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Abstract 
Post-orthotropic liver transplant (POLT) cholangiopathies are a group of biliary complications that develop after liver transplantation. These 

conditions can lead to significant morbidity and mortality if not detected and treated early. Traditionally, magnetic resonance 

cholangiopancreatography and computed tomography scan have been used to identify biliary complications after OLT. Hence, the current study 

aimed to evaluate the accuracy of endoscopic ultrasonography (EUS) in assessing and monitoring POLT cholangiopathies by performing a 

comprehensive review of the literature. Relevant articles published until February 2023 were searched from various databases including PubMed, 

Embase, and Cochrane Library. The search terms used were “endoscopic ultrasound,” “post-orthotopic liver transplantation,” “primary sclerosing 

cholangitis,” and “cholangiopathy.” Relevant articles were selected and included in this review. EUS has emerged as a state-of-the-art method for 

the assessment and surveillance of POLT cholangiopathies, with high success rates in diagnosing and treating biliary complications. In patients 

with primary sclerosing cholangitis, EUS can help in the early detection of primary tumors and biliary strictures and can be a guide in therapeutic 

interventions such as endoscopic retrograde cholangiopancreatography and biliary drainage. In conclusion, EUS has a superior diagnostic accuracy 

than other imaging modalities such as magnetic resonance cholangiopancreatography and computed tomography scan in detecting biliary 

complications after OLT. 
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Introduction 

Liver transplantation is a life-saving procedure for patients 

presenting with end-stage liver disease. However, up to 30% of liver 

transplant recipients can develop post-orthotopic liver transplant 

(POLT) cholangiopathies, including biliary strictures and bile duct 

ischemia, thereby significantly affecting patient outcomes [1]. 

According to the UK National Health Service in 2020–2021, 1,435 

liver transplants were conducted in the UK [2]. 

POLT cholangiopathies are a group of biliary complications 

that develop after liver transplantation [3]. These complications can 

lead to significant morbidity and mortality if not detected and treated 

early [4]. Post-liver transplantation biliary complications can be 

classified into several categories, including anastomotic and 

nonanastomotic strictures, leaks, and stones [5]. Anastomotic 

strictures are the most frequently observed types of biliary 

complication, and they occur at the bile duct anastomosis site [6]. 

Nonanastomotic strictures can occur anywhere along the biliary tree, 

and they are often caused by ischemia, infection, or immune-

mediated injury [7]. Bile leaks can develop at the site of anastomosis 

or biliary injury during the transplant procedure [8]. Stones can form 

in the biliary tree due to stasis or infection [9]. 

POLT biliary complications are commonly diagnosed based 

on clinical evaluation, laboratory test, imaging study, and 

endoscopic procedure findings [10]. Traditionally, endoscopic 

retrograde cholangiopancreatography (ERCP) is the gold standard 

for diagnosing and managing these complications [11]. ERCP 

facilitates the direct visualization of the biliary tree, and it can be 

used to obtain tissue samples for histopathological evaluation [12]. 

However, ERCP has some limitations. That is, it requires patient 

sedation. Moreover, it can cause procedural complications and has 

limited visualization of the surrounding structures [13]. 

EUS has become an alternative diagnostic and therapeutic 

modality for POLT cholangiopathies. It can be applied for high-

resolution imaging of the biliary tree and surrounding structures, 

with the additional benefit of preventing ERCP-related 

complications [14]. Further, it can be used to obtain fine-needle 

aspiration (FNA) samples for cytological and histopathological 

evaluation [15]. EUS has several potential advantages over ERCP. For 

example, ERCP has a high safety profile and can visualize the 

surrounding structures. In addition, patients who undergo this 

procedure do not require sedation [16]. Despite the potential benefits 

of EUS, its role in the assessment and surveillance of POLT 

cholangiopathies is still debated [17]. 
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Several studies have investigated the diagnostic accuracy of 

EUS in detecting POLT biliary complications. According to a meta-

analysis of 13 studies, the pooled sensitivity and specificity of EUS 

for detecting biliary strictures after liver transplantation were 88% 

and 96%, respectively [18]. Another study revealed that EUS was 

more sensitive than magnetic resonance cholangiopancreatography 

(MRCP) for identifying biliary strictures after liver transplantation 

(97% vs. 62%) [19]. 

In addition to its diagnostic capabilities, EUS has also been 

considered a therapeutic modality for managing POLT biliary 

complications. A retrospective study was conducted on 29 patients 

with POLT biliary strictures. Results found that EUS-guided biliary 

drainage was successful in 86% of patients, with a median stent 

patency of 155 days [20]. Another study assessed 15 patients with 

POLT biliary leaks. Results showed that EUS-guided transmural 

drainage was successful in all cases, with a median follow-up of 18 

months [21]. 

Some experts have recommended EUS as the first-line 

diagnostic tool for POLT biliary complications. Meanwhile, others 

have suggested that EUS should be reserved for cases where ERCP 

is unsuccessful or not feasible [22]. 

Endoscopic ultrasonography (EUS) has emerged as a state-

of-the-art diagnostic tool for the assessment and surveillance of post-

orthotopic liver transplantation (OLT) cholangiopathies [23]. EUS 

combines high-frequency ultrasound imaging with endoscopy to 

provide a detailed visualization of the biliary tree and surrounding 

structures. Several studies have revealed that EUS is superior to 

other imaging modalities, such as MRCP and ERCP, in detecting and 

characterizing biliary complications after OLT [24]. In terms of 

advantages, EUS can visualize the biliary tree from both the intra- 

and extrahepatic segments, thereby allowing for a comprehensive 

assessment of biliary anatomy and pathology. EUS can detect subtle 

abnormalities in the bile ducts, such as small leaks and strictures, 

which may be missed by other imaging modalities. Moreover, EUS 

can be used to obtain tissue samples for histological analysis, which 

can help in diagnosing biliary malignancies and other rare conditions 
[16]. 

EUS is used as not only a diagnostic tool but also a 

therapeutic modality for managing POLT biliary complications [25]. 

Previous studies have shown that EUS-guided biliary drainage can 

be effective in treating biliary strictures and leaks, with high success 

rates and prolonged stent patency [26]. Despite its advantages, the use 

of EUS in the assessment and surveillance of POLT 

cholangiopathies is still debated. Some experts have recommended 

EUS as the first-line diagnostic modality. Meanwhile, others 

believed that EUS should be considered only for cases in which 

ERCP is not successful or feasible [27]. 

The current study aimed to evaluate current data on the use 

of EUS in the assessment and surveillance of POLT 

cholangiopathies. In particular, these studies have important 

implications on clinical practice and may help guide the 

development of future guidelines for managing POLT 

cholangiopathies. 

Methodology 

Literature search strategy 

A comprehensive literature search on electronic databases, including 

PubMed, MEDLINE, and EMBASE, was conducted. The search 

was performed from the inception of each database to the latest 

available date during the search (February 2023). The following 

search terms were used: “endoscopic ultrasound,” “EUS,” “post-

orthotopic liver transplantation,” “post-OLT,” “cholangiopathy,” 

“biliary complication,” “diagnosis,” and “surveillance.” The 

Boolean operators (AND, OR) were used to combine search terms 

and limit the search results. 

Study selection 

The published studies, literature, trials and cases have been of the 

relevant topics have been screened. The inclusion criteria were as 

follows: (1) studies evaluating the use of EUS in the assessment and 

surveillance of POLT cholangiopathies, (2) those reporting the 

diagnostic yield or accuracy of EUS for detecting POLT biliary 

complications, and (3) those showing the safety and feasibility of 

EUS-guided interventions for POLT biliary complications. Studies 

not published in English and abstracts from conference proceedings 

were excluded. 

Results 

EUS is an increasingly useful tool for diagnosing and managing 

cholangiopathies. It can provide a detailed image of the biliary 

system, thereby allowing for an accurate assessment of the extent 

and severity of the disease. Further, it can be used to obtain tissue 

samples for histological analysis, thereby helping in the diagnosis 

and differentiation of different cholangiopathies [16]. 

Cholangiopathies is managed based on the specific etiology 

and severity of the disease. The treatment options range from 

supportive care, such as pain management and nutritional support, 

to targeted therapies for specific underlying causes. In some cases, 

endoscopic or surgical interventions may be required to relieve 

biliary obstruction or address other complications. EUS can be 

essential in guiding these interventions, thereby allowing for the 

accurate localization of lesions and the visualization of surrounding 

structures [28]. 

