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Biliopancreatic endoscopy described in this collaborative book has very 
little to do with the one I have learned in the early 1980s. Thanks to the 
extraordinary improvements in technologies and techniques, and to the 
marriage of ERCP with therapeutic EUS, biliopancreatic endoscopy has 
become today the first-line treatment for an impressive number of clinical 
scenarios involving the liver, the pancreas and the biliopancreatic ductal 
system.

While ERCP, thanks to the advent and development of non-invasive 
cross-sectional imaging techniques, has currently become almost exclu-
sively a therapeutic tool, for some decades after its introduction EUS has 
been mostly used as a diagnostic technique. Only recently, especially 
thanks to the development of lumen-apposing metal stents, and to the 
improvement of EUS-guided needles and devices for local tissue abla-
tion, EUS has permanently joined and integrated ERCP in the operative 
treatment of several biliopancreatic diseases. I believe that this “mar-
riage” has no chances to experience a “divorce” in the next decades, but 
we are still in the phase where we try to understand which technique is 
better for the particular indication and when. By whom we already know: 
more and more the protagonist will be the same physician, trained in 
both ERCP and therapeutic EUS. We are not yet completely there because 
training in ERCP and EUS needs at least one additional year (if not two!) 
after completion of the regular post-graduate training in gastroenterol-
ogy or surgery, and this is not structured in most countries. The hope is 
that this issue will be considered and solved in the appropriate way very 
soon.

The authors of this book have to be commended because they have 
embraced this modern concept of complementarity between ERCP and EUS 