Vomiting
Hypertension

Inhibitor of sodium-dependent 
bile acid transporter
E.g., Maralixibat
Odevixibat

380 μg/kg/24 h Temporary diarrhoea, abdominal pain

Table 3. 
Pharmacological treatment of pruritus.
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life/sleep was observed. Diarrhoea was the most common adverse reaction to the treat-
ment; however, it subsided once the medication was withdrawn [50–57]. IBAT recep-
tors participate in the absorption of the majority of bile acids in the ileum. Some of the 
conjugated bile acids, which are not absorbed in the small intestine, may be converted 
by the bacteria in the large intestine to unconjugated and secondary bile acids. These 
acids are absorbed without the participation of IBAT. The concentration levels of bile 
acids in the serum of the patients before the inclusion of odevixibat and after 24 weeks 
of treatment were analysed. Before the treatment, the concentration levels of primary 
unconjugated bile acids—the cholic acid (CA) and the chenodeoxycholic acid (CDCA) 
in the serum were low, probably because of the small amount of bile acids reaching 
the large intestine. After the treatment, a significant increase in the concentration of 
CA and CDCA in the serum was observed. Reduction in the total concentration levels 
of bile acids in the serum with the concurrent increase in the concentration levels of 
CA and CDCA may indicate the presence of bile acids in the large intestine and their 
deconjugation following the treatment with odevixibat [58].

Pharmacological treatment in Alagille syndrome is shown in Table 3.
Dietary treatment (prevention of malnutrition). A high-calorie diet is recom-

mended (commercially available high-calorie food mixes), enriched with medium-
chain triglycerides (MCT)-fat containing foods (C6-C10) or direct administration of 
MCT fats. Supplementation with calcium and pancreatic enzymes may sometimes be 
beneficial. In some patients, it may be necessary to administer food via a nasogastric 
feeding tube or percutaneous endoscopic gastrostomy (PEG). The feeding may be 
intensified by increasing the number of meals, their volume or introduction of night 
feeding with the use of a peristaltic pump. The possibility of portal hypertension and 
ruptured oesophageal/gastric varices, and haemorrhage has to be considered before 
the insertion of the tube [13, 18, 20, 33].

Supplementation with fat-soluble vitamins, ADEK (Vitamins A, D, E and K), includ-
ing the oral/intravenous administration of vitamin K to manage clotting disorders.

Treatment of portal hypertension—endoscopic variceal banding.

8.2  Surgical procedures

1. Partial external biliary diversion (PEBD). The procedure of partial external 
biliary diversion/partial internal biliary diversion (PEBD/PIBD) is an alterna-
tive for liver transplant in patients with drug-resistant pruritus and those with 
intensified xanthomas but without cirrhosis and portal hypertension. Its ef-
ficiency is linked to a reduced amount of bile salts as a result of their increased 
loss due to PEBD, reduced renal excretion of bile salts and an increase in  
synthesis.

2. Liver transplant. Liver transplant is necessary in 20–50% of patients with 
Alagille syndrome. It accounts for around 5% of all liver transplants in children.

3. The most frequent indications for liver transplants (LTs) are:

a. Acute liver failure-cirrhosis/portal hypertension—approx. 75%

b. Complications in cholestasis: chronic intense pruritus (7%), insufficient growth 
(12%), osteopenia and pathological fractures (2%), drug-resistant blood-clotting 
disorders, multiple xanthomas or hepatocellular carcinoma [21, 26, 46, 59–61].
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It is to be noted that the disease does not recur in the graft. Celiac artery stenosis 
and a hypoplastic hepatic artery are commonly noted in Alagille syndrome and hence 
an extra-anatomical arterial inflow may be required. Due to inherent renal involve-
ment as a part of genetic syndrome, patients postliver transplantation have a higher 
risk of developing calcineurin inhibitor-induced nephrotoxicity.

The functioning of the kidneys and the cardiovascular system, as well as the 
perioperative care and immunosuppressive therapy, plays a crucial role. Currently, 
the 5-year survival rate following liver transplant in children with Alagille syn-
drome is 92%, the 10-year—91.2% and 18-year—88.1%. Comorbid heart defects 
and vascular lesions undoubtedly have an impact (over 33% of deaths). Right 
ventricular ischaemic lesions and a drop in the systemic pressure resulting from 
right ventricular hypertrophy are observed in children with AGS after the proce-
dure [16, 17, 60–64].

It has been shown that accidentally done Kasai portoenterostomy for patients with 
Alagille syndrome-misdiagnosed biliary atresia leads to poor outcomes. A previous 
analysis had shown higher mortality (31 vs. 2.8%) and higher rate of liver transplan-
tation (47.6 vs. 13.9%).

Perhaps in the future, the number of patients requiring a liver transplant will be 
decreasing as a result of the introduction of treatment with inhibitors of sodium-
dependent bile acid transporters, such as maralixibat and odevixibat [47–51].

9.  Pregnancy

Pregnancy can pose significant risk to expectant females with Alagille syndrome 
and the foetus. Physiological increase in cardiac output due to splanchnic and portal 
compression by the growing uterus may worsen portal hypertension in pregnancy, 
which can be linked to increase in variceal bleeding during pregnancy, higher rates of 
prematurity and spontaneous early abortion [8]. Similarly, haemodynamic changes 
associated with pregnancy may cause cardiac function to deteriorate in patients with 
pulmonary hypertension. Delivery via caesarean section or assisted vaginal delivery 
(forceps or vacuum) has been suggested as the delivery route in patients with portal 
hypertension, severe cardiac disease or intracranial vasculopathy [8]. Alagille syn-
drome in woman can lead to consequences, such as vitamin K deficiency, bleeding 
in the newborn, maxillary hypoplasia, foetal hypocalcaemia, intrauterine growth 
restriction (IUGR) and hypoproteinaemia.

10.  Prognosis and natural course

Prognostic factors in patients with Alagille syndrome involve the complexity 
of the cardiovascular defects and the intensity of cholestasis. Kidney diseases and 
intracranial vascular lesions also play an important role. They are the most frequent 
causes of death in patients with Alagille syndrome. The overall 20-year survival rate 
is 62–88%. Hepatocarcinoma is more often seen in patients with Alagille syndrome 
than in the general population. The Notch pathway plays a major role in hepatic cel-
lular differentiation, which in the setting of progressive fibrosis, may result in HCC 
tumourigenesis and progression. By 2020, 35 such cases were described, and only 
in half of them the cancer had a cirrhotic background. In one fourth of patients, the 
level of alpha fetoprotein (AFP) was normal. This is why patients with AGS require 
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AFP screening and regular liver scans. There is some uncertainty as to the frequency 
of such tests—the recommendation is every 6 months.

Patients with Alagille syndrome have a significantly lower quality of life, includ-
ing the psychosocial aspect of life and poor physical activity. Depressive and anxiety 
episodes, self-harming and educational problems are more frequently observed 
compared to the general population [25, 30, 33, 37, 55, 62–64].

Alagille syndrome is a fascinating disease with multiple manifestations involving 
major organ systems spanning from infancy to adulthood.

To conclude, the prognosis of patients with Alagille syndrome is uncertain and 
currently there are no laboratory or genetic prognostic factors for this group of 
patients. Patients with Alagille syndrome require multispecialist care involving a 
gastroenterologist, a cardiologist, an eye specialist, a nephrologist, and an orthopae-
dic specialist, a dietician and other specialists [38, 46, 62–64].

© 2024 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Biliary Tract Trauma
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Abstract

The biliary tract may be injured iatrogenically or via trauma. Injury to the biliary 
tract via cholecystectomy has increased in frequency since the transition to laparo-
scopic technique and is one of the most feared complications of the procedure. Injury 
via trauma is much rarer; nevertheless injury to this tract can lead to significant 
morbidity and mortality. Regardless of cause of injury, diagnosis and management 
of injury to this system has many overlaps. In this chapter, we will cover the etiology 
and diagnosis of injuries for the biliary system. We will discuss the operative manage-
ment using the most modern imaging and operative techniques in the setting of the 
Bismuth-Strasberg classification of biliary injury.

Keywords: iatrogenic, accidental, trauma, injury, gallbladder, extrahepatic

1.  Introduction

The biliary tract is critical in digestion and directs bile flow for the breakdown and 
absorption of lipids. Cholecystectomies are one of the most common surgeries per-
formed, often for complications of gallstones, including symptomatic cholelithiasis 
and cholecystitis, and less frequently, in situations of trauma. Patients are generally 
expected to recover to their functional baseline after removal of the gallbladder. In 
contrast, the biliary ducts are much more critical for normal digestive function, and 
injury to these ducts, whether traumatically or iatrogenically, can lead to significant 
morbidity and mortality. Regardless of etiology of injury, the surgical principles of 
repair are the same. Bile flow is redirected to allow for medical optimization before 
definitive repair, and the repair itself is guided by the degree and anatomy of the 
injury.

2.  Traumatic injury to the gallbladder

Traumatic injury to the biliary tract and gallbladder is very rare, accounting for 
0.1% of trauma and is commonly associated with other intra-abdominal injuries, 
including the liver, pancreas, and duodenum [1, 2]. Gallbladder injuries specifically 
are seen in approximately 3% of exploratory laparotomies in blunt trauma and are 
more common than common bile duct injuries [1].
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The gallbladder is naturally protected by its surrounding anatomy. The costal 
margin and the gallbladder’s recessed position lateral to the vertebral column provide 
a bony defense against external forces, while the kidney and liver offer visceral shields 
(Figure 1). Therefore traumatic injury to the gallbladder often presents along with 
additional abdominal injuries, such as injury to the liver, duodenum, and the nearby 
vascular structures.

Penetrating trauma is the more common form of injury and is easier to diagnose. 
Penetrating trauma to the abdomen needs to be explored, and during exploration, the 
gallbladder must be inspected clearly. In penetrating injury, there is rarely time for 
radiologic imaging unless the patient is stable.

In contrast, the diagnosis of gallbladder injury may be missed in blunt trauma, 
especially when the gallbladder alone is injured, although this is rare [3, 4]. The cor-
rect preoperative diagnosis is seldom made in this situation. The signs of gallbladder 
injury in this setting, as in blunt injury to the extrahepatic ducts, can be insidious and 
slow, especially if the bile is sterile initially or if other injuries obfuscate the issue.

When indicated, work-up may include a hepatobiliary scintigraphy scan and 
paracentesis (Figure 2). In paracentesis, a positive tap for bile can indicate biliary 
injury. In comparison, hepatobiliary scans are preferred for detection of more 
minor leaks, however, the utility is limited to hemodynamically stable patients due 
to the long scan times. In general, in the setting of penetrating injury, diagnosis 
is made at the operating table, and bile found in the abdomen necessitates careful 
inspection of the entire biliary system, which may be assisted with an intraopera-
tive cholangiogram.

2.1  Classification and management of gallbladder injuries

Injuries to the gallbladder can be divided into contusion, avulsion, laceration, and 
acute cholecystitis [3].

Figure 1. 
The gallbladder is rarely injured in trauma due to its recessed position and protection from adjacent 
structures [3].
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Contusion of the gallbladder is a diagnosis of exclusion. Patients may report a 
vague discomfort in the right upper quadrant, which may be ascribed to musculoskel-
etal pain. Regardless, this injury may be treated conservatively.

Avulsion occurs when a direct or shear force is applied to the closed abdominal 
cavity. The gallbladder is torn from its fossa and either hangs by its neck or is 
totally free of the liver, attached only to the common bile duct and vascular struc-
tures (Figure 3).

Figure 2. 
This scintigraphy scan at 30 minutes reveals a small extra-biliary collection. This biloma regressed spontaneously 
on subsequent scans [3].

Figure 3. 
(A), scintigraphy reveals a linear collection of activity (open arrow) paralleling the right hepatic margin. 
It is difficult to distinguish gallbladder or extravasation in this image. (B), at 45 minutes, there is increased 
extravasation spreading into the flank (small arrows), demonstrating extrabiliary extravasation. The source of 
this leak was near the cystic duct (arrowhead). This gallbladder was completely avulsed after a motor vehicle 
collision [3].
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Laceration of the gallbladder is the most common traumatic injury to the gallblad-
der. However, laceration may occur with blunt trauma as well. The fundus is the most 
commonly lacerated area of the gallbladder.

Traumatic cholecystitis as a result of blunt abdominal trauma is a disease process 
that highlights the pathophysiology of typical cholecystitis. Bleeding occurs into 
the gallbladder either from associated liver damage or from gallbladder wall injury. 
Subsequently, the retained blood blocks the cystic duct, which results in distention 
of the gallbladder. Infection and gangrene often follow. Another factor in the devel-
opment of acute cholecystitis in the trauma setting can be thrombosis of the cystic 
artery, with resultant ischemia of the gallbladder, though this etiology is rare.

The 2019 guidelines by the World Society of Emergency Surgery (WSES) and 
American Association for the Surgery of Trauma (AAST) succinctly summarizes the 
separate traumatic injuries to the gallbladder and biliary tract [2]. In this classification 
system, grades I-III describe worsening injury to the gallbladder itself, followed by 
progressively distal duct injuries in grades IV-V (Table 1).

2.2  Treatment

There are two primary approaches to gallbladder trauma, which are both 
predicated on hemodynamic stability: cholecystostomy and cholecystectomy. 
Cholecystostomy is the best option in a hemodynamically unstable patient, such as a 
patient with medical comorbidities or multiple traumatic injuries. A cholecystotomy 
tube may be quickly placed and secured with a pursestring suture to allow for drain-
age of the gallbladder tree. Further definitive management can then be delayed until 
the patient is stable and medically optimized.

For stable patients with trauma to the gallbladder, cholecystectomy is the gold 
standard procedure in the trauma setting. Often it is easy to perform given the 
premorbid state of the usually young, healthy patient. Its removal ensures that no 
compromised tissue remains. Whenever there is any question of occult damage to the 
gallbladder, it should be removed.

Grade Description of injury

I Gallbladder contusion/hematoma

Portal triad contusion

II Partial gallbladder avulsion; cystic duct intact

Laceration or perforation of gallbladder

III Complete gallbladder avulsion

Cystic duct laceration

IV Partial/complete right/left hepatic duct laceration

Partial (<50%) common hepatic or common bile duct laceration

V Transection of common hepatic or common bile duct (>50%)

Combined left and right hepatic duct injuries

Intraduodenal or intrapancreatic bile duct injuries

Table 1. 
AAST Extrahepatic Biliary Tree Injuries as adapted from Coccolini et al.: Duodenopancreatic and extrahepatic 
biliary tree trauma:WSES-AAST guidelines. World Journal of Emergency Surgery: WJES, 14(1) [2].
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The prognosis of patients who have suffered gallbladder trauma is predicated on 
their associated injuries. If gallbladder injuries are recognized and treated expedi-
tiously, and there are no other serious injuries, then the prognosis is excellent.

3.  Traumatic injury to the extrahepatic biliary ducts

Traumatic rupture of the duct system is related invariably to traffic accidents 
and may be associated with the use of seatbelts; however the mechanism of injury 
has never been elucidated clearly [3]. It is most certainly a shearing force, but it is 
a force that spares the vascular conduits while preferentially disrupting the bili-
ary tract. When the force is great enough, the vascular structures are indeed torn, 
but these patients do not survive their initial injury. Disruption most often takes 
place at the suprapancreatic area, at the junction of the pancreas, and the common 
bile duct.

Ideally, repair should be immediate, but, given the usual circumstances of such an 
injury, such as other life-threatening problems, the safest approach is to tag the ducts’ 
ends and place tubes in them secured with a pursestring suture, which are brought 
out exteriorly. Immediate anastomosis is not indicated because the ducts’ ends are 
usually devascularized by the injury.

4.  Iatrogenic trauma to the extrahepatic biliary ducts

The biliary tract is most commonly injured iatrogenically, often during a laparo-
scopic cholecystectomy. Since the transition to laparoscopic technique, the rate of 
biliary tract injury has increased (0.4–0.6% compared to open at 0.2–0.3%) [5, 6]. 
The rate of laparoscopic injury was at first attributed to the learning curve in lapa-
roscopy; however, this increased rate of injury has persisted. Laparoscopic biliary 
injuries present earlier compared to open biliary injuries, and are associated with 
persistent bile leaks and concomitant vascular injury [5].

4.1  Prevention of iatrogenic injury

The risk of iatrogenic injury can be attributed to anatomic variations of the biliary 
tree and severe inflammation in the operating field due to the nature of the pathology, 
for example, in the setting of acute cholecystitis, acute biliary pancreatitis, or Mirizzi 
syndrome [5]. Iatrogenic injury is most often caused by misidentification of the 
structures, where the operator mistakes other nearby structures for the cystic artery 
and duct. In addition, the many variants of normal anatomy found in the biliary tree 
further complicate the identification of the critical structures.

The critical view of safety is a well developed concept to ensure the identification 
of the proper structures prior to transection (Figure 4). Prior to the transection of 
any structures, the borders of the triangle of Calot must be identified- the common 
hepatic duct, the cystic duct, and the liver. However, the critical view of safety may 
be difficult to achieve in cases with severe inflammation and fibrosis, for example, in 
cases of severe cholecystitis.

The 2018 Tokyo Guidelines put forth a series of recommendations to maximize 
safety during a laparoscopic cholecystectomy and prevent bile duct injury. In their 
analysis, it was noted that surgery performed within 72 hours of onset of acute 
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cholecystitis limits the opportunity for inflammation and fibrosis to take hold and 
was thereby associated with fewer complications [7].

With regard to establishing the critical view of safety, consideration should 
be made to perform needle decompression if a distended gallbladder interferes 
with the view. In addition, as with surgical technique for many surgeries, effec-
tive retraction and countertraction is essential for exposure and safe dissection. 
Particularly critical in the dissection of Calot’s triangle is the limitation of the use 
of electrocautery and clips. Rather, applying pressure is preferred to obtain hemo-
stasis if bleeding is minor.

When aberrant anatomy is encountered or the critical view of safety is difficult 
to obtain, intraoperative cholangiography may be employed to confirm anatomy, 
with consideration of drain placement to aid in early detection of biliary leak. 
Other considerations in a case with difficult dissection include conversion of the 
standard laparoscopic approach to bailout procedures, including open conver-
sion, subtotal cholecystectomy, or cholecystostomy. Whether to convert to open 
is heavily dependent on the surgeon’s experience performing open procedures. In 
comparison, subtotal cholecystectomy is a bailout option that can be performed in 
either laparoscopic or open cases. Of note, laparoscopic subtotal cholecystectomy 
has been associated with increased postoperative bile leakage compared to open 
technique; however, compared to open technique, laparoscopic subtotal cholecys-
tectomy is associated with lower rates of bile duct injury, postoperative complica-
tions, reoperation, and mortality [7].

4.2  Clinical presentation

Biliary duct injuries manifest themselves over a period of 2 weeks to 2 months. 
Jaundice, which may be intermittent, biliary fistulization through the wound, alco-
holic stools, and darkened urine indicate the diagnosis. Although these symptoms 
would be clear indication of a biliary leak, the clinical presentation may be more 
insidious, with patients complaining of vague abdominal pain or distension, nausea, 

Figure 4. 
Calot’s triangle demarcates critical structures that must be identified before proceeding with transection of the 
cystic artery and duct.
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vomiting, or ileus [8]. Here a high index of suspicion for injury, and the utilization of 
various imaging techniques aids in the diagnosis and surgical planning.