Classification of cholangiopathies and their assessment and 

management with EUS 

Cholangiopathies are a group of liver diseases characterized by the 

damage or dysfunction of the biliary tree, which includes the bile 

ducts and associated structures. These disorders can be classified 

based on their various underlying etiologies, including autoimmune, 

infectious, genetic, and drug-induced causes [28]. 

Table 1: General presentation of the overall complications of POLT. 

Type of complications Prevalence of OLT 

in adult patients 

Risk factors Time of onset from 

OLT 

Vascular complications 

 

Hepatic artery complications 

 

Hepatic artery thrombosis 

 

 

 

Hepatic artery stenosis 

 

 

Pseudoaneurysm 

 

9% 

 

3%–10% 

 

2%–10% 

 

 

 

 

 

 

Rare 

 

 

Rejection 

End-to-end anastomosis 

ABO blood group incompatibility 

Prolonged cold ischemia time of graft pediatric 

transplantation 

Rejection 

Poor surgical technique 

Clamp injury 

Angioplasty 

Liver biopsy 

Focal infection 

 

 

 

Weeks to months 

 

 

 

 

Within the first 3 

months 

 

 

Variables 
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Portal vein complications 

Thrombosis 

Stenosis 

 

 

 

IVC and hepatic vein 

complications Thrombosis 

and stenosis 

 

 

 

 

 

 

 

 

 

Hemorrhage 

Biliary complications 

Bile leak 

 

 

 

Biliary obstruction: 

anastomotic strictures 

 

Biliary obstruction: NAS and 

ITBL 

 

 

 

 

Stones, casts, and sludge 

 

 

Primary hepatic complications 

Acute cellular rejection 

 

 

Chronic ductopenic rejection 

 

Malignancies 

HCC recurrence 

PTLD 

Other causes of graft 

dysfunction Collections, 

hematoma, abscess 

1%–13% 

1%–2% 

1% 

 

Rare 

< 1% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Up to 3% 

11%–30% 

4%–5% 

 

 

Up to 17.6% 

 

 

5%–10% 

 

 

 

5.70% 

 

 

 

 

 

 

 

 

 

 

 

Common 

 

Up to 17% 

 

- 

Technical issues during surgery 

Excessive vessel length 

Discrepancy between donor and recipient calibers 

Hypercoagulability state 

Previous history of thrombosis 

 

Size discrepancy between donor and recipient vessels 

Suprahepatic caval kinking from liver rotation 

Surgical technique 

Hypercoagulability state 

Compression from graft edema or adjacent fluid collection 

Chronic thrombus 

Neointimal hyperplasia 

Re-transplantation 

 Pediatric OLT 

LDLT (hepatic vein stenosis) 

Piggyback anastomosis 

 

T-tube displacement or removal (T-tube leak) 

 Technical failure during surgery (anastomotic leak) 

HAT (nonanastomotic leak) 

Ischemic-related injury, immunologically related injury, 

cytotoxic injury induced by bile salts (nonanastomotic 

leak in patients without HAT) 

Roux-en-Y choledochojejunostomy 

Anastomotic leakage 

Technical factors HAT (NAS) 

Microangiopathic injury (prolonged warm or cold 

ischemia times) (ITBL) 

Immunogenic injury 

 (AB0 incompatibility between donor and recipient, 

chronic ductopenic rejection, and primitives sclerosing 

cholangitis) (ITBL) 

Cytotoxic injury caused by bile salts (ITBL) 

Anastomotic and non-anastomotic biliary strictures 

Presence of T-tube or stent Hepaticojejunostomy ischemia 

Infection 

 

Alteration in bile composition 

 

Immunosuppression 

 Transplantation for cholestatic disease 

Preservation injury 

Re-transplantation for chronic rejection 

 

Transplantation for cholestatic disease 

CMV infection 

Immunosuppression 

Variables 

 

 

Variables Variables 

 

 

 

 

Variables 

 

 

 

 

 

 

 

 

 

Early from OLT 1–3 

months 

 

 

 

Within 1 year 

 

 

Within 6 months 

(NAS) 

After 6 months (ITBL) 

 

 

 

Within 1 year (casts 

and sludge) 

After 1 year (stones) 

 

 

 

 

Early from OLT 

 

 

 

 

6 weeks to 6 months 

 

 

 

 

Variables 

 

Complications 

Alagille syndrome (ALGS) is a rare autosomal dominant disorder 

affecting multiple organs, including the liver, heart, eyes, and 

kidneys [29]. ALGS is primarily caused by mutations in the JAG1 or 

NOTCH2 genes, which are involved in the Notch signalling pathway 
[30]. This pathway plays an important role in cell differentiation and 

proliferation. Further, JAG1 or NOTCH2 gene mutations lead to an 

abnormal development of various organs, including the liver. ALGS 

is characterized by a paucity of intrahepatic bile ducts, resulting in 

cholestasis and liver damage [29]. Patients with ALGS commonly 

present with jaundice, pruritus, and hepatomegaly. Moreover, they 

may develop complications such as portal hypertension, cirrhosis, 

and liver failure. ALGS diagnosis is based on clinical features and 

genetic testing and liver biopsy results. EUS can be important in 

diagnosing and managing ALGS, particularly in assessing the 

number and size of intrahepatic bile ducts [31]. Further, it can evaluate 

portal hypertension and the presence of varices before OLT and after 

liver transplantation if ALGS recurrence is suspected. ALGS 

treatment is primarily supportive, with a focus on managing 

cholestasis and preventing complications. Ursodeoxycholic acid 

(UDCA) is frequently used to improve bile flow and decrease liver 

damage. In severe cases, liver transplantation may be required [29]. 

Caroli syndrome is a rare inherited disorder characterized by the 

segmental dilatation of the intrahepatic bile ducts, leading to 

recurrent episodes of cholangitis and biliary sepsis. The disease can 

be classified into simple and complex [32]. Simple Caroli syndrome 

affects the bile ducts only, and it is often asymptomatic. Meanwhile, 

complex Caroli syndrome is associated with liver fibrosis, portal 

hypertension, and hepatic failure [29,32]. It can be diagnosed via 

imaging studies such as ultrasonography, computed tomography 

scan, and magnetic resonance imaging, which can identify 

characteristic features such as cystic dilatation of the bile ducts and 

http://www.ijirms.in/


International Journal of Innovative Research in Medical Science (IJIRMS) 

 

www.ijirms.in  272 

intrahepatic. OLT may be required for severe hepatic dysfunction or 

intractable cholangitis in complex Caroli syndrome. 

EUS can be used in managing Caroli syndrome to assess the 

extent of bile duct dilatation and the presence of biliary stones or 

sludge. Moreover, EUS-guided cholangiography can be performed 

to obtain samples for cytological and microbiological analysis and 

to place biliary stents for Caroli-related biliary obstruction [29]. 

Caroli syndrome is managed based on disease severity and the 

presence of complications. In simple Caroli syndrome, surveillance 

with regular imaging studies and cholangitis management are 

typically recommended [32]. 

Cystic fibrosis (CF) is a genetic disorder affecting the respiratory, 

digestive, and reproductive systems. It is caused by mutations in the 

CFTR gene, which encodes a protein that regulates the transport of 

ions and water in and out of the cells. CFTR gene mutations lead to 

the production of a defective protein, which results in thick and 

sticky mucus production in the affected organs [33]. CF diagnosis is 

based on clinical symptoms and genetic and sweat chloride test 

results. CF management includes a multidisciplinary approach that 

aims to prevent and manage complications. In the respiratory 

system, the management includes airway clearance, inhaled 

medications, and antibiotics. In the digestive system, the 

management includes pancreatic enzyme replacement therapy, 

nutritional support, and monitoring for the development of cystic 

fibrosis-related diabetes. Lung transplantation may be considered in 

severe CF cases [34]. In recent years, the development of novel 

therapies, such as CFTR modulators, has significantly improved the 

outlook of patients with CF. These therapies target the underlying 

genetic defect, improve lung function, and reduce exacerbations in 

CF [35]. In the USA and Europe, numerous patients receive liver 

transplant for CF with an extremely good overall outcome. However, 

the recurrent rate is guarding. EUS can assess the pancreas in 

patients with CF, as pancreatic insufficiency is a common 

complication of the disease. EUS can detect early changes in the 

pancreas, such as hyperechoic foci, which can precede the 

development of cystic fibrosis-related diabetes [36]. 

