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1. Introduction 
Biliary tract diseases, particularly obstructions and their consequences, pose major 

challenges for diagnosis and treatment. The treatment of biliary obstructions and 

anastomotic leakage requires a multidisciplinary approach, utilizing surgical, 

radiological, and endoscopic techniques. Therapeutic techniques may vary based on the 

cause of the blockages; therefore, differential diagnosis is crucial.  

Biliary anastomotic leaks are serious medical conditions that affect morbidity, mortality, 

and quality of life. An optimal treatment plan is crucial to limit life-threatening 

consequences and reduce inpatient duration. The surgeon must assess potential risk 

factors prior to the first procedure; yet, leakage may occur despite all precautions. The 

therapeutic plan suited to the patient, dependent upon the primary operation, patient 

fitness, and accessible therapy alternatives, is implemented if leakage is apparent.  

The aim of this dissertation is to evaluate the efficacy and safety of percutaneous 

transhepatic biliary drainage for biliary obstruction treatment, as well as to report the 

incidence of biliary anastomotic leakage, associated risks, and available therapeutic 

interventions through a retrospective analysis of two high-volume patient cohorts. The 

goal is to facilitate the identification of the most efficient treatment strategy for biliary 

anastomotic leakage and to enhance treatment quality in this complex condition. 

 
  



 
 

8 

1.1. Literature review 

1.2. Etiology of biliary strictures.  
Classifying the different causes of biliary strictures is a difficulty in and of itself. As the 

following research focuses on problems around the wall of the biliary tree, the 

classification will not detail gallstone disease and congenital anomalies such as biliary 

atresia. 

1.2.1. Benign biliary strictures (BBS) 
The most prevalent causes of BBS are iatrogenic, including cholecystectomy and 

orthotopic liver transplantation, not to forget partial hepatectomies or endoscopic 

sphincterotomy complications. Postoperative biliary strictures can be subdivided into 

anastomotic and nonanastomotic subtypes (1). With the evolution of minimally invasive 

techniques such as laparoscopic cholecystectomy, the patients could recover faster and 

with a lower chance of developing postoperative complications. However, complications 

tend to be less common but more complex, happening mainly on the biliary tree or 

affecting hepatic blood supply. In a large laparoscopic cholecystectomy series spanning 

over 10,000 patients, the reported risk of biliary injury ranges between 0.18 and 0.6% (2). 

The possibility of an injury may increase if the anatomy of the patient is altered (3). 

Extended ischemic time during transplantation can lead to nonanastomotic and 

anastomotic stricture as well. There are a number of other factors that can contribute to 

anastomotic stricture development. Injury of the hepatic artery, excessive dissection of 

the hepatoduodenal ligament, anastomosis distal to the cystic duct, bile leakage, T-tube 

insertion, or anastomotic technique. All these factors lead to a compromised blood supply 

of the bile ducts, leading to a bad healing tendency, stricture, or even bile leakage (4) (5). 

Inflammatory processes such as chronic pancreatitis can also lead to BBS in 3-46% (6). 

Worsening portal hypertension and bile duct proliferation can lead to secondary biliary 

fibrosis and strictures. Sometimes other structural changes in the pancreas (pseudocysts, 

acute inflammation, abscess) lead to obstruction of the intrapancreatic bile duct (6). 

Primary sclerosing cholangitis is a rare autoimmune inflammatory disorder that leads 

to stricture formation dominantly on the extrahepatic biliary tree, usually leading to end-
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stage cirrhosis. Predominantly males are affected between ages 30 and 40; frequently it 

is combined with inflammatory bowel disease (7). IgG4-related sclerosing cholangitis 

is one of the spectrums of sclerosing cholangiopathies that cause biliary stenosis. Clinical, 

laboratory, histological, and cholangiogram findings determine the diagnosis. Increased 

blood IgG4 levels are nonspecific yet part of the criteria for IgG4-SC. 90% of individuals 

have autoimmune pancreatitis, while 10% have only biliary involvement, and 

dacryoadenitis/sialadenitis, retroperitoneal fibrosis, and kidney lesions affect 26% of 

patients (8). Infection may produce biliary stricturing in recurrent pyogenic cholangitis. 

Bile stasis and intrahepatic bile duct stones induce recurrent bacterial cholangitis. 

Bacterial infection causes scarring, fibrosis, and stricturing (9). Xanthogranulomatous 

cholangitis, eosinophilic cholangiopathy, radiation, vasculitis (Wegener granulomatosis), 

and cystic fibrosis are other rare causes of BBS. Choledochal cysts can mimic biliary 

strictures on imaging and cause them through infection and stone production (10). Mirizzi 

syndrome is caused when a gallstone gets trapped in the neck of the gallbladder or in a 

long cystic duct with a low opening. This blocks the common hepatic duct (10).	

1.2.2. Malignant biliary stenosis (MBS) 

1.2.2.1. Primary Cancer 
Unfortunately, only a small percentage of biliary strictures (15%-24%) are benign (11). 

Pancreatic head adenocarcinoma is the most common cause of malignant stricture of 

the distal common bile duct. It has an incidence of 10-15 per 100,000 in Europe. It is 

rarely curable, and the 5-year survival rate is 5%. Known risk factors are diabetes, 

smoking, and the presence of premalignant lesions such as pancreatic intraepithelial 

neoplasia, intraductal papillary mucinous neoplasia, and mucinous cystadenoma (12). 

Cholangiocarcinoma is the second most frequent cause of malignant biliary stricture (13). 

Cholangiocyte differentiation markers are present in this epithelial cell malignancy, 

which develops from numerous locations within the biliary system.  Intrahepatic, 

perihilar, and distal cholangiocarcinoma are the most recent anatomical classifications, 

with relative prevalences of 10%, 50%, and 40%. The mixed hepatocellular-

cholangiocellular type represents less than 1% of all liver cancers. Age-adjusted rates of 

cholangiocarcinoma can be as high as 2.8–3.3 per 100,000. It has male predominance, 
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and there are several risk factors for cholangiocarcinoma, including PSC, cirrhosis, liver 

fluke infestations, hepatolithiasis, choledochal cysts, and hepatitis C and B infections 

(14). 

Malignant biliary stricture can also result from advanced gallbladder cancer. This is the 

most common type of cancer of the biliary tract, usually causing perihilar obstruction in 

advanced stages. It shows female predominance. Known risk factors are the presence of 

stones in the gallbladder. Patients with larger stones (>3 cm) are at higher risk of 

developing invasive disease. Most of the patients are diagnosed after cholecystectomy; 

however, only 1% of cholecystectomy specimens contain malignant cells (15). 

Ampullary cancers, a very small subtype of periampullary tumors, make up only 0.2% 

of all gastrointestinal malignancies. Most of them are adenocarcinomas, and recently two 

other subtypes have been identified: intestinal and pancreatobiliary. Notably, median 

overall survival for the pancreaticobiliary subtype is significantly worse than that for 

those with intestinal histology (16 vs. 115.5 months; p=0.001, respectively). Ampullary 

cancers tend to cause distal obstructions (16). 

1.2.2.2. Metastatic cancers 
In most cases, primary cancers of the pancreatic head, bile duct, gallbladder, liver, and 

ampulla of Vater cause malignant biliary blockage. Rarer causes of biliary obstruction 

include metastatic tumors from other primary cancers to these organs or adjacent lymph 

nodes. The most prevalent primary malignancies include melanoma, lymphoma, lung, 

gastric, colorectal, breast, and kidney cancer (17).  
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1.3. Diagnostic methods for biliary obstructions 
Several diagnostic tools are available for the diagnosis of biliary obstructions. A thorough 

physical exam, laboratory investigation, imaging, and biopsy must determine the cause 

of a biliary stricture. Even then, a definitive diagnosis is difficult, and many strictures' 

causes are unclear. The leading physical symptom is jaundice accompanied by pruritus, 

acholic stool, and dark urine. This is associated with hyperbilirubinemia, elevated 

gamma-glutamyl transferase (GGT), and alkaline phosphatase (ALP). These two 

enzymes are located in the biliary epithelium, as bile duct constriction results in enhanced 

production and secretion from biliary epithelial cells, while diminished excretion causes 

regurgitation into the bloodstream. Aspartate aminotransferase (AST) and alanine 

aminotransferase (ALT) are elevated due to hepatocyte necrosis induced by the toxic 

effects of jaundice. High inflammatory markers are detectable in cholangitis. The most 

common biomarkers for malignant obstruction are cancer antigen 19-9 (CA 19-9) and 

carcinoembryonic antigen (CEA), but their sensitivity and specificity are relatively low 

(<80%) regarding the etiology, especially if obstructive jaundice is present ( (18) (19). 

