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Abstract: Bile duct injuries are among the most feared complications after pancreatic surgery. Most of these

surgical complications are related to iatrogenic injuries and include bile leakage, biliary duct obstruction or

stricture and infection. A wide range of Interventional Radiology treatment options are currently available.

The options include percutaneous transhepatic cholangiography (PTC), percutaneous transhepatic biliary

drainage (PTBD), percutaneous balloon dilatation and stenting, image-guided percutaneous abscess

drainage. The purpose of this review is to describe the current evidence in this continuously evolving field.
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Introduction

Pancreatic surgery is the primary therapy in various
hepatobiliary and pancreatic diseases. Despite the
improvements achieved in surgical techniques, biliary
injuries remain a critical problem and a major cause of
morbidity. The difficult location of the pancreas gland
due to the presence of vital structures that surround it and
the creation of a new anastomosis between the biliary and
the gastrointestinal system, add complexity to pancreatic
surgery (1-4).

In the past two decades, post-operative mortality after
pancreatic surgery has decreased (2-5%), however, the
incidence of post-operative complications remains high
(30-60%) (5-8). Postoperative morbidities such as biliary
anastomotic stricture, formation of gallstones, abscesses
and bilomas, whose incidence range from 3% to 14%,
may lead to later interventions (3,8,9). Bile leakage, biliary
duct obstruction or stricture and infection represent the
most common complications after surgery (8,9). Proper
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diagnosis and treatment of surgical biliary injuries (SBI) are
paramount in preventing the life-threatening complications
of cholangitis, intra-abdominal infection, biliary cirrhosis,
end-stage liver disease and possibly resulting in death (10).
In many cases a definite diagnosis of a suspected
postoperative complication needs a radiological
confirmation. CT, MRI and ultrasound are valid methods
in the diagnosis of SBI (3,8). Since the 1970, when the
first image-guided percutaneous abscess drainage (PAD)
was performed, there was a constant development of
technical advices and techniques, leading to more treatment
opportunities and better outcomes in interventional
radiology (IR). To date radiological interventions play a
pivotal rule and are considered the first-line management
of postoperative complications optimizing the patient’s
condition often resulting in a definitive treatment (5-7,11).

Biliary leakage

The definition of postoperative biliary leakage still remains
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Table 1 Incidence biliary leaks in pancreatic surgery

Angileri et al. Interventional radiology in biliary surgical injuries

Authors N° Total %

Koch et al. [2011] 5 50 10.0
Antolovic et al. [2007] 11 321 3.4
Kadaba et al. [2017] 5 247 2.0
Deoliveira et al. [2006] 15 633 2.4
Malgras et al. [2016] 9 352 2.6
Sohn et al. [2003] 39 1,061 3.7
Duconseil et al. [2014] 13 397 3.3

N°, numbers of biliary leaks; Total, numbers of patients underwent pancreatic surgery.

Figure 1 Percutaneous transhepatic cholangiography with Chiba

needle under fluoroscopic guidance.

arbitrary. Most definitions are based on cut-off values for
the volume of drain fluid, ranged from 20 to 50 mL, and/
or the bilirubin concentration within the drain fluid, from
5 to 20 mg/d, including certain time intervals that varied
between 24 hours and 14 days after operation (1).

Biliary leakage may originate from injury of the bile
ducts, or from anastomotic leakage after bilio-enteric
anastomosis. Literature shows an incidence from 2% to
10% after pancreatic surgery without iatrogenic biliary
injury; if biliary injury occurred incidence may rise up to
24% (Table 1)(1,3,4,11-15). A multivariate analysis has
shown that there are no independent risk factors to predict
bile leakage (4).

Placement of transpupillary plastic stents, biliary
sphincterotomy alone, or a combination of both, is the first-
line treatment for biliary leaks (8). However, after radical
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surgery, the endoscopic approach is limited and therefore
it is necessary to proceed with percutaneous procedures to
avoid a new surgical approach.

All patients with a high grade of bile leakage can
be considered candidates for IR procedures, including
percutaneous drainage of intra-abdominal fluid collections,
percutaneous transhepatic cholangiography (PTC) and
percutaneous transhepatic biliary drainage (PTBD).

PTC and PTBD

PTC is a diagnostic interventional radiology procedure
that requires the sterile placement of a fine needle into
peripheral biliary tree under fluoroscopic guidance; the
injection of contrast material needs to delineate biliary
anatomy and potential pathologic processes (Figure 1) (16).