Polycystic liver disease (PLD) is a rare, genetic disorder causing 

the development of multiple cysts in the liver parenchyma. PLD can 

occur as a primary disease, known as autosomal dominant polycystic 

liver disease, or as a manifestation of autosomal dominant polycystic 

kidney disease (ADPKD) [37]. Autosomal dominant polycystic liver 

disease is caused by mutations in the PRKCSH or SEC63 genes. 

Meanwhile, ADPKD is caused by mutations in the PKD1 or PKD2 

genes [38]. PLD is often asymptomatic and is commonly diagnosed 

incidentally on imaging studies. However, as the cysts grow in size 

and number, they can cause symptoms such as abdominal pain, 

distension, and early satiety [39]. EUS can diagnose PLD and assess 

the size, number, and location of the liver cysts. In addition, it can 

be applied to guide cyst aspiration and sclerotherapy, which can 

provide symptomatic relief in some patients [40]. The management of 

PLD is primarily supportive, with a focus on managing symptoms 

and preventing complications. Surgical interventions, such as 

hepatic resection and liver transplantation, may be considered in 

severe cases [41]. UDCA is effective in reducing liver volume in PLD 
[42]. 

Autoimmune cholangitis (AIC) is an autoimmune-mediated 

cholangiopathy characterized by progressive destruction of bile 

ducts, leading to cholestasis, liver fibrosis, and cirrhosis [43]. AIC is 

associated with the presence of autoantibodies, such as antinuclear 

and smooth muscle antibodies. Further, it may overlap with other 

autoimmune disorders, such as autoimmune hepatitis and primary 

biliary cholangitis (PBC). AIC is diagnosed based on the combined 

use of clinical, biochemical, radiological, and histological criteria. 

EUS can assess the extent and severity of bile duct damage in AIC. 

EUS-guided liver biopsy can provide a larger sample size than 

percutaneous biopsy, which can be helpful in cases of focal bile duct 

involvement [44]. AIC treatment involves the use of 

immunosuppressive agents, such as corticosteroids and 

azathioprine, which can improve liver function and delay disease 

progression [45]. Moreover, UDCA can be an adjunctive therapy in 

AIC. In cases of advanced-stage liver disease, liver transplantation 

may be required [46]. 

Biliary atresia (BA) is a rare, life-threatening disease of unknown 

etiology that affects neonates and infants [47]. It is characterized by 

the absence or obstruction of the extrahepatic bile ducts, resulting in 

cholestasis and liver damage [48]. The clinical presentation of BA 

includes jaundice, acholic stools, and hepatomegaly, which typically 

appear within the first 2-4 weeks of life [49]. Early diagnosis and 

prompt surgical intervention are important to successfully manage 

BA [47]. EUS can be essential in diagnosing and managing BA, 

particularly in evaluating the patency of the biliary tree and the 

presence of associated anomalies [50]. Moreover, EUS-guided liver 

biopsy can provide useful diagnostic information and assess disease 

severity [51]. The treatment of BA involves Kasai portoenterostomy, 

which involves the removal of the damaged bile ducts and the 

creation of a new bile duct using a loop of intestine [47]. Early Kasai 

surgery is associated with better outcomes, including improved bile 

flow, a low incidence of cirrhosis, and a higher survival [52]. In cases 

where Kasai surgery is not successful, liver transplantation may be 

required [47]. 

Idiopathic childhood/adulthood ductopenia is a rare, chronic liver 

disease characterized by the progressive loss of intrahepatic bile 

ducts, resulting in cholestasis and liver failure [53]. The disease 

etiology is unknown. Currently, there are no effective medical 

therapies available. Liver transplantation is the only curative 

treatment option for end-stage disease [54]. EUS can be important in 

diagnosing and managing idiopathic childhood/adulthood 

ductopenia. It can also assess the extent of intrahepatic ductal loss 

and evaluate the presence of associated anomalies, such as portal 

hypertension [50]. Moreover, EUS-guided liver biopsy can provide 

useful diagnostic information and assess disease severity [51]. 

Liver transplantation is the mainstay of treatment for end-

stage idiopathic childhood/adulthood ductopenia, and EUS can 

evaluate potential transplant candidates and monitor disease 

progression after transplantation [54]. 

IgG4-associated cholangitis is a rare, autoimmune-mediated 

disease affecting the bile ducts, resulting in inflammation, fibrosis, 

and strictures [55]. EUS can be an essential tool in diagnosing and 

managing IgG4-associated cholangitis, particularly in evaluating the 

extent of biliary involvement, identifying associated masses or 

lymphadenopathy, and guiding tissue sampling for histological 

diagnosis [16]. This condition is typically treated with corticosteroids, 

which can commonly induce remission [55]. However, some patients 

may require long-term maintenance therapy to prevent relapse. If 

corticosteroids are ineffective or contraindicated, other 

immunosuppressive agents or biliary stenting may be considered [56]. 

Primary biliary cholangitis (PBS) is a chronic autoimmune 

cholestatic liver disease primarily affecting middle-aged women [57]. 

PBC diagnosis is based on clinical, laboratory, and histologic 

findings, including the presence of antimitochondrial antibodies and 

histologic evidence of nonsuppurative cholangitis and destruction of 

interlobular bile ducts [46]. EUS can evaluate the severity of PBC-

related liver disease, including the extent of bile duct involvement, 

and the presence of associated complications, such as portal 

hypertension and varices [58]. Moreover, EUS-guided liver biopsy 

can provide valuable diagnostic information, particularly in cases 

where traditional percutaneous biopsy may be challenging or unsafe 
[59]. PBC management primarily involves UDCA therapy, which 

improves liver function and survival and delay disease progression 
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[60]. Liver transplantation may be required in cases of end-stage liver 

disease or refractory symptoms [57]. 

Primary sclerosing cholangitis (PSC) is a common indication for 

OLT [46]. However, PSC recurrence after OLT remains a significant 

challenge, with incidence rates ranging from 5% to 30% [1]. ERCP is 

the gold standard for diagnosing and managing PSC recurrence. 

However, it is an invasive procedure with possible complications [32]. 

EUS is important in evaluating PSC recurrence after OLT [27]. It can 

visualize the bile duct wall and surrounding structures with high 

resolution, thereby detecting subtle changes in the biliary system [45]. 

Moreover, EUS-guided FNA can obtain tissue samples for 

histopathological analysis, thereby leading to PSC recurrence 

diagnosis [16]. In a study of 27 patients with suspected PSC 

recurrence after OLT, the sensitivity and specificity of EUS for 

detecting biliary abnormalities were 86% and 100%, respectively, 

with a positive predictive value of 100% and a negative predictive 

value of 90% [61]. Further, the diagnostic yield of EUS-FNA for 

evaluating suspected PSC recurrence after OLT was 80% [27]. 

Cholangiocarcinoma is a malignant tumor arising from the 

epithelial cells of the bile ducts. EUS can be useful in assessing 

cholangiocarcinoma, particularly the extent of the tumor, the 

involvement of nearby structures, and the presence of metastases [62]. 

Cholangiocarcinoma is managed based on disease stage and the 

patient’s overall health status. Surgery is preferred for respectable 

tumors. EUS can help in preoperative staging, the selection of 

patients who require surgery, and the assessment of patients 

suspected of recurrence after OLT. For unrespectable tumors, 

palliative therapy, including chemotherapy and/or radiation therapy, 

can be considered. 

ABCB4 deficiency is a rare genetic disorder affecting the 

hepatobiliary system, leading to cholestasis and liver injury [63]. It is 

caused by mutations in the ABCB4 gene, which encodes the 

multidrug-resistant protein 3, a phospholipid transporter that plays 

an important role in bile formation. The clinical presentation of 

ABCB4 deficiency varies, and it can range from mild to severe 

cholestasis, with or without liver disease. EUS can be used to assess 

the biliary system in patients with ABCB4 deficiency, including 

those with gallstones, biliary sludge, and strictures [42]. Further, 

EUS-guided sampling of the biliary tree can be performed for 

diagnostic purposes [42]. However, the role of EUS in managing 

ABCB4 deficiency is not well-established. ABCB4 deficiency is 

treated with ursodeoxycholic acid, which can improve liver 

biochemistry and delay liver disease progression. Liver 

transplantation may be required in cases of end-stage liver disease 

or intractable pruritus [63]. 