Abdominal ultrasound (US), computed tomography (CT), and magnetic resonance 

imaging (MRI) with or without cholangiopancreatography (MRCP) are non-invasive 

imaging modalities for biliary strictures. MR-MRCP is the most sensitive non-invasive 

modality with sensitivity of 38%–90% and a specificity of 70%–85% in differentiating 

between benign and malignant strictures. Invasive imaging is fast growing beyond the 

more standard ERCP, endoscopic ultrasound-fine-needle aspiration (EUS-FNA), and 

percutaneous transhepatic cholangiography (PTC) to include cholangioscopy, intraductal 

ultrasound, and confocal laser endomicroscopy (20). PTC is usually not recommended as 

a diagnostic method if other non-invasive modalities are available. The role of PTC in 

diagnosis can be important where MRCP fails to detect biliary leakage or ERCP is not 

feasible due to anatomical alterations. It can be performed using fluoroscopic guidance 

alone or using both fluoroscopic and ultrasound guidance. Surgeons sometimes decide to 

insert a percutaneous transhepatic biliary drainage (PTBD) intraoperatively when a 

technically difficult biliary anastomosis is created. PTC is an easy and reproducible 

imaging technique helping surgeons in the postoperative period to control anastomotic 

leakage. It can be combined with cholangioscopy to directly visualize biliary ducts when 

endoscopy is not feasible (21). 
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1.4. Therapeutic options for biliary obstructions 

1.4.1. Endoscopic solutions for biliary obstructions 
If the Vater papilla is accessible by endoscopy, it is typically the primary therapy for 

biliary strictures. 

The European Society of Gastrointestinal Endoscopy (ESGE) guideline generally 

recommends endoscopic drainage over PTBD in MBS. Routine preoperative biliary 

drainage is not recommended. In hilar obstructions, the route should be decided by a 

multidisciplinary team. The guideline recommends the implantation of SEMS over plastic 

stents for preoperative drainage, as perioperative complications seem to be lower with 

this technique without compromising resectability (22). EUS-BD is restricted to failed 

ERCP in distal obstructions and to inoperable cases with left-sided hepatic duct dilation 

(23).  

The ESGE advocates for the temporary placement of several plastic stents or a fully 

covered self-expanding metal stent for the management of benign biliary strictures. A 

single plastic stent yields suboptimal long-term outcomes; hence, its use is not advised. 

Uncovered or partially covered SEMSs are challenging to extract, leading to their 

discontinuation in use. Typically, an increasing number of plastic stents are inserted every 

3 to 4 months for a duration of 12 months (22). 

 

1.4.1.1. Complications 
Stent migration is the most frequent complication. Besides, as endoscopic sphincterotomy 

is used in most cases, pancreatitis, bleeding, and cholangitis are also frequent. More 

serious but rare complications are related to bowel perforation and subsequent peritonitis 

(24). 
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1.4.2. Interventional radiology techniques in biliary 

obstructions  
The most common indication for a percutaneous intervention is obstructive jaundice with 

or without cholangitis. The place of PTBD is continuously changing in the treatment 

algorithm as other techniques evolve. Often it is performed in high hilar obstructions or 

after failed ERCP. It is also feasible when endoscopic methods are not possible due to 

altered anatomy (previous Roux-en-Y biliary anastomosis, enteral stent). 

When MBS is planned to be treated with a curative intention, usually surgery is involved. 

Although routine preoperative biliary drainage is not recommended, patients with 

cholangitis or those with jaundice undergoing delayed surgery (staged hepatectomy, 

neoadjuvant chemotherapy) benefit from preoperative transhepatic biliary drainage (25), 

(26), (22). In unresectable cases, plastic stents are advised only with a prognosis of less 

than three months' survival. In other cases, self-expandable metallic stents (SEMS) 

(covered and uncovered) are used. For the management of early complications, 1-2 weeks 

of internal-external catheter can be left in place (27). In BBS uncovered metallic stents 

are generally not recommended; rather, retrievable metallic or plastic stents can be used. 

Biodegradable stents are proposed to be used in strictures refractory to standard 

bilioplasty. The hydrolytical degradation lasts 3-6 months, and the patient’s quality of life 

can improve as there is no need for an invasive stent removal (27). 

Balloon dilation is one of the oldest methods used in BBS in interventional radiology 

since its first reports in the 1970s. First, the stricture should be passed with a catheter. 

Then another balloon catheter with a balloon diameter as large as the proximal or distal 

bile duct is inflated in the middle of the stricture. Subsequently, an internal-external 

PTBD is left in place for 2-4 weeks. The procedure is repeated 2-4 times for better results 

(28). Another technique is the maintained large-bore catheter, which is placed across the 

stricture and subsequently upsized every 1-2 weeks until 18-20F is reached (29). 

The literature indicates that there is no established method for performing PTBD. The 

application of ultrasonography during the initial puncture, especially of nondilated bile 

ducts, is debated (30). A few studies compare ultrasound-guided technique with 

fluoroscopy-guided drainage  (31-33). The ultrasound-guided approach seems to decrease 
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complication rates, fluoroscopy duration, and the number of punctures; nevertheless, the 

success rate is not consistently superior. One study demonstrated a significantly higher 

technical success rate for fluoroscopic techniques in right-sided punctures (31). 

The primary palliative character of the PTBD makes the improvement of quality of life 

(QoL) a crucial outcome metric for palliation. While it is widely believed that the 

alleviation of jaundice enhances quality of life, several studies indicate that it has no 

significant impact on it (34), (35). A main issue concerning PTBD is its inferior quality 

of life relative to endoscopic methods, which has led to a more restricted indication for 

PTBD, now limited to the draining of proximal lesions and cases following unsuccessful 

ERCP. In certain instances, external drainage is the sole method to ensure biliary outflow, 

necessitating a lifelong percutaneous drain (34). 

1.4.2.1. Complications 
Bleeding, biliary sepsis (cholangitis), pancreatitis, cholecystitis, and drain dislodgement 

are the most common complications of PTBD. External drain-specific complications are 

related to excess bile loss and electrolyte imbalance. Stent-specific complications are 

migration and restenosis (27). Small bowel perforations are extremely rare (36). 

1.4.3. Surgical techniques in biliary obstructions 
Regardless of the etiology, R0 resection provides the best long-term results; however, it 

is the most invasive solution available. The surgical trauma can be reduced with robotic 

or laparoscopic solutions (37). 

The approach should be selected based on the etiology and the location of the obstruction. 

In malignant disease, the stage should influence the radicality of the operation.  

In distal malignant obstructions, resection of the biliary tract should involve the 

resection of the duodenum and the head of the pancreas. The reason behind the complex 

resection is the common blood supply and lymphatic drainage of the region. The first 15 

cm of the jejunum and the gallbladder are also resected; the pylorus can be saved in 

pylorus-preserving techniques or resected in Whipple surgery (Fig. 1) (38). 
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Figure 1: Reconstruction after Whipple surgery. Arrow: Roux-en-Y 

choledocho-jejunostomy (39). 

In perihilar malignant obstructions, Bismuth-Corlette is the most widely used 

classification system, which helps to choose the surgical technique (40). Depending on 

the site of the obstruction, the operation may include hepatic resection (Fig. 2). Other 

systems like the one from American Joint Committee on Cancer or Blumgart include local 

(biliary and vascular) and distant tumor extent (41) (42). 
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Figure 2: Reconstruction after the resection of the extrahepatic biliary duct 

(without liver resection) (43). 

Low sensitivity and specificity of preoperative diagnostics are the reasons why the 

definitive decision to resect or not is often made at surgical exploration (44). In benign 

etiologies, surgical radicality is based on the location of the stricture and sometimes the 

presence of preoperative vascular injury. The most widely used bilioenteric anastomosis 

technique is the end-to-side hepaticojejunostomy with a Roux-Y loop of the jejunum. 

When the duodenum is not removed, hepaticoduodenostomy is a technically viable 

option; nevertheless, because of the elevated risk of postoperative cholangitis, this 

procedure has been abandoned.  The recommended method is to connect various small 

bile ducts in the same anastomosis when the anastomosis is situated close to the common 

bile duct (CBD) bifurcation. This is referred to as hepatoenterostomy (4). End-to-end 

reconstruction of the bile duct is nowadays almost exclusively reserved for liver 

transplantation. Anastomotic leakage or stricture might be reduced with the use of 

preoperative and/or intraoperative biliary drainage. Preoperative drainage can be 

achieved with endoscopic stent implantation or percutaneous transhepatic biliary drain 

insertion. This may help reduce preoperative jaundice. PTBD can be left in place to drain 

the anastomosis, or it can be placed intraoperatively as well. Other widely used techniques 
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are T-tube (Kehr), trans-jejunal (Voelcker), and cystic drainage. The evidence of the 

usefulness in the prevention of postoperative bile leak of these techniques is lacking (45) 

(46) (47) (48). 

1.4.3.1. Palliative surgery 
R1 resection offers a significant survival benefit over non-resection treatment. Therefore, 

R1 resection is justified as efficient palliation. However, in advanced malignant disease 

with vascular infiltration and distant metastasis, resection is not possible. To control 

jaundice, biliary drainage should be used. In terms of procedure-related mortality and 

survival, non-operative biliary stenting is considered the first option for palliative biliary 

drainage because surgical drainage treatments have not been shown to be superior to non-

surgical palliation. If surgical drainage is used, choledocho-duodenostomy or Roux-en-Y 

hepatico-jejunostomy is performed (49). 

1.4.3.2. Surgical complications 
Early complications may arise after surgery, like bleeding and surgical site infections or 

anastomotic leakage. Late complications include cholangitis and anastomosis stricture 

Procedures such as pancreatoduodenectomy, bile duct resection, and surgical palliation 

are employed to repair the biliary tract in instances of malignant blockage. This procedure 

typically succeeds, although failure may result in bile leakage or peritonitis. Depending 

on the treatment modality, 0.4% to 33% of patients may develop biliary leakage following 

a hepaticojejunostomy (47)(50-53).  