4.3  Imaging

Ultrasound is often the first diagnostic study in the evaluation of the biliary tree 
and gallbladder because it is affordable, quick, and easy to perform. This allows for 
assessment of dilation of the biliary ducts and for fluid collections in the region. With 
the addition of a Doppler evaluation, the operator can concurrently assess for associ-
ated vascular injuries. However, assessment of a fluid collection can be equivocal 
on ultrasound, in which case a computed tomography scan can be utilized to better 
define the fluid collection and associated vascular injuries with improved sensitivity 
to 96% compared to 70% via ultrasound (Figure 5) [9]. Regardless, neither of these 
studies can reliably distinguish the type of fluid collection, whether it is a biloma, 
hematoma, seroma, or abscess [10].

Magnetic resonance cholangiopancreatography (MRCP) and hepatobiliary 
scintigraphy scans provide a more detailed noninvasive assessment of the biliary 
tree. According to the 2020 World Society of Emergency Surgery (WSES) guidelines 
for the detection and management of bile duct injury, the gold standard study for 
detection of biliary leak is MRCP as it provides excellent noninvasive visualization 
of the extrahepatic biliary ducts [10]. If combined with dynamic contrast-enhanced 
magnetic resonance using a hepatocyte-selective contrast with biliary excretion, 
the functional anatomy and patency of the biliary tree can additionally be assessed, 
leading to a detection rate nearing 100% [10]. However, in institutions where a 
hepatocyte-selective contrast is not available, MRCP has the potential to miss small 
leaks as MRCP alone does not evaluate the path of bile flow [8]. In such cases, scin-
tigraphy is the optimal noninvasive method to assess biliary tree function. Of note, 
the spatial resolution of the bile ducts in scintigraphy scans is poor, but detection of 
abnormal bile flow alone may be enough to prompt a clinician to seek further invasive 

Figure 5. 
Computed tomography scan demonstrating a post-traumatic fluid collection. At this level of the scan, this may 
represent a subcapsular hematoma, biloma, or abscess [3].
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studies that can not only diagnose but also treat the pathology, such as an endoscopic 
retrograde cholangiopancreatography (ERCP) or percutaneous transhepatic  
cholangiography (PTC) [10].

4.4  Classification

The discussion of management of biliary injury is best achieved by first classifying 
the type of injury. The most common stratification of biliary injury is the Bismuth-
Strasberg classification. The Bismuth system focuses on lesions to the common hepatic 
duct, where increasing grading is associated with progressively proximal lesions 
towards the hepatic confluence. In comparison, the Strasberg classification adds other 
minor injuries to the Bismuth system that do not involve full transection of the ductal 
system, including lesions to the cystic duct and right hepatic duct (Table 2, Figure 6).

4.5  Management of extrahepatic biliary injuries

Management of extrahepatic biliary injuries is directed by degree of injury. Once an 
injury is recognized by noninvasive imaging, ERCP and PTC are excellent minimally 
invasive options to diagnose and treat low-grade and low-output leaks (ie Strasberg 
A-D injuries) [5, 10]. ERCP is more likely to succeed in extrahepatic injuries with a 
defect of <5 mm and without associated abscesses and bilomas [10]. When a leak is 
identified with ERCP, the operator may place a stent and perform a sphincterotomy to 
decrease the pressure gradient in the biliary system [10]. The stents are left in situ for 
4–8 weeks and removed if retrograde cholangiography shows resolution of the leak.

Even in high-grade leaks (ie Strasberg E1-E4 injuries), stent placement with 
ERCP can be utilized as a temporizing measure to optimize the operating field before 
definitive surgery [9]. Similarly, percutaneous transhepatic drains can be utilized 
as a temporizing measure to redirect bile flow prior to definitive management [9]. 
Although these interventions have the ability to both diagnose and treat a bile leak 
simultaneously, they are not necessarily recommended as first-line for diagnosis, as 

Biliary anatomy Bismuth Strasberg

Cystic duct leak or leak from small ducts in liver bed – A

Occlusion of aberrant RHD – B

Transection without ligation of an aberrant RHD – C

Lateral injury to CBD (<50% circumference) – D

CHD stricture, stump >2 cm Type 1 E1

CHD stricture, stump <2 cm Type 2 E2

Hilar stricture, no residual CHD, preserved confluence Type 3 E3

Hilar stricture, involvement of confluence, loss of communication between RHL and 
LHL

Type 4 E4

Stricture of low-lying right sectorial duct (alone or with concomitant common 
hepatic duct stricture)

Type 5 E5

RHD: right hepatic duct; LHD: left hepatic duct; CHD: common hepatic duct; CBD: common bile duct.

Table 2. 
Bismuth-Strasberg Classifications of Biliary Injury, as adapted from Mohkam et al., Post-cholecystectomy biliary 
injury. Liver, Gall Bladder, and Bile Ducts [5].
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they are invasive and are associated with significant complications, including pancre-
atitis, bleeding, and cholangitis [10].

5.  Operative management

Definitive repair of a biliary leak should first proceed with an intraoperative chol-
angiogram to clearly delineate the anatomy and biliary lesions. In a study of bile duct 
injuries during laparoscopic cholecystectomy, 84% of reconstructions were successful 
in the first attempt with utilization of a cholangiogram [11].

There are three classically described operative injuries to the biliary ducts: axial, 
partial transverse division, and complete transverse division.

5.1  Axial wounds

Large ducts should be repaired longitudinally with a single-layered closure of 
absorbable suture (Figure 7). Two-layered anastomoses increase the risk of duct 
obstruction due to the inversion of tissue, and nonabsorbable sutures can find their 
way into the lumen and become a nidus for the precipitation of bile [11]. Small ducts, 
on the other hand, should be repaired transversely via the Heineke-Mikulicz tech-
nique (Figure 8).

5.2  Partial transverse division

Generally, in a partial transverse injury, it is the anterior wall of the biliary duct 
that is involved. Repair is facilitated by the temporary placement of a stent. Retrieval 
of the stent is aided by placing a suture through the stent before it is positioned in the 

Figure 6. 
As reproduced from Mohkam et al., Post-cholecystectomy biliary injury. Liver, Gall Bladder, and Bile Ducts [5].
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biliary tract. Transverse suturing of the defect is begun using through-and-through 
sutures that are left untied until the stent is removed (Figure 9). An alternative 
approach is the use of a T tube as a stent and removing the T tube through a separate 
site away from the injury, which obviates the potential for disruption of the repair at 
the time of removal.

5.3  Complete transverse division

For high-grade biliary injuries with complete transection of the biliary ducts, 
surgical intervention with hepaticojejunostomy is required. As opposed to an end-
to-end repair, there is decreased tension on a hepaticojejunostomy, which thereby 
decreases the rate of postoperative strictures [8]. When the distance between the 
biliary convergence and the stump is greater or equal to 2 cm (Strasberg E1), a 
standard hepaticojejunostomy using a Roux-en-Y loop can be performed. If the 
stump is less than 2 cm or more proximal (Strasberg E2-E3), the Hepp-Couinaud 
technique is preferred [5]. The Hepp-Couinaud technique takes advantage of the 

Figure 7. 
Long-axial closure of an incised common duct by single tier suture. All of the sutures are place (A) before any are 
tied (B) [3].

Figure 8. 
The Heineke-Mikulicz technique ensures patency of the duct [3].
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long and horizontal anatomy of the left bile duct. In this repair, the hilar plate is 
lowered, and the left bile duct is dissected so that the surgeon can perform a latero-
lateral anastomosis with a Roux-en-Y loop using interrupted absorbable 4–0 or 5–0 
sutures (Figure 10). Finally, if the biliary convergence is disrupted, the surgeon 
often will need to perform multiple biliodigestive anastomoses onto the Roux-en-Y 
(Figure 11). Patients should be medically optimized for these repairs by redirect-
ing bile flow to allow inflammation to abate. Definitive repair should be performed 
by a hepatobiliary surgeon.

Bile duct injury is concomitantly associated with vascular injury in 16.7–47% 
of cases and most often involves the right hepatic artery due to its proximity to the 
common hepatic duct [8, 12]. Isolated occlusion of this artery is usually well toler-
ated in patients due to collateral flow through the hilar marginal artery and hilar 
plexus [5, 8, 12]. However, in the setting of injury to the bile duct, injury of the right 
hepatic artery increases the risk of postoperative stricture and liver ischemia [12]. 
Repair of the right hepatic artery may be attempted, but the opportunity to repair 
is limited because repair must be performed within hours of the injury and because 
the injury is often too severe for repair. These right hepatic artery injuries are more 

Figure 9. 
Repair of partial transverse injury by suturing over a stent. A, sutures placed over the stent are inserted in the 
duct. B, the tube is removed before sutures are tied.

Figure 10. 
Hepp-Couinaud technique, as reproduced from Mohkam et al., Post-cholecystectomy biliary injury. Liver, Gall 
Bladder, and Bile Ducts [5].
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often managed expectantly by monitoring for hepatic ischemia and secondary biliary 
cirrhosis. Should either of these develop, the patient may require liver resection or 
 transplantation [5, 8].

5.4  Operative approach

The open approach has been the gold standard for repair of biliary duct injuries; 
however, this approach is associated with increased morbidity, ranging from rates 
from 10 to 42.9% [13]. Laparoscopic technique is associated with decreased morbidity 
but may prove challenging in certain patients. Laparoscopic technique may be con-
sidered in more straightforward repairs; however, if the injury proves to be complex, 
the duct is small (<3 mm) or port positioning is difficult, the open approach may be 
preferred [14]. Alternatively, a robotic approach improves the magnification of the 
small operative field and improves range of motion without the morbidity of an open 
surgery. However, both the laparoscopic and robotic approaches in definitive bile 
duct repair must be studied more extensively. Thus far, a retrospective comparative 
study in 2019 found comparative results between robotic and laparoscopic approaches 
to bile duct reconstruction, with similar blood losses, operative times, and recovery 
times [13].

6.  Morbidity and mortality

Injury to the biliary tract is associated with significant morbidity and mortal-
ity. Patients with common bile duct injury have increased mortality of 7.2% and 

Figure 11. 
The right and left hepatic ducts anastomosed separately on a single Roux-en-Y loop, as reproduced from Mohkam 
et al., Post-cholecystectomy biliary injury. Liver, Gall Bladder, and Bile Ducts [5].
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14.5% at 1 year and 5 years, respectively, compared to the general population 
[5, 6]. The morbidity and mortality is related to the severity of injury, as injuries 
requiring surgical reconstruction are associated with many complications from 
the repair. Severe injuries are associated with postoperative biloma and acute 
cholecystitis or cholangitis at the time of operation [6]. The most significant 
complication after surgical reconstruction of the injury is cholangitis in up to 10% 
of cases [11]. This is followed by anastomotic leak and abdominal abscesses. Up to 
11% of patients require reintervention, though most can be managed percutane-
ously or endoscopically [5]. Important factors to reducing the morbidity of these 
injuries is related to early recognition and referral to a hepatobiliary surgeon for 
repair [8, 11].

Factors at play for the optimal timing of repair include time of diagnosis and 
the time required to optimize the patient for reconstruction. If an iatrogenic 
injury is discovered intraoperatively, a hepatobiliary surgeon should be consulted 
immediately. Attempts to repair the lesion without a hepatobiliary expertise 
has shown to have success rates as low as 17% [6]. Rather, the primary surgeon 
should place drains for biliary diversion and transfer to a tertiary care center. 
However, if the leak is discovered outside the operating room, or occurs in the 
setting of trauma, the surrounding structures are often inflamed, either from the 
 pre-existing condition, such as cholecystitis, or simply from exposure to bile. Such 
patients should have bile flow re-directed (i.e. via percutaneous drains), and any 
intra-abdominal infections must be fully treated to optimize the operative field 
for reconstruction [11]. Furthermore, in the case of concomitant vascular injury, 
delaying reconstruction allows for delineation of ischemia. The optimal timing for 
repair is therefore multifactorial and therefore controversial. Overall, the timing 
has not shown to impact severe postoperative complications, re-interventions, or 
mortality [6].

7.  Conclusion

Injuries to the biliary tract are difficult to diagnose due to nonspecific symptoms 
on presentation and are associated with high rates of morbidity and mortality. The 
approach to management of gallbladder trauma is relatively straightforward. Stable 
patients should undergo a cholecystectomy whereas unstable patients should be 
diverted with a cholecystostomy.

In extrahepatic biliary injury, a high index of suspicion is required in trauma set-
tings and status post biliary surgeries for early diagnosis. Imaging studies are critical 
in the workup of a biliary tract injury. Ultrasound is a low-cost and effective study to 
initially assess for fluid collections. For evaluation of a leak and for clearer delineation 
of the biliary tree, the gold standard imaging is MRCP with hepatocyte-selective con-
trast; however in institutions where this is unavailable, a hepatobiliary scintigraphy is 
next study of choice, though spatial resolution is limited in this scan.

Minor injuries (ie Strasberg A-D) are best managed with ERCP with sphincter-
otomy and stent placement. In high grade injuries (ie Strasberg E1-E4), ERCP and 
PTC can be utilized to divert biliary flow and serve as a temporizing measure until the 
patient is medically optimized for definitive repair.

For best patient outcome, operative repair should be conducted by an experienced 
hepatobiliary surgeon as soon as the patient is medically stable. Partial injuries may 
be repaired primarily or over a stent; however, high grade injuries should be repaired 
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with a hepaticojejunostomy. The current gold standard for these repairs are via the 
open approach, though new studies suggest that laparoscopic and robotic technique 
may be utilized with decreased morbidity compared to open.
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Chapter 4

Diagnostic and Treatment Role of 
Choledochoscope for Laparoscopic 
and Open Bile Duct Surgery
Sotirov Dobromir Yordanov and Petar Filev

Abstract

The aim of this study is to assess the feasibility of intraoperative cholangioscopy 
for diagnostic and therapeutic purposes during laparoscopic and open bile duct 
exploration in patients with acute cholecystitis. From 2021 to 2024, 32 patients – 15 
men and 17 women – with mean age of 76 years were admitted with acute cholecys-
titis and choledocholithiasis. A total of 27 patients were operated by laparoscopy and 
5 patients by open surgery. Intraoperative cholangioscopy (IOCs) was attempted in 
all patients and was successful. Intraoperative choledochoscopy was successfully per-
formed in all 32 patients. The mean duration of this examination was 20 min [15–55]. 
Extraction of common bile duct stones was achieved by laparoscopic approach in 
27 patients and by open exploration of CBD in 5 patients. All laparoscopic interven-
tions were finished by the placement of a T-tube into the common bile duct with no 
complications of infection or bile leakage. Post exploratory T-tube cholangiography 
was a routine procedure on the 21st day after the procedure. After confirmation of no 
residual stones in the CBD, the T-tube was removed. Laparoscopic IOCs is a reliable 
and safe diagnostic and therapeutic method for CBD stones even for complicated 
cases of acute cholecystitis.

Keywords: acute cholecystits, choledocholithiasis, laparoscopic approach, common 
bile duct exploration, surgery

1.  Introduction

Cholangioscopy or choledochoscopy is defined as an endoscopic procedure, which 
allows direct intraductal visualization of the biliary tree. In the setting of multiple 
biliary diseases, this different approach proposes diagnostic and therapeutic resolu-
tion of many issues.

The introduction of choledoscopy started back in 1887 when Thornton described 
two successful cases in which common bile duct stones were removed via a dilated 
cystic duct. In 1890, Courvoisier described an operation for retrieving a retained 
stone [1, 2].

In 1937, Babcock Hollenberg and Eikner, each working independently, used a 
cystoscope to remove gallstones through a cholecystotomy [3]. The development of 
the first modern rigid choledochoscope should be accorded to Monroe McIver in 1941 
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when he modified the cystoscope, 5 mm in diameter with a right angle 7 cm from the 
tip. Since that time, no significant work was published until Wildegans reported his 
experience with his new scope at the Surgical Conference in Berlin in 1953 [3–6].

The first flexible scope with better maneuver¬ability and flexibility was intro-
duced by Shore and Lippman in 1965 who reported a series of 100 patients [14]. 
Subsequently, Hopkins developed a special rod lens system, which was integrated 
into the rigid choledochoscope [7]. In the 1970s, Olympus introduced the new series 
of choledochoscopes with improved fiber optics and maneuverability. These flex-
ible choledochoscopes were gradually improved and modified by Ashby up to now 
[17]. Today, the modern flexible fiber optic system is ultrasmall with high resolution 
providing a clear image [1, 8, 9].

The new modern device has an irrigation channel that by injection of saline solu-
tion produces distention and clearing of the bile ducts. This water medium helps with 
easier advancement of cholangioscope. The working channel of modern choledo-
choscope has the advantage to allow insertion of different accessories (e.g., Dormia 
basket, biopsy forceps, cholangio-catheter, Fogarty catheter) needed for different 
operative procedures—stone extraction, biopsy, and dilation of papilla.

These days, the introduction of cholangioscope can be performed through differ-
ent approaches: endoscopic peroral, percutaneous transhepatic, intraoperative trans-
cystic or transcholedochal. Endoscopic peroral access is the most frequently utilized 
approach today. This endoscopic technique is part of endoscopic retrograde cholan-
giopancreatography/ERCP and allows the advancement of cholangioscope through 
the duodenoscope and the papilla of Vateri. Example for this access is the Spyglass 
cholangioscope (Boston Scientific, USA). There is a different approach where we can 
access the CBD with choledochoscope by peroral route without duodenoscope-direct 
peroral choledochoscopy. The main difference between these two accesses is the 
larger diameter of choledochoscope used for direct method—5.9 versus 3.6 mm for 
Spyglass [10].

There are the cases when the endoscopic papillary access is more complex; for 
instance, in resection of the stomach, we could apply Japanese percutaneous transhe-
patic approach. With the CHF-CB30; Olympus Medical choledochoscope the tech-
nique is riskier and more traumatic for the patient, because of the liver penetration, 
but allows better maneuverability in the bile ducts [10–14].

Clinical applications of cholangioscopy are versatile and used for many diagnostic 
and therapeutic purposes in the field of bile tract diseases.

The most common diagnostic and therapeutic application of cholangiography is 
the visualization and extraction of bile duct stones.

Gallstones are one of the most common digestive problems with frequency 
11–36% in different populations. Between 6 and 12% of patients with gallstones have 
CBD stones, and this dependence increases as age increases [7, 15].

Today, we know the three different modalities for the treatment of CBD stones:

1. Laparoscopic cholecystectomy and endoscopic retrograde cholangiopancreatog-
raphy (ERCP) before or after operation (LC + ERCP).

2. Conventional exploration of CBD by laparotomy and subsequent T-tube place-
ment (CCBDE).

3. One stage laparoscopic common bile duct exploration with laparoscopic chole-
cystectomy (LCBDE) [16].
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After the first laparoscopic cholecystectomy in 1985, the laparoscopic technique 
becomes more and more common with low morbidity and better outcomes in experi-
enced hands [17].

On the other hand, today, the most popular treatment method for CBD stones 
is ERCP with 85–95% success rate. According to the latest ESGE guidelines, this 
technique is the first-line approach recommended for the treatment of bile stones 
[18, 19].

Although the ERCP is a highly efficient approach, there are difficult cases. The 
remaining 10–15% of retained stones after ERCP are challenging to remove and 
require different approach. The characteristics of these difficult bile duct stones are as 
follows [10]:

1. Size of a stone larger than 15 mm.

2. Multiple stones or square-shaped stones.

3. Location in the intrahepatic duct or in the cystic duct.

One of the possible resolutions of this challenge is extracorporeal shock wave 
lithotripsy or lithotripsy assisted by cholangioscopy [10].

Even the technique is very useful in clinical practice, and we know the disadvan-
tages of this method (up to 15% complications) [20, 21]:

1. Two-stage procedure.

2. Risk of complications (e.g., acute pancreatitis, hemorrhage, and duodenal perfo-
ration).

3. In the long term, accomplished papillosphincterotomy predisposes to malfunc-
tion of papilla, chronic inflammation of CBD, and biliary tract cancer.