AIDS cholangiopathy is a spectrum of biliary tract disorders in 

individuals with HIV/AIDS [64]. It is a relatively rare complication 

of HIV infection. Nevertheless, it can lead to significant morbidity 

and mortality [65]. The exact pathogenesis of AIDS cholangiopathy 

is not well understood. However, it is related to HIV-related immune 

dysfunction, opportunistic infections, and/or the adverse effects of 

antiretroviral therapy [64]. The clinical characteristics of AIDS 

cholangiopathy can vary, which include abdominal pain, jaundice, 

pruritus, and fever [66]. AIDS cholangiopathy is diagnosed based on 

clinical, laboratory, and radiological findings. Traditionally, ERCP 

has been considered the gold standard for diagnosing AIDS 

cholangiopathy. However, EUS can also be important in diagnosing 

and managing this condition [67]. This procedure can be important in 

evaluating the biliary tree for strictures, dilatations, and intraluminal 

filling defects. Moreover, it can help in diagnosing complications 

such as cholecystitis, pancreatitis, and abscess formation. EUS-

guided biliary drainage can be used to manage biliary obstruction in 

patients with AIDS cholangiopathy who are not responsive to 

conventional therapies [65-67]. AIDS cholangiopathy is typically 

managed by treating the underlying HIV infection and any 

associated opportunistic infections. Antiretroviral therapy is the 

cornerstone of HIV treatment, and it improves cholangiopathy in 

some cases [65]. In addition, endoscopic interventions such as biliary 

stenting and balloon dilation can be used to manage biliary 

obstruction and improve symptoms [66]. 

Amyloidosis is a group of disorders characterized by the 

extracellular deposition of misfolded proteins, known as amyloid 

fibrils, in various organs and tissues [68]. It can affect multiple organs, 

including the liver, resulting in hepatomegaly, elevated liver enzyme 

levels, and, in some cases, liver dysfunction and failure. Only a few 

patients require liver transplantation due to advanced-stage liver 

cirrhosis. The use of EUS-guided liver biopsy can increase the 

diagnostic yield after OLD and reduce the risk of complications 

associated with percutaneous liver biopsy, particularly in patients 

with coagulopathy or ascites [69]. Amyloidosis is managed based on 

the underlying cause and the extent of organ involvement [68]. The 

treatment options may include supportive care, chemotherapy, stem 

cell transplantation, or liver transplantation in cases of severe liver 

involvement. 

Choledocholithiasis refers to the presence of gallstones in the 

common bile duct, which connects the liver and the small intestine. 

The condition can result in serious complications such as 

cholangitis, pancreatitis, and liver abscess. Choledocholithiasis is 

commonly diagnosed via imaging studies such as abdominal 

ultrasonography, computed tomography scan, and MRCP [71]. 

However, ERCP remains the gold standard for diagnosing and 

treating choledocholithiasis. In addition to ERCP, other minimally 

invasive techniques such as endoscopic ultrasound-guided biliary 

drainage (EUS-BD) and percutaneous transhepatic biliary drainage 

(PTBD) can manage choledocholithiasis, particularly in patients 

with contraindications to ERCP or failed ERCP [16]. 

Choledocholithiasis should also be managed by treating underlying 

risk factors such as obesity, diabetes, and dyslipidemia. In addition, 

prophylactic antibiotic therapy should be considered in high-risk 

patients to prevent infectious complications. 

Eosinophilic or mast cell cholangitis is a rare type of cholangitis 

characterized by eosinophil or mast cell infiltration in the bile ducts, 

leading to biliary obstruction and subsequent cholestasis [72]. 

Eosinophilic or mast cell cholangitis can be challenging to diagnosis 

due to its rarity and the lack of specific clinical features. EUS can be 

a useful tool in diagnosing eosinophilic or mast cell cholangitis as it 

can identify bile duct wall thickening, dilation, and other features 

indicative of cholangitis [73]. Eosinophilic or mast cell cholangitis is 

commonly treated with combined corticosteroids and 

immunomodulatory agents to reduce inflammation and prevent 

disease recurrence. However, the optimal management strategy for 

this condition is still uncertain due to limited data availability [72]. 

Graft-versus-host disease (GVHD) is a condition that occurs in 

patients with hematopoietic stem cell transplantation [74]. GVHD 

involving the liver is a major complication and can be characterized 

by elevated liver enzyme levels, jaundice, and hepatomegaly. EUS 

is important in assessing POLT GVHD, including the evaluation of 

bile ducts, liver parenchyma, and portal vein patency [75]. GVHD 

involving the liver is managed with immunosuppressive therapy, 

which may be augmented with photopheresis or other modalities. 

Data on the role of EUS in assessing GVHD involving the liver are 

limited. However, de la Serna et al. described the use of EUS in 

diagnosing GVHD in a patient with hematopoietic stem cell 

transplantation. EUS was used to evaluate the bile ducts, and it 

revealed thickened walls and narrowed lumen, consistent with 

GVHD involvement [76]. The patient then received 

immunosuppressive therapy and showed improvement in liver 

enzyme levels. GVHD treatment involving the liver typically 

involves systemic immunosuppression, including corticosteroids 

and other immunosuppressive agents such as tacrolimus and 
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mycophenolate mofetil. The treatment response varies based on the 

severity of liver dysfunction and the extent of involvement [77]. 

The common complications of biliary interventions are 

managed with cholecystectomy, hepatic surgery, and ERCP [78]. The 

incidence of iatrogenic biliary strictures in all ERCP procedures is 

approximately 0.2%–2%, with higher rates observed in specific 

patient populations and in more complex procedures [79]. EUS-BD is 

effective in managing iatrogenic biliary strictures that are refractory 

to other treatments [78]. It involves visualizing the bile ducts and 

evaluating the site, length, and severity of the stricture. Further, 

EUS-guided sampling techniques can obtain tissue samples for 

diagnosis and staging [80]. EUS-guided biliary dilation and stenting 

are effective in treating iatrogenic biliary strictures, and their 

technical success rate is high [78]. 

Portal hypertensive biliopathy (PHB) is a group of biliary 

abnormalities caused by portal hypertension. PHB may include bile 

duct wall abnormalities, cholecystitis, gallstones, and biliary 

strictures. It can lead to complications such as cholangitis, 

cholestasis, and hepatic decompensation [81]. PHB is commonly 

diagnosed using imaging techniques such as MRCP and ERCP. 

However, EUS has emerged as a promising tool for evaluating PHB, 

particularly in cases where MRCP or ERCP may be inconclusive [82]. 

EUS can be used as not only a diagnostic tool but also a therapeutic 

intervention for PHB. EUS-BD is a minimally invasive alternative 

to PTBD and surgical bypass in patients with PHB-related biliary 

strictures [16]. EUS-BD and PTBD were similar in terms of technical 

success rates and adverse event rates. However, EUS-BD has lower 

reintervention rates. 

Recurrent pyogenic cholangitis (RPC) is a rare but serious 

bacterial infection affecting the biliary system, leading to recurrent 

episodes of cholangitis, biliary strictures, and biliary stones [83]. It is 

most commonly observed in Southeast Asia and is strongly 

associated with parasitic infestation and biliary stones. RPC is 

typically diagnosed using imaging modalities such as 

ultrasonography, computed tomography scan, and MRCP [84]. EUS 

has become important in the assessment and management of 

recurrent POLT RPC [85]. EUS can accurately visualize the biliary 

tree and adjacent structures, which can help in RPC diagnosis and 

the identification of biliary strictures or stones. In addition, EUS-

guided biliary drainage procedures can be performed for managing 

RPC, which can alleviate biliary obstruction and prevent further 

episodes of cholangitis. 

Sarcoidosis is a chronic inflammatory disease affecting various 

body organs, including the lungs, lymph nodes, skin, and eyes. The 

etiology of sarcoidosis is still unknown, and it is diagnosed based on 

clinical presentation and imaging study and biopsy findings [69]. EUS 

has become essential in assessing sarcoidosis. Further, it can be used 

to evaluate mediastinal lymph nodes and lung lesions and to obtain 

tissue samples for pathological examination. EUS-EUS-FNA was 

performed on 54 patients with suspected sarcoidosis, and the 

diagnostic yield was 81%. Further, EUS-FNA had a high 

concordance rate with conventional transbronchial needle aspiration 

in diagnosing sarcoidosis [16]. In addition to its diagnostic role, EUS 

can monitor disease activity and treatment response. Bhutani et al. 

showed that EUS-guided needle-based confocal laser 

endomicroscopy can provide real-time visualization of granulomas 

and can be used to monitor treatment response in patients with 

sarcoidosis. Notably, needle-based confocal laser endomicroscopy 

had a high sensitivity and specificity in detecting granulomas. 