The successful outcome of biliary anastomosis is fundamentally reliant on vascular 

supply, especially that of the hepatic artery. This disorder elucidates the elevated 

prevalence of biliary problems in individuals with hepatic arterial thrombosis (up to 80%) 

or hepatic artery stenosis (up to 67%) (54). Innovative surgical techniques and enhanced 

postoperative management have diminished morbidity and mortality associated with 

hepatobiliary and pancreatic procedures. Bile leakage continues to induce surgical 

morbidity by extending hospitalizations, postponing abdominal drain extraction, and 

necessitating invasive diagnostic procedures and treatments.  
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The bile leakage can be managed using a variety of techniques, including percutaneous 

abdominal drainage, PTBD, or relaparotomy; however, the optimal treatment choice is 

debated (55)(56). 

1.5. Interventions in biliary anastomosis leakage  
Bile leakage following a bilioenteric anastomosis can be addressed in several ways. 

Conservative therapy is typically the initial strategy in clinical practice for individuals 

without biliary peritonitis; however, it may not always be enough (55)(56). The biloma 

can be percutaneously drained under computed tomography or ultrasound guidance to 

rectify biliary leakage. PTBD is capable of addressing bilioenteric anastomotic failure. A 

transhepatic drainage catheter is introduced into the bile ducts to access the bilioenteric 

anastomosis and facilitate external bile drainage (Fig. 3-4). It mitigates symptoms and 

averts additional consequences. Uncontrolled anastomosis dehiscence may need 

relaparotomy and resuturing. External biliary drainage has been investigated to avert 

leaking from bilioenteric anastomosis following biliary repair. External drainage can 

alleviate pressure on the anastomosis by redirecting bile. Nonetheless, there is a lack of 

information about the appropriate therapy and prevention of postoperative biliary 

leakage. Research assessing the efficacy of diverse therapeutic options is insufficient. 

This study seeks to assess the failure rate and risks associated with bilioenteric 

anastomosis, alongside the available therapies and their outcomes, in a high-volume 

tertiary referral facility with significant experience in percutaneous transhepatic drainage. 
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Figure 3: Percutaneous transhepatic cholangiography. Left arrow: 

percutaneous transhepatic catheter; right arrow: abdominal catheter 

draining the leakage of the hepatico-jejunostomy 
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Figure 4: PTBD draining the bile towards the jejunum (arrow), no visible 

leakage. 

 

 



2. Objectives 
This thesis seeks to evaluate the efficacy, safety, and clinical outcomes of surgical and 

radiological interventions for the management of biliary obstructions. The purpose of the 

following studies is to assess the technical success rates, reintervention rates, and 

morbidity and mortality associated with percutaneous transhepatic drainage by 

conducting a comprehensive analysis of retrospective data. In addition, the thesis seeks 

to evaluate the prevalence and risk factors of biliary anastomosis leakage and assesses the 

various therapies of anastomotic failure, including PTBD and other procedures, as well 

as their outcomes in a tertiary referral center with a high patient volume. Considering the 

low-level evidence available in the treatment of biliary anastomosis failure and biliary 

obstructions, the ultimate objective is to give insights that help with the creation of 

treatment algorithms, improve patient care, and direct the selection of the most effective 

therapeutic approach for biliary obstructions. 

2.1. Evaluation of safety and effectiveness of 

percutaneous transhepatic drainage in biliary 

obstruction 
A retrospective data analysis was undertaken on the outcomes of patients with biliary 

obstruction treated with PTBD at our tertiary referral institution between 2007 and 2018.  

Intervention results, including technical success rate, reintervention rate, and early 

complications, were evaluated. In addition, learning curves were analyzed based on the 

ratio of internal-external to external drainage, as well as the complication rates over time. 

Our results were assessed in the light of international results. Accordingly, the safety and 

effectiveness of the method were concluded. 
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2.2. Evaluation of biliary anastomotic failure and the 

role of percutaneous transhepatic interventions in its 

treatment 
Between 2016 and 2021, we designed a retrospective cohort research study and analyzed 

the outcomes of patients who had biliary anastomosis creation at our tertiary referral 

center. We assessed the technical and clinical efficacy of methods to stop biliary leakage. 

Our results were assessed in the light of international results. Accordingly, the 

effectiveness of the used method was concluded. 

  



 
 

23 

3. Methods 

3.1. Assessment of percutaneous transhepatic drainage 

in biliary obstructions 
A retrospective data analysis was undertaken on the outcomes of patients with biliary 

obstruction treated with PTBD at our tertiary referral institution between 2007 and 2018. 

The Semmelweis University Regional and Institutional Committee of Science and 

Research Ethics (SE RKEB # 50/2021) accepted the project. The patient records were 

retrieved using Semmelweis University's electronic medical system. Due to the fact that 

the records were completely anonymized prior to the data analysis, the ethics commission 

did not seek informed consent. 

3.1.1. Patient population 
599 individuals with biliary obstruction had 615 percutaneous biliary procedures. The 

interventions were undertaken with curative and palliative aims: preoperatively in 98 

patients, followed by a surgery with curative intent; postoperatively in 63 inoperable 

patients; and non-operatively in 436 patients who were initially diagnosed as inoperable. 

Radiologic data (CT, MRI) and histology were utilized to determine the source of biliary 

blockage. Percutaneous transhepatic cholangiography was used to determine the level of 

obstruction. The classification of perihilar obstructions was based on the Bismuth-

Corlette classification. Distal bile duct obstruction was diagnosed between the cystic duct 

and the level of the pancreas; no further localization was specified in the case of 

postoperative local recurrence of malignancy or anastomotic benign obstruction. Table 1 

details the disease etiology and stenosis localization outcomes. 

 

Table 1: Patient population of 599 patients. n = number of patients. 

Patient population n (total=599) % 
Age (mean) 65.1 (St.dev 12.07) - 
Sex     
Male 315 53% 
Female 284 47% 
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Disease etiology     
Pancreatic head malignancy 207 35% 
Perihilar malignancy (Klatskin tumor) 183 31% 
Common bile duct malignancy 20 3% 
Vater papilla malignancy 16 3% 
Benign biliary stricture 22 4% 
Intrahepatic malignancy 15 3% 
Gallbladder malignancy 44 7% 
Other malignant diseases 92 15% 
Localization of the stenosis     
Benign anastomotic stricture (in a previous 
biliodigestive anastomosis)* 5 1% 
Intrahepatic 14 2% 
Local recurrence of malignancy * 25 4% 
Distal bile duct (below the cystic duct) 198 33% 
Common bile duct  357 59% 
Perihilar common bile duct stenosis: 
Bismuth-Corlette Classification   

Bismuth-Corlette type I 202 34% 

Bismuth-Corlette type II 21 4% 

Bismuth-Corlette type IIIa 20 3% 

Bismuth-Corlette type IIIb 24 4% 

Bismuth-Corlette type IV 90 43% 

Serum bilirubin (mean) 

mean:  
365.4 μmol/l 
St. dev. 193.6 

median: 
 360 μmol/l 

* No further localization was defined. 

3.1.2. Variables and definitions 
The technical success rate, reintervention rate, incidence of early complications, and 

learning curves were evaluated. Technical success rate was calculated considering the 

primary interventions only. Scheduled reinterventions were excluded from the 

reintervention rate calculation. Complications were categorized into minor and major 

groups. The minor group corresponded to grades I-II, whereas the major group 

corresponded to grades III-V, according to the Clavien-Dindo classification. Pancreatitis, 

cholangitis, hemorrhage, hepatic abscess, biloma, and drain dislocation were among the 

minor problems encountered. Cholangitis was identified if systemic inflammation, 
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cholestasis, and biliary dilatation were present, per the diagnostic criteria for acute 

cholangitis established by the Tokyo Guidelines (57). On the basis of the internal-external 

to external drainage ratio, the learning curves of the two physicians were evaluated, with 

the assumption that a greater internal-external drainage % indicated a more experienced 

physician. The complication rates over the years were also evaluated for their learning 

curve. 

3.1.3.  Percutaneous transhepatic drainage 

technique  
The procedures were conducted by two expert HPB surgeons certified in biliary 

radiological interventions. All interventions were conducted with the patient in the supine 

posture. After premedication with an injection of promethazine (25-50 mg), atropine (0.5-

1 mg), and pethidine (50-100 mg), the patient received local anesthetic comprising 1% 

lidocaine at the puncture site. The initial puncture under fluoroscopic guidance was 

executed in the 9th–10th intercostal area on the patient's right side. If decompression of 

the left liver lobe was warranted, a left-sided puncture was executed in the subxiphoid 

region. After the Chiba needle (Cook Medical, Bloomington, IN, USA) was positioned 

in the bile duct, as verified by cholangiography, a 0.018-inch wire (Cook Medical) was 

introduced, and the needle was then withdrawn. A percutaneous access set (Cook 

Medical) comprising two sheaths and a metal cannula was utilized to introduce a cannula 

accommodating a bigger hydrophilic guidewire appropriate for the intended intervention. 

Subsequent to the insertion of the coaxial tip into the bile duct utilizing the hydrophilic 

guidewire, the two internal components were extracted, retaining the outer 4 French (F) 

sheath. Cholangiography was conducted to ascertain the level of occlusion. A 4F biliary 

manipulation catheter (Cook Medical) was employed to traverse the obstructive lesion. 