The patients are prepared with high-spectrum antibiotic
to avoid the risk of cholangitis and sepsis. Intravenous
analgesics are usually administered just before and during the
procedure, and the patient is usually under mild sedation (17).
The puncture of the bile duct can be performed by
ultrasound or fluoroscopic guidance. Site of puncture should
be as peripheral as possible because central puncture have
higher risk for major vascular injury. The cholangiography is
decision-making to plan treatment (11,17).

PTBD is the only endoluminal treatment option for
biliary leakage when duodenum and common bile duct
cannot be cannulated. It gives the opportunity to create a
low-pressure system along the biliary tract, redirect the bile
flow from the defect into the bile ducts allowing the leak to
heal, to avoid further surgery or as a bridging therapy while
stabilizing the patient’s condition prior to surgery (11).

Using dedicated guiding and catheter systems, under
fluoroscopic guidance, a tube or stent is placed for external and/
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or internal drainage to cover the biliary tract (Figure 2) (16).

When the biliary leak persists, some safe and effective
interventional procedures may be considered in relation to
the characteristics of the bile injury. In particular, the biliary
duct isolated can be occluded by the use of embolizing
agents, such as fibrin, acetic acid, ethanol and glues (18).
On the other hand, stent graft, coils or plug can be used to
embolize leakage or fistula communicating with the biliary
tree (Figure 3) (17,19-21).

Allergic reactions to contrast agent and large volumes of
ascites are relative contraindications; instead, uncontrollable
coagulation status and lack of a safe access route are the
only severe contraindications (11,16,21).

Figure 2 Percutaneous transhepatic biliary drainage in bilio-

enteric stricture after pancreatic surgery.

143

In patients with persistent coagulopathy, these
procedures may still be indicated if they are associated with
a lower expected morbidity rate than alternative methods of
diagnosis or treatment (16).

Technical success and complications

Successful PTC is defined as sufficient needle localization
and contrast material opacification to allow image-based
diagnosis or planning of treatment. Successful PTBD is
defined as the placement of a tube or stent with use of
imaging guidance to provide continuous drainage of bile (16).

In patients with non-dilated ducts, technical success
of PTC has been reported between 65% and 90% (11).
Success rates of PIBD for biliary leakage are reported to be
40-100% without secondary surgery (Table 2) (11,22-27).

Sohn et al. [2003] preformed PTC and/or PTBD
procedures on 39 patients with postoperative biliary
leaks. The procedures were successful in 32 out of the 39
patients treated, with a success rate of 82% (13). Popat ez al.
[2017] preformed PTBD procedures on 157 patients with
postoperative biliary leaks between the years 2002-2014.
The procedure was successful in 62 out of the 157 patients
treated, with a success rate of 40%.

The intrahepatic bile ducts were dilated in 17 patients
(11%) and non-dilated in 140 patients (89%) (22). Mastier
et al. [2018] preformed PTBD procedures on 101 patients
with postoperative biliary leaks. The procedure was
successful in 75 out of the 101 patients treated, with a
success rate of 74% (24).

Figure 3 Biliary leak. (A) PTC demonstrated biliary leakage after hepatectomy; (B) stent and plug placement covered successfully the

leakage. PTC, percutaneous transhepatic cholangiography.
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Table 2 Biliary leaks treated with interventional radiology procedures and success rate

Authors N° Total % Technique
Popat et al. [2017] 62 157 39 PTBD
Cozzi et al. [2006] 15 17 88 PTBD
Mastier et al. [2018] 75 101 74 PTBD
Pedicini et al. [2010] 11 16 69 PTBD
Aytekin et al. [2007] 10 10 100 PTBD
Righi et al. [2008] 21 23 91 PTBD
Sohn et al. [2003] 32 39 82 PTC/PBD

N°, number of successes; Total, numbers of patients treated with interventional radiology procedures; PTC, percutaneous transhepatic

cholangiography; PTBD, percutaneous transhepatic biliary drainage.

Table 3 Incidence biliary stricture in pancreatic surgery

Authors N° Total %
Kadaba et al. [2017] 9 247 3.6
Malgras et al. [2016] 7 352 2.0
House et al. [2006] 42 1,595 2.6

N°, numbers of biliary stricture; Total, numbers of patients underwent pancreatic surgery.

The average time range from PTBD placement to
resolution of the leak is described as 9-150 days. In patients
with biliary leakage, the biliary ducts are often non-dilated
compared to biliary obstruction and the complication rate is
reported to be higher (11,28).