On the other hand, despite expectation of many surgeons, LCBDE was less 
preferred in the past because of the lack of experience. Today, the technique has many 
benefits according to different authors [22, 23]:

1. Single-stage procedure.

2. Less complications than ERCP or CCBDE.

3. Keeps the normal function of papilla.

Comparing the two different methods—ERCP and LCBDE, Kharbutli et al. 
reported that one-stage management of symptomatic CBDS is associated with less 
morbidity and mortality (7 and 0.19%) than two-stage management (13.5 and 0.5%) 
[24, 25].

Recently, the study of 14 randomized controlled trials with included 2181 
patients has been published. In this study, authors compare the efficacy and safety of 
LC-LCBDE and ERCP-LC. The results show no difference between the two groups in 
terms of surgical success, stone clearance, retained stones, operation time, and total 
morbidity. LC-LCBDE had a higher rate of bile leakage, but ERCP-LC had a higher 
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rate of postoperative pancreatitis, cholangitis and hemorrhage. The conclusion is that 
both methods are safe, effective, and minimally invasive for the treatment of CBD 
stones [26].

According to different studies, the most common complications after LCBDE are 
as follows:

1. T-tube dislocation.

2. Bile leakage.

3. Pancreatitis and infection.

4. Bleeding.

5. Retained stones after the operation.

Conventional laparotomy with CBD exploration is a traditional access for the 
resolution of choledocholithiasis. Usually, the indication for this method is unsuccess-
ful ERCP or CCBD because of fixed stone at the papilla. After stone extraction, the 
operation is accomplished by the placement of a T-tube into the bile duct.

Comparing the LCBDE and CCBDE, Grubnik et al. found low complication rate in 
laparoscopic approach (5 vs. 12.7%) [27].

After the study of Aydin based on 280 patients, it was reported that LCBDE is a 
more efficient technique (93 vs. 82,8%), with less hospital stays (6 days vs. 11 days), 
less morbidity (9 vs. 24%), less mortality rate (1,2 vs. 6%), and lower rate of wound 
infection (0,6 vs. 10%) compared to CCBDE. Different study also confirms the low 
morbidity rate after LCBDE to be around 8% [28, 29].

The most life-threatening complication after CBD exploration and T-tube place-
ment is the dislocation of tube with bile leakage, biliary peritonitis, and need of 
reoperation with a high mortality rate. According to different studies, the bile leakage 
has been reported to be between 6 and 14.6%, biliary peritonitis between 2.5 and 
19.6%, and reoperation of 4.3% [29–31].

The problem with retained stones after different extraction methods is still valid. 
Many authors confirm that retained stones after LCBDE are lower (6.1 vs. 17.2%) after 
CCBDE. These results were confirmed by other studies [29, 32].

According to the different studies, LCBDE has a high successful rate of stone 
extraction (93,9%). The author suggests that the main reason for that is the stone 
extraction through the choledochotomy access [23, 25, 29].

The advancement of the laparoscopic exploration of the CBD increases the number of 
diagnostic and therapeutic applications of cholangioscopy.

1. Extraction of migrated biliary stent.

2. Biopsy of benign polyps in the CBD.

3. Diagnosis of primary sclerosing cholangitis (PSC).

4. Endoscopic hemostasis in the case of post-ERCP bleeding.

5. Radiofrequency ablation (RFA) in cases of intraductal biliary lesions.
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2.  Patients and methods

In our study from 2021 to 2024, we included 32 patients admitted in the hospital 
for acute cholecystitis with confirmed gallstones (cholecystolithiases). From these 
admissions, there were 15 men and 17 women.

All the patients were ≥ 65 years. In this study, 21 patients were ≥ 75 years. 
Comorbidities were presented in 22 instances. Cardiovascular disease was presented 
in 18 patients, hypertension in 15, diabetes type 1 in 11 cases, diabetes type 2 in 8, 
renal issue in 6, and pulmonary problem in 2.

In this series, 17 patients had a previous abdominal surgery (laparotomy).
Four patients had a previous unsuccessful ERCP for bile duct stone extraction.
Each patient was evaluated for the presence of associated bile duct stones by history, 

physical examination, laboratory results, and imaging. Symptomatic acute cholecystitis 
was presented in 21 patients, cholangitis in 11, and acute pancreatitis in 13.

During the evaluation of these 32 patients, 13 were found to have cholestasis (AP 
and GGT) and 19 patients had increased direct bilirubin (jaundice). During the pre-
operative workup, 18 patients had visible stones in the CBD on the ultrasonography 
(US) and angio CT. MRI was complementary examination and found stones in the 
CBD in seven cases.

All 32 patients had a dilation of CBD ≥10 mm.
In our study, 27 patients were operated by laparoscopy and five patients were oper-

ated by open surgery (laparotomy).
If the patient has complications of gallstones (e.g., acute cholecystitis, cholangitis, 

acute pancreatitis, and septic complication), usually we start conservative treatment 
with antibiotics and infusions. After the resolution of symptoms and the patient 
having normal laboratory results and normal vital signs, we start the discussion about 
operation and estimation of operative risk.

In 11 cases, there was a pericholecystic abscess provoked by acute cholecystitis. 
Four patients were treated by percutaneous biliary drainage and subsequently oper-
ated by laparoscopy. Seven patients have an emergency laparoscopic operation for this 
pericholecystic abscess. Five patients were treated simultaneously for stones in the 
CBD by a choledochoscope. Two patients had an operation for stones in the bile duct 
1 month after emergency cholecystectomy.

3.  Results

During the evaluation of these 32 patients with cholestasis or increased direct 
bilirubin, seven patients had no visible stones on the US, CT, and MRI before opera-
tion, but we found them in the CBD during the exploration by the cholangioscope 
(Figures 1 and 2).

We applied laparoscopic approach for 27 patients and open surgical access for five 
patients.

In our series, we use the trans-cystic access in five cases and trans-choledochal 
approach in 27 cases.

The medium size of the extracted CBD stone was 7 mm (from 3 to 28 mm).
The number of extracted stones was 1–12.
We have applied the cholangioscope for other diagnostic and therapeutic purposes in 

four patients. We have made a biopsy of polyp in the CBD for one patient and an extrac-
tion of migrated biliary stent in patient with cholangitis after ERCP (Figures 3 and 4).
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Figure 3. 
Extraction of biliary stent after choledochotomy.

Figure 1. 
Migration of biliary stent [post ERCP] with stone in the CBD.

Figure 2. 
Gallstones on the CT.
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Two patients had biopsies—for cholangiocarcinoma and pancreatic cancer.
In our study, there was no bile leakage and no drain dislodgment or bile peritonitis 

in the postoperative period. There was no patient with hemorrhage or infection 
complication and no mortality.

4.  Operative technique for cholangioscopy during laparoscopic and open 
surgical approach

For all patients in this series, we start the exploration of CBD by laparoscopic 
approach. Previous laparotomy is not a contraindication for laparoscopic access. All 
the operations were performed by one surgeon.

In our department for the exploration of CBD, we use two different sizes of 
flexible choledochoscope 3 and 5 mm/Shanghai SeeGen Photoelectric Technology 
Co.Ltd. – Briview. The choledochoscope ϕ 5.3 has 380 mm length and 2.6 mm working 
channel. The choledochoscope ϕ 3 has 580 mm length and 1.2 mm working channel.

The choice between them depends on the diameter of CBD. The flexible choledo-
choscope has a working channel for the introduction of accessories and water channel 
for the irrigation of bile duct (Figures 5 and 6).

4.1 Stages of laparoscopic CBD manipulation by cholangioscope

4.1.1 Stage 1: Installation of patient

Our team uses the standard dorsal lithotomy position of patient on the table with 
abducted legs for laparoscopic approach. The surgeon stands between the legs of the 
patients with the camera man standing on the left of the patient and the first assistant 
on the patient’s right. This is the same patient’s operative position, which we also use 
for laparoscopic cholecystectomy.

4.1.2 Stage 2: Creation of pneumoperitoneum and trocars placement

During the procedure, we utilize a 30° optic camera with the monitor placed on 
the patient’s right. Usually, pneumoperitoneum is created with a Veress needle by 

Figure 4. 
Biopsy of polyp in the CBD [picture through the cholangioscope].
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infra-umbilical or trans-umbilical approach creating pressure up to 12 mm Hg. If the 
patient has a previous laparotomy, we apply the open technique with the introduction 
of Hasson cannula. For the camera port, we use this first 10 mm trocar (T1). All the 
rest trocars are introduced under direct vision with the camera. The second 10 mm 
trocar (T2) is positioned at about 5–7 cm above the umbilicus along the midline and 
connected to gas supply hose avoiding a blurred vision of the camera. Two additional 
trocars of 5 mm are placed along the right anterior axillary line and right midclavicu-
lar line (T3 and T4) at the level of umbilicus. T3 is used by the first assistant to apply 
the fundus traction of gallbladder. T2 and T4 are working trocars for the surgeon. For 
distal exploration of common bile duct (CBD) with choledochoscope, we use 5 mm T5 
trocar placed immediately below the right costal arch. For the proximal exploration of 
the CBD, we utilize the 5 mm T4 trocar if we apply 3 mm flexible choledochoscope for 
exploration. If we use the flexible 5 mm choledochoscope, we replace 5 mm T4 trocar 
with a larger 10 mm port (Figure 7).

Figure 5. 
Choledochoscope – working channel.

Figure 6. 
Choledochoscope – 3 and 5 mm.
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4.1.3 Stage 3: Dissection of hepatoduodenal ligament and CBD

The peritoneum overlying the CBD was divided by scissors, and we start dissec-
tion around the cystic duct and along the hepatoduodenal ligament through the use 
of bipolar electrocautery avoiding the current diffusion to the CBD and arteries. 
Dissection and separation of cystic duct, cystic artery, and CBD should be done with 
meticulous care. The cystic duct is clamped first and cut off at least 5–10 mm to the 
confluence, to avoid stone migration into the CBD during manupulation and to be 
long enough for trans-cystic approach. The cystic artery was also clamped and cut. 
We dissect and explore the anterior wall of the CBD with care to avoid the hemor-
rhage from venous and arterial paracholedochal plexuses. Usually, 10 mm dissection 
of the anterior surface of CBD would suffice to do choledochotomy.

After the dissection of the cystic duct and cystic artery and their division between 
the titanium clips, we keep the gallbladder in place attached to the liver. The first 
assistant applies cephalic traction on the fundus of the bladder by grasper to raise 
the liver and to expose the hepatoduodenal ligament and to help the dissection of its 
structures (Figure 8).

4.1.4 Stage 4: Choledochotomy and insertion of a cholangioscope

During the dissection of CBD, the second assistant sustaining traction on duodenum 
and first assistant keeping the traction on the gallbladder’s fundus the surgeon place two 
stay sutures on each side of the bile duct. By applying traction on the stay sutures, we 
open with scissors the CBD through longitudinal choledochotomy over 1 cm (Figure 9).

We usually explore the CBD through the choledochotomy. Less frequently, our 
surgeon applies a transcystic approach. The choice depends on the size, number, posi-
tion of stones in the bile duct, the diameter of cystic duct, and CBD.

Figure 7. 
Patient with lithotomy position on the table – trocar placement.
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We apply the following indications for the choledochotomy approach:

1. The diameter of CBD more than 10 mm.

2. Stones larger than CBD’s diameter.

3. Number of stones ≥3.

4. Proximal position of stone in the CBD (above the confluence of cystic duct).

5. The diameter of cystic duct <4 mm.

Our choice to open the CBD is a longitudinal choledochotomy with scissors 
because we could remove larger stones by enlarging the incision and found no risk of 
long-term ischemic complications of the CBD (Figure 10). The choledochoscope can 
be introduced without difficulties into the biliary tract through this choledochotomy. 
Insertion of the device could be towards the duodenum (for distal exploration) or 
towards the liver (for proximal exploration).

4.1.5 Stage 5: Exploration of CBD by cholangioscope and stone extraction

The maneuvering of the choledochoscope in the bile duct could be very chal-
lenging (Figure 11). It depends on the surgeon’s experience and the assistant’s help. 
Usually, for distal exploration of bile duct, the surgeon introduces the choledocho-
scope through the T5 port. The scope is advanced under direct vision in the same 
manner as we navigate a rectoscope. The first assistant applies continuous traction 
on the duodenum by a soft fenestrated clamp to help the surgeon with choledocho-
scope’s introduction into the CBD. The second surgeon takes control of the handle of 
a choledochoscope with saline’s irrigation and visualization of the CBD. The tip of 
the choledochoscope is navigated inside the bile duct and down through the papilla 
to the duodenum to identify the ductal stones. If there is an obstruction of CBD, we 
apply different techniques for stone retrieval, adapting to each case. This could be a 

Figure 8. 
Dissection of hepatoduodenal ligament.
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Dormia basket, an irrigation catheter, and a Fogarty balloon catheter. Positioning of 
the choledochoscope close to the stone in the CBD and advancement of the extraction 
catheter beyond the stone gives the chance for stone withdrawal with the choledocho-
scope (Figures 12 and 13).

We always repeat the choledochoscopy of the CBD after stone retrieval to check 
for retained stones. The surgeon confirms the permeability of the papilla reaching the 
duodenum (Figure 14). For us, this is a positive sign that there is no residual stone. 
We always explore the proximal bile duct through T4 port. For us, there is no need 
for intraoperative cholangiography at the end of examination (IOC) to confirm the 
absence of residual stones.

If there is no residual stone, we close the CBD with 4/0 polyglactin suture with 
placement of T-tube external biliary drainage.

Almost all the patients in our series are presenting clinical signs of papillary 
edema, cholangitis, or acute pancreatitis at the admission, needing extraction of 
multiple bile duct stones. The surgeon always checks the bile-proof around the T-tube 
by infusion of saline through the external drainage (Figure 15).

Figure 9. 
Placement of stay suture on the CBD.

Figure 10. 
Longitudinal choledochotomy – 10 mm length.
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We close the T-tube on the next day, and we do a transdrainage cholangiography 
on the 21st day. In the case of good visualization of intrahepatic bile ducts and duode-
num and no residual stones, we remove the T-tube. During the follow-up period, we 
found no stenosis of the CBD and no postoperative bile leakage in our series.

After the closure of the CD around the T-tube, we put a subhepatic contact drain 
close to the hepatoduodenal ligament.

4.1.6 Stage 6: Completion of cholecystectomy

We complete the retrograde cholecystectomy, and the gallbladder is removed with 
a specimen retrieval bag.

4.1.7 Stage 7: Closure of ports opening

We close the opening of the abdominal wall with 2/0 Vicryl sutures after irrigation 
with povidone iodine solution and 0.25% 10 ml bupivacaine injection.

Figure 11. 
Stone in the distal CBD.

Figure 12. 
Dormia basket in the distal BD.
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In cases where the extraction of the stones was impossible through laparoscopic access, 
we perform laparotomy with an oblique mini-incision, usually 2 cm below the right costal 
margin. This skin incision is about 4–5 cm long. We do this intervention only for the 
exploration of the CBD by cholangioscope. Usually, the gallbladder is removed before that 
through laparoscopic approach. During the open operation again, we dissect the anterior 
wall of the CBD and place stay sutures 4/0 PDS on each site of the CBD. Applying traction 
on the stay sutures, we cut longitudinally the bile duct about 10 mm long. Introduction of 
the choledochoscope first distally and then in the opposite direction helps us to explore the 
inner surface of CBD. When the stones were found, they were extracted by Dormia bas-
ket, Fogarty catheter, or forceps. After verification by the cholangioscope (always passing 
through the papilla of Vateri) that there is no residual stone in the CBD, we place routinely 
8-10Fr T-tube to decrease the pressure in the bile system and for postoperative cholangiog-
raphy. We always fix the T-tube to the skin by multiple 5/0 nonabsorbable sutures.

Figure 13. 
Stone extraction from the distal CBD.

Figure 14. 
Choledochoscope into the duodenum-confirms the permeability of the papilla—no residual stones.
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5.  Discussion

In this study, we apply efficiently the laparoscopic approach for the CBDE by a 
cholangioscope. The patients were presenting signs of acute cholecystitis or complica-
tion of bile duct stones. In these complicated cases, dissection and insertion of the 
cholangioscope into the CBD may pose many technical problems and may increase 
the risk of intraoperative hemorrhage. We suggest that careful handling of tissue, 
cautious manipulation of choledochoscope into the bile duct, and the experience of 
surgeon could avoid these problems even in elderly patients with complicated chole-
cystolithiasis and choledocholithiasis.

For the exploration of choledoch, many authors prefer longitudinal choledo-
chotomy over a distance of approximately 1 cm, but others prefer horizontal incision. 
The benefit of vertical incision is the possibility of enlargement in the case of bigger 
stones. The horizontal approach avoids ischemia of CBD. Usually, the surgeon uses 
4-0 monofilament absorbable sutures for closure of the incision [33–36].

In our study, we prefer longitudinal incision of the CBD over 1 cm. This length is 
always enough to extract the stone. We do not use primary closure of choledoch. We 
speculate that ischemia of the CBD depends on the meticulous dissection around the 
choledoch and avoidance of vessel damage around the CBD. With our technique of 
choledochotomy, we have not seen stenosis of the CBD after operation.

After extraction of stones through the choledochotomy, there are two possibili-
ties: closure of bile duct either primarily or over a T-tube. The indication for T-tube 
insertion is decompression of the duct in patients with cholangitis, residual distal 
obstruction without stones, or to confirm the absence of residual stones in the CBD 
by cholangiography in the postoperative period. Some centers use transcystic tubes 
or antegrade stenting of CBD. The advocates for primary closure explain this with 
avoidance of drainage dislodgement, bile leakage, and infection.

In our study, there was no bile leakage, no drain dislodgment, or bile peritonitis in 
the postoperative period. There was no patient with hemorrhage or infection compli-
cation. Our preference is a closure over 8Fr-10Fr T- tube. We suppose that decreasing 
pressure in the CBD is very important prerequisite to avoid complications in patients 
with acute cholecystitis, trauma of CBD after bile stone extraction. To avoid bile 
leakage and tube dislodgement, the surgeon always checks the bile-proof around the 

Figure 15. 
Placement of T-tube into the CBD.
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T-tube by infusion of saline through the external drainage, and if there is a suspicion, 
he adds additional suture around the drainage tube. We always fix the T-tube to the 
skin with 5/0 nonabsorbable sutures.

From these 32 patients enrolled in our study, 21 patients are more than 75 years 
and presenting comorbidities in 22 cases. All the patients are admitted with acute 
cholecystitis with or without some complications of choledocholithiasis.

Our results confirm the report of Yong Yan et al. that the early one-stage opera-
tion (LCBDE+LC) for patients with acute cholecystitis and choledocholithiasis is 
acceptable with achieving clearance of CBD stones and low morbidity [32]. We also 
agree with the published meta-analysis including 693 elderly patients that LCBDE is a 
safe and effective treatment for elderly patients with choledocholithiasis. We can-
not confirm the remarks of this study for higher pulmonary complications in these 
patients [37].

At the end, we also suggest that LCBDE is a safe and effective method, but there 
is a learning curve to accomplish these acceptable results. According to some studies, 
the authors conclude that the learning curve of LCBDE was achieved after the accom-
plishment of 54–60 cases [38, 39].

6.  Conclusions

We found that the laparoscopic intraoperative cholangioscopy is a reliable diag-
nostic and therapeutic method for CBD stones. It is a reliable approach even in the 
cases of complicated forms of acute cholecystitis in elderly patients. Although not 
conventionally adopted, the laparoscopic intraoperative cholangioscopy is a safe, 
physiological, and efficient method in experienced hands.