The hydrophilic guidewire was retained to maintain the route for security purposes. An 

8.5F or 10.2F drain (Cook Medical) was ultimately retained to bridge the stricture. If 

bypassing the obstacle was unfeasible, an external drain was retained. The drain was 

sutured and secured to the skin using its original kit. 

When external drainage alone was retained, an intended reintervention with the 

possibility of catheter internalization was considered and scheduled in selected cases.  
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3.2. Assessment of biliary anastomotic failure 
We conducted retrospective cohort research and analyzed data from patients who 

underwent biliary anastomosis for malignant obstruction at our tertiary referral center 

from 2016 to 2021. We gathered data on patient demographics, perioperative clinical and 

biochemical parameters, preoperative and intraoperative biliary drainage, underlying 

pathology, surgical procedures leading to bilioenteric anastomosis, the incidence of 

anastomotic failure causing bile leakage, additional radiological and surgical 

interventions, and clinical outcomes.  

The research received approval from the Semmelweis University Regional and 

Institutional Committee of Science and Research Ethics (SE RKEB #25/2023). Patient 

records were accessed on March 13, 2023, through the computerized medical system 

utilized by Semmelweis University. The records were entirely anonymized during data 

analysis, and the ethics commission did not mandate informed consent. The authors 

lacked access to information that may identify individual participants during and after 

data collection. 

 

3.2.1. Outcomes and definitions 
The initial patient cohort comprised a variety of disease etiologies followed by operations 

detailed in the results section. After exclusions, patient data were evaluated collectively, 

and in order to mitigate inhomogeneity bias, the patients were analyzed in separate 

homogeneous cohorts. The three groups were defined as the following: 

1. Distal Malignant (DM) group—patients with distal malignant biliary 

obstruction undergoing pancreatic head resection.  

2. Perihilar malignant (PM) group—patients with perihilar malignant obstruction 

undergoing perihilar resection. Liver resection is a major trauma for the 

patients and can result in complex, technically more challenging biliary 

reconstructions that are hard to evaluate homogenously. Thus, this group only 

included patients without liver resection.  
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3. Perihilar malignant group who underwent liver resections (PML). Due to the 

limited sample size, the liver resection group was analyzed descriptively to 

highlight key clinical observations and trends without statistical comparison. 

The surgeon's experience is crucial in preventing anastomotic leakage; yet, at our 

institution, complex HPB procedures, such as pancreatic head and perihilar resections, 

are consistently conducted under the oversight of a seasoned HPB surgeon. In instances 

where a younger individual performs the procedure, an experienced HPB surgeon 

supervises as the first assistant in every case. 

We assessed the technical and clinical results of therapies aimed at stopping biliary 

leakage. Biliary leakage was detected upon the observation of bile in the postoperative 

drain fluid. The diagnoses were established on clinical evidence. The site of biliary 

leakage was identified through the analysis of data from subsequent surgical or 

radiological procedures. Failure of bilioenteric anastomosis was defined as the 

observation of bile leakage through the anastomosis. Sites of bile leakage, such as 

gastroenteric anastomosis, cystic duct stump, or pancreatic anastomosis, were excluded 

from the analysis of anastomotic failure.  

Technical success was defined as a successful intervention that resulted in bile leakage 

controlled by a percutaneous or transabdominal drain catheter. Our percutaneous 

transhepatic drainage technique is described in our previous publication (58).  

Conservative therapy has been defined by the cessation of leakage without the necessity 

for additional intervention. 

Clinical success was defined as the resolution of bile leakage without the necessity for 

further treatments directly associated with anastomotic leakage, except for percutaneous 

intra-abdominal drainage. 

Biliary leaks were classified from A to C by the impact of this complication on the clinical 

management of patients, according to the classification system described by the 

International Study Group of Liver Surgery (ISGLS) (59).  

We investigated the correlation between anastomotic failure and multiple variables, 

including the ASA (American Society of Anesthesiologists) score, patient age, total 

bilirubin levels, preoperative cholangitis, preoperative biliary drainage, the presence of 
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preoperative biliary duct dilation, surgical type, intraoperative external biliary drainage, 

postoperative red blood cell transfusion, and postoperative pancreatic fistula (POPF). 

Cholangitis was identified when there was systemic inflammation, cholestasis, and biliary 

dilatation, as described in the Tokyo Guidelines for acute cholangitis (57). Pancreatic 

fistula (type A, B, or C) was defined following the guideline of the International Study 

Group of Pancreatic Surgery (ISGPS) (60). 

 

3.2.2. Statistical analysis 
Descriptive statistical methods were applied: for continuous variables, mean and standard 

deviation were calculated, while categorical variables were expressed as frequencies and 

percentages. Differences between groups were analyzed using the Mann–Whitney U test 

for continuous data, and the chi-squared test or Fisher’s exact test for categorical data (the 

latter in case of small sample sizes). To identify independent predictive variables, binary 

logistic regression with stepwise selection was applied. All analyses were performed 

using IBM SPSS Statistics for Windows (Version 25.0 or 28.0; IBM Corp., Armonk, NY, 

USA). Additional descriptive analyses and visualizations were prepared with GraphPad 

Prism and Microsoft Excel 2016. 
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4. Results 

4.1. Results of percutaneous transhepatic drainage in 

biliary obstructions 

4.1.1. Technical success and reintervention rate 
The intervention was considered technically successful when an internal-external or 

external drain could be left in the bile ducts and the final PTC confirmed adequate biliary 

drainage. Thus, technical success was achieved in 94.5% (566/599) of the patients. In 33 

cases, it was technically pointless to drain, as the subsegmental obstruction resulting from 

the advanced state of the disease could not be resolved with even multiple drainages, 

nevertheless they were considered as technical failures. The technical success rate was 

measured in the perihilar subgroup as well: 96.3% (344/357). 16 patients needed 

reintervention in 30 days due to complications like dislocation (n=13), drain obliteration 

(n=2), or hemobilia (n=1). The calculated 30-day reintervention rate for the total cohort 

is 2.7% (16/599). 

4.1.2. Complications  
Intervention-related early complications were divided into minor and major groups (Table 

2). The minor complications (111/599, 18.5%) were the following: Pancreatitis—defined 

by the Revised Atlanta Classification—was observed in 7 (7/599, 1.2%) patients. 

Bleeding was registered as a complication if a red blood cell transfusion was needed. 

With that consideration, 5 cases of bleeding (5/599, 0.8%) were registered. Biloma and 

hepatic abscess were observed in 4 cases (4/599, 0.6%), which needed no surgical 

intervention. 71 patients (71/599, 12%) with cholangitis were registered after the 

intervention. 63 drain dislocations were noted. Out of these 63 complications, 39 

happened within 30 days after the intervention (early dislocation), and 24 happened later 

than that (late dislocation). From the 39 early dislocations, 24 (24/599, 4%) were managed 

without intervention. In these cases, there were different disease courses that did not 

indicate a reintervention. Such case scenarios were repositioning managed without true 

radiological intervention, internal-external drain dislocated to external position, 

resolution of cholangitis and dilated bile ducts, disease progression, or other organ failure. 
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Major complications were observed in 22 (22/599, 3.6%) cases. In 1 (1/599, 0.17%) case, 

bile duct perforation with intraabdominal drain dislocation and bile leakage resulted in 

peritonitis and required an operation. In 4 cases (4/599, 0.6%), other etiologies 

(pancreatitis with necrosis, hepatic abscess, and intra-abdominal bleeding in two cases) 

required surgical laparotomy; in 15 (15/599, 0.25%) cases, drain dislocation or 

obliteration; and in 1 (1/599, 0.17%) case, hemobilia was managed with reintervention. 

In 1 case, PTBD-related small bowel perforation resulted in biliary peritonitis, 

reoperation, and death. The intervention-related mortality is 0.17% (1/599). 

 

Table 2: Minor and major complications after percutaneous intervention in 

599 patients. 

Minor complications (Clavien Dindo I-II) n % 

Bleeding (transfusion needed) 5 0.8 
Cholangitis (after the PTBD) 71 12 
Early dislocation (managed without intervention)  24 4 
Pancreatitis 7 1.2 
Intraabdominal abscess 3 0.5 
Intraabdominal biloma 1 0.17 
Total 111 18.5 
Major complications (Clavien Dindo III-V) n % 
Perforation 1 0.17 
Bleeding (2 managed with reoperation, 1 with reintervention) 3 0.005 
Pancreatitis 1 0.17 
Early dislocation and obliteration (managed with reintervention) 15 0.25 
Intraabdominal abscess 1 0.17 
Death 1 0.17 
Total 22 3.6 

n = number of patients 

4.1.2.1. Complications in the perihilar 

obstruction subgroup 
In this subgroup, we assessed the obstructions classified by B-C, mentioned in Table 1. 