The rate of major complications after PTC and
PTBD is 2% to 4% and up to 25%, but there is a lack of
differentiation between major and minor complications (11).

Major complications may be haemorrhage secondary
to arterial injury as well as subcapsular liver hematoma,
residual biliary stenosis, ductal perforation with risk for
biliary peritonitis, sepsis, cholangitis, pancreatitis, metabolic
acidosis from continuous bile loss have been also reported.
A minor complication could be fever with chills, pain and
peri-catheter leak (11,16,17).

Patients with coagulopathies, cholangitis, stones,
malignant obstruction, or proximal obstruction will have
higher complication rates (8,11,16,17).

Bilioenteric stricture

Anastomotic stricture is defined as a radiologically
demonstrated narrowing of the biliary-enteric anastomosis
associated with symptoms (jaundice, cholangitis or deranged
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liver function tests) requiring percutaneous, endoscopic or
surgical treatment (3,29). Post-operative biliary stricture
usually presented on an average period of 2.3 years (range,
0-15.3 years) after surgery, without any relationship with
the nature of the primary disease (29,30).

Bile duct stenosis occurs within 30 days from surgery,
predominantly with symptoms such as fever and sepsis,
otherwise with asymptomatic jaundice (8). In cases of
complete stenosis of the common bile duct, an increase of
intraductal pressure is observed with bile loss from the site
of the anastomosis and consequent peritonitis.

The incidence of biliary stricture formation in patients
with benign and malignant disease ranges from 2.0% to
3.6% (Table 3) (3,4,29). The diameter of the common bile
duct <5 mm represents a risk factor for bilio-enteric
stenosis. Another factor associated with stenosis is the use
of suture thread (6/0) for anastomosis (4).

The non-invasive diagnosis of biliary stricture can be
performed by ultrasound, computed tomography and
magnetic resonance imaging. Without contraindications,
endoscopic retrograde cholangiography is the gold standard
invasive diagnostic procedure. Cholangiography can
establish ductal stenosis, identify its level and recognize the
nature of the lesion (8,16).
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Table 4 Bilioenteric strictures treated with interventional radiology procedures and success rate

Authors N° Total % Technique

Lee et al. [2012] 21 32 66 PTBD + balloon dilation
Kocher et al. [2007] 16 21 76 PTBD + balloon
DePietro et al. [2015] 46 71 65 PTBD + balloon
Glas et al. [2008] 27 39 69 PTBD + balloon
Bonnel et al. [2012] 74 87 85 PTBD + balloon
Janssen et al. [2014] 85 98 87 PTBD + balloon

N°, number of successes; Total, numbers of patients treated with interventional radiology procedures; PTBD, percutaneous transhepatic

biliary drainage.

PTC allows the subsequent placement of biliary
drainage, dilation of stenosis, extraction of calculi if present
or placement of a stent through severe stenosis.

The interventional treatment depends on the degree of
injury, the presence of complications and the operational
risk of the patient (8,21). Once the stenosis has been
overcome, a decision whether to attempt balloon dilation
should be made. The period between the creation of the
anastomosis and the leak may be considered; when less than
1 month, leakage may be related to post-surgical oedema or
a kink. Balloon dilation may be effective.

Balloon dilatation of focal segment strictures determines
the patency of short- and long-term stenosis of 50-90%
and 56-74% respectively. Instead, strictures of long or
multifocal segments do not respond to dilatation (21).

The diameter of the balloon must be oversized by
25-30%. The balloon size usually varies from 10 to 14 mm
in the main ducts and 4 to 8 mm in the distal bile ducts.
The dilation must be repeated several times in the site of
stenosis with different duration (21).

The clinical success rate of PTC with balloon dilation as
a first line treatment is from 66% to 87% (Table 4) (30-35).

Bonnel ez al. [2012] performed PTBD procedures with
a balloon dilatation on 87 patients with postoperative bilio-
enteric stricture. The procedures were successful in 74 out
of the 87 patients treated, with a success rate of 85% (34).
Janssen et al. [2014] preformed PTBD procedures with
a balloon dilatation on 98 patients with postoperative
bilioenteric stricture. The procedures were successful
in 85 out of the 98 patients treated, with a success rate
of 87% (35). DePietro er al. [2015] preformed PTBD
procedures with a balloon dilatation on 71 patients with
postoperative bilioenteric stricture. The procedures were
successful in 46 out of the 71 patients treated, with a
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success rate of 65% (32).