© 2025 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Abstract

In this book chapter, we discuss emerging techniques in three important aspects 
of biliary tract diseases: diagnostic, pharmacological, and procedural advancements. 
We begin the chapter by highlighting the importance and need for advancements in 
improving the quality of life in patients. We examined the latest advancements in 
diagnostic technologies that facilitate early disease detection, including the identi-
fication of biomarkers and molecular markers in serum and bile. We also delve into 
the use of liquid biopsies, genetic testing and innovations in magnetic resonance 
cholangiopancreatography (MRCP). In light of the increasing role of artificial 
intelligence, we discuss how AI is being leveraged to enhance diagnostic accuracy. 
In the subsequent section, we highlight advances in pharmacological management 
and address procedural advancements in techniques for stone removal and stenting, 
including Endoscopic Retrograde Cholangiopancreatography (ERCP). We explore 
cholangioscopic methods, such as direct visualisation techniques. This section also 
explores advancements in Percutaneous Transhepatic Cholangiography (PTC) and 
several ablation methods for treating biliary tumours. Furthermore, it addresses 
the enhancements in minimally invasive procedures, such as laparoscopic surgery. 
Robotic systems are increasingly pivotal in enhancing precision across various medi-
cal disciplines. Additionally, we discuss emerging modalities such as gene therapy 
and regenerative medicine, highlighting their growing prominence. The potential 
of gene therapy to correct genetic disorders affecting the biliary tract and the use of 
stem cell therapy for repairing biliary damage and regenerating bile ducts in autoim-
mune diseases are examined. We conclude the chapter by emphasising the impor-
tance of integrating advanced and traditional techniques to provide optimal patient 
care and enhance quality of life.

Keywords: innovation, diagnostic, pharmacological, biliary tract diseases, 
advancement
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1.  Introduction

Biliary tract diseases include a wide spectrum of diseases including congenital 
anomalies (Choledochal Cyst, Choledocholithiasis), Inflammatory conditions 
(Suppurative Cholangitis, Primary Sclerosing Cholangitis, Recurrent Pyogenic 
Cholangitis, IgG4-Related Cholangitis), Neoplasms of the biliary tract (Benign 
Tumours of the Bile Ducts like Biliary Hamartoma, Biliary Cystadenoma, Intraductal 
Papillary Neoplasm of the Bile Duct (IPNB); Malignant Tumours of the Bile Ducts), 
Functional biliary disorders(biliary dyskinesia) and Diseases of the gallbladder 
(Including cholecystitis, cholelithiasis and gallbladder cancer) [1].

There are a variety of risk factors that increase the chance of biliary tract diseases. 
A majority of these factors have a history of chronic biliary epithelial damage and 
long-term inflammation [2].

Risk factors for biliary tract cancer include several lifestyle and biological fac-
tors such as smoking, gallstones, parasitic or bacterial infections of the biliary tract, 
hypercholesterolemia, high caloric and carbohydrate diets, female gender, age, ciga-
rette smoking, alcohol intake, excess body weight, postmenopausal status in women, 
and history of cholecystectomy or hysterectomy [2, 3]. Additional risks include 
inflammatory bowel disease, diabetes, and consumption of sucrose and sweetened 
beverages. Numerous pathogens have also been implicated, including mycotoxins, 
Salmonella Typhi/Paratyphi, Helicobacter bilis/pylori, and hepatitis B and C viruses. 
Other suspected risk factors for biliary tract cancer, such as reproductive factors and 
obesity, probably alter the risk of biliary tract cancer by increasing or decreasing the 
risk of gallstones [2]. The mechanism linking gallstones and biliary tract cancer is still 
unknown, but it may be related to infection or irritation caused by the stones [2].

Some countries, such as Japan, Poland, various South American countries, and 
certain racial groups (Native American Indians) have excessively high rates for biliary 
tract cancer might also be explained by a high frequency of lithogenic genes. Tumours 
of the bilio-pancreatic organs are much more frequent than those arising from the 
small bowel and are much more aggressive. Within the biliary tract, tumours of the 
gallbladder are more frequent than tumours of the ductal system [2].

Several recent studies have suggested that, globally, biliary tract cancer (BTC) 
incidence and mortality rates have been increasing in recent decades, with intrahe-
patic cholangiocarcinoma (ICC) showing an average annual rise of 4.36% [4]. While 
mortality rates are generally decreasing in many countries, regions like Chile, Greece, 
the UK, and Germany have seen significant increases, particularly among women [5].

Therefore, bringing about a need for a higher degree of diagnostic accuracy that 
can detect biliary tract diseases early at their onset or their risk factors (gallstones, 
infections, gallbladder polyps, and other inflammatory conditions) and treatment 
modalities that can hit hard and hit fast.

In this chapter, we will explore the diagnostic, pharmacological, and proce-
dural advancements that make sense this possible, including targeted therapies, 
Percutaneous Trans-Hepatic Cholangiography (PTC), MRCP, DWI, CEUS and other 
non-invasive modalities.

The ongoing innovations in MRCP and other non-invasive imaging modalities 
are transforming the landscape of biliary tract disease diagnosis and management. 
With the advent of 3D imaging, enhanced contrast techniques, diffusion-weighted 
imaging, novel radiotracers, and AI-driven analysis, clinicians are better equipped 
than ever to diagnose biliary pathologies with precision and guide treatment 
decisions.
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2.  Imaging and diagnostic innovations

2.1 Advanced imaging techniques

Accurate characterisation and staging of the malignancies, made possible with 
multimodality imaging, will determine respectability and impact on subsequent 
management [6].

In recent years, advancements in imaging technology have significantly improved 
the diagnosis and management of biliary tract diseases. Magnetic Resonance 
Cholangiopancreatography (MRCP) has emerged as a leading non-invasive modal-
ity, offering clinicians a high-resolution, contrast-free method for evaluating biliary 
and pancreatic ducts. Alongside MRCP, other innovative imaging techniques such 
as contrast-enhanced ultrasound (CEUS), diffusion-weighted imaging (DWI), and 
novel radiotracers in PET/CT have further refined diagnostic capabilities [6].

2.1.1 Magnetic resonance cholangiopancreatography (MRCP)

MRCP is a specialised MRI sequence that allows for the detailed visualisation 
of the biliary and pancreatic ductal systems. It leverages heavily T2-weighted MRI 
sequences, which are highly sensitive to static or slow-moving fluids like bile. By 
enhancing the signal from these fluids while suppressing signals from surrounding 
non-fluid tissues, MRCP generates high-contrast images that delineate the ductal 
structures. This allows for detailed visualisation of the biliary and pancreatic systems 
without the need for intravenous contrast agents, making it particularly useful in 
diagnosing obstructions, strictures, or other pathologies in these areas [7]. Recent 
innovations in MRCP technology have further enhanced its diagnostic utility:

• 3D MRCP: Three-dimensional MRCP offers a detailed, accurate view of biliary 
anatomy, achieving 100% sensitivity for typical structures and effectively assess-
ing complex bifurcations and ductal variations. The improved spatial resolution 
facilitates the identification of subtle strictures, stones, or masses [8].

• MRCP with secretin stimulation: The administration of secretin, a hormone 
that stimulates the secretion of bile and pancreatic juices, enhances the visu-
alisation of the pancreatic ducts and can help diagnose subtle obstructions or 
ductal anomalies that might be missed on standard MRCP sequences. The use of 
secretin with MRCP allows for dynamic evaluation of pancreatic exocrine func-
tion, which standard MRCP cannot achieve. However, the added costs, extended 
examination time, and the need for a nurse to administer the IV infusion have 
limited its widespread adoption in radiology practices [7].

• MRCP with diffusion-weighted imaging (DWI): DWI assesses water molecule 
movement within tissues, helping differentiate between benign and malignant 
biliary strictures, as malignant tissues typically restrict water movement more 
than benign ones. Combining MRCP with DWI improves the characterisation of 
biliary lesions, including cholangiocarcinoma [9].

2.1.2 Contrast-enhanced ultrasound (CEUS)

CEUS is an ultrasound technique that uses microbubble contrast agents to enhance 
the visualisation of the vascularisation of tissues. CEUS distinguishes benign from 
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malignant biliary lesions by providing real-time imaging of bile ducts and charac-
terising pathologies like gallbladder carcinoma by evaluating enhancement patterns, 
offering a non-invasive alternative to biopsy [10].

2.1.3 Diffusion-weighted imaging (DWI)

DWI is increasingly being used in conjunction with MRCP to enhance the diagnos-
tic accuracy of biliary tract disease assessment. By evaluating the movement of water 
molecules in tissues, DWI can identify areas of abnormal cellular density, a hallmark 
of malignant transformation [11]. Innovations in DWI include:

• Improved characterisation of cholangiocarcinoma: DWI has shown potential in 
differentiating cholangiocarcinoma from benign biliary strictures, as malignant 
lesions typically exhibit restricted diffusion. This can aid in the early detec-
tion and accurate staging of cholangiocarcinoma, which is crucial for planning 
therapeutic interventions [11].

• Assessment of post-surgical complications: DWI can help identify post-operative 
complications such as biliary leaks or abscesses by highlighting areas of abnormal 
fluid accumulation, providing valuable information that can guide management 
decisions [11].

2.1.4 Positron emission tomography (PET/CT) with novel radiotracers

PET/CT imaging has gained traction in the evaluation of biliary tract diseases, 
particularly in the context of cancer diagnosis and staging. The development of 
novel radiotracers that target specific metabolic pathways has improved the sensi-
tivity and specificity of PET/CT in detecting biliary malignancies. F-18 FDG PET/
CT is particularly effective in localising and staging cholangiocarcinoma, while 
emerging tracers like Ga-68 DOTATATE enhance the diagnosis of neuroendocrine 
tumours by targeting specific receptors, enabling more accurate and tailored treat-
ment [12].

2.1.5 Elastography

Ultrasound elastography (UE) measures tissue elasticity using an ultrasound 
probe. Elastography is a non-invasive technique that assesses tissue stiffness, essential 
for diagnosing biliary diseases. It includes strain imaging, which uses external or 
internal forces, and shear wave imaging, which employs dynamic stress. Shear wave 
imaging features Transient Elastography (TE) for liver stiffness and real-time assess-
ment to distinguish between benign and malignant biliary strictures [13].

2.1.6 Artificial intelligence (AI) in imaging

The integration of artificial intelligence (AI) into biliary tract imaging is one 
of the most exciting recent developments. AI algorithms are being developed to assist 
in the interpretation of imaging studies, potentially improving diagnostic accuracy 
and reducing human error. Key innovations include:

• AI in MRCP interpretation: AI-driven software aids radiologists by automati-
cally identifying and characterising biliary lesions, streamlining diagnosis, and 
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predicting treatment response and disease progression. It helps forecast complica-
tions in chronic conditions like PSC, enabling earlier intervention [14].

That said, there are several disadvantages to using AI in clinical settings: algo-
rithms often perform poorly with real-world data, can introduce bias, and may 
have opaque decision-making processes. Additionally, managing AI costs, ensur-
ing clear accountability, and addressing ethical concerns are critical for successful 
 implementation [15].

2.2 Biomarkers and molecular diagnostics

Tumour markers can be used for tumour screening, early detection, differential 
diagnosis and staging, prognosis judgement, efficacy monitoring, recurrence and 
metastasis monitoring, and guiding individualised treatment [16].

An ideal tumour marker:

• Simple and affordable (widely available).

• Highly sensitive (to detect the disease at an early stage, preferably when curative 
therapy can be provided), and specific (to distinguish Biliary tract cancer from 
other malignant or benign diseases).

• Reflect the tumour’s dynamic changes [16].

• The detection of tumour markers should be simple, fast, and accurate [16].

Advanced methods for measuring gene expression, proteins, and metabolites 
in body fluids and tissues are now accessible. These methods, known as “omics” 
technologies, aim to identify markers that can help understand tumour biology and 
identify new targets for treatment [17]. They can also help classify different clini-
cal conditions, assess disease severity, and predict long-term outcomes for patients. 
“Omics” techniques include genomics for circulating tumour cells (CTCs) escaping 
from primary sites, extracellular vesicles (EV) containing nucleic acids and proteins, 
cell-free DNA and RNA released from tumour cells (including messenger RNA 
(mRNA), ribosomal RNA (RNA), and other noncoding RNA such as microRNAs 
(miRNA)), and proteins and metabolites secreted by tumour cells. These biomarkers 
offer additional opportunities for detecting and understanding cancer through non-
invasive blood tests [17].

While the field of liquid biopsy (a method of diagnosing cancer by  
analysing blood samples) is still in its infancy, it has great potential for future 
developments.

Bile has complex components and is in direct contact with biliary tract 
tumours. Bile is composed mainly of bile acids, phospholipids, cholesterol, 
bilirubin, proteins, inorganic salts, etc. Proteins account for about 7% of the 
total bile composition (183). Under the condition of disease, the ingredients 
of bile can be changed, especially in terms of BTCs, which are directly in 
touch with bile [16]. Therefore, compared with blood or other body fluids, bile 
is an essential source for searching for tumour markers in the biliary system 
(Table 1) [16].
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Biomarker 
type

Biofluid Biomarker

Diagnostic biomarkers Prognostic biomarkers

Genetic 
Biomarkers

Bile 1. ARID1A (AT-rich interaction domain 1A)

2. BAP1 (BRCA1-associated protein 1)

3. SMAD4 (SMAD family member 4)

• ARID1A, BAP1, SMAD4

Blood • CTNNB1 (catenin beta 1)

• FGFR2 (fibroblast growth factor receptor 2)

• IDH1/2 (isocitrate dehydrogenase 1 and 2)

• PIK3CA (phosphatidylinositol 3-kinase)

• TP53 (tumor protein p53)

• KRAS (Kirsten rat sarcoma viral oncogene 
homolog)

• BRAF (v-Raf murine sarcoma viral 
oncogene homolog B)

Serum CTNNB1,FGFR2 , IDH1/2, PIK3CA , TP53 
, KRAS , BRAF, SMAD4 (SMAD family 
member 4)

CTNNB1,FGFR2 , IDH1/2, 
PIK3CA , TP53 , KRAS , 
BRAF, SMAD4

Epigenetic 
Factors

Blood • HDAC6 (histone deacetylase 6)

• KMT2C (lysine methyltransferase 2C)

• PBRM1 (polybromo 1)

• PTPN3 (protein tyrosine phosphatase 
non-receptor type 3)

• TGFß (transforming growth factor beta)

Transcriptomic 
biomarkers

Bile miR-9,miR-145,miR-105 ,  
miR-147b,miR-302, miR-199-3p : Are notable 
for their high sensitivity and specificity 
in distinguishing CCA and gallbladder 
carcinoma (GBC) from choledocholithiasis.

miR-222

Serum miR-21, miR-26a,miR-150,miR-106a,: 
Provides useful diagnostic information for 
identifying CCA
miR-126, miR-1281,miR-222: Useful for 
distinguishing CCA from primary sclerosing 
cholangitis (PSC).

miR-26a: Besides its 
diagnostic value, it has 
potential for prognostic use 
in CCA

Urine miR-21 and miR-192 are potential biomarkers 
for O. viverrini-associated CCA

miR-21

Proteomic Bile SSP411 (Peptide Pattern)

Metabolomic Bile Phosphatidylcholine, Bile Acids

Serum 21-Deoxycortisol: Used to assess adrenal 
function, which can be relevant in the context 
of biliary tract diseases if there is a suspicion 
of related adrenal involvement.
Bilirubin: Key diagnostic marker for liver 
function and biliary obstruction, indicating 
conditions like cholestasis or biliary tract 
obstruction.

LysoPC(14:0): Can be 
used to diagnose metabolic 
disturbances or liver 
dysfunctions associated with 
biliary tract diseases.
LysoPC(15:0): useful in 
diagnosing and potentially 
evaluating the severity of 
biliary tract diseases.

Table 1. 
Biomarkers for biliary tract diseases [16–20].
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3.  Pharmacological advancements

3.1 Targeted therapy

Targeted therapy is one of the most innovative and newly emerging treatments.
modalities that have changed the approach to cancer care. This approach focuses 

on attacking the root cause of the disease. It attacks specific mutated genes like 
fibroblast growth factor receptor (FGFR) gene, dehydrogenase isocitrate (IDH)-1 and 
2, the BRAF protein-encoding gene (BRAF), breast cancer genes (BRCA1/2), epider-
mal growth factor receptor 2 (HER2), anaplastic lymphoma tyrosine kinase receptor 
(ALK), receptor tyrosine kinase-encoding proto-oncogene (RET), and neurotrophic 
receptor tyrosine kinase gene (NTRK).

Drugs targeting the FGFR gene, IDH 1 and 2 genes are most commonly being used 
in the treatment of intrahepatic cholangiocarcinomas (Table 2) [20].

3.2 Antibiotics

Antibiotics are widely used in infectious diseases of the biliary tract, like acute 
cholecystitis and cholangitis. Alongside general treatment methods like fluids 
and electrolyte correction, empirical therapy mostly directed towards entero-
bacteriaceae, specifically E. Coli is also being used. Drugs like ureidopenicillin, 
mezlocillin, piperacillin, or a combination of ampicillin plus aminoglycoside are 
widely used in the treatment of moderately severe cases of acute cholecystitis 
and cholangitis. Anaerobic cover for Bacteroides spp. is necessary in elderly 
patients, in patients with previous bile duct-bowel anastomosis, and with serious 
conditions. Recurrent cholangitis is being treated with agents like cotrimoxazole 
[21]. Recent researche has proven that prophylactic usage of Ertapenem (a new 
 carbapenem antibiotic), Piperacillin, cefazolin, cefuroxime, cefotaxime, and 
ciprofloxacin is beneficial to avoid sepsis in patients with obstructive jaundice 
undergoing ERCP [21, 22].

S.no: Target receptors Examples of drugs

1 FGFR Infigratinib, Erdafitinib, Pemigatinib, Derazantinib, futibatinib.

2 IDH 1 Ivosidenib

3 IDH2 Enasidenib

4 BRAF Dabrafenib plus trametinib

5 BRCA 1/2 olaparib [Lynparza], rucaparib [Rubraca], niraparib [Zejula], and 
talazoparib [Talzenna]

6 HER2 Pertuzumab and trastuzumab Neratinib

7 ALK Crizotinib (Xalkori),ceritinib (Zykadia),alectinib 
(Alecensa),brigatinib (Alunbrig),lorlatinib (Lorbrena)

8 RET lenvatinib, sorafenib, alectinib, and sunitinib

9 NTRK Entrectinib, Larotrectinib

Table 2. 
Target receptors and the drugs that target them [20].



Biliary Tract – Disease, Treatment, and Quality of Life

70

3.3 Pain management

About 20% of the adults develop gallstones, and the incidence is even more in 
the female population [23]. The most prominent symptom of cholelithiasis is pain. 
Pain due to gallstones is referred to as biliary colic. The mainstay of treatment for 
this symptom remains NSAIDs (non-steroidal anti-inflammatory drugs), diclofenac, 
ketorolac, tenoxicam, flurbiprofen, etc. [24]. Other than biliary colic, analgesic use is 
also very crucial in the postop phase of patient care. Anaesthetic drugs like lidocaine, 
ropivacaine, ketamine, bupivacaine, chloroprocaine, etc., are being used in various 
new routes like intraperitoneal instillation, nebulisation, central neuraxial blocks, 
transversus abdominis plane block, incisional infiltration, etc. [25]. Although each 
route has its own setbacks, it is proven that active pain management can speed up the 
recovery process and shorten hospital stay.

Apart from NSAIDs and anaesthetics, opioid drugs are also being used in severe 
acute and chronic pain. Drugs like Morphine, Fentanyl, Pethidine (meperidine), 
Buprenorphine, and Piritramide are being used. Due to their adverse effect, mainly 
addiction, newer drugs like Gabapentinoids (gabapentin, pregabalin, phenibut, etc.) 
are being used. Traditionally, these are used for neuropathic pain, but it is being said 
that usage of these drugs can reduce immediate postop pain and reduce the require-
ment of opioids in later stages [25].