In total, 357 perihilar obstructions were found. Percutaneous intervention was performed 

after failed ERCP in 214 (214/357, 59%) patients, and 143 (143/214, 41%) PTBD without 
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ERCP were done in the mentioned subgroup. Failed ERCP included unsuccessful stent 

implantation or ineffective drainage. All endoscopic interventions were performed in 

other institutes. Complication data of percutaneous intervention alone (hilar PTBD) and 

ERCP followed by percutaneous intervention (hilar ERCP+PTBD) were analyzed and 

compared in the hilar obstruction subgroup. 30 (30/143, 21%) minor and 8 (8/143, 6%) 

major complications were observed in the hilar PTBD group, and 39 (39/214, 18%) minor 

and 12 (12/214, 6%) major complications were found in the hilar ERCP+PTBD group 

(Table 3). The difference between the two groups (hilar ERCP+PTBD vs. hilar PTBD) 

was statistically not significant (p=0.557) regarding the total number of complications. 

We analyzed cholangitis separately as well, as it was the complication with the highest 

numbers in both subgroups. The other complications were not compared statistically by 

type because of the low number of events. In the hilar PTBD group, 15 (15/143, 10.5%) 

cases of cholangitis were observed before and 23 (23/143, 16%) after the intervention. 

Nevertheless, in the hilar ERCP+PTBD group, 39 (39/214, 18.2%) cases were observed 

before the percutaneous drainage (between the ERCP and PTBD) and 25 (25/214, 11.6%) 

after the percutaneous drainage. The number of cholangitis cases observed before the 

intervention in the hilar ERCP+PTBD subgroup was significantly higher than in the other 

group (p=0.046) (Fig. 5). The numbers of cholangitis observed after the intervention were 

not statistically different in the subgroups (p=0.232). 
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Table 3: Minor and major complications in the hilar PTBD group of 143 

patients and the hilar ERCP+PTBD group of 214 patients. 

Minor complications (Clavien-Dindo I-
II) 

 n (%) – hilar 
ERCP+PTBD  

n (%) – hilar PTBD 
group  p 

Bleeding 4 (2) 0  
Biloma 1 (0.5) 0  
Intraabdominal abscess 1 (0.5) 1 (0.7)  
Cholangitis (after the PTBD) 25 (12) 23 (16)  0.232 
Early dislocation (managed without 
intervention) 8 (4) 1 (0.7)  
Pancreatitis 0 5 (3.5)  

Total  39 (18)   30 (21) 
0.518 
 

Major complications (Clavien-Dindo 
III-V) 

 n (%) – hilar 
ERCP+PTBD group 

n (%) – hilar PTBD 
group  

p 

Perforation 1 (0.5) 0  
Bleeding (managed with reintervention 
or reoperation) 2 (0.1) 0 

 

Pancreatitis 0 1 (0.7)  
Early dislocation and obliteration 
(managed with reintervention) 9 (4) 6 (4) 

 

Intraabdominal abscess 0 1 (0.7)  

Total  12 (6)  8 (6) 0.996 

Major and minor complications 
n (%) – hilar 
ERCP+PTBD group 

n (%) – hilar PTBD 
group 

p 

Total 51 (24) 38 (27) 0.557 
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n = number of patients 

 

Figure 5: Cholangitis in the hilar PTBD group of 143 patients and the hilar 

ERCP+PTBD group of 214 patients before the PTBD intervention. 

Statistically significant difference. p=0.046 

4.1.3. Improving results 
All interventions were performed by two physicians who were getting more and more 

experienced through the years. This allowed us to try to measure their improvement with 

a learning curve. We analyzed the success rates of the percutaneous interventions on an 

annual basis. External decompression and internal-external decompression were 

differentiated and counted for every single year in the investigated period. Internal-

external decompression was considered the best experience, being superior to the external 

method. An annual increase was observed in the number of internal-external drainages as 

a result of the physicians getting more and more experienced (Fig. 6). After 203 PTBDs, 

the rate of internal-external/external drainage ratio stabilized above 1.  

Yearly complication rates were also calculated. A higher peak point has been found 

during the early years and a decreasing complication rate over the years. This peak 

corresponds to the early courage of the less experienced interventionists, which decreased 

% - hilar PTBD group 

% - hilar ERCP+ PTBD 
group 
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with rising experience (Fig. 7). Although this does not precisely follow the learning curve 

on the other figure, a major decrease can be observed in the number of complications, 

approximately between the years 2011 and 2012 (X-axis), where the internal-

external/external ratio stabilized above 1.  

 

Figure 6: X axis - years; Y axis - internal-external/external drainage ratio. X axis—

years. The red dot shows the point where the ratio stabilized above 1 (203 PTBDs).
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Figure 7: X axis—years, Y axis—total number of interventions/total number of 

complications ratio. The red dot shows the point where, between 2011 and 2012, 

the internal-external/external ratio stabilized above 1 and the complications 

started to decrease 

  



 
 

36 

4.2.  Results of postoperative bile leaks of biliary 

anastomosis and leakage treatments 
The initial cohort comprised 724 patients who underwent bilioenteric anastomosis for 

various underlying conditions. After excluding benign etiologies, the analysis focused on 

451 patients with malignant pathology. These were further stratified into three 

homogeneous cohorts: the DM group (410 patients), the PM group (41 patients), and the 

PML group (9 patients) (Fig. 8). PM and DM baseline characteristics are presented in 

Table 4.  

 

Figure 8: Patient exclusion flowchart
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Table 4: Baseline characteristics of the second study group  

Baseline characteristic Total DM PM 
Male sex, n (%) 223 (49%) 202 (49%) 26 (63%) 
Age in years, mean (SD) 67.6 (11.07) 67 (11) 71 (12) 
ASA score n, %     
I 3 (0.7%) 3 (0.9%) 0 
II 229 (51%) 215 (68%) 14 (34%) 
III 219 (49%) 192 (60%) 27 (65%) 
IV 0 0 0 
Bilirubin, pre-operative μmol/L, mean 
(SD) 

40.77 (74.78) 
37.35 (70.5) 74.76 (101.84) 

Preoperative endoscopic stent, n (%) 229 (50%) 199 (49%) 30 (73%) 
Preoperative PTBD, n (%) 24 (5%) 19 (5%) 5 (12%) 
Not present or removed during surgery, 
n (%) 

5 (20%) 
5 (26%) 0 

Not removed during surgery, n (%) 19 (79%) 14 (74%) 5 (100%) 
External biliary drainage n, (%) 29 (6%) 16 (4%) 13 (31%) 
Intraoperative PTBD placed during 
surgery 

2 (6%) 
0 2 (15%) 

PTBD placed before surgery and left in 
place 

19 (66%) 
14 (87%) 5 (38%) 

Transjejunal drainage 8 (28%) 2 (13%) 6 (46%) 
Disease etiology n, (%)     
Pancreatic head cancer 318 (71%) 318 (78%) 0 
Periampullary tumor 78 (17%) 78 (19%) 0 
Perihilar cholangiocarcinoma (B-C 1-2) 35 (8%) 0 35 (85%) 
Distal cholangiocarcinoma 14 (3%) 14 (3%) 0 
Gallbladder carcinoma 6 (1%) 0 6 (15%) 
Days between anastomosis formation 
and diagnosis of leakage, mean (SD) 

5.3 (4.8) 
5.4 (4.99) 5.1 (3) 

(DM=Distal malignant group, PM=perihilar malignant group, B-C= Bismuth-Corlette, 

SD=standard deviation) 

The overall mortality rate among all patients was 3.99%: 24% (7/29) in patients with 

anastomotic failure and 3% (11/422) in patients without anastomotic failure. (p < 0.0001) 

In the DM group, mortality was 3.9%, significantly (p‹0.0001) higher in patients with 

anastomotic failure (26% [6/23]) vs. without failure (2.6% [10/387]).  

In the PM group, mortality was 4.9% (2/41). 1 death happened with anastomotic failure 

(16.7%, 1/6) and 1 without (2.9%, 1/35); the difference was not significant. 
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4.2.1. Anastomotic failure  
All patients’ leak rate was 6.4% (29/451). The leak rate in the DM group was 5.6% 

(23/410); in the PM group, it was 14.6% (6/41), which difference was significant 

(p=0.038). 

ASA score, age, total bilirubin levels, preoperative cholangitis, preoperative biliary 

drainage, bile duct dilatation, surgery type, intraoperative external biliary drainage, 

postoperative red blood cell transfusion, and POPF were examined in association with 

biliary failure and leakage. We found no non-dilated bile ducts in the PM group. 

Although the leak rate appeared to be higher in patients with advanced comorbidities 

(ASA III), the differences across ASA categories were not statistically significant in either 

group. Biliary leakage had a greater prevalence across all potential risk factors analyzed; 

however, the differences did not demonstrate any statistically significant connections 

with leak rates in either group (Table 5). 

The surgeon’s experience in relation to the leakage rate was also analyzed. A less 

experienced surgeon refers to one whose surgical board examination was completed less 

than 10 years ago, whereas an experienced surgeon is defined as one whose surgical board 

examination was completed 10 years ago or more. 

We found no significant difference regarding leak rates in DM and PM groups between 

less and more experienced surgeons (Table 7). 

 

Table 5:  Univariate analysis of factors in association with biliary failure and 

leakage. 