Major complications (2%) are hemobilia, biliary loss,
sepsis, cholangitis and pancreatitis. Stent placement may be
associated with complications such as occlusion and distal
(5.9%) or proximal (4.9%) migration (8,16,17,36).

The choice of the biliary stent (plastic or metallic)
depends on the nature of the obstruction (benign
vs. malignant) (17). Plastic biliary stents are made of
polyethylene, polyurethane, or Teflon. The size of plastic
stents is limited to 12Fr when placed endoscopically, or
to 14Fr when placed percutaneously, whereby the created
large intrahepatic tract can be challenging to seal.

Plastic internal stents are cheapest but reportedly prone
to migration. Self-expanding metal stents (SEMS) are
larger than plastic to reduce the possibility of migration and
maintain patency longer, but are associated with increased
risk of cholangitis (37). Mean patency rate of SEMS is 6-9
months with an occlusion rate of 30-40% (17). Metal stent
are composed of metal alloys, such as platinum, nitinol, or
stainless steel. The length of available SEMS ranges from 4
to 12 cm, and expanded diameters reach 6 to 10 mm.

SEMS can be fully-covered, partially covered, or
uncovered (37). Bare or uncovered stent are composed by
a mesh structure. This mesh permits to the endoprosthesis
to be anchored into the biliary wall and diminishes the risk
of migration. However, migration is reported in 20-50%
of the cases within the next six months; moreover the
neoplastic tissue can grow through the mesh and close the
stent (38).

Recently, a new biodegradable stent in polydioxanone is
used to treat benign biliary strictures with good results in
terms of patency of the biliary stricture. The monofilament
loses 50% of its breaking strength after three weeks and
is absorbed within 6 months (39). Percutaneous balloon
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Table 5 Incidence of intraabdominal abscesses after pancreatic surgery

Angileri et al. Interventional radiology in biliary surgical injuries

Authors N° Total %
Baker et al. [2008] 27 440 6.1
Sanjay et al. [2012] 7 120 5.8
Sohn et al. [2003] 84 1,061 8.0
Kleeff et al. [2014] 15 302 5.0

N°, numbers of biliary stricture; Total, numbers of patients underwent pancreatic surgery.

dilatation and stenting form the backbone of treatment
for strictures of biliary enteric anastomoses. Multiple
procedures are often required, over a period of several
months after the initial operation, to achieve good long-
term patency. Nevertheless, a small part of the patients
require surgical revision of their anastomoses (3,29).

Mini invasive radiological techniques became the first-
approach treatment. The possibility of quick access to
interventional radiology specialist has been shown to be
successful in the urgent management of postoperative
complications and has reduced re-operations associated
with high rates of morbidity and mortality (6-8).

Intraabdominal abscess

Intraabdominal abscess is defined as an infected fluid
collection; it is reported in 5.0% to 8.0% of patients
following pancreatic surgery (Zable 5) (6,7). Several studies
were conducted in order to establish the risk factors related
to the formation of intraabdominal abscesses. The type of
pancreatic-digestive anastomosis does not influence the
appearance of this complication. Another paper showed that
the early removal of intraoperative drainage, on the fourth
day after surgery, allowed a reduction in intra-abdominal
abscess rates compared to removal after the eighth day
postoperative (40).

Intraabdominal abscesses can be superinfected through
contamination by colonized bile and therefore must be
treated in order to prevent other comorbidities such as
abdominal haemorrhage, prolonged hospitalization, and
higher mortality (40,41). The common signs and symptoms
are abdominal pain (83%), fever (80.5%), chills and
perspiration (56%). Undrained abdominal abscess has a
high mortality rate between 45% and 100% (2).

In recent years, intraabdominal abscess management
and outcomes have improved due to innovation on new
image-guided drainage techniques and modern surgical
procedures. Imaging-guided techniques of percutaneous
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abscess drainage (PAD) lead to minimal tissue trauma and
low morbidity and mortality rates (40). PAD are considered
the first line treatment in both the paediatric and adult
patients, in the absence of indications for immediate surgery
(2,41-43). Ultrasound, CT, and fluoroscopy are the imaging
modalities most frequently used for PAD. The choice
of image guidance is individualized for each case based
on abscess location, patient factors, operator experience
and preference, and equipment availability (42-44).
Ultrasound guidance is a real-time imaging technique and it
is the method of choice in superficial abscesses, where there
is a low risk of damage vascular structures, bowel, or pleural
cavity (2).