3.4 Pharmacological treatment of autoimmune disorders

Primary biliary cholangitis is 10 times more common in women around 55 years of 
age than in men, whereas Primary sclerosing cholangitis is more common in men aged 
30–40 years [26].

Ursodeoxycholic acid (UDCA) is the primary drug of choice for PBC. It is noted to 
have very minimal side effects, and a dose of 13–15 mg/kg/day is optimal [27]. In PBC 
non-reactive to UDCA, the use of fibrates like fenofibrate and bezafibrate can reduce 
alkaline phosphatase (ALP) levels and prevent liver cirrhosis [28]. Obeticholic acid 
(OCA), a semi-synthetic hydrophobic bile acid analogue, is also one of the licenced 
drugs that can be used for PBC. OCA has major limitations due to its side effects, like 
increased pruritus, leading to treatment non-adherence and derangement of lipid 
profiles. Budesonide can be added to UDCA in order to improve the liver’s structure 
and function, whereas the proper efficacy of this treatment is still being researched. 
Fibrates can also be used with UDCA as an anti-cholestatic agent, but its safety is still 
a concern as it is shown to have some hepatotoxic effects. Full research on this treat-
ment method is also awaited [27].

Although surgical therapy is the mainstay of treatment for PSC, new trials are 
being conducted on various pharmacological methods to give better patient care. 
Usage of bile acid modulator drugs like UDCA, OCA, non-bile acid farnesoid X 
receptor (FXR) agonists (Cilofexor), All-Trans retinoic acid plus UDCA, nor-UDCA 
are being studied; the results so far have been promising [29].

The use of fibrates like bezafibrate alongside UDCA has been a promising method 
to reduce fibrosis markers. It has been observed that MCP-1 expression is increased 
in cholangiocytes and livers of patients with PSC. Cenicriviroc is a dual antagonist of 
CCR2 and CCR5, which are the receptors for MCP-1. Usage of this also causes a reduc-
tion in inflammation. Timolumab is a monoclonal VAP-1 antibody, which reduces 
the entry of leukocytes. Vidolizumab is another new immunomodulator that targets 
the pathophysiology of PSC. Aldafermin acts on FGF19, which is related to limiting 
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bile acid synthesis. Since bile acids are increased in PSC, this is also one of the treat-
ment options, however, this drug is suspected to be carcinogenic. Simtuzumab acts 
by reducing the progression of fibrosis. Newer modalities like the ones mentioned in 
this section are constantly being researched. Although some of them have certain side 
effects, a few also have good potential to be used alongside surgical therapy in treat-
ing PSC. Other than bile and immunomodulators, microbiome manipulation using 
antibiotics and faecal transplant is also being studied [29].

4.  Endoscopic advancements

4.1 Endoscopic retrograde cholangiopancreatography

ERCP is an endoscopic technique where a specially designed side-view endoscope 
is used to view the biliary and pancreatic ducts. The endoscope is designed in a 
way that the instruments needed to treat can also be sent in. ERCP is the mainstay 
diagnostic and therapeutic method for biliary strictures. Along with the endoscope, 
ultrasound is also used for accurate diagnosis. Biliary strictures can be either benign 
or malignant. Malignant strictures may be caused by cholangiocarcinoma or pan-
creatic adenocarcinoma. Understanding the aetiology is crucial for the effective 
treatment of biliary strictures. Obtaining a biopsy sample is made feasible with the 
help of ERCP. Therefore, ERCP serves as a valuable diagnostic tool for identifying 
these tumours. ERCP can also be used as a treatment modality for balloon dilation 
and stent placement and removal of gallstones. The transpapillary drainage technique 
can be used for drainage in acute cholecystitis in case the percutaneous approach is 
contraindicated. In patients with an inaccessible biliary tract, techniques like balloon 
enteroscope-assisted ERCP, Laparoscopic-assisted ERCP (LA-ERCP), or endoscopic 
ultrasound-directed transgastric ERCP (EDGE) are found to be extremely efficient. 
Novel techniques like ERCP-radiofrequency ablation are being used in the treatment 
of cancerous lesions [30].

4.2 New tools and techniques for stone removal

Spilled stones in the peritoneum can cause various complications like adhesions, 
fibrosis, abscess, etc. A new method of removal of these stones using laparoscopic 
graspers is being used. Small stones can be removed quickly using this method. Larger 
stones are broken into smaller pieces and removed [31].

A very promising non-surgical technique that has recently been developed is the 
use of extracorporeal shockwave lithotripsy (ESWL) for the treatment of gallblad-
der and biliary stones. This technique was previously used in the department of 
urology for renal stone removal. The usage of ESWL has reduced the need for 
general anaesthesia for stone removal. Using the piezoelectric technique has made 
it painless. Although this method has several short-term advantages, its effective-
ness in the long run is still being studied. This method has a few limitations due to 
its uncertainty when it comes to the recurrence of the stone. To avoid recurrence, 
this method has to be followed by an adjuvant therapy using methyl-tert-butyl-
ether (MTBE). Other than this, ESWL has also shown lung tissue damage and the 
development of arrhythmias in animal studies. Even though this method is very 
promising for the treatment of stones, the complications with this are yet to be 
dealt with [32].
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4.3 New advancements in stents

Most preliminary inventions in this technique were self-expanding metal stents; 
however, the biliary tract, due to its extent, had a very high possibility of restenosis. 
To conquer this complication, the stents nowadays are being coated with various 
drugs [33]. A few examples of these coatings are:

4.3.1 Anticorrosive

Biodegradable stents are made with magnesium alloys. These alloys post degrada-
tion also act as anti-inflammatory and anticancer agents. However, this quick deg-
radation process limits its effectiveness for clinical use. Hence anticorrosive coating 
has been added to tackle this complication. Coating the stents with polycaprolactone 
(PCL) and (JDBM) has significantly slowed down the corrosion. Nevertheless, this 
has been demonstrated in an in vitro environment, where the biliary tract’s circum-
stances differ slightly. Thus, its effectiveness has not been established yet [33].

4.3.2 Antibacterial

One of the major risk factors of stenting is infection of the biliary tract. Biofilms 
can be formed on foreign bodies, leading to the formation of biliary sludge. Silver 
nanoparticles have been proven to be antiviral, anti-inflammatory, and antioxidants; 
hence, when used as a coating, they reduce the growth of organisms like E. coli, 
Pseudomonas, Enterococcus, and Staphylococcus aureus. In theory, an antibiotic coating 
on the stents would have an antibacterial effect; however, in experiments conducted 
on animals, neither antibiotic showed any advantages [33].

4.3.3 Antitumor

Antitumor coating has expanded the usage of stents beyond creating patency of 
the tracts. Antitumor coating is a great approach to treat biliary epithelial overgrowth 
and inward tumour cell expansion over the stent mesh through targeted therapy. 
Paclitaxel-drug-eluting stents and Gemcitabine-eluting stents have been proven to 
be most effective. That said, this technique, like every other, has its own limitations. 
These drugs can cause hypersecretion of mucin, bile duct epithelial separation, apart 
from their obvious effects on normal cells. All of these factors make it mandatory to 
weigh the risk-to-benefit ratio before using them [33].

4.3.4 Stone dissolving stents

Usage of sodium cholate (SC) can dissolve cholesterol stones, and ethylenediami-
netetraacetic acid (EDTA) can dissolve pigment stones. These drugs have been proven 
to be significantly beneficial in both in vitro and animal studies. However, the uneven 
distribution of the drug poses a challenge. Hence, further studies are required to 
prove its safety for clinical use [33].

Other coatings being investigated include functional composite coatings, anti-
stent migration coatings, and x-ray visible coatings. These new stent developments 
have a significant chance of becoming first-line therapeutic options in the future.

4.4 Innovations in managing ERCP-related complications

Major complications with ERCP are infections, post-ERCP pancreatitis, cholangi-
tis, perforation and haemorrhage.
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ERCP-related infection can be tackled with the use of preprocedural antibiotics. 
This method has been in practice for a long time, but nowadays post-procedural antibi-
otics for 3–5 days are also being used in special cases like post liver transplant strictures 
and patients with sclerosing cholangitis. Prompt percutaneous drainage, endoscopic 
decompression, and nasobiliary drainage procedures are being used in addition to the 
use of antibiotics and stents to guarantee appropriate post-operative drainage [34].

Post-ERCP pancreatitis most often leads to pancreatic necrosis. Necrosectomy was 
previously carried out with open surgery, but now it has been proven that percutane-
ous and laparoscopic methods have been more beneficial [34].

Post-ERCP cholangitis can be significantly reduced by reducing the usage of 
contrast for visualisation of the tract. Usage of methods like passing a guide wire and 
air cholangiography have been proven beneficial [34].

Post-ERCP haemorrhage can be tackled with balloon tamponade, injection of 
dilute epinephrine solution through a sclerotherapy needle, heater probe, or bipolar 
coagulation, and/or the placement of endoscopic clips. The most widely recognised 
and effective treatment for post-operative bleeding is epinephrine injection. Insertion 
of fully covered self-expandable metal stents (SEMS) into the bile duct is the newest 
method being used to treat bleeding refractory to traditional methods [34].

Another most dreaded complication of ERCP is perforation. Retroperitoneal per-
foration can be treated medically, whereas free intraperitoneal perforation requires 
immediate surgical repair.

4.5 Cholangioscopy

4.5.1 History and evolution

Cholangioscopy previously required two operators, presenting a significant chal-
lenge. Single operator cholangioscopy has been a frequently utilised diagnostic and 
therapeutic tool since its development.

4.5.2 Technique & visualization

Cholangioscopy is a type of direct visualisation technique that provides macro-
scopic analysis of the biliary mucosa. It can also be used as an addon to ER-US and 
ER-FNA for biopsy in case of malignant biliary strictures.

4.5.3 Access routes

Cholangioscopy was initially performed via the oral route; however, nowadays 
other routes like percutaneous, Trans-Cystic, Trans-Hepaticogastrostomy, and 
transpapillary have been explored [35].

4.5.4 Clinical indications

Usage of cholangioscopy has become crucial in the treatment of:

4.5.5 Indeterminate biliary strictures

If ERCP fails, cholangioscopy is the next best option for the diagnosis of biliary 
strictures. Cholangioscopy provides direct visualisation of the stricture as well as the 
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surrounding mucosa. Malignancies are associated with surrounding neovascularisa-
tion, ulcer formation, and several other changes; all of these can be visualised through 
cholangioscopy. It has also been proven that cholangioscopy has fewer complications 
in comparison to endoscopic techniques [35].

4.5.6 Difficult gallstones

Cholangioscopy is also recently being used to treat gallstones using the lithotripsy 
technique. Electrohydraulic or laser energy is used to treat the stones. The usage of 
mechanical lithotripsy or endoscopic methods can be challenging to visualise the 
complete removal of the stones. Complete removal of the stones is mandatory to 
reduce post op complications. Therefore, peroral cholangioscopy is being used to 
visualise the biliary tract after the procedure.

4.5.7 Other applications

Cholangioscopy these days is also being used in the treatment of primary scleros-
ing cholangitis, post-ERCP bleeding, benign polyps, radio frequency ablation of intra-
ductal lesions and rare complications like mirizzi syndrome (with cholangioscopic 
lithotripsy [35].

5.  Percutaneous approaches

5.1 Percutaneous trans-hepatic cholangiography

PTC or Percutaneous trans-hepatic cholangiography is an invasive procedure com-
monly used for both diagnostic and therapeutic purposes. It involves the insertion of a 
needle into the biliary tract, followed by catheter placement for percutaneous tran-
shepatic biliary drainage. Radio contrast is injected into one or more biliary ducts and 
possibly the duodenum, and is subsequently seen under fluoroscopic or ultrasound 
guidance. PTC is considered a pioneer in managing obstructive jaundice in malignan-
cies, and it helps reduce bilirubin levels, improve liver function, and enable other 
treatments such as drainage and diagnostics.

5.2 Applications in complex biliary obstructions

Endoscopic Retrograde Cholangio-pancreatography (ERCP) is the mainstay treat-
ment for managing biliary obstructions in patients with bilio-enteric anastomotic 
strictures (BEAS) and calculi. However, in patients who have undergone surgeries 
that distort the upper gastrointestinal (GI) anatomy (these include Billroth II distal 
gastrectomy, Roux-en-Y reconstruction bypass, pancreaticoduodenectomy, and 
hepaticojejunostomy), the biliary tree gets harder to access with an oral endoscopy, 
making ERCP more complicated. These procedures form BEAS that promote cho-
lestasis, and their sutures are responsible for generating foreign body reactions that 
form calculi, thus worsening the biliary strictures. Furthermore, biliary sepsis and 
comorbidities make these patients poor candidates for surgical management, thus 
requiring the need for PTC [36].

Current guidance recommends percutaneous radiological stone extraction for 
patients for whom endoscopic procedures are contraindicated or unsuccessful. Biliary 
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access is achieved by inserting a PTC drain via a catheter that performs necessary 
interventions under fluoroscopic guidance. This procedure is combined with litho-
tripsy, which uses the PTC biliary access for duct clearance under video cholangios-
copy guidance, with lithotripsy that is needed for stone fragmentation [36].

PTC has also shown a better therapeutic success rate, less cholangitis and lower 
reintervention rate as compared to ERCP in cases of biliary drainage in malignant 
hilar biliary strictures.

PTC has also been reported to be useful in complex cases of foreign body impac-
tion. Dormia basket is an instrument often used in the endoscopic removal of stones 
from the common bile duct, as seen in cases of choledocholithiasis. However, in 
cases when the stone size is massive, there is a higher probability of impaction of 
Dormia basket (DB) in the common bile duct. Due to the complexity of the case, 
a parallel approach requiring PTC and drainage with simultaneous endoscopy is 
required to safely remove the impacted foreign body. The sole use of ERCP in such 
cases resulted in severing of the holding wires, making the retrieval of the DB 
difficult. This can further be complicated by the perforation of CBD by the metallic 
tip of DB, thus requiring PTC to remove the DB as well as to enable drainage of the 
perforated CBD [37].

5.3  PTC with percutaneous transhepatic biliary drainage (PTBD) after kasai 
portoenterostomy

Kasai Portoenterostomy (KP) is a standard procedure done in patients diagnosed 
with biliary atresia. After the procedure, patients with biliary atresia(BA) occasion-
ally develop complications, including recurrent cholangitis, biliary stricture, and 
cystic dilatation of the intrahepatic bile duct. This procedure has been tried in adult 
patients with BA with native livers, although the procedure has shown some success 
in reducing the frequency of complications, this procedure is not recommended to be 
performed easily on these patients because of a low success rate [38].

5.4 PTC with PTBD in hilar cholangiocarcinoma

Hilar Cholangiocarcinoma (hCCA) is a primary tumour of the biliary tract associ-
ated with a poor prognosis. Due to its anatomical origin and characteristics, it most 
commonly presents with painless obstructive jaundice. Depending on the staging, 
both therapeutic and palliative care measures can be taken. Compared to endoscopic 
drainage, the use of PTC with PTBD has the advantage that a specific duct can be 
targeted for treatment and to maximise the drainage from the remaining functional 
parenchyma. It has been shown to be more effective in reducing post-procedure 
complications like cholangitis and helps in better priming of the surgery.

The choice of procedure in a therapeutic setting mainly depends on the type of 
procedure performed. Patients with Bismuth II have been reported to perform better 
with ERCP, while patients who have undergone Bismuth IIIa or IV and have a biliru-
bin level greater than 8.8 mg/dl reported better results with initial PTBD [39].

When attending to patients requiring palliative care, one should keep in mind that 
the end goal of a procedure in such patients is to improve their quality of life. PTC 
with PTBD, which allows for the placement of an external stent, has shown a better 
quality of life after PTBD as compared to ERCP. A potential cause for this result is the 
higher incidence of post-procedural fever in groups undergoing endoscopic biliary 
stenting. Another benefit of this procedure is that percutaneous tenting can be done, 
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eliminating the burden of caring for an external drainage tube for the rest of the 
patient’s life [39].

5.5 Ablation techniques

The percutaneous modalities that are available today include the radiofrequency 
ablation(RFA), microwave ablation(MWA), cryoablation, irreversible electropora-
tion, laser and high intensity focused ultrasound. In this chapter RFA and MWA will 
be primarily discussed.

Biliary tumours, namely cholangiocarcinoma, present with a high mortality rate 
and a poor prognosis. Traditionally treated by surgical resection, these tumours at the 
time of diagnosis are often not surgical candidates due to the high tumour burden and 
associated comorbidities. In addition to this, there is a very high tumour recurrence 
rate after resection. In such cases, percutaneous ablation techniques as mentioned 
above have proven to be beneficial.

5.6 RFA

Radiofrequency ablation works by generating an area of necrosis within the 
targeted tissue by applying thermal therapy via an electrode that provides an alternat-
ing current, causing ions to reverberate rapidly, thus increasing tissue temperature. 
The thermal energy produced induces a coagulative necrosis and subsequent death 
of malignant cells. This helps in completely eradicating the tumour at the same time 
preserving the remaining healthy tissue. RFA has also been shown to improve the 
survival and the quality of life in patients with unresectable cholangiocarcinoma. It 
does so by maintaining biliary drainage by tumour ablation within the biliary ducts or 
occluded metallic stents [40].

RFA can be approached in numerous ways, including surgical, percutaneous, and, 
more recently, the endoscopic modality. There have been advances in this technique to 
prevent excessive heating and collateral damage to the surrounding tissues. This was 
achieved by developing a specialised catheter named endo luminal radiofrequency 
ablation fitted with an automatic temperature probe to detect overheating. The 
advancement in ERCP has allowed the concomitant use of RFA to achieve stepwise 
ablation of the diseased tissues. RFA, however, has it is fair share of limitations; the 
therapeutic efficacy of this procedure is inversely related to the tumour size and its 
location. It is difficult to carry out this procedure in tumours in close approximation 

Radio frequency ablation Microwave ablation

1.  Causes coagulative tissue necrosis 
using thermal energy from an electrode 
providing alternate current

1.  Works by depositing energy into tissues using frictional 
heat generated from electromagnetic radiation induced 
rotation of mainly water molecules.

2.  Lower ablative temperatures reached near 
blood vessels due to “heat sink” effects

2.  Higher ablative temperatures reached due to low 
susceptibility of heat sink effect

3.  Slower as compared to MWA in time taken 
to reach optimum temperature

3.  Faster as compared to RFA to reach optimum ablative 
temperatures

4.  Lesser efficacy in charred desiccated tissue 
and also lesser efficiency in lung and bones

4. Better than RFA in charred tissue, lung and bones

Table 3. 
Evaluating the differences: Radiofrequency ablation vs. microwave ablation [40, 41].
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to large vessels as the cooling effect of flowing blood can result in a “heat sink” effect, 
which results in the inability to reach maximal temperatures and henceforth causes 
incomplete cell destruction. RFA is also contraindicated in patients who are pregnant 
and those having cardiac devices or disorders of coagulopathy [40].

5.7 MWA

Microwave ablation is another percutaneous ablation technique commonly used in 
biliary tract diseases and has emerged as a suitable alternative for RFA. This technique 
has been shown to overcome many limitations of RFA. MWA works by depositing 
energy into tissues through electromagnetic radiation-induced rotation of dipole mol-
ecules, like water, which results in the formation of frictional heat. MWA generates 
higher temperatures as compared to RFA in a shorter time, leading to larger ablation 
zones and comparatively lesser susceptibility to heat sink effects of adjacent blood 
vessels. MWA is also proven to be more effective in tissues that have high impedance, 
such as charred desiccated tissue (Table 3) [41].