Factor examined number of 
patients (n) 

leakage 
(n) % p 

All patients - ASA I-II 232 11 4.74%   
All patients - ASA III 219 18 8.22%   
     0.178 
DM group - ASA I-II 218 11 47.8%   
DM group - ASA III 192 12 52.2%   
     0.597 
PM group - ASA II 14 0 0.0%   
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PM group - ASA III 27 6 100.0%   
        0.079 
All patients - Cholangitis 24 3 12.5%   
All patients - No Cholangitis 427 26 6.09%   
     0.194 
DM group - Cholangitis 19 1 5.26%   
DM group - No Cholangitis 391 22 5.63%   
     1 
PM group - Cholangitis 5 2 40%   
PM group - No Cholangitis 36 4 11.11%   
        0.148 
All patients - Preoperative biliary drainage 
used  253 14 5.53%   

All patients - No preoperative biliary 
drainage used  198 15 7.58%   

     0.441 
DM group - Preoperative biliary drainage 
used  218 9 4.1%   

DM group - No preoperative biliary drainage 
used  192 14 7.3%   

     0.165 
PM group - Preoperative biliary drainage 
used  35 5 14.3%   

PM group - No preoperative biliary drainage 
used  6 1 16.7%   

        >0.999 
DM group - Dilated bile duct 262 12 4.58%   
DM group - Non dilated bile duct 148 11 7.43%   
        0.265 
All patients - External biliary drainage used  29 3 10.34%   
All patients - No external biliary drainage 
used  422 26 6.16%   

     0.42 
DM group - External biliary drainage used  16 1 6.3%   
DM group - No external biliary drainage used  394 22 5.6%   
     0.61 
PM group - External biliary drainage used  13 2 15.4%   
PM group - No external biliary drainage used  28 4 14.3%   
        >0.999 
All patients - Postoperative red blood cell 
transfusion 93 10 10.75%   

All patients - No postoperative red blood cell 
transfusion 358 19 5.31%   
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     0.093 
DM group - Postoperative red blood cell 
transfusion 87 8 9.2%   

DM group - No postoperative red blood cell 
transfusion 323 15 4.64%   

     0.116 
PM group - Postoperative red blood cell 
transfusion 6 2 33.33%   

PM group - No postoperative red blood cell 
transfusion 35 4 11.43%   

        0.206 
DM group - Postoperative pancreatic fistula 35 4 11.43%   
DM group - No postoperative pancreatic 
fistula 375 19 5.07%   

     0.122 
Age mean St. Dev -   
All patients without leakage 67.74 10.011    
All patients with leakage 65.52 11.8111    
     0.331 
DM group without leakage 67.39 11.088    
DM group with leakage 64.74 12.622    
     0.238 
PM group without leakage 71.62 9.33    
PM group with leakage 68.55 7.44    
        0.237 

Total bilirubin mean 
(µmol/L) St. Dev -   

All patients without leakage 38.51 72.24    
All patients with leakage 73.50 101.03    
     0.077 
DM group without leakage 36.49 70.17    
DM group with leakage 51.73 77.49    
     0.263 
PM group without leakage 60.68 88.93    
PM group with leakage 156.95 129.73    
        0.080 

(DM=Distal malignant group, PM=perihilar malignant group, St. Dev=standard 

deviation) 
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Multivariate analysis did not find any statistically significant protective or risk 

factors in relation to anastomosis leakage in either group (Table 6). 

 

 Table 6:  Multivariate analysis of factors in association with biliary failure 

and leakage. 

1 OR = Odds Ratio, CI = Confidence Interval. Null deviance = 177; Null df = 407; Log-

likelihood = -84.1; AIC = 188; BIC = 228; Deviance = 168; Residual df = 398; No. Obs. 

= 408  

Variable N Cases OR1 95% CI1 p-value 

Variable 449 29 0.978 0.946, 1.01 0.191 

Age 449 29    

Male 223 14 1.00 —  
    No 226 15 0.967 0.427, 2.19 0.935 

    Yes 449 29    

ASA Class 230 11 1.00 —  
    I-II 219 18 1.84 0.790, 4.49 0.165 

    III 449 29 1.00 0.999, 1.01 0.097 

Preop total bilirubin 449 29    

Preop biliary drainage 197 15 1.00 —  
    No 252 14 0.619 0.262, 1.42 0.260 

    Yes 449 29    

Preop Cholangitis 425 26 1.00 —  
    No 24 3 1.55 0.312, 5.76 0.547 

    Yes 449 29    

External biliary drainage 420 26 1.00 —  
No 29 3 1.240 0.232, 4.90 0.781 

    Yes 449 29    

Transfusion 358 19 1.00 —  
    No 91 10 1.80 0.735, 4.15 0.177 

    Yes      
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Table 7: Surgeon’s experience in relation to the leakage rate 

Total (DM+PM groups) Operations (n) Leak (n) % p 
Less experienced 164 10 6%   
Experienced 287 19 7%   
     0.986 
       
DM group Operations (n) Leak (n) % p 
Less experienced 155 9 6%   
Experienced 255 14 5%   
     1 
PM group Operations (n) Leak (n) % p 
Less experienced 9 1 11%   
Experienced 32 5 16%   
        1 

(DM=Distal malignant group, PM=perihilar malignant group) 

 

We also performed descriptive analysis on the perihilar subgroup who underwent liver 

resections (Table 8). In this group, 9 patients were found. In this group mortality was 0%; 

the leak rate was 44% (4/9). 

Table 8: Data analysis on the perihilar subgroup who underwent liver 

resections 

Factor examined number of patients (n) leakage (n) % 
PML group - ASA II 5 1 20% 
PML group - ASA III 4 3 75% 
     

PML group - Cholangitis 2 1 50% 
PML group - No Cholangitis 7 3 43% 
     

PML group - Preoperative biliary 
drainage used 6 3 50% 

PML group - No preoperative 
biliary drainage used 3 1 33% 

     

PML group - Dilated bile duct 8 3 38% 
PML group - Non dilated bile duct 1 1 100% 
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PML group - External biliary 
drainage used 8 4 50% 

PML group - No external biliary 
drainage used 1 0 0% 

     

PML group - Postoperative red 
blood cell transfusion 5 3 60% 

PML group - No postoperative red 
blood cell transfusion 4 1 25% 

     

Age mean St. Dev - 
PML group without leakage 57 20.08  

PML group with leakage 63.50 12.76  
    

Total bilirubin mean (µmol/L) St. Dev - 
PML group without leakage 246.06 144.01  

PML group with leakage 138.5 138.12  
(PML=perihilar malignant group with liver resection) 

 

4.2.2. Management of the biliary leakage 
Biliary leakage was managed using various approaches depending on the severity.  

In the DM group, the prevalence of biliary leakage was 5% (23/410) among the patients; 

in 7 cases, conservative treatment was successful. A total of 16 patients needed 

intervention (3.9%, 16/410). The failed primary intervention was followed by repeat 

interventions in 6 cases, for a total of 22 interventions.  

In the PM group, the prevalence of biliary leakage was 14.6% (6/41) among the patients; 

in 2 cases, conservative treatment was successful. A total of 4 patients needed intervention 

(9.7%, 4/41). The failed primary intervention was followed by repeat interventions in 3 

cases, for a total of 7 interventions.  

According to the classification proposed by the International Study Group of Liver 

Surgery, Grade B leaks received minimally invasive intervention, and Grade C leaks 

underwent relaparotomy (59). Grade C cases were further divided into two subgroups: 

laparotomy with (Grade C-2) or without intraoperative biliary drainage (Grade C-1).  

The results of all groups and subgroups are detailed in Table 9. 
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 Table 9:  Results of interventions used to treat biliary leakage. 

DM group Total 
(n) 

Technical 
success (n; 

%) 
Clinical success (n; %) 

Grade B 1 1; 100% 0;0% 
PTBD 1 1; 100% 0;0% 
Grade C 21 16;76.2% 12;57.1% 
Grade C-1 10 8;80% 5;50% 
Grade C-2 11 8;72.7% 7;63.6% 
Laparotomy + PTBD 3 2;67% 2;67% 
Laparotomy + T-Tube 5 3;60% 2;40% 
Laparotomy + Transjejunal drain 3 3;100% 3;100% 

PM group       
Grade B 2 1;50% 1;50% 
PTBD 2 1;50% 1;50% 
Grade C 5 4;80% 4;80% 
Grade C-1 0     
Grade C-2 5 3;60% 3;60% 
Laparotomy + PTBD 2 1;50% 1;50% 
Laparotomy + T-Tube 1 1;100% 1;100% 
Laparotomy + Transjejunal drain 2 1;50% 1;50% 

PML group       
Grade B 0     
PTBD 2 2, 100% 1, 50% 
Grade C 1 1, 100% 0, 0% 
Grade C-1 1 1, 100% 0, 0% 
Grade C-2 0     
Laparotomy + PTBD 0     
Laparotomy + T-Tube 0     
Laparotomy + Transjejunal drain 2 2, 100% 2, 100% 

All patients       
Grade B 3 2;67% 1;33% 
Grade C 27 21; 77% 16;52.2% 
Grade C-1 11 9;81% 5;45.4% 
Grade C-2 16 11;68% 10;62.5% 
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5. Discussion 
Obstructive jaundice elevates the risk of morbidity and mortality due to many 

pathophysiological alterations (61). Depending on the disease etiology, palliative or 

curative treatment can be offered to the patients. In localized malignant obstruction, 

surgical resection is usually part of the curative treatment algorithm. Depending on the 

severity of the jaundice, primary resection or preoperative biliary drainage can be offered. 