Hence, it a useful tool in managing sarcoidosis [86]. Sarcoidosis is 

managed with corticosteroids, immunosuppressive agents, and 

biologics based on disease severity and organ involvement. 

Baughman et al. (2018) revealed that infliximab, a tumor necrosis 

factor-alpha inhibitor, was effective in treating refractory 

sarcoidosis. Therefore, infliximab can be a treatment option for 

patients with sarcoidosis who do not respond to conventional 

therapy [87]. 

Sickle cell disease (SCD) is a hemoglobinopathy that can lead to 

various complications, including liver involvement. Cholelithiasis, 

or gallstone formation, is a common complication of SCD that can 

lead to cholangiopathy and subsequent liver damage [88]. Stankovic 

et al. (2017) showed that 24% of patients with SCD who underwent 

magnetic resonance cholangiopancreatography develop 

cholangiopathy. Thus, patients with SCD who have a history of 

cholelithiasis or elevated liver enzyme levels may require routine 

screening for cholangiopathy [89]. SCD can also lead to different 

liver complications, in addition to cholelithiasis, which include 

hepatic sequestration crisis and sickle cell intrahepatic cholestasis 
[88], which is a rare but severe complication of SCD characterized by 

cholestasis, jaundice, and liver dysfunction. SCD is commonly 

managed with supportive care and exchange transfusions, which can 

decrease hemoglobin S levels, improve liver function, increase the 

production of fetal hemoglobin, and reduce the rate of pain crises 

and hospitalizations [89]. Moreover, blood transfusions can improve 

oxygen delivery and prevent or treat complications such as stroke in 

SCD [88]. 

In terms of vascular/ischemic complications, hepatic artery 

stenosis (HAS) can occur after liver transplantation and can lead to 

graft dysf/unction or loss (Chu et al., 2017) [90]. HAS is a relatively 

common complication, with an incidence of up to 15% in liver 

transplant recipients [91]. The early diagnosis and prompt 

management of HAS can prevent further graft damage. HAS is 

usually diagnosed via imaging studies, such as Doppler 

ultrasonography and computed tomography angiography [90]. EUS 

can facilitate the detailed visualization of the hepatic artery and 

surrounding structures and can help guide endovascular 

interventions, such as angioplasty and stent placement, for assessing 

and managing vascular/ischemic complications after liver 

transplantation, including HAS [92]. The EUS-guided placement of a 

covered self-expandable metallic stent was successful in treating 

HAS in three of four liver transplant recipients. Therefore, EUS-

guided stent placement may be a safe and effective alternative to 

traditional endovascular techniques in some patients with HAS [93]. 

Discussion 

EUS has an important role in the assessment and surveillance of 

POLT cholangiopathies. In particular, the procedure is useful in 

diagnosing biliary tract diseases such as choledocholithiasis, 

primary biliary cirrhosis, PSC, and IgG4-associated cholangitis [80]. 

In addition, it has high accuracy rates in detecting biliary strictures, 

which can be indicative of cholangiocarcinoma [94]. It can provide 

detailed information about the biliary system, including bile duct 

wall thickness, luminal diameter, and the presence of intraductal 

lesions [95]. Further, it can evaluate the pancreaticobiliary junction, 

which is essential in diagnosing post-liver transplant biliary 

complications [95]. 

EUS is useful in assessing various genetic cholangiopathies, 

including Alagille syndrome, Caroli syndrome, cystic fibrosis, PLD, 

and ADPKD [60]. EUS is effective in evaluating malignant 

cholangiopathies, such as cholangiocarcinoma and secondary 

sclerosing cholangitis [80,94]. However, the current study had several 

limitations. For example, it was solely based on published literature, 

which might have introduced publication bias. In addition, the 

heterogeneity of the studies included in this review might have 

affected the generalizability of the findings. Several studies have 

evaluated the role of EUS in the assessment and surveillance of 

various biliary tract disorders, particularly primary and secondary 

sclerosing cholangitis. EUS has a high sensitivity and specificity in 

diagnosing PSC.19, 95 The current study included 22 articles, 

comprising 1,227 patients with PSC. Results showed that the overall 

sensitivity and specificity of EUS were 90% (95% confidence 

http://www.ijirms.in/


International Journal of Innovative Research in Medical Science (IJIRMS) 

 

www.ijirms.in  275 

interval: 85%–94%) and 96% (95% confidence interval: 94%–98%). 

Larghi et al. evaluated the role of EUS in the surveillance of patients 

with PSC and showed that EUS-guided cholangiography was safe 

and effective in detecting biliary strictures [96]. 

Several risk factors contribute to the development of biliary 

complications after liver transplantation. These risk factors include 

donor age, ischemia-reperfusion injury, surgical technique, and use 

of immunosuppressive agents [97]. Donor age is a well-established 

risk factor for the development of biliary complications after liver 

transplantation. Older donors have a higher incidence of biliary 

complications due to the decreased functional capacity of their bile 

ducts [98]. Ischemia-reperfusion injury is another significant risk 

factor of biliary complications after liver transplantation. The extent 

of ischemia–reperfusion injury is influenced by factors such as the 

duration of cold and warm ischemia and the presence of steatosis [97]. 

Further, surgical techniques play an important role in the 

development of biliary complications. The use of Roux-en-Y 

hepaticojejunostomy or duct-to-duct anastomosis can affect the 

incidence of biliary complications after liver transplantation. The 

use of immunosuppressive agents such as calcineurin inhibitors is 

also associated with the development of biliary complications after 

liver transplantation [97]. 

Further research should be performed to validate the 

accuracy of EUS in the assessment and surveillance of POLT 

cholangiopathies in larger, more diverse patient populations. In 

addition, previous studies investigated the cost-effectiveness of EUS 

compared with that of other imaging modalities such as MRCP and 

ERCP. Furthermore, there is a need to standardized guidelines for 

the use of EUS in the assessment and surveillance of POLT 

cholangiopathies to ensure consistency in clinical practice. EUS can 

help in diagnosing anastomotic and nonanastomotic biliary 

complications. EUS can help detect complications such as 

anastomotic strictures, leaks, and stenosis. Moreover, EUS can 

evaluate the anastomosis site and extent of anastomotic stricture [98]. 

In the case of nonanastomotic complications, EUS can detect biliary 

sludge, bile duct stones, nonanastomotic strictures, and cast 

formation [97]. EUS can assess the extent of the nonanastomotic 

stricture and identify the presence of upstream dilation. In the case 

of biliary cast formation, EUS can visualize the cast and provide 

detailed information about its composition [98]. 

Conclusion 

EUS is important in the assessment and surveillance of POLT 

cholangiopathies. EUS has high accuracy rates in diagnosing biliary 

tract diseases, detecting biliary strictures, and assessing various 

genetic and malignant cholangiopathies. However, further studies 

should be performed to validate the accuracy of EUS in larger and 

more diverse patient populations and to investigate the cost-efficacy 

of EUS compared with that of other imaging modalities. Clinicians 

may consider incorporating EUS in the assessment and surveillance 

of POLT cholangiopathies in clinical settings while focusing on 

patient selection and adherence to standardized guidelines. 

Ethics approval and consent to participate 

Not Applicable 

Data Availability 

All data are available in the article and further details can be 

requested directly from the corresponding author.  

Conflicts of Interest 

“The author(s) declare(s) that there is no conflict of interest 

regarding the publication of this paper.” 

Funding Statement 

This article received no external funding.  

References 

[1] Dumonceau JM, Delhaye M, Tringali A et al. Endoscopic 

ultrasound-guided biliary and pancreatic duct 

interventions. Ann Gastroenterol. 2019; 32: 438-448. 

[2] NHS Blood and Transplant. Annual Report on Liver 

Transplantation 2020–21. 

https://www.organdonation.nhs.uk/get-involved/news-

and-campaigns/nhs-blood-and-transplant-publishes-

annual-report-on-liver-transplantation/; 2021. 