5.8 Outcomes of ablative techniques in cholangiocarcinoma

The treatment of cholangiocarcinoma depends on its anatomical location and 
resectability. At present, RFA is mainly employed for extrahepatic cholangiocarci-
noma, it is use in cases of intrahepatic cholangiocarcinoma has limitations, but can 
be achieved by using ERCP or endoscopic ultrasound (EUS). Multiple studies have 
shown the efficacy of RFA in the treatment of cholangiocarcinoma and stent  
patency [40].

MWA in the current times has shown to take over RFA in treatment procedures, 
similarly to RFA, MWA has shown to be efficacious in reducing mortality rate and has 
proven to show better prognosis in patients with cholangiocarcinoma [41].

6.  Minimally invasive techniques

6.1 Laparoscopic advancements

The recent advances in minimally invasive surgery have changed the entire face of 
abdominal surgery. Since the 1990’s laparoscopic surgery has been the treatment of 
choice for cholecystectomy. These procedures have witnessed major advances with the 
coming of robotic surgery. These procedures have the advantages of minimal wound 
extension, early post-operative recovery, and fewer post-operative complications. 
To cover these advancements, newly enhanced imaging techniques such as high-
definition cameras and fluorescence imaging with newer laparoscopic instruments 
and techniques will be discussed under this section.

6.2 Enhanced imaging technologies

The major limitation of laparoscopic surgery is the inability to perceive adequate 
depth. Since the foundation of laparoscopic surgery, there have been various advances 
focussing on increasing the quality of image and depth perception. The current 
preferred endovision technology is the regular high-definition (HD) system having a 
resolution of 1080 pixels. To overcome the mentioned problem, a 3D endovision system 
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was designed. The latest generation high-definition 3D technology has also effectively 
minimised the surgeon’s post-procedural related headaches, dizziness, and vomiting. 
The use of 3D technology is associated with both shortened operative time and a sig-
nificant reduction in complication rate. Recently, there has also been a development of 
ultra-high-definition to improve the depth perception in surgery. The 4 K technology, 
which is primarily an extension of the existing two-dimensional working environment, 
uses a robust resolution of 3840 x 2160 pixels. The higher quality of imaging provides 
the operating surgeon with a larger image of the operative field. It provides a mon-
ocular depth perception by virtue of indirect visual cues, shadows of the structures, 
motion parallax, colour, and contrast of the operative field. This technology has also 
been found useful in reducing the intra-operative blood loss as well as the operating 
time. Other advantages of this system include a 5 mm angled optic that is easy to rotate 
for a wider view of the operating field and no requirement to wear polarised glasses 
during surgery, thus making it an efficient alternative to 3D technology [42].

Fluorescence imaging-Near-Infrared (NIR) fluorescence imaging technique is a 
widely adopted real-time imaging used in surgery in various clinical fields. To find the 
most appropriate fluorophore, many clinical studies were conducted, and this led to 
the discovery of Indocyanine green (ICG), which is now well known to be a harmless 
and appropriate fluorophore. ICG emits a fluorescence that peaks at a wavelength 
of approximately 840 nm, illuminated by the NIR light. It is barely influenced by 
water or haemoglobin and has been widely used as a suitable fluorophore in biliary 
systems. With advancements in the fields of minimally invasive procedures, attaining 
ICG imaging has become relatively more simplified, however, there are still several 
barriers, including the high cost of the essential camera system and high discrepan-
cies between real and fusion images that have to be overcome. Recent investigations to 
verify the effectiveness of another fluorophore, namely sodium fluorescein (SF) have 
been conducted in porcine models. Under exposure to blue light, SF has the ability 
to emit a green light at the wavelengths of 520–530 nm to penetrate thin tissue. In 
contrast with the NIR fluorescence technique using ICG, this blue light fluorescence 
does not require an expensive camera system, as the light can be visualised by the 
conventional laparoscopic system. Furthermore, it provides the benefit to visualise 
the tracer and surrounding tissues without having any discrepancies regarding real-
time and fusion images, thus paving the way for a more optimal fluorophore in SF as 
compared to ICG [43].

6.3 New laparoscopic techniques

With the rapid development of minimally invasive techniques through meticulous 
approaches, new laparoscopic methods are continuously being introduced. Although 
laparoscopic procedure poses challenges like restrictions of movement in the operat-
ing field and use of pedals for controlling the operating system, many new surgical 
methods, instruments, and devices have been developed to improve the working 
conditions that would help enhance the dexterity and accuracy during the required 
procedure. The newer methods include, Natural Orifice Transluminal Endoscopic 
Surgery (NOTES), Single Incision Laparoscopic Procedure (SILS), Robot-Assisted 
Laparoscopic Surgery (RALS), and Fluorescence-Guided Laparoscopic Surgery [44].

Natural orifice transluminal endoscopic surgery (NOTES). As the name sug-
gests, this technique utilises access to the peritoneal cavity through natural orifices 
without any incisions or without passing through the anterior abdominal wall. This 
procedure is performed with existing endoscopic techniques using instruments in one 



79

Emerging Techniques in Management of Biliary Tract Diseases
DOI: http://dx.doi.org/10.5772/intechopen.1010235

body cavity, usually the peritoneal cavity. This access can be attained by passing an 
endoscope through a natural orifice such as the mouth, anus, vagina, or urethra and/
or sometimes through incisions to create internal orifices. A combination of NOTES 
with a direct transcutaneous entry to the peritoneal cavity using the laparoscopic 
equipment is called HYBRID NOTES. Since these techniques eliminate the need for 
external incisions, it has potential benefits such as reduced post-operative pain, faster 
recovery time, and improved cosmesis. Although NOTES is still in its experimental 
stage, it holds great promise in procedures like cholecystectomy [44].

Single incision laparoscopic procedure (SILS): This procedure involves the use of 
laparoscopic techniques through a single small incision that is usually present at the 
umbilicus. As the port counts are consolidated into one single incision, it has proven 
to show many advantages over the traditional laparoscopic procedure. Benefits 
include decreased discomfort and pain, faster recovery period, superior cosmetic 
outcomes, and fewer port-associated complications [44].

Fluorescence-guided laparoscopic surgery: As mentioned earlier, it uses a fluoro-
phore, mainly ICG, to enhance the visualisation of anatomical structures and patho-
logical tissues during surgery. Fluorescence imaging allows surgeons to accurately 
identify and delineate critical structures, such as blood vessels and tumours, reducing 
the risk of intra-operative complications.

6.4 Robot-assisted laparoscopic surgery (RALS)

A surgical robot is primarily a computer-controlled system used to assist the sur-
geon during a procedure. Originally planned to be used in the process of telesurgery, 
it has shown great prowess in the operating theatre to facilitate laparoscopic surgery.

6.4.1 Benefits of RALS

• Improved orientation and dexterity, especially when a procedure requires sutur-
ing in small spaces or facilitating ergonomic instruments at angles.

• There is an availability of numerous instrumental tips for the laparoscopic 
instrument.

• Helps in better three-dimensional visualisation as well as tremor reduction.

• Improved survival, lesser blood loss, less post-operative pain, better cosmesis, 
and a faster return to physical activity as compared to open surgery.

• Compared to the traditional laparoscopic procedure, RALS has a shorter learning 
curve, and thus, surgeons can be trained faster in this technique [44, 45].

6.4.2 Challenges of RALS

• Reduced flexibility

• Requires increased operative time

• This procedure is more expensive as compared to the other laparoscopic 
procedures.
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• RALS cholecystectomy has been shown to be associated with a higher risk of bile 
duct injury necessitating a definitive operative repair within 1 year. There is also 
a higher chance of biliary interventions and serious complications [44–46].

7.  Gene therapy and regenerative medicine

7.1 Gene therapy

Advancements in research have demonstrated that gene therapy is being used more 
often to treat biliary tract disorders. Pathological processes such as fibrosis are involved 
in diseases like Primary biliary cholangitis (PBC) and Primary sclerosing cholangitis 
(PSC), which can lead to end-stage liver failure. Liver transplants are often used in con-
junction with the above-mentioned illnesses to treat additional cholangiopathies that 
have lethal consequences. However, developments in gene therapy facilitate the man-
agement of these ailments. Rodent models are still being used to study these treatments.

The renin-angiotensin system, which is important for blood pressure management 
and sodium-water balance as well as tissue healing, is the target of the therapies. 
According to scientific data, angiotensin II (Ang II) is the causative agent of hepatic 
and biliary fibrosis. An intraperitoneal injection of an adeno-associated viral vector 
(AAV) containing the gene encoding for angiotensin-converting enzyme 2 (ACE2) 
was used. The viral genome is integrated into the cell by the process of transduction, 
which causes ACE2 expression to rise and Ang II levels to fall. This aids in limiting the 
amount of fibrosis that develops in the damaged tissue. Systemic adverse effects are 
a common occurrence with this therapy since it alters blood pressure and fluid and 
electrolyte balance [47].

The development of novel gene editing techniques like clustered regularly inter-
spaced short palindromic repeats (CRISPR) allows for the study of genetic illnesses 
such as biliary atresia and Alagille syndrome.

7.2 Regenerative medicine

7.2.1 Cell therapy

In cell therapy, healthy tissue is used to harvest pluripotent or multipotent cells, 
which are then cultivated in vitro to produce the desired progeny. Liver transplanta-
tion is becoming less common as a substitute for cell therapy. Repopulating injured 
biliary system locations with stem/progenitor cells is the method used in these 
therapies [48]. Within the adult hepatic and biliary niches, there are two distinct 

HpSCs BTSCs

• Bipotent progenitor cells • Multipotent stem cells

• Located within the Canals of Hering. • Located within the Peribiliary glands of Intrahepatic 
and extrahepatic bile ducts.

• Can differentiate into mature hepatocytes 
and cholangiocytes

• Can differentiate into hepatic and pancreatic lineages

Table 4. 
Differences between hepatic stem/progenitor cells (HpSCs) and biliary tree stem/progenitor cells (BTSCs) [49].
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populations of stem/progenitor cells: hepatic stem/progenitor cells (HpSCs) and 
biliary tree stem/progenitor cells (BTSCs) (Table 4).

Acute hepatitis, viral cirrhosis, alcoholic steatohepatitis, non-alcoholic fatty liver 
disease, and cholangiopathies are among the illnesses associated with the HpSCs 
lineage. Primary sclerosing cholangitis, cholangiocarcinoma, non-anastomotic 
strictures, and biliary atresia are among the illnesses associated with the BTSCs 
lineage. The two stem cell lineages are rarely employed in the homeostatic regenera-
tion necessary for the physiological make-or-break of the tissue, despite the fact that 
they can both activate in response to harm. This is because mature hepatocytes have a 
large capacity for regeneration. The hepatic and biliary tract’s disease circumstances 
stimulate stem cells through many signalling pathways.

On the other hand, biliary tract diseases cause cell injury that is the primary cause 
of BTSC activation, despite their presence in close proximity to the biliary tree. BTSCs 
proliferate and remodel extensively in lesions of primary sclerosing cholangitis, 
resulting in the formation of dysplastic or hyperplastic glands surrounding the biliary 
systems. They also release angiogenic and proinflammatory factors, which aid in the 
process of fibrogenesis, or scarring. Additionally, pre-neoplastic lesions that eventu-
ally turn into cholangiocarcinoma are formed by BTSCs [49]. Research is still being 
done to gather stronger proof of the value of cell treatment in biliary diseases that 
affect the extrahepatic and intrahepatic liver [48].

7.2.2 Tissue engineering

Organoids are in vitro-cultivated, basic organ tissues made from stem cells. 
Organoids are generated from biliary epithelial cells, also known as cholangiocytes, 
specifically for the bile ducts. The functional abilities of cholangiocytes are restricted 
based on the site of extraction. Cholangiocytes lose their unique capabilities as they 
become organoids, however, these can be recovered in vitro by giving the organoids 
environmental cues. While organoids can regenerate damaged tissue and restore 
organ function, this ability is limited to in vitro experiments. In vivo outcomes from 
animal research have been somewhat lacking [50].

8.  Conclusion

The traditional methods of treating biliary diseases have room for improve-
ment. While adjuvant therapy has shown significant potential in improving patient 
outcomes. These advances hold promise not only for improving patient outcomes 
but also for reducing the need for invasive diagnostic procedures, ultimately leading 
to a less burdensome healthcare experience for patients. Certain approaches, such 
as targeted therapies, show promise by directly attacking the underlying causes of 
cancer, which may increase the chances of eradication. This has been made possible 
by ongoing research in gene therapy is paving the way for a deeper understanding of 
the genetic factors involved in biliary diseases, which could lead to the development 
of more personalised treatments. The use of prophylactic antibiotics and ensuring 
effective pain management can accelerate recovery and enhance the overall quality 
of care by lowering the risk of post-operative systemic complications. Additionally, 
employing minimally invasive techniques can further improve the quality of care. 
Furthermore, advancements in regenerative medicine offer the potential to reduce the 
need for liver transplantation by promoting the regeneration of damaged liver tissue. 
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Chapter 6

Laparoscopic Cholecystectomy 
from the Classic Approach to 
Recent Updates
Mohie El-Din Mostafa Madany

Abstract

The current chapter provides a comprehensive overview of complications, 
 difficult situations, and technical challenges related to laparoscopic cholecystec-
tomy (LC). It revisited the classic approach, reviewing all the steps with the new 
advancements, and emphasizing the importance of preoperative imaging and 
intraoperative techniques for reducing complications. The chapter also discusses 
complex scenarios, including Mirizzi syndrome, cystic duct stones, GB mucocele, 
and acute cholecystitis, underlining tailored surgical approaches and the role of 
advanced imaging. It explores critical issues such as perforated GB, short or absent 
cystic duct, the seatbelt effect of the cystic artery, and strategies for managing 
frozen Calot’s triangle, intrahepatic GB, cirrhotic liver, and morbid obesity during 
LC. The necessity of conversion to open surgery and the role of cholecystostomy, 
subtotal, completion, and repeat cholecystectomy in complex cases are examined. 
The chapter underscores optimizing patient outcomes through meticulous surgical 
planning and advanced techniques.

Keywords: laparoscopic cholecystectomy, complications, difficult situation, 
cholecysto-choledocho-lithiasis, advanced imaging, surgical planning

1.  Introduction

Laparoscopic cholecystectomy (LC) is a minimally invasive surgical procedure 
for gallbladder (GB) removal that is widely recognized as the gold standard for GB 
disease treatment. The laparoscope, equipped with a camera, allows the surgeon to 
view the abdominal cavity on a monitor, ensuring precise and effective GB removal. 
The procedure offers several advantages over traditional open cholecystectomy, 
including reduced postoperative pain, shorter hospital stays, faster recovery times, 
and smaller scars. LC has revolutionized GB surgery since its introduction in the late 
1980s, becoming the preferred method for managing conditions such as gallstones, 
GB inflammation, and abnormal GB function. Notably, the procedure boasts high 
success rates and lower complication risks, a testament to its safety and reliability in 
significantly improving patient outcomes and quality of life [1, 2].
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2.  Revisiting the classic approach for laparoscopic cholecystectomy

The classic approach for LC is the cornerstone for every subsequent modification.

2.1 Key principles

The four-port technique includes one umbilical, two lateral, and one epigastric 
port. The patient is in the supine position with the operating table in slight reverse 
Trendelenburg and left tilt, which aids in moving the intestines away from the surgi-
cal field and improving access to the GB [1, 2].

2.2 Port placement

A 10–12 mm umbilical port accommodates the laparoscope. A 10 mm epigastric 
port below the xiphoid hosts dissecting instruments, a clip applier, and scissors. Right 
midclavicular and right anterior axillary ports, both 5 mm, assist in dissection and 
retraction [1, 2].

2.3 Procedure

Carbon dioxide insufflation (12–15 mmHg) establishes pneumoperitoneum, 
enhancing visibility. Achieving the critical view of safety (CVS) prevents bile duct 
injuries. It involves identifying the cystic duct and artery, ensuring that only two 
structures enter the GB before clipping and cutting [3, 4]. Grasping the GB fundus 
and retracting it toward the right shoulder while laterally retracting the infundibulum 
exposes Calot’s triangle, cystic duct, and artery. Careful dissection within Calot’s tri-
angle ensures unambiguous identification of the cystic structures. Following critical 
view confirmation, cystic duct and artery clipping (with subsequent division) occur, 
typically with two clips on the ductal side and one on the GB side. Electrocautery 
or ultrasonic energy devices detach the GB from the liver bed, minimizing bleeding 
and liver injury. Post-detachment, the GB is placed in an endoscopic retrieval bag 
and extracted through the epigastric or the umbilical port to minimize peritoneal 
cavity contamination. Hemostasis is ensured through irrigation, and any residual 
bile or blood is aspirated. Finally, pneumoperitoneum release precedes port removal, 
with the closure of the fascia by absorbable sutures and the skin with nonabsorbable 
sutures as proline [1, 2].

2.4 Critique

Laparoscopic cholecystectomy has significant advantages over open cholecystec-
tomy, including reduced postoperative pain, shorter recovery times, and minimal 
scarring. However, despite that and its widespread acceptance and success, several 
critiques and limitations are associated with the classic laparoscopic approach. First, 
in classic LC, the risk of bile duct injury, albeit rare (0.4–1.5%), looms large, poten-
tially leading to bile leakage, infection, and additional surgeries. To mitigate this 
risk, techniques like intraoperative cholangiography and near-infrared fluorescence 
cholangiography are employed. However, technical challenges persist, demanding 
high surgical skill and experience due to limited visibility and range of motion, which 
may prolong operative times and increase complication risks. Postoperative discom-
fort, including incision site pain and referred shoulder pain from abdominal gas 
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insufflation, adds to patient concerns. Efforts to alleviate these discomforts through 
methods like single-incision laparoscopic surgery (SILS) and robotic-assisted tech-
niques show promise but await universal adoption [5–7].

2.5 Is the classic approach enough?

While the classic LC is highly effective and widely used, continuous advancements 
in surgical techniques and technologies hold promise for further improving patient 
outcomes [8]. In the next section, we will delve into the potential areas for improve-
ment in LC, covering every step of the procedure.

3.  Advancements in laparoscopic cholecystectomy

3.1 Perioperative preparation

Enhanced recovery after surgery (ERAS) protocols reduce hospital stays and 
improve recovery times. Preoperatively, ERAS emphasizes thorough patient educa-
tion, updated fasting guidelines allowing clear fluids up to two hours before surgery, 
and carbohydrate loading to maintain energy levels and reduce insulin resistance. 
Intraoperatively, ERAS focuses on optimizing anesthesia and analgesia with multi-
modal strategies to minimize opioid use. Postoperatively, ERAS advocates for early 
mobilization and oral intake initiation to prevent complications such as deep vein 
thrombosis. Patients should drink clear fluids and eat light meals soon after surgery 
to stimulate gastrointestinal function and reduce ileus risk. Multimodal pain manage-
ment continues to ensure effective relief. ERAS also includes prophylactic antibiotics, 
thromboprophylaxis, and strategies to reduce surgical site infections, with nutritional 
support tailored to promote healing [9, 10].

Improved imaging techniques, such as Magnetic Resonance 
Cholangiopancreatography (MRCP) and Endoscopic Ultrasound (EUS), can stratify 
preoperative risk by accurately identifying bile duct stones and anatomical variations, 
thus reducing intraoperative complications and improving outcomes [11, 12].

3.2 Anesthesia and patient positioning

Anesthesia innovations using total intravenous anesthesia (TIVA) and regional 
blocks improve postoperative pain management and patient recovery [13, 14]. 
Trendelenburg positioning is used to move the small intestine away from the pelvis, 
and reverse Trendelenburg is used to move the bowel away from the upper abdominal 
region. These adjustments enhance visibility and access to the GB, facilitating safer 
and more efficient surgical procedures by providing better exposure to the surgical 
field to improve visibility and access to the GB during surgery [15].