Routine preoperative drainage is not advised; nonetheless, the specific criteria indicating 

the necessity for drainage lack robust evidential support (22)(62)(63). Whether to use 

endoscopic or percutaneous transhepatic access for biliary drainage is dependent upon 

anatomical and several other factors. 

Percutaneous transhepatic biliary drainage is a widely used interventional method to 

relieve mechanical jaundice regardless of the localization of the obstruction. This 

technique is essential when endoscopic access has failed or is unfeasible due to altered 

anatomical conditions following Roux-en-Y anastomosis. And it is also a viable option 

in the treatment of biliary anastomosis leakage. 

The research comparing endoscopic and percutaneous techniques and results of 

percutaneous interventions after failed endoscopy is controversial (64) (65) (66). More 

data is revealing the superiority of endoscopic ultrasound-guided biliary drainage (EUS-

BD) over other techniques; however, this technique is still not widely available. On the 

other hand, EUS-BD is recommended after failed ERCP, mostly in distal obstructions 

and in inoperable hilar obstruction with left hepatic duct dilation (67). 

Besides, it is extremely difficult to conduct a randomized clinical trial to compare 

treatment options for biliary anastomotic leakage; the existing research methods for this 

topic are insufficient. To address this methodological and knowledge gap, more empirical 

data analysis is the most efficient method to reinforce and validate existing findings. Thus, 

we decided to conduct our retrospective data analysis on these topics. 

In our first study, we designed a single-center cohort with one of the largest patient 

populations to evaluate the outcomes of percutaneous transhepatic biliary drainage. In our 

second study, we conducted an analysis on one of the largest patient cohorts undergoing 

biliary anastomosis and studied anastomosis leak rates in malignant biliary obstruction 
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and highlighted the role of PTBD in the development of primary anastomosis or 

addressing anastomotic leakage. 

We found high bilirubin levels in both cohorts, indicating an advanced stage of their 

disease and low compensatory capability, similar to the study populations in papers 

published by Sut et al. (median serum bilirubin 397 umol/L) or Robson et al. (median 

serum bilirubin 201 umol/L) (34)(68). 

High ASA scores in the second cohort also suggest advanced disease stage, several 

comorbidities, and increased risks of postoperative complications. Low performance 

status can lead to biliary anastomotic failure. This tendency is visible in PM, PML, and 

DM groups, but it is statistically not significant due to the low number of events. 

High bilirubin contributes to low performance status; thus, in case of operable biliary 

malignancy, preoperative biliary drainage logically can be considered. As it was 

mentioned before, routine drainage is dubious, as PTBD, an invasive intervention, can 

cause numerous complications that may offset its therapeutic effect. We analyzed 

mortality and the most common complications of PTBD. In the first study population, 

only one patient suffered a lethal complication (0.17%), and only 4% (22/599) of the 

cases were diagnosed with major complications, which is favorable. After percutaneous 

interventions, Robson et al. reported 2%, while Mueller et al. reported 0.015% of the 

interventions resulting in death. 

Bowel perforations associated with interventions have serious, although infrequent, 

consequences; hence, limited research addresses this occurrence. In the largest study 

documenting perforation following percutaneous intervention, just one perforation was 

recorded among 261 patients. We recorded only 1 instance (0.17%) of this undesirable 

occurrence. 

Bleeding around percutaneous transhepatic drainage is a recognized complication due to 

the anatomical positioning of the intraparenchymal blood vessels. Nennstiel et al. 

reported a 7.7% incidence of bleeding problems following PTBD, with only 1 out of 252 

patients classified as a serious adverse event (31). Rivera-Sanfeliz et al. documented a 

greater incidence (8/346) necessitating intervention to halt the hemorrhage (69). Our 

findings revealed two significant hemorrhages. 
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Our study group identified one case of severe post-PTBD pancreatitis, representing 

0.17% of the first cohort. Andriulli et al. identified a 3.47% incidence of post-ERCP 

pancreatitis among 16,855 participants in their study. Pancreatic damage was mild in 

44.8% and moderate in 43.8%; it was severe in 11.4% of all patients with post-ERCP 

pancreatitis, constituting 0.40% of all examined patients (70). Research evaluating 

ultrasound versus fluoroscopy-guided percutaneous transhepatic drainage in 195 patients 

indicated no instances of pancreatitis following the procedure (31). A separate meta-

analysis regarding preoperative biliary drainage in hilar cholangiocarcinoma indicated 

that the overall incidence of pancreatitis in the endoscopic biliary drainage cohort was 

11.9% (21/157), but no cases were reported in the PTBD group (71). This demonstrates 

a distinct advantage of PTBD over the endoscopic approach concerning post-

interventional pancreatitis.  

Drain dislocation is a prevalent adverse occurrence, as indicated by our data. Table 2-3 

indicates that it possesses the second greatest frequency of both major and minor adverse 

effects. Migration of ERCP stents is a similarly concerning consequence that may result 

in bowel perforation. A meta-analysis comparing percutaneous and endoscopic biliary 

drainage revealed total incidence rates of dislocation at 7.7% (12/156) and 18.1% 

(32/177), respectively. Our overall dislocation rate was 11% (63 out of 599). 

Our data indicates that cholangitis and drain dislodgement are the two predominant 

adverse events following percutaneous drainage, consistent with findings reported by 

Nennstiel et al. and Asadi et al (72)(73).  

A significant percentage (60%) of our patients had PTBD only following unsuccessful 

endoscopy. This indicates prevailing practice, as the majority of patients are referred to 

PTBD with an endoscopic stent in place or following unsuccessful ERCP (13)(74). 

Elevated pre-interventional cholangitis rates suggest potential complications from prior 

endoscopic procedures and prompt a study into whether ERCP or PTBD should be the 

preferred treatment for obstructive jaundice. Authors attempt to address this contentious 

subject using multiple meta-analyses (75) (76). The degree of bile duct obstruction 

determines the appropriateness of either the endoscopic or percutaneous approach. In 

distal or B-C type I-II blockage, endoscopic intervention is less technically challenging 

and is frequently the preferred option for perihilar obstruction. In advanced biliary type 
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III-IV obstructions, percutaneous transhepatic drainage (PTBD) is more advantageous, as 

it is less likely to induce cholangitis, as outlined in several guidelines (22)(77)(78). 

Consequently, we examined the perihilar subgroup within our patient cohort. The 

disparity in complications between the hilar PTBD and hilar ERCP+PTBD groups was 

negligible. However, an examination of the cholangitis figures prior to the percutaneous 

intervention revealed a statistically significant increase in the hilar ERCP+PTBD 

subgroup. This indicates that patients who received ERCP prior to PTBD had an increased 

likelihood of biliary infection. While we lack data on patients who successfully had ERCP 

without cholangitis, this outcome implies that percutaneous access may be less 

detrimental in cases of perihilar occlusion. This proposal aligns with the aforementioned 

guidelines' suggestions. 

Preoperative cholangitis potentially raises the risk of postoperative complications such as 

biliary anastomotic failure. Darnell et al. revealed that cholangitis is an independent risk 

factor for mortality following pancreatoduodenectomy; however, it does not affect 

postoperative morbidity (79). Nonetheless, its status as an independent risk factor for 

biliary leakage remains unclear. No significant difference in biliary leakage rates was 

noted between patients with cholangitis and those without in the DM group. Conversely, 

the PM (and PML) group had a greater leakage rate; however, the limited number of 

instances precluded statistical significance for this finding.  

The incidence of biliary leakage was dependent upon the surgical procedure and the 

underlying condition, with a significantly lower leak rate observed in the DM group 

(5.6%) relative to the PM group (14.6%) and the PML group (44%). This discovery 

underscores the necessity of evaluating the data within these groups independently. Prior 

research indicated biliary leak rates of 3-10% subsequent to pancreatoduodenectomy and 

as high as 11% following bile duct resection (80) (81) (50). Olthof et al. reported even 

higher rates of 32-36% after resection of perihilar carcinoma, but with liver resection (47). 

Segmental branches are involved in most perihilar resections, making these branches 

more vulnerable to leakage due to the extensive dissection required. This leads to 

compromised blood flow, which is known to be essential for the healing of biliary 

anastomosis (4). Based on these considerations, we formed the separate PML group, 

including liver resections.  
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The diameter of the resected bile ducts can correlate with the rate of anastomotic leakage, 

and it can be influenced by preoperative biliary drainage. A large diameter indicates 

prolonged obstruction and jaundice, which is detrimental for the patient. However, it is 

technically less demanding to suture or canulate dilated ducts. A non-dilated bile duct is 

a verified risk factor of biliary leakage after pancreatoduodenectomy (82). Despite nearly 

double the number of patients experiencing biliary leakage with non-dilated bile ducts, 

the risk is statistically insignificant in our group. We were unable to identify such patients 

in the PM group. The PML group had only one patient with a non-dilated duct, and this 

patient developed anastomotic leakage. 

Postoperative red blood cell transfusion might suggest anemia resulting from blood loss 

or septic complications and, consequently, could act as a marker for the likelihood of 

biliary leakage. After collection of the data, we considered that postprocedural transfusion 

is a parameter that is uniformly registered and measurable, and it will correlate with 

intervention-related bleeding; thus, we used it as a complication indicator. Our data 

indicated an increased biliary leakage ratio in patients who had transfusions; however, 

the difference did not achieve statistical significance. The existing literature on this risk 

factor is inconclusive, with only one study confirming bleeding as a substantial risk factor 

for biliary leakage following hepaticojejunostomy (50). 