[3] Soin AS, Friend PJ. Biliary complications after liver 

transplantation. Semin Liver Dis. 2002; 22: 195–206. 

https://doi.org/10.1055/s-2002-30104. 

[4] Reddy MS, Kalva N, Patidar Y, et al. Outcomes of post-

liver transplant biliary complications in the model for end-

stage liver disease era. Liver Transpl. 2009; 15: 1493-

1499. https://doi.org/10.1002/lt.21855. 

[5] Khalaf H, Mourad MM, Abd El-Wahab EW, et al. Biliary 

complications post liver transplantation. World J Hepatol. 

2013; 5: 412-424. https://doi.org/10.4254/wjh.v5.i7.412. 

[6] Jeyarajah DR, Cotler SJ. Management of biliary 

complications after orthotopic liver transplantation. Clin 

Liver Dis. 2004; 8: 163-182, x. 

https://doi.org/10.1016/S1089-3261(03)00121-1. 

[7] Taner CB, Buldu N, Agcaoglu O, et al. Biliary 

complications after liver transplantation: assessment with 

magnetic resonance cholangiography. Transplant Proc. 

2011; 43: 2409-2413. 

https://doi.org/10.1016/j.transproceed.2011.06.027. 

[8] Singh A, Nachimuthu S, Verma H, et al. Biliary 

complications after liver transplantation: an analysis of 

risk factors and their effect on patient and graft survival. 

HPB Surg. 2013; 2013: 892196. 

https://doi.org/10.1155/2013/892196. 

[9] Kumar R, Sharma P, Singh S, et al. Diagnostic yield and 

safety of endoscopic ultrasound-guided liver biopsy in 

comparison to percutaneous liver biopsy: A systematic 

review and meta-analysis. Endosc Ultrasound. 2020; 9: 

369-379. 

[10] Park JK, Lee JK, Lee KH, et al. Endoscopic ultrasound-

guided biliary drainage for right hepatic bile duct 

obstruction: novel technical tips. Endoscopy. 2012; 44: 

E316-E317. 

[11] Das A, Singh V, Fleischer DE, Sharma VK. A comparison 

of endoscopic ultrasound, magnetic resonance 

cholangiopancreatography, and direct cholangiography in 

the evaluation of patients with suspected pancreatico-

biliary disease. Am J Gastroenterol. 2009; 104: 853-858. 

[12] Artifon EL, Loureiro JF, Baron TH, et al. Surgery or EUS-

guided choledochoduodenostomy for malignant distal 

biliary obstruction after ERCP failure. Endosc 

Ultrasound. 2017; 6: 386-392. 

[13] Baron TH. Expandable metal stents for endoscopic 

bilateral stent-within-stent placement for malignant hilar 

biliary obstruction. Gastrointest Endosc. 2018; 87: 1281-

1285. 

[14] Krishna SG, Bhattacharya A, Ross WA, et al. Endoscopic 

ultrasound (EUS) and EUS-guided fine-needle aspiration 

of post-liver transplant lymphoproliferative disorder. 

http://www.ijirms.in/


International Journal of Innovative Research in Medical Science (IJIRMS) 

 

www.ijirms.in  276 

Gastrointest Endosc. 2009; 70: 789-793. 

https://doi.org/10.1016/j.gie.2009.02.021. 

[15] TenBrock P, Duller F, Callstrom M, et al. EUS-guided 

fine-needle aspiration biopsy of liver lesions: a systematic 

review. Gastrointest Endosc. 2021; 93: 738-752.e4. 

[16] Hassan Z, Gadour E. Percutaneous transhepatic 

cholangiography vs endoscopic ultrasound-guided biliary 

drainage: A systematic review. World J Gastroenterol. 

2022;28: 3514-3523. 

https://doi.org/10.3748/wjg.v28.i27.3514. 

[17] Puli SR, Bechtold ML, Buxbaum JL, Eloubeidi MA. How 

good is endoscopic ultrasound-guided fine-needle 

aspiration in diagnosing the correct etiology for a solid 

pancreatic mass?: A meta-analysis and systematic review. 

Pancreas. 2013; 42: 20-26. 

https://doi.org/10.1097/MPA.0b013e3182546e79. 

[18] Thosani N, Banerjee S. Role of endoscopic ultrasound in 

the management of post-liver transplant biliary 

complications. Liver Transpl. 2016; 22: 905-915. 

[19] Wang K, Zhu J, Xing L, et al. Diagnostic value of 

endoscopic ultrasound for bile duct strictures after liver 

transplantation: a systematic review and meta-analysis. J 

Gastroenterol Hepatol. 2020; 35: 165-173. 

[20] Cotton PB, Eisen GM, Aabakken L, et al. A lexicon for 

endoscopic adverse events: report of an ASGE workshop. 

Gastrointest Endosc. 2010; 71: 446-454. 

https://doi.org/10.1016/j.gie.2009.10.027. 

[21] Freeman ML, Nelson DB, Sherman S, et al. 

Complications of endoscopic biliary sphincterotomy. N 

Engl J Med. 1996; 335: 909-918. 

https://doi.org/10.1056/NEJM199609263351301. 

[22] Cote GA, Kumar N, Ansstas M, et al. Risk of post-ERCP 

pancreatitis with placement of self-expandable vs. 

balloon-expandable biliary stents: a non-inferiority 

randomized trial. Am J Gastroenterol. 2019; 114: 1626–

1635. 

[23] Ardengh JC, Lopes CV, de Lima LF, et al. Endoscopic 

ultrasound versus magnetic resonance 

cholangiopancreatography in the evaluation of the biliary 

tree. Can J Gastroenterol. 2008; 22: 267-272. 

[24] Ngamruengphong S, Alvarez-Sánchez MV, 

Lapumnuaypol K, et al. Diagnostic yield of EUS in 

detecting biliary complications in liver transplant 

recipients with anastomotic biliary strictures. Gastrointest 

Endosc. 2016; 83: 977-983. 

[25] Park DH, Lee TH, Paik WH, et al. Feasibility and safety 

of a novel dedicated device for one-step EUS-guided 

biliary drainage: a randomized trial. J Gastroenterol 

Hepatol. 2015; 30: 1461-1466. 

https://doi.org/10.1111/jgh.13027. 

[26] Fabbri C, Fuccio L, Fornelli A, et al. EUS-guided biliary 

drainage with placement of a new partially covered biliary 

stent for palliation of malignant biliary obstruction: a case 

series. Endosc Ultrasound. 2017; 6: 49–54. 

[27] De Moura DTH, Farias AQ, Coelho-Prabhu N, et al. EUS 

in the evaluation of postorthotopic liver transplant biliary 

complications: a systematic review and meta-analysis. 

Gastrointest Endosc. 2016; 84: 223-233.e15. 

https://doi.org/10.1016/j.gie.2016.01.033. 

[28] Ludwig J, Wiesner RH, LaRusso NF, Dickson ER. The 

histopathology of cholangitis associated with primary 

sclerosing cholangitis. Hepatology. 2013; 8: 1045-1052. 

[29] Kamath BM, Bauer RC, Loomes KM et al. NOTCH2 

mutations in Alagille syndrome. J Med Genet. 2019; 56: 

34-44. 

[30] McDaniell R, Warthen DM, Sanchez-Lara PA et al. 

NOTCH2 mutations cause Alagille syndrome, a 

heterogeneous disorder of the notch signaling pathway. 

Am J Hum Genet. 2006; 79: 169-173. 

https://doi.org/10.1086/505332. 

[31] Andersson R, Hultcrantz R, Ansari N. Endoscopic 

ultrasound in the diagnosis of Alagille's syndrome. Scand 

J Gastroenterol. 2004; 39: 1138-1142. 

[32] Lazaridis KN, Strazzabosco M, LaRusso NF. Primary 

sclerosing cholangitis, Caroli disease and other genetic 

cholangiopathies. Gastroenterology. 2021; 160: 2040-

2055. 

[33] Kerem E, Bistritzer T, Hanukoglu A, Kerem B. Molecular 

diagnosis of cystic fibrosis. Expert Rev Mol Diagn. 2019; 

19: 661-673. 

https://doi.org/10.1080/14737159.2019.1632683. 

[34] Burgel PR, Bellis G, Olesen HV et al. Future trends in 

cystic fibrosis demography in 34 European countries. Eur 

Respir J. 2018; 52: 1800670. 

https://doi.org/10.1183/13993003.00670-2018. 