3.3 Initial access and pneumoperitoneum

The initial access by the optical trocar with direct visualization minimizes the risk 
of injury to intra-abdominal organs, a common concern during the blind insertion of 
traditional trocars. This approach benefits patients with previous abdominal surgeries 
or other conditions that may alter normal anatomy [16]. Recent studies suggest that 
using a low-pressure pneumoperitoneum, between 10 and 12 mmHg, can significantly 
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benefit patients. This reduction is associated with less postoperative pain. It improves 
cardiovascular and respiratory outcomes [17].

3.4 Ports: Number, size, and place

A recent literature review stated that the standard LC has been modified by utiliz-
ing over 50 different technological variants [18].

Four-port modified techniques: One approach involves reducing port sizes from 10 to 
5 mm or 5 to 3 or 2 mm to minimize the trocar site hernia while maintaining the same 
number of ports. Surgeons using a 5-mm telescope may reduce the umbilical port size, 
while those using a 5-mm clip applicator may downsize the epigastric trocar. Some 
even opt for 3-mm trocars. For ease of GB removal, surgeons often select a 10-mm 
trocar at the umbilical or epigastric site, as the GB is extracted through this trocar in 
an Endobag. Additionally, to enhance cosmetic results, some surgeons place all trocars 
below the bikini line without altering their size [18–20].

Three-port modified techniques: The most common method involves omitting the 
anterior axillary line port and using cranial traction on the GB fundus using a suture. 
Surgeons typically employ two 10-mm trocars and one 5-mm trocar, although some 
may use varying trocar sizes or even perform micro laparoscopic cholecystectomies 
with 3-mm trocars. An intriguing technique involves placing a traction suture on 
the GB, pulling the fundus toward the lower right chest area, and performing the 
cholecystectomy with just three ports. To prevent minor bile leakage during surgery, 
a figure-eight suture can be placed in the fundus, applying gentle traction to avoid 
rupturing the GB wall [21, 22].

The two-port modified technique demonstrates its versatility in various ways. 
Surgeons utilize two traction sutures with two ports, one in the fundus and the other 
in Hartmann’s region of the GB. This technique can involve inserting traction sutures 
through the port or using specialized laparoscopic tools for traction. Notably, the 
instrument used for traction in the Hartmann’s pouch can be inserted through the 
camera port. In some instances, the procedure is streamlined to just two incisions, 
with the umbilical port modified to a single port or a glove port, allowing the use of 
multiple instruments [18, 23].

Surgeons use the single-incision modified technique to access the abdomen from the 
belly button and insert all surgical equipment from the same location. Nonetheless, 
single-incision robot-assisted cholecystectomy examples have made their way into 
the literature. There are additional variations on the single incisions, so much so that 
gasless cases have been documented without CO2 injection [24].

In natural orifice transluminal endoscopic surgery (NOTES), hybrid transvaginal 
procedures are widely utilized, with the first trocar from the umbilical area and the 
remaining trocars transvaginal from the posterior fornix. One systematic review 
compared transvaginal NOTES with traditional laparoscopic surgery. Results showed 
no significant difference in intraoperative or postoperative complications between the 
two techniques. However, transvaginal NOTES patients experienced significantly less 
pain and had a shorter recovery time. Importantly, transvaginal NOTES is a safe and 
minimally invasive procedure, making it a recommended choice for cholecystectomy, 
adnexectomy, and appendectomy [25].

In needlescopic cholecystectomy, the surgeon utilizes very small-diameter instru-
ments (2–3 mm) in contrast to the standard 5–10 mm instruments in smaller ports, 
leading to a significant reduction in the procedure’s invasiveness. The primary advan-
tages include cosmetic benefits due to less visible scarring, reduced postoperative 
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pain, and a quicker recovery, all of which contribute to improved patient outcomes. 
Additionally, the smaller incisions lower the risk of wound infections. However, this 
technique presents technical challenges, requiring more skill and precision [26].

Angled scope cholecystectomy employing a 30-degree or 45-degree laparoscope 
provides a broader and more flexible field of view than the traditional straight laparo-
scope, which allows surgeons to see around corners and access structures not directly 
in line with the port. That is particularly beneficial for visualizing areas behind the 
GB or in the upper abdomen, facilitating precise dissection and tissue manipulation. 
However, it requires additional training and practice, as the altered perspective can 
be disorienting. The cost of angled scopes may be higher than the standard scopes. 
Despite these challenges, enhanced visualization and access can significantly improve 
outcomes [20].

3.5 Dissection and exposure

Dissection and exposure are pivotal stages in LC, where precision and clarity are 
paramount to avoid complications, especially bile duct injuries. Fluorescent cholangi-
ography, a practical method that uses indocyanine green (ICG) dye to highlight bile 
ducts under near-infrared fluorescence, has gained attention. This method allows sur-
geons to—clearly—delineate the bile ducts during dissection. The ICG dye is admin-
istered intravenously before the procedure, and it selectively binds to bile, which then 
fluoresces under near-infrared light, providing a real-time, clear map of the bile ducts. 
The enhanced visualization also helps in detecting any anatomical variations [27].

Another significant development is using advanced energy devices such as the 
harmonic scalpel and LigaSure. These devices have revolutionized the approach to 
tissue dissection and hemostasis. The harmonic scalpel uses ultrasonic vibrations to 
cut and coagulate tissue simultaneously, providing precise dissection with minimal 
thermal spread, which is crucial in delicate areas like the Calot’s triangle. Similarly, 
LigaSure employs bipolar energy to seal blood vessels and tissue bundles effectively, 
offering superior hemostasis and reducing the risk of bleeding. Using these devices 
enhances the efficiency of the dissection process and significantly reduces operating 
times, offering an optimistic outlook for potential time-saving benefits [18, 28].

In resource-constrained settings, the practical and effective use of bipolar electrocau-
tery is a viable option. One prospective study of 120 patients aimed to validate the 
safety and feasibility of using bipolar electrocautery in LC (Figure 1). The findings 
revealed that there was no intraoperative bleeding from the cystic artery or the right 
hepatic artery and no visceral injuries. The success rate was 100%, with no need for 

Figure 1. 
The use of electrocautery in hemostatic control of the cystic artery in LC.
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conversion. The results underscore that bipolar diathermy is a viable and effective 
method for hemostatic control of the cystic artery in LC [29].

3.6 Identifying and securing the cystic duct and artery

Emphasizing the achievement of a Critical View of Safety (CVS) has become 
standard to minimize the risk of bile duct injuries. Some surgeons also recommend 
routine intraoperative cholangiography for additional safety [30].

The Madany triangle technique (Figure 2), a novel and safe approach, places a high 
priority on achieving a Critical View of Safety (CVS) while significantly reducing 
the risk of extrahepatic biliary injury and bleeding. It strategically shifts the focus 
of dissection and cauterization away from the danger zones (the Calot triangle), 
specifically targeting the proximal part of the cystic duct at its junction with the 
GB neck. This approach effectively avoids the complications associated with any 
anatomical variation within the Calot triangle, as the Caterpillar hump of the right 
hepatic artery (Figure 3). The Madany et al. study provides robust evidence of the 
technique’s effectiveness and safety. The early scarification of the cystic artery during 
GB skeletonization eliminates the seat belt effect of the artery and its branches on the 
proximal part of the GB, infundibulum, and cystic duct as shown in Figure 3 and the 
attached video. The technique potentially reduces the incidence of bile duct injury 
and perioperative bleeding, ultimately improving patient outcomes [31].

In the clipless cholecystectomy, the metallic clips are replaced with alternative 
methods, such as ultrasonic dissection or suturing, to secure the cystic duct and 
artery. This transition aims to mitigate the risks associated with clip-related complica-
tions. Ultrasonic dissection provides precise and adequate hemostasis. This method 

Figure 2. 
Madani triangle from the left-side view when right traction was applied on the Hartman pouch; it is bounded 
laterally by the skeletonized proximal part of the cystic duct (CD). Superiorly, it is bounded by the posterior 
surface of the proximal part of the skeletonized gallbladder (GB). It is bounded medially by an imaginary line 
between a point at the junction of the cystic duct with the CBD (orange star) and continuous with a point at 
the anterior end of the dissected cystic plate (red star) [31]. Copyright © 2024 Wolters Kluwer. Published by 
Lippincott Williams and Wilkins.



93

Laparoscopic Cholecystectomy from the Classic Approach to Recent Updates
DOI: http://dx.doi.org/10.5772/intechopen.1008505

reduces thermal spread to adjacent tissues and minimizes intraoperative bleeding. 
Additionally, suturing the cystic duct and artery offers a secure and reliable method 
of ligation, particularly in complex cases. The versatility of this method is particularly 
advantageous in patients with dense adhesions or distorted anatomy due to chronic 
inflammation or previous surgeries, providing a comprehensive solution. Advanced 
suturing techniques ensure a robust closure, significantly decreasing the likelihood 
of postoperative bile leaks. Moreover, eliminating foreign metallic objects from 
the surgical site enhances postoperative imaging and reduces the risk of long-term 
complications related to clip presence [32, 33].

In LC, securing the cystic duct can be achieved through various methods, such as 
suturing ligation (Figure 4), clips, electrocautery, and vessel sealing devices. Suturing 
ligation is highlighted as a safe and cost-effective option, especially in low-resource 
settings like developing countries. One study assessed the safety and feasibility of 
intracorporeal suturing ligation for cystic duct management. The mean time for cystic 
duct ligation was 3.03 minutes, and the procedure had a remarkable 100% success rate 
with no intraoperative bile duct injury, leakage, or bleeding. The technique demon-
strated low rates of postoperative complications and did not require conversion. This 
underscores the method as a crucial skill in LC, essential for resource-constrained 
environments, and instills confidence in its effectiveness [34].

3.7 Gallbladder removal

Using an endobag for GB retrieval plays a critical role in maintaining a sterile 
surgical field during LC. Surgeons can effectively minimize the risk of bile spillage 

Figure 3. 
Early scarification of the cystic artery during GB skeletonization eliminates the seat belt effect of the artery and its 
branches on the proximal part of the GB, infundibulum, and cystic duct.

Figure 4. 
Intracorporeal suturing ligation for cystic duct.
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and subsequent complications, such as infection or peritoneal irritation, by securely 
containing the GB and any associated debris within the bag before extraction through 
the trocar site. This method ensures a clean and safe procedure. A systematic review, 
providing comprehensive insights, analyzed studies comparing endobag versus direct 
extraction techniques. The review’s findings indicate that using an endobag signifi-
cantly decreases the incidence of SSI and bile spillage compared to direct extraction. 
The incidence of intra-abdominal collection was comparable between both groups. 
However, the endobag method often necessitates a larger fascial defect for GB extrac-
tion, while no significant difference was observed in port site hernia rates [35].

A retrospective analysis aimed to evaluate the safety of GB retrieval through the right 
lumbar port using the 5-5-5-10 approach, with a focus on trocar site hernias (TSH) 
rates, has been published. The study meticulously reviewed records and operative 
videos of 977 patients who underwent LC at Aswan University Hospital’s general sur-
gery department. The results were striking; not a single instance of TSH was reported 
during the follow-up period, which averaged 28.5 ± 12 months. This finding, along 
with other favorable outcomes, particularly regarding cosmetic appearance, further 
supports the safety and efficacy of the endobag method [36].

3.8 Closing the incisions

Recent innovations in LC include the development of advanced fascial closure 
devices to enhance the closure of port site incisions with improved precision. They 
often incorporate features such as self-anchoring mechanisms or absorbable fixation. 
In a recent study, Nasr fascial closure device was evaluated for fascial closure in laparo-
scopic surgery. The median time for complete closure of the port site was 63.0 seconds 
(interquartile range 76.8 seconds). Notably, no cases of TSH were reported during the 
12–15-month follow-up period. The findings conclude that the novel device provides a 
safe, rapid, and effective port site closure technique [37].

Novel suturing techniques in LC focus on optimizing the closure of port site inci-
sions through innovative stitching patterns or materials. Techniques such as barbed 
sutures, knotless closures, or extracorporeal knots (as in Madany closure) have gained 
attention for their ability to simplify the suturing process and enhance wound closure 
strength. These advancements aim to minimize tissue trauma, reduce operative time, 
and promote faster healing with improved cosmetic outcomes. A prospective study 
evaluated the Madany closure technique (Figure 5) for port site closure. The method 
demonstrated a median closure time of 83.5 seconds (interquartile range 44.75 sec-
onds), indicating rapid closure. Notably, no TSH occurred during the 6-month 
follow-up period, underscoring the technique’s safety and effectiveness [38, 39].

Figure 5. 
Madany closure technique.
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3.9 Postoperative care

Postoperative care in LC emphasizes early mobilization and progressive diet 
advancement as integral components of ERAS protocols. Early ambulation is typi-
cally initiated within hours of surgery. Likewise, the rapid advancement of diet from 
clear fluids to solid foods helps to diminish the postoperative ileus and allows for the 
recovery of normal gastrointestinal function sooner [9, 10].

Effective pain management in LC involves the implementation of multimodal analge-
sia strategies aimed at reducing opioid consumption while ensuring adequate pain relief. 
Multimodal analgesia combines various medications and techniques to target different 
pain pathways, thereby enhancing efficacy and minimizing side effects. Non-steroidal 
anti-inflammatory drugs (NSAIDs) and acetaminophen serve as cornerstone agents 
in this approach, providing adjunctive pain relief and reducing the need for opioids. 
Regional anesthesia techniques such as transversus abdominis plane (TAP) blocks or 
local anesthetic infiltration at trocar sites further contribute to localized pain control, 
enhancing patient comfort during the immediate postoperative period. This compre-
hensive pain management strategy supports the goals of ERAS protocols [40, 41].

3.10 Emerging technologies and techniques

Robotic surgical systems are at the forefront of revolutionizing minimally inva-
sive surgery, particularly in single-port cholecystectomies. These systems offer a 
significant leap forward in surgical precision and safety with three-dimensional 
visualization, reduced instrument tremors, and increased instrument flexibility. 
These systems can be performed via a single umbilical incision or through multiport 
methods, offering a range of options to suit different procedures [42].

Artificial Intelligence (AI) algorithms and Augmented Reality (AR) overlays are 
emerging technologies that hold immense potential to revolutionize surgical practice. 
These technologies offer real-time assistance to surgeons, analyzing vast amounts of 
data to enhance anatomical recognition and surgical decision-making. AR overlays 
integrate digital information into the surgeon’s view of the patient, offering intuitive 
visual guidance and improving spatial awareness. This technology allows surgeons to 
navigate complex anatomies more effectively and confidently perform procedures. 
While still in the early stages of adoption, AI and AR hold promise for not just 
improving but optimizing surgical outcomes [43, 44].

3.11 Overall insights into these updates

Laparoscopic cholecystectomy (LC) has revolutionized the surgical treatment of 
benign GB diseases following conventional cholecystectomy. However, there needs to 
be a clear consensus on the superiority of standard LC versus modified LC methods. 
While some studies suggest specific advantages of modified techniques, unanimity 
still needs to be discovered. The paramount importance of patient safety cannot be 
ignored. The principles of safe cholecystectomy must not be compromised when 
choosing a surgical method. With its rigorous adherence to the CVS, the standard 
LC procedure remains the foundational approach. While modified techniques offer 
potential benefits, the debate about their overall superiority continues, necessitating 
a balanced approach that prioritizes patient safety. Ensuring that improved cosmetic 
results do not undermine safety underscores the importance of experienced surgeons 
and careful patient selection when considering modified LC methods [18].
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Safety issues: Early complications following LC include bile duct injury (BDI), bile 
duct leak, SSI, and intra-abdominal infection. BDI is particularly critical, although its 
incidence has decreased to an estimated 0.4–1.5% as surgeons’ skills have advanced 
[18]. A recent meta-analysis highlighted lower complication rates with three-port and 
standard LC methods [45]. Another meta-analysis indicated comparable rates of early 
postoperative complications across methods, with needlescopic LC showing a lower 
incidence of SSI [46]. No significant differences in complications were found between 
robot-assisted and LC [47].

Surgery time: Procedure duration varies across techniques. Three-port techniques 
have shorter surgery times than standard LC [48]. Single-incision LC and needle-
scopic cholecystectomy have also been associated with shorter times than standard LC 
[46]. However, robot-assisted cholecystectomy requires a longer duration [47].

Postoperative pain: Modified LC techniques often demonstrate advantages in 
postoperative pain. Single-incision robot-assisted cholecystectomy has been reported 
to yield the least postoperative pain, followed by other single-incision approaches 
[45]. Needlescopic LC also shows promise in minimizing postoperative pain [46]. 
Conversely, meta-analyses comparing single-incision LC with multiport methods 
have not consistently shown differences in pain [48].

Length of hospital stay is another crucial consideration in LC outcomes. Studies 
have indicated shorter hospital stays with three-port LC compared to standard LC 
and single-incision robot-assisted and needlescopic techniques [45, 46]. However, 
these findings generally do not account for emergency surgeries, such as those for 
acute cholecystitis, which typically require more extended hospital stays regardless of 
the surgical method [18].

4.  Special situations in laparoscopic cholecystectomy

Laparoscopic cholecystectomy (LC) can present unique challenges in specific clini-
cal situations. The term “difficult GB” implies that the procedure may be complex and 
risky, posing potential complications for the patient. While there is no precise defini-
tion of “difficult GB,” it generally refers to a cholecystectomy that is likely to be more 
complex than a conventional one. Most papers indicate acute or chronic inflammation 
owing to cholecystitis as a cause of surgical complications. However, other factors such 
as previous cholecystostomy, liver cirrhosis, coagulation therapy or abnormalities, and 
previous upper abdominal surgery are mentioned elsewhere. Although the incidence 
of difficult GBs varies by series, it is believed that one in every six GBs is “difficult.” 
By understanding and preparing for these specific clinical situations, surgeons can 
optimize outcomes and reduce the risks associated with LC [49, 50].

4.1 Cholecysto-choledocho-lithiasis

Several strategies exist to treat patients with cholecystolithiasis and bile duct 
stones. The most applied method involves clearance of the bile ducts by endoscopic 
sphincterotomy, followed by LC. A sizable population-based analysis in British 
Columbia showed that 44.4% of cases followed an early cholecystectomy strategy 
within two days after sphincterotomy, while 55.6% opted for delayed cholecystec-
tomy. This variation reflects clinical practice, where scheduling can differ widely. 
Some studies have noted higher conversion rates compared to standard LC. However, 
overall conversion rates for early LC after sphincterotomy are generally lower 
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(4–23% for early vs. 8–55% for delayed), and early cholecystectomy results in fewer 
recurrent biliary events (2–10% early vs. 24–47% delayed) [49, 51]. An RCT compar-
ing LC within three days to 6–8 weeks post-sphincterotomy found no significant 
differences in conversion rates (4.3% early vs. 8.7% delayed), operating times, or 
hospital stays, but noted a substantial difference in biliary events during the waiting 
period (2% early vs. 36.2% delayed). This study’s findings are crucial, leading to 
the ESGE guidelines strongly recommending performing LC within two weeks of 
endoscopic sphincterotomy based on moderate-quality evidence [52].