Postoperative pancreatic fistula can increase mortality and morbidity, but it is not yet 

verified as an independent risk factor for hepaticojejunostomy (82). We found a higher 

biliary leakage ratio in patients with POPF, although not significantly. 

Insufficient evidence exists about the efficacy of external biliary drainage in avoiding 

biliary leakage. External drainage is expected to diminish bile leakage following 

bilioenteric anastomosis; nevertheless, due to the limited sample size, our investigation 

did not reveal any significant advantage of this method in pancreatoduodenectomy or 

perihilar bile duct resection with or without liver resection. Olthof et al. reported 

analogous results in their investigation of bile leakage following perihilar resection 

combined with liver resection (47).  

Another aspect of external biliary drainage is utilizing a catheter in the differential 

diagnosis of postoperative biliary leakage. The direct administration of contrast material 
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through the catheter aids in the clear visualization of anastomotic leakage during 

fluoroscopic imaging.  

In our clinical practice, if the patient has no signs of biliary peritonitis, we attempt to 

manage the leakage conservatively by retaining the intraoperatively inserted abdominal 

drain until the leaking disappears spontaneously. The efficacy of conservative treatment 

was evident in our results. If this procedure fails, surgery has historically been performed 

subsequently. With the development of minimally invasive techniques, the role of surgery 

decreased. Percutaneous therapies offer a good option because endoscopic interventions 

most of the time cannot be carried out on an altered anatomical structure, such as that left 

after a Roux-en-Y hepatico-jejunostomy. In high-volume centers, percutaneous 

transhepatic biliary interventions have high technical success rates (94%-100%) 

regardless of the presence of dilated bile ducts, as was demonstrated by other authors and 

our data as well  (83) (84).  In our practice, after a successful PTBD, if the intraabdominal 

catheter did not drain any more bile, it was removed. The patients were sent home with 

the opened PTBD, which was removed in an ambulatory setting after a final 

cholangiogram. 

This approach is supported by publications by Mansueto et al., who report a long-term 

success rate (77%) of patients treated with biliary fistula, and Anglieri et al., who 

recommend percutaneous treatment of bile leaks as a first-line therapeutic option to avoid 

more invasive procedures (80)(85). In our cohort, percutaneous transhepatic drainage had 

low patient numbers in the minimally invasive subgroup, which limits the interpretation 

of the data. It was not possible to conclude whether the minimally invasive approach was 

superior to alternative procedures.  

When excess biliary fluid results in peritonitis, reoperation is unavoidable. Various 

strategies have been delineated to optimize postoperative outcomes during revision 

surgery. Due to the deficiency of high-quality research about reoperation techniques, they 

can only be addressed at a low level of evidence (4). No guidelines exist regarding the 

consideration of external biliary drainage during relaparotomy. External biliary drainage 

has not demonstrated efficacy in avoiding biliary leakage in primary bilioenteric 

anastomosis. In the DM group, clinical success was slightly better when external drainage 

was used (Grade C-2) to treat biliary leakage in the relaparotomy group. Due to the 
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complexity of managing anastomotic leakage in the perihilar anatomical region, 

reoperations performed in the PM group consisted of implantation of an external biliary 

drainage with anastomosis reconstruction. In our practice, the preferred external drainage 

technique is the intraoperatively placed PTBD. Before completing the anterior aspect of 

the biliary anastomosis, a metallic probe is introduced through the anastomosis into the 

right intrahepatic bile duct. If entry from the right side is not feasible, access from the left 

side is recommended. The metallic probe is extracted through the intrahepatic bile duct 

and passed through the Glisson capsule and the 9th–10th intercostal space on the patient's 

right side or the subxiphoid space in the left-sided approach. The previously mentioned 

8.5F or 10.2F drain is attached to the metallic probe and subsequently pulled back through 

the parenchyma, crossing over the anastomosis. With this external catheter, theoretically 

it’s possible to decrease the biliary pressure and diagnose and treat any further leakage. 

Nonetheless, external drainage lacks much scientific support, and there are no studies that 

compare the efficacy of surgical revision with external drainage. Consequently, this field 

requires further investigation. 
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5.1. Limitations 
The primary limitation of this study is the retrospective examination of data, the patient 

composition regarding the many cases with failed ERCP, and the limited data available 

on the previous endoscopic intervention. 

 Retrospective data analysis precluded the utilization of previously established bile leak 

definitions; bilirubin levels were not systematically assessed in the catheter fluid of our 

study group; hence, we depended on expert judgments, clinical records indicating 

elevated biliary fluid in drain catheters, and examined intervention reports about leakage. 

 The methodology precluded the selection of biliary treatments based on severity and 

impeded direct result comparisons. The limited number of leaks and interventions 

diminishes the statistical power of the study.  

Additionally, it was not feasible to gather other potential risk variables related to 

anastomotic failure. Moreover, the current investigation was conducted exclusively at a 

single center. 
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6. Conclusion 
The outcomes, particularly the outstanding success rates, indicate that PTBD is both safe 

and effective, making it suitable as the primary option in the treatment protocol for 

perihilar stenosis. We determined that PTBD should be conducted in specialized centers 

to attain reduced mortality, morbidity, and elevated success rates. 

The failure of postoperative biliary anastomosis is a severe complication of hepato-

pancreato-biliary procedures, markedly elevating mortality rates. This study offers 

significant insights into the occurrence and management of this complication in patients 

receiving hepatopancreatobiliary surgery at a high-volume tertiary referral unit. 

Our data indicate that the risk of anastomotic leaking is affected by the complexity of the 

surgical operation, with elevated rates particularly noted after perihilar bile duct 

resections. Although the literature proposes various risk factors for biliary anastomotic 

leakage, this study identified trends suggesting increased leak rates in patients with 

advanced comorbidities (ASA III), elevated preoperative bilirubin levels, cholangitis, 

postoperative red blood cell transfusion, non-dilated bile duct, or postoperative pancreatic 

fistula; however, these associations did not achieve statistical significance, likely due to 

the restricted sample size. This study assessed several strategies for managing biliary 

anastomotic leakage based on the severity of the problem. Our data indicate that 

conservative therapy is helpful for a subset of patients; nonetheless, the majority 

necessitated invasive actions. The majority of cases necessitated relaparotomy in 

conjunction with external biliary drainage.  The restricted number of patients prevented 

us from drawing statistically significant findings about the optimal treatment modality. 

This single-center study underscores the complexity of managing biliary anastomotic 

leaks and the necessity of a patient-specific approach.  
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7. Summary 
Resolution of biliary obstruction and biliary anastomosis leakage is a serious challenge 

of hepato-pancreato-biliary interventions, increasing morbidity and mortality. This study 

aims to assess the technical success rate, reintervention rate, morbidity, mortality, and the 

learning curve of patients treated with PTBD and also evaluates the incidence of 

bilioenteric anastomotic leakage, their treatment options, and their outcomes at a high-

volume tertiary referral center. Two retrospective cohort studies were conducted to 

analyze the outcomes of patients who underwent PTBD between 2007 and 2018 and 

biliary anastomosis formation between 2016 and 2021.  

Based on the results the author suggests that PTBD is a safe and effective treatment for 

biliary obstructions. It may be chosen as a first‑line modality in cases of high perihilar 

obstruction, particularly when sufficient endoscopic expertise is not available. Following 

an unsuccessful ERCP, the risk of developing cholangitis is higher; therefore, early PTBD 

can play a crucial role. Considering all of this, the author recommends the centralized 

management of perihilar obstructions. After perihilar resections, the risk of anastomotic 

leakage increases. Based on the data presented, routine intraoperative external biliary 

drainage is not recommended, especially in cases without liver resection, as we could not 

demonstrate that it prevents anastomotic leakage. If intraoperative external biliary 

drainage was applied and biliary leakage subsequently developed, the drain may be useful 

in the postoperative period, both diagnostically and to facilitate bile diversion. 

The author cannot recommend a single clearly preferable modality for the management 

of established biliary anastomotic leakage; therefore, individualized decision‑making is 

required in every case. In the absence of peritonitis, conservative management and 

minimally invasive techniques (e.g., PTBD) have a role, while in cases requiring surgical 

intervention, intraoperative transhepatic drainage may also be part of the therapeutic 

arsenal. 
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7.1. New scientific findings 
 

• Perihilar resections were associated with significantly higher leakage rates compared 

to distal resections 

 

• Trends (though not statistically significant) suggest increased leakage risk in patients 

with: 

o ASA III comorbidities 

o Elevated preoperative bilirubin 

o Preoperative cholangitis 

o Non-dilated bile ducts 

o Postoperative pancreatic fistula 

o Postoperative red blood cell transfusion 

 

• PTBD can be performed with high technical success and low procedure-related 

mortality in a high-volume tertiary referral center and proved to be a viable minimally 

invasive option for managing anastomotic leaks 

 

• In patients with perihilar biliary obstruction, prior unsuccessful endoscopic 

intervention does not significantly increase overall complication rates of subsequent 

percutaneous transhepatic biliary drainage; however, pre-PTBD ERCP is associated 

with higher rates of cholangitis, suggesting that primary PTBD may be preferable in 

selected high-risk cases. 
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