CT is the method of choice when US guidance does not
seem safe enough (40). Contraindications to percutaneous
catheter placement include an uncorrected coagulopathy,
lack of a safe percutaneous access route and inability of the
patient to cooperate (2,42,44).

PAD may be performed using the Seldinger technique
or the trocar technique, after subcutaneous administration
of anaesthesia and IV moderate sedation. The Seldinger
technique is a multistep procedure in which dilation
and drain placement are performed after proper needle
placement (2,41,42,44,45). The trocar technique is a
monophasic procedure that is performed with a coaxial
needle and drainage system. The trocar method avoids the
risk of losing guidewire access during dilator exchanges
performed in the Seldinger technique (42,44,46). The
trocar technique may be preferable when crossing resistant
structures or when Seldinger technique would increase
patient discomfort (44).

According to the Society of Interventional Radiology
guidelines, major complications may include: catheter-
related pain, haemorrhage, infection and sepsis, fistula
formation or visceral injury along the access route such
as bowel obstruction or perforation (2,41). Indeed, minor
complications are referring to catheter dislodgement and
obstruction (41). The complication rate shown in literature
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Table 6 Intraabdominal abscesses treated with interventional radiology procedures and success rate

Authors N° Total % Technique

Casadei et al. [2014] 28 37 76 Percutaneous drainage
Baker et al. [2008] 24 28 86 Percutaneous drainage
Sohn et al. [2003] 73 84 87 Percutaneous drainage
Carrafiello et al. [2011] 11 11 100 Percutaneous drainage

N°, number of successes; Total, numbers of patients treated with interventional radiology procedures.

is 2.5% (41). When PAD fails for the presence of septations
or highly viscous contents, thrombolytic agents may be used
to facilitate complete evacuation of abscess contents such as
intracavitary urokinase in adults, tissue type plasminogen
activator in paediatric patients (42-44).

Catheter removal may be considered when the patient
is clinically improved and no longer feverish, and catheter
output has decreased to <10-15 mL/day. In univariate and
multivariate analyses, three independent variables were
associated with a significantly lower rate of primary success
of inserted PAD (45). These risks were: predisposing
pathological conditions (risk 2.4 times higher than patients
with other causes of abscess), presence of multiple abscesses
(risk 2.5 times higher than patients with a single abscess),
drainage removal with continuous daily production >15
mL/d (risk 4.1 times higher than those with lower drainage
drain) (45) Success rate for CT-guided PAD ranges from
75.7-86.9% and 100%, with only a few patients requiring
new operative drainage (5,6,8,13,43,47).

Sohn er al. [2003] preformed PAD procedures on 84
patients with postoperative intraabdominal abscesses. The
procedures were successful in 73 out of the 84 patients
treated, with a success rate of 87% (13). Carrafiello et al.
[2011] preformed PAD procedures on 11 patients with
postoperative intraabdominal abscesses. The procedures
were successful in 11 out of the 11 patients treated, with a
success rate of 100% (47). Casadei et al. [2014] preformed
PAD procedures on 37 patients with postoperative
intraabdominal abscesses. The procedures were successful
in 28 out of the 37 patients treated, with a success rate of
76% (Tible 6) (5).

Conclusions

Advances in surgical technique and perioperative
management of pancreatic surgeries have decreased
postsurgical mortality; however, postoperative morbidity
of patients remains 20-60% due to the complexity of these
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procedures (3,6,7,14). Transient jaundice and cholangitis
are biliary complications that lead to a favorable outcome
without invasive interventions, in contrast to bilio-enteric
stricture, biliary leaks and intra-abdominal abscesses that
risk further radiological or surgical treatments (3,4,11,13).

Surgical re-exploration is difficult and requires a high
surgical competence due to the presence of oedema and scar
tissue. Interventional radiology procedures are preferred
as first line therapeutic option to avoid more invasive
procedures (surgical or endoscopic) (47).

The role of the interventional radiologist is to
diagnose the biliary damage and to treat with a definitive
curative purpose or as a bridge for re-intervention. IR
is an expanding field for the treatment of post-surgical
complications that prevent the morbidity of re-intervention
and long periods of hospitalization. A wide range of IR
treatment options are currently available with a pivotal
role in patient management. PAD, PTC, and PTBD
are safe and effective procedures for the treatment of
postsurgical biliary duct injuries (5,11).
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