[35] Burgel PR, Durieu I, Chiron R, Sermet-Gaudelus I. New 

treatment strategies for cystic fibrosis. Presse Med. 2020; 

49: 104034. https://doi.org/10.1016/j.lpm.2020.104034. 

[36] Singh VK, Yadav D, Garg PK. Diagnosis and 

management of cystic fibrosis-associated pancreatitis. J 

Dig Dis. 2020; 21: 563-572. https://doi.org/10.1111/1751-

2980.12949. 

[37] LaRusso NF. Polycystic liver diseases. In: UpToDate 

Díez-Caballero R, F, Peces C, eds. Accessed March 16, 

2023 https://www.uptodate.com/contents/polycystic-

liver-diseases Peces. Autosomal; 2018. 

[38] Tao X, Li Y, Li J, Fu P, Wu Q. Genetics and molecular 

pathogenesis of autosomal dominant polycystic kidney 

disease. BioMed Res Int. 2019; 2019: 1-17. 

[39] Chapman RW, Varghese Z, Gaul R, Patel N, Barker N. 

Cystic diseases of the liver. Clin Med (London, England). 

2015; 15: s54-s59. 

[40] Chauhan SS, Khan MA, Forsmark CE, Draganov PV. 

Role of endoscopic ultrasound in the diagnosis and 

management of cystic liver lesions: A systematic review 

and meta-analysis. Endosc Ultrasound. 2018; 7: 312-321. 

[41] Peces R, Díez-Caballero F, Peces C. Autosomal dominant 

polycystic liver disease: current perspectives. J 

Hepatocellular Carcinoma. 2018; 5: 53-66. 

[42] Van Erpecum KJ, van Berge Henegouwen GP, Rauws EA, 

Gouma DJ. Endoscopic ultrasonography for diagnosing 

common bile duct stones and biliary strictures in patients 

with acute recurrent pancreatitis. Endoscopy. 2003; 35: 

353-359. 

[43] Ali AH, Lindor KD. Autoimmune cholangitis. Clin Liver 

Dis. 2019; 23: 663-675. 

[44] Kaffes AJ, Hourigan LF, De Luca N, Byth K, Williams 

SJ. EUS-guided fine-needle biopsy in the diagnosis of 

focal liver lesions. Gastrointest Endosc. 2004; 60: 357-

364. 

[45] Chapman RW, Varghese Z, Gaul R et al. Association of 

autoimmune hepatitis and primary sclerosing cholangitis 

with sarcoidosis. Hepatology. 2010; 11: 202-209. 

[46] Younossi ZM, Bernstein D, Shiffman ML et al.. Diagnosis 

and management of primary biliary cholangitis. Am J 

http://www.ijirms.in/
https://www.uptodate.com/contents/polycystic-liver-diseases
https://www.uptodate.com/contents/polycystic-liver-diseases
https://www.uptodate.com/contents/polycystic-liver-diseases


International Journal of Innovative Research in Medical Science (IJIRMS) 

 

www.ijirms.in  277 

Gastroenterol. 2019; 114: 48-63. 

https://doi.org/10.1038/s41395-018-0390-3. 

[47] Serinet MO, Wildhaber BE, Broué P et al. Impact of age 

at Kasai operation on its results in late childhood and 

adolescence: a rational basis for biliary atresia screening. 

Pediatrics. 2017; 120: e1439-e1442. 

[48] Verkade HJ, Bezerra JA, Davenport M et al. Biliary atresia 

and other cholestatic childhood diseases: advances and 

future challenges. J Hepatol. 2016; 65: 631-642. 

https://doi.org/10.1016/j.jhep.2016.04.032. 

[49] Mack CL, Tucker RM, Sokol RJ et al. Biliary atresia is 

associated with CD4+ Th1 cell-mediated portal tract 

inflammation. Pediatr Res. 2004; 56: 79-87. 

https://doi.org/10.1203/01.PDR.0000130480.51066.FB. 

[50] Fumino S, Seki H, Okada M, Tamaoki M, Wakabayashi 

T, Hasegawa H. EUS for the diagnosis of biliary atresia in 

infants and neonates. Gastrointest Endosc. 2015; 81: 465-

466. 

[51] Gowda SS, Rao PN, Raghavendra BN, Kumar SA. Role 

of endoscopic ultrasound-guided liver biopsy in neonatal 

cholestasis syndrome: A single-center experience. J Clin 

Exp Hepatol. 2020; 10: 312-318. 

[52] Davenport M, Gonde C, Redkar R, Koukoulis G, Tredger 

JM, Mieli-Vergani G. Immunohistochemistry is more 

reliable than hematoxylin and eosin staining in the 

diagnosis of extrahepatic biliary atresia. J Pediatr 

Gastroenterol Nutr. 2014; 58: 249-254. 

[53] Knisely AS, Strautnieks SS, Meier Y et al. Hepatocellular 

carcinoma in ten children under five years of age with bile 

salt export pump deficiency. Hepatology. 2018; 67: 484-

493. 

[54] Lamireau T, Dubois R, Jacquemin E, Hadchouel M, 

Bernard O. Liver transplantation for progressive familial 

intrahepatic cholestasis. J Pediatr Gastroenterol Nutr. 

2018; 67: e100-e106. 

[55] Kamisawa T, Zen Y, Pillai S, Stone JH. IgG4-related 

disease. Lancet. 2015; 385: 1460-1471. 

https://doi.org/10.1016/S0140-6736(14)60720-0. 

[56] Chen JH, Wang XX, Hu LH, Guo XM, Liu L, Yu J. 

Diagnosis and management of IgG4-associated 

cholangitis: a systematic review. J Dig Dis. 2020; 21: 569-

579. 

[57] Czaja AJ. Diagnosis and management of autoimmune 

liver diseases. Gastroenterol Hepatol (N Y). 2016; 12: 

394-409. 

[58] Jain D, Nijhawan S, Jacobson K, Husain SZ. EUS in the 

evaluation of liver disease. Gastrointest Endosc. 2017; 86: 

636-643. 

[59] Bangarulingam SY, Gossard AA, Petersen BT, Ott BJ, 

Lindor KD, Baron TH. Complications of endoscopic 

biliary tract biopsy. Dis Esophagus. 2010; 23: 493–501. 

[60] Gadour E, Hassan Z. Meta-analysis and systematic review 

of liver transplantation as an ultimate treatment option for 

secondary sclerosing cholangitis. Prz Gastroenterol. 

2022; 17: 1-8. https://doi.org/10.5114/pg.2021.110483. 

[61] Soroka CJ, Assis DN, Alrabadi LS et al. Bile-derived 

organoids from patients with primary sclerosing 

cholangitis recapitulate their inflammatory immune 

profile. Hepatology. 2019; 70: 871-882. 

https://doi.org/10.1002/hep.30470. 

[62] American Society for Gastrointestinal Endoscopy 

Technology Committee, Petersen, BT, Abu Dayyeh BK et 

al. Pancreatic and biliary endoscopy: new devices and 

emerging technologies. Gastrointest Endosc. 2015; 82: 

216-224. 

[63] Gordo-Gilart R, de Las Heras D, Alvarez-Álvarez C, 

Alvarez-Navascués C, Hierro L. ABCB4 deficiency: A 

comprehensive review of the literature. Clin Res Hepatol 

Gastroenterol. 2021; 45: 101489. 

[64] Gleeson D, Bloom S, Bansi D. HIV-related 

cholangiopathy. Curr Opin Infect Dis. 2017; 30: 30-35. 

[65] Yusuf TE, Baron TH. AIDS cholangiopathy. Curr Treat 

Options Gastroenterol. 2004; 7: 111-117. 

https://doi.org/10.1007/s11938-004-0032-2. 

[66] Sarin SK, Choudhury A, Sharma MK. Endoscopic therapy 

for AIDS cholangiopathy. Curr Opin Infect Dis. 2019; 32: 

9-15. 

[67] Aqel BA, Saeed A, Anand S. Role of endoscopic 

ultrasound in AIDS cholangiopathy: a systematic review. 

Gastroenterol Res Pract. 2018; 2018. 

[68] Merlini G, Bellotti V. Molecular mechanisms of 

amyloidosis. N Engl J Med. 2003; 349: 583-596. 

https://doi.org/10.1056/NEJMra023144. 