Preoperative imaging is crucial for identifying CBD stones before LC. Techniques 
such as EUS and MRCP are highly effective in detecting these stones. EUS provides 
detailed images of the biliary and pancreatic ducts, making it particularly useful for 
patients at high risk of CBD stones. MRCP, on the other hand, offers a non-invasive 
alternative with high sensitivity and specificity, allowing for accurate diagnosis. 
Implementing these imaging modalities in the preoperative phase helps plan the 
appropriate surgical approach and reduces the risk of complications during surgery. 
Intraoperative cholangiography is a valuable technique for confirming the presence of 
CBD stones during LC. This procedure involves the injection of a contrast dye into 
the biliary system, followed by X-ray imaging to visualize the ducts. If stones are 
detected, surgeons can proceed with intraoperative endoscopic retrograde cholan-
giopancreatography (ERCP) or laparoscopic CBD exploration to remove the stones. 
This ensures the complete clearance of stones and minimizes the risk of postoperative 
complications. By incorporating intraoperative cholangiography, surgeons can make 
real-time decisions that improve patient outcomes and reduce the need for additional 
procedures. Postoperative ERCP is a critical intervention for patients who are found to 
have CBD stones after LC. ERCP combines endoscopy and fluoroscopy to diagnose 
and treat conditions of the biliary or pancreatic ductal systems. If stones are identi-
fied postoperatively, ERCP can be employed to extract them, thereby alleviating 
symptoms and preventing complications such as cholangitis or pancreatitis. This 
procedure is especially beneficial for patients who develop symptoms indicative of 
retained stones, ensuring that they receive prompt and effective treatment [52–54].

4.2 Mirizzi syndrome

Mirizzi syndrome, also known as extrinsic bile compression syndrome, is a rare 
complication of cholecystitis and chronic cholelithiasis. It occurs due to the oblitera-
tion of the GB infundibulum or cystic duct by the impaction of one or more gall-
stones in these anatomical structures. This leads to the compression of the adjacent 
bile duct, resulting in partial or complete obstruction of the common hepatic duct 
and triggering liver dysfunction. ERCP, our most accurate diagnostic tool, plays 
a crucial role in identifying this condition. Intraoperative cholangiography helps 
delineate the anatomy and avoid bile duct injuries. Traditionally, surgical treatment 
involves an incision at the bottom of the GB and stone removal. If fistulas are present, 
a partial cholecystectomy is performed; alternatively, a cholecysto-choledocho-duo-
denostomy can be considered. Endoscopic treatment options include biliary drainage 
and stone extraction. While many surgeons believe that LC is contraindicated in 
Mirizzi syndrome due to the presence of inflammatory tissue and adhesions in Calot’s 
triangle, others argue that, with the right skills and equipment, the laparoscopic 
approach is feasible and safe, particularly for Mirizzi syndrome type I and II. Despite 
its technical challenges, LC for Mirizzi syndrome is becoming increasingly accepted 
(Figure 6) [55, 56].
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4.3 Cystic duct stones

Cystic duct stones pose significant risks during LC, including intractable pain, 
Mirizzi syndrome, and postoperative GB issues. Their incidence is attributed to the 
complex cystic duct anatomy, surgical techniques, and surgeon expertise. Reports 
indicate a residual stone rate of approximately 12.3% after LC, likely increasing with 
higher procedure volumes globally. The “semicut” technique (Figure 7), recently 
introduced for LC, modifies clamping sequences and incisions in the cystic duct to 
enhance stone removal and minimize complications.

This approach, compatible with existing surgical practices, aims to effectively 
prevent residual stones and associated postoperative symptoms. It maintains 
operational efficiency without compromising duct integrity, potentially improving 
patient outcomes by reducing complications related to retained cystic duct stones. 
Ongoing monitoring will assess its long-term efficacy in preventing postoperative 
discomfort [57].

Figure 7. 
Semicut technique is possible and safe with the use of Madany triangle, even in the presence of a caterpillar hump 
of the tight hepatic artery.

Figure 6. 
Mirizzi syndrome management.
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4.4 Mucocele of the GB

Mucocele of the GB, characterized by distension and dilation due to chronic accu-
mulation of sterile, non-pigmented mucus, is often discovered incidentally during 
surgery. It primarily results from chronic cystic duct obstruction by impacted stones, 
frequently associated with gallstone disease. The preferred treatment, LC, with open 
cholecystectomy reserved for significantly distended or thick-walled GBs, has shown 
promising results in improving patient outcomes. Intraoperative aspiration of the 
GB’s mucoid contents is crucial, facilitating easier grasping and manipulation and 
reducing the risk of rupture and spillage. Preoperative management includes hydra-
tion and broad-spectrum antibiotics, with cholecystectomy recommended during the 
same hospital admission. Recent studies highlight the importance of intraoperative 
aspiration, showing lower morbidity, shorter hospital stays, and fewer complications 
compared to non-aspiration cases. Routine preoperative ultrasound or CT scans help 
in planning the procedure. Given these findings, mandatory aspiration of mucocele 
contents during LC is now recommended, a practice that has significantly contributed 
to the positive outcomes of our patients [58].

4.5 Acute cholecystitis

Acute cholecystitis (Figure 8) management has long debated the timing of 
cholecystectomy, with early versus delayed approaches scrutinized despite the advent 
of laparoscopic techniques. Recent evidence strongly supports early cholecystectomy 
as superior, demonstrating lower morbidity, shorter hospital stays, and reduced 
hospitalization costs without significant differences in conversion rates [50]. The 
Tokyo guidelines define early cholecystectomy typically within 72 hours from onset 
but acknowledge challenges in precise timing, spanning definitions from admission 
within 24 hours to up to 1 week, while delayed cholecystectomy is generally after six 
weeks. Updated in 2018, these guidelines categorize acute cholecystitis by severity, 
guiding management strategies based on inflammatory status and organ dysfunction. 
For moderate cases (grade II), early LC is recommended for low-risk patients in expe-
rienced centers. At the same time, severe cases (grade III) may also benefit from early 
intervention under intensive care and expert surgical management. In cases where 
early cholecystectomy poses high risks, urgent GB drainage is preferred for source 
control, ideally in specialized centers with high procedural volumes. Time sensitivity 
in acute cholecystitis surgery is underscored by findings from the Swedish GallRiks 
Registry, indicating increased bile duct injury rates with delayed surgery [50, 59, 60].

Figure 8. 
Acute cholecystitis.
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4.6 Perforated gallbladder

Perforated GB (Figure 9) presents a critical surgical scenario necessitating 
immediate intervention to prevent sepsis. Emergency surgery is imperative, aim-
ing to remove the source of infection and achieve adequate drainage. Preoperative 
administration of broad-spectrum antibiotics is crucial to mitigate systemic infection 
risks and optimize surgical outcomes. In cases of extensive inflammation or necrosis, 
the consideration of subtotal cholecystectomy is not just a suggestion; it is a potential 
game-changer. This procedure can effectively manage compromised tissue, reducing 
the risk of bile leakage or further infection. Cholecystostomy may be used in some 
instances [61–63].

4.7 Short or absent cystic duct

Intraoperative cholangiography is essential for accurate identification of the 
biliary anatomy, reducing the risk of bile duct injuries during LC. The fundus-first 
technique, which involves dissecting from the GB fundus down to the neck, can be 
beneficial in identifying the cystic duct, especially in challenging cases. However, in 
instances of severe anatomical difficulties, conversion to open surgery may be neces-
sary to ensure patient safety and a successful outcome (Figures 10 and 11) [20, 52].

4.8 Seatbelt effect of the cystic artery and its branches on the gallbladder

The seatbelt effect of the cystic artery and its branches on the GB presents a 
significant challenge during LC. The key to managing this situation lies in meticulous 
dissection around the cystic artery using advanced energy devices to prevent bleeding 
and ensure a clear operative field. Achieving the CVS is crucial in this context to avoid 
injury to the bile ducts and vessels, providing a safer approach and reducing the risk 
of complications. By combining careful dissection techniques with the principle of 
CVS, surgeons can effectively manage the anatomical complexities posed by the cystic 
artery and its branches (Figure 3) [30, 31].

4.9 Frozen Calot’s triangle and retrograde cholecystectomy

In cases of frozen Calot’s triangle encountered during LC, effective management 
strategies are essential to navigate through the challenging anatomy. Advanced imag-
ing techniques play a crucial role in preoperative planning, allowing surgeons to assess 

Figure 9. 
Perforated GB.
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the extent of inflammation and fibrosis surrounding Calot’s triangle. This helps in 
strategizing the approach for dissection [64–66].

Retrograde (Fundus-first) approach (Figure 12) is a specialized technique of 
dissecting the GB from the liver bed utilized in cases presenting challenges such as 
severe inflammation or complex anatomical variations. By initiating dissection from 
the fundus of the GB toward the cystic duct, surgeons can navigate around potentially 
obstructive structures or areas of high inflammation more effectively. This method 

Figure 10. 
Laparoscopic management of an absent cystic duct (the GB open directly in the CBD).

Figure 11. 
Laparoscopic management of an absent cystic duct (the GB opens directly in the right hepatic duct).
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allows for better visualization and maneuverability in difficult surgical scenarios, 
reducing the risk of inadvertent injury and improving overall surgical outcomes 
[67, 68]. It is often employed in cases with frozen Calot’s triangle, initiating dissection 
at the GB fundus, and carefully progressing toward Calot’s triangle. This method 
aids in gradually freeing up adhesions and identifying critical structures amidst the 
inflammatory changes [64–66].

In severe instances where dissection is exceedingly difficult or risky, subtotal 
cholecystectomy (fenestrating or reconstituting type) may be considered. This involves 
leaving a portion of the GB attached to mitigate the risk of bile duct injury while 
managing the frozen triangle effectively. The left GB portion must undergo mucosal 
ablation with diathermy to abolish its secretory function. By integrating these tech-
niques, surgeons can navigate the complexities of frozen Calot’s triangle more safely 
and effectively during LC [64–66]. In old age, high-risk patients with frozen Calot’s 
triangle, we may reserve to just open the fundus, remove the stones, and then insert a 
drain inside the GB (cholecystolithotomy) [64–66].

4.10 Intrahepatic gallbladder

In cases of intrahepatic GB (Figure 13), preoperative imaging plays a pivotal role 
by precisely delineating the GB’s position within the liver and its relationship with 
adjacent liver tissue. This imaging allows surgeons to plan a meticulous approach 
to dissection, aimed at avoiding inadvertent liver injury. The modified technique 

Figure 13. 
Partial intrahepatic GB.

Figure 12. 
Fundus-first approach.
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involves careful dissection around the GB, ensuring preservation of hepatic paren-
chyma and minimizing the risk of complications. In more complex scenarios, partial 
hepatectomy may be necessary to safely remove the intrahepatic GB [69, 70].

4.11 Cholecystostomy

Percutaneous cholecystostomy (PC) is utilized due to its efficacy in managing 
acute cholecystitis in high-risk or critically ill patients. This approach involves insert-
ing a catheter directly into the GB under ultrasound or CT guidance to drain infected 
bile and alleviate symptoms like pain and fever, stabilizing patients before considering 
definitive surgery. Indications for PC include severe systemic illness, GB perforation, 
or a bridging therapy to surgical intervention. Improved imaging guidance ensures 
precise catheter placement, minimizing risks such as inadvertent organ puncture. 
Catheter design innovations aim to reduce dislodgement and infection rates, while 
adjunctive therapies like intracholecystic thrombolytics are explored to aid bile drain-
age and hasten inflammation resolution, especially in cases of malignancy [71].

4.12 Subtotal cholecystectomy

Subtotal cholecystectomy is used when LC becomes challenging due to factors like 
severe inflammation or difficult anatomical conditions, preventing a CVS. It involves 
partial removal of the GB, leaving either an open (fenestrating) or closed (reconsti-
tuting) remnant to minimize the risk of common bile duct injuries and other com-
plications. This approach, with an incidence ranging from 4.00% to 9.38%, despite 
addressing complexities in GB surgery, it poses risks such as biliary fistulae and 
retained stones. Skillful execution is crucial to prevent complications like bile leakage 
and remnant GB cholecystitis. Despite its immediate benefits, ongoing research is 
needed to explore alternative techniques and assess long-term risks, including poten-
tial malignancy in residual GB tissue, ensuring optimal safety and efficacy in difficult 
surgical contexts [72].

4.13 Completion cholecystectomy

Laparoscopic completion cholecystectomy (LCC) addresses symptomatic 
residual GB or cystic duct stump stones left after an initial cholecystectomy. Residual 
GB remnants can harbor or develop stones, causing recurrent symptoms. Post-
cholecystectomy syndrome (PCS) occurs in 10–40% of patients. Diagnosis relies on 
clinical suspicion and imaging such as ultrasonography, MRCP, ERCP, and EUS. LCC 
has shown good results with experienced surgeons. LCC had a low conversion rate to 
open surgery (8.3%). LCC is safe and effective, offering a solution for symptomatic 
GB residuals and improving patient outcomes [73].

4.14 Repeat cholecystectomy

Repeat cholecystectomy (RC) is often necessary when patients develop symp-
toms after an initial cholecystectomy, which is commonly owing to undiagnosed 
GB duplication. This congenital condition is difficult to diagnose, particularly when 
preoperative imaging such as ultrasound or CT scans fail to detect it, which happens 
in less than half of instances. When GB duplication is suspected, an intraoperative 
cholangiogram is recommended, especially if scarring or patient habitus obscures the 
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inferior liver margin. Recognizing this aberration is critical for avoiding inadequate 
surgical care, reducing perioperative difficulties, and minimizing long-term patient 
morbidity [74].

4.15 Conversion cholecystectomy

The rate of conversion from laparoscopic to open cholecystectomy varies widely 
depending on clinical presentations, surgeon experience, and the pathology encoun-
tered. A large prospective study across the UK, analyzing 5738 LCs performed by a 
single surgeon over 28 years, showed that 28 patients (0.49%) required conversion to 
open cholecystectomy, with a morbidity rate of 33%. The main reasons for conversion 
were dense adhesions (32%) and impacted bile duct stones (25%). Additionally, 173 
patients (3%) underwent fundus first cholecystectomy (FFC) with a 17.3% morbid-
ity rate, and 6 patients (0.1%) had subtotal cholecystectomy with no complications. 
These techniques reduced the potential conversion rate from 3.5% to 0.49%. While 
open conversion carries high morbidity and should be a last resort, subspecialization, 
and high emergency case volume, along with FFC and subtotal cholecystectomy, 
effectively lower conversion rates and associated complications in challenging chole-
cystectomies. Open conversion, while sometimes necessary for patient safety, should 
not be viewed as a failure but as a safe option during complex cases [75].

4.16 Adhesiolysis with laparoscopic cholecystectomy

Adhesiolysis is a critical aspect of LC when encountering extensive adhesions, 
necessitating careful dissection techniques using advanced energy devices to safely 
separate adhesions without causing injury. This meticulous approach ensures that 
vital structures are preserved while navigating through adherent tissues. However, it 
is important to anticipate extended operating times due to the intricacies involved in 
adhesiolysis, which can prolong surgical duration compared to standard LC proce-
dures. Surgeons must be prepared for these challenges to effectively manage adhe-
sions during LC, ensuring patient safety and optimal surgical outcomes [76].

4.17 Ventral hernia with laparoscopic cholecystectomy

Concurrent repair of ventral hernia during LC allows for efficient management 
of both conditions within the same surgical session, optimizing patient recovery and 
reducing overall healthcare costs. Surgeons may opt to use mesh placement to rein-
force the hernia repair and prevent recurrence. Preoperative planning plays a crucial 
role, involving detailed assessment and decision-making regarding trocar placement 
and access points to ensure optimal outcomes for both the hernia repair and chole-
cystectomy. Prospective studies with additional procedural-specific information for 
hernia repairs and cholecystectomy are required; nonetheless, in cholecystectomy 
patients who do not show evidence of acute infection, it is likely safe to conduct both 
procedures concurrently [77].

4.18 Cirrhotic liver

Preoperative optimization in cirrhotic patients undergoing cholecystectomy 
involves optimizing liver function and managing coagulopathy to mitigate 
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perioperative risks. Utilizing a low-pressure pneumoperitoneum strategy is crucial 
as it helps minimize the risk of bleeding and hemodynamic instability. Meticulous 
dissection techniques should be employed to handle liver tissue delicately and reduce 
intraoperative bleeding [78] (Figure 14). Patients with cirrhosis had a higher inci-
dence of postoperative complications compared to non-cirrhotic patients. However, 
cholecystectomy should not be delayed when clinically indicated. Perioperative 
mortality significantly increased with higher Child-Pugh class, MELD score, and 
acuity [79].

4.19 Morbid obesity

Morbid obesity is widely recognized as a significant risk factor contributing to the 
complexity of cholecystectomy. A recent review examining factors associated with 
the conversion from laparoscopic to open surgery highlighted that 8 out of 19 studies 
specifically identified a higher conversion rate among patients with a BMI exceed-
ing 30 kg/m2. This increased conversion rate is attributed to technical challenges 
such as the length and positioning of trocars, adipose infiltration of Calot’s triangle, 
and difficulties in visualizing anatomical structures. However, the extent to which 
obesity alone directly causes surgical complexity remains uncertain [50]. In a recent 
approach, Russell and Aroori emphasize several key strategies to enhance safety and 
efficacy. Following pneumoperitoneum establishment through a supra-umbilical 
incision, they advocate for placing a fascial suture to ensure secure closure, thereby 
reducing the likelihood of incisional hernias and inadvertent bowel injuries. Prior 
to port placement, they reposition the patient on the operating table to achieve an 
ergonomic setup. Alongside standard ports, they incorporate an additional twelve-
millimeter port in the left upper quadrant. This port accommodates a fan retractor, 
facilitating gentle retraction of the duodenum inferiorly. This maneuver enhances 
exposure for meticulous dissection of Calot’s triangle and potentially mitigates the 
risk of injuring a fatty liver [80].

4.20 When is it necessary to put a drain?

The use of surgical drainage after LC remains debated despite its widespread use. 
Advocates argue it prevents complications like postoperative collections and aids 
CO2 release, potentially reducing shoulder pain and peritoneal irritation. Drawbacks 
include risks of vascular or intestinal injury, infections related to the drain, and omen-
tal blockage. Also, it is annoying the patient. Absence of bile or blood in the drain does 
not ensure the absence of complications. Recent guidelines discourage routine drain-
age after uncomplicated elective cholecystectomy. In acute cholecystitis, guidelines are 
unclear, leaving drainage decisions to the surgeon discretion [49, 81, 82].

Figure 14. 
Meticulous dissection is essential during LC in patients with cirrhotic liver.
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4.21 Post-cholecystectomy syndrome

Post-cholecystectomy syndrome (PCS) encompasses a range of symptoms like 
right upper quadrant abdominal pain, dyspepsia, and jaundice that occur after 
cholecystectomy. The syndrome can manifest early or late post-surgery and affects a 
substantial number of patients, with reported incidences varying up to 40%, higher 
in females. Causes of PCS are categorized into extra-biliary factors such as reflux 
esophagitis, peptic ulcer disease, and irritable bowel syndrome, and biliary factors 
including biliary duct injury, retained stones, bile salt-induced diarrhea, bile duct 
strictures, recurrent stones, or sphincter of Oddi dysfunction. Diagnosis relies on 
clinical presentation, supported by laboratory tests and imaging. Management strate-
gies for biliary causes include ERCP for stone removal, sphincterotomy for sphincter 
of Oddi dysfunction, or surgical correction for bile duct strictures. Extra-biliary 
causes are managed through medical therapies targeting specific conditions [83].

5.  Conclusion

In conclusion, this chapter has traced the progression from the classic approach of 
LC to recent advancements, emphasizing innovations in visualization, instrumenta-
tion, and surgical techniques that have further improved safety and efficacy. Key 
updates include strategies for reducing complications, managing complex cases, and 
utilizing enhanced imaging tools that offer greater precision. As the field progresses, 
ongoing technological developments continue to improve LC. Future directions may 
involve broader applications of robotic assistance, artificial intelligence for intraop-
erative decision-making, and minimally invasive techniques that further decrease the 
surgical impact.
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