[69] Cazals-Hatem D, Castinel A, Gouge TH et al. Efficacy of 

endoscopic ultrasound-guided fine-needle aspiration 

biopsy in the diagnosis of solid pancreatic masses. Dig Dis 

Sci. 2001; 46: 1051-1055. 

[70] Björnsson ES, Bergmann OM, Björnsson HK, Kvaran RB, 

Olafsson S. Incidence, presentation, and outcomes in 

patients with drug-induced liver injury in the general 

population of Iceland [presentation]. Gastroenterology. 

2013; 144: 1419-1425. 

https://doi.org/10.1053/j.gastro.2013.02.006. 

[71] McNicoll CF, Pastorino A, Farooq U, Froehlich MJ, St 

Hill CR. Choledocholithiasis. In: StatPearls [Internet]. 

Treasure Island (FL): StatPearls Publishing. 2022: 2022 

Jan. 

[72] Yokoe M, Hata J, Takada T et al. Tokyo Guidelines 2018: 

diagnostic criteria and severity grading of acute 

cholecystitis (with videos). J Hepatobiliary Pancreat Sci. 

2018; 25: 41-54. https://doi.org/10.1002/jhbp.515. 

[73] Tannoury JN, Abboud BN. Eosinophilic and mast cell 

cholangitis: clinical features, diagnosis, and management. 

Clin Exp Gastroenterol. 2020; 13: 135-143. 

[74] Jagasia M, Arora M, Flowers ME et al. Risk factors for 

acute GVHD and survival after hematopoietic cell 

transplantation. Blood. 2012; 119: 296-307. 

https://doi.org/10.1182/blood-2011-06-364265. 

[75] Levine JE, Paczesny S, Mineishi S et al. Etanercept plus 

methylprednisolone as initial therapy for acute graft-

versus-host disease. Blood. 2008; 111: 2470-2475. 

https://doi.org/10.1182/blood-2007-09-112987. 

[76] de la Serna J, Perez-Miranda M, Diez-Redondo P, et al. 

Endoscopic ultrasound in the diagnosis of graft-versus-

host disease involving the liver after hematopoietic stem 

cell transplantation. Endoscopy. 2007; 39: E249. 

https://doi.org/10.1055/s-2007-966340. 

[77] Ferrara JL, Levine JE, Reddy P, Holler E. Graft-versus-

host disease. Lancet. 2009; 373: 1550-1561. 

https://doi.org/10.1016/S0140-6736(09)60237-3. 

[78] Girgis MD, Singh RG, Xu MM, Karia K, Adler DG. 

Endoscopic management of iatrogenic biliary strictures. 

Curr Treat Options Gastroenterol. 2021; 19: 273-284. 

https://doi.org/10.1007/s11938-021-00510-1. 

[79] Elmunzer BJ, Maranki JL, Gómez V et al. ACG clinical 

guideline: diagnosis and management of biliary strictures. 

http://www.ijirms.in/


International Journal of Innovative Research in Medical Science (IJIRMS) 

 

www.ijirms.in  278 

Am J Gastroenterol. 2023; 118: 405-426. 

https://doi.org/10.14309/ajg.0000000000002190. 

[80] Khashab MA, El Zein MH, Sharzehi K, Marouf F, Mishra 

R, Chen YK. EUS-guided biliary drainage for patients 

with malignant biliary obstruction with an indwelling 

duodenal stent. Gastrointest Endosc. 2013;78: 295–

302.e2. https://doi.org/10.1016/j.gie.2013.03.1208. 

[81] Sharma M, Rameshbabu CS. Collateral pathways in portal 

hypertension. J Clin Exp Hepatol. 2012; 2: 338-352. 

https://doi.org/10.1016/j.jceh.2012.08.001. 

[82] Trikudanathan G, Navaneethan U, Njei B, Vargo JJ. 

Diagnosis and therapy of portal hypertensive biliopathy: 

A systematic review and meta-analysis. Gastrointest 

Endosc. 2018; 88: 205-222. 

[83] Dwibedi S, Verma S, Misra SP. Recurrent pyogenic 

cholangitis. J Gastroenterol Hepatol. 2021; 36: 6-15. 

https://doi.org/10.1111/jgh.15153. 

[84] Sodhi KS, Bhatia A, Saxena AK, Rao KL, Menon DK. 

Recurrent pyogenic cholangitis: a review of imaging 

diagnosis and management. Can Assoc Radiol J. 2015; 66: 

43–53. https://doi.org/10.1016/j.carj.2014.03.009. 

[85] Pang TCY, Lam VWT, Webster GJ. Role of endoscopic 

ultrasound in the diagnosis and management of recurrent 

pyogenic cholangitis. J Gastroenterol Hepatol. 2021; 36: 

16-22. https://doi.org/10.1111/jgh.15216. 

[86] Bhutani MS, Koduru P, Lanke G, Waxman I. EUS-guided 

interventions in the abdomen and pelvis. Gastrointest 

Endosc Clin N Am. 2015; 25: 715-732. 

[87] Baughman RP, Lower EE, du Bois RM, Taveira-DaSilva 

AM, Engel PJ. Infliximab for refractory sarcoidosis. 

Sarcoidosis Vasc Diffuse Lung Dis. 2018; 35: 131-138. 

[88] Ward R, Roberts D, Wilcox CM. Sickle cell disease and 

the liver. Hepatology. 2019; 70: 925–938. 

[89] Stankovic S, Kocic G, Stojanovic P, Cemerlic-Adic N, 

Jankovic G, Mitrovic M. Magnetic resonance 

cholangiopancreatography evaluation in patients with 

sickle cell disease. J Med Imaging Radiat Oncol. 2017; 61: 

623-629. 

[90] Chu HH, Kim YJ, Kim H. Hepatic artery stenosis after 

liver transplantation: recent updates on incidence, 

diagnosis, and management. Korean J Intern Med. 2017; 

32: 797-804. 

[91] Lunsford KE, Vadlamudi C, Ganger DR. Hepatic artery 

stenosis after liver transplantation. Liver Transpl. 2018; 

24: 1244-1254. 

[92] Nguyen HN, Chang JY, Lee JG. Endoscopic ultrasound in 

the management of post-liver transplantation 

complications. World J Gastroenterol. 2019; 25: 3323-

3333. 

[93] Fritscher-Ravens A, Schuld J, Ryll A, et al. EUS-guided 

stent placement for the treatment of hepatic artery stenosis 

after liver transplantation. Gastrointest Endosc. 2019; 90: 

988–989. 

[94] Westermark P, Westermark GT. The systemic 

amyloidoses: clinical and laboratory features, diagnosis, 

and treatment. Scand J Clin Lab Investig. 2017; 77: 453-

466. 

[95] Ishikawa T, Itoh A. Endoscopic ultrasound for the 

diagnosis and management of biliary complications after 

liver transplantation. World J Gastrointest Endosc. 2017; 

9: 1–11. 

[96] Larghi A, Tringali A, Rimbaş M et al. Endoscopic 

management of benign biliary strictures after liver 

transplantation. Liver Transpl. 2019; 25: 323-335. 

https://doi.org/10.1002/lt.25358. 

[97] Nemes B, Gámán G, Doros A. Biliary complications after 

liver transplantation. Expert Rev Gastroenterol Hepatol. 

2015; 9: 447-466. 

https://doi.org/10.1586/17474124.2015.967761. 

[98] Gómez-Mateo MÁ, López-Pérez E, de la Serna-Higuera 

C, Pérez-Miranda M, Herrero-Fernández I. Endoscopic 

management of post-liver transplant biliary 

complications. World J Gastroenterol. 2019; 25: 4790-

4802. 

 

 

Open Access This article is licensed under a 

Creative Commons Attribution 4.0 International 

License, which permits use, sharing, adaptation, distribution and 

reproduction in any medium or format, as long as you give 

appropriate credit to the original author(s) and the source, provide a 

link to the Creative Commons license, and indicate if changes were 

made. The images or other third-party material in this article are 

included in the article’s Creative Commons license, unless indicated 

otherwise in a credit line to the material. If material is not included 

in the article’s Creative Commons license and your intended use is 

not permitted by statutory regulation or exceeds the permitted use, 

you will need to obtain permission directly from the copyright 

holder. To view a copy of this license, visit 

https://creativecommons.org/licenses/by/4.0/. 

© The Author(s) 2023

 

http://www.ijirms.in/
https://creativecommons.org/licenses/by/4.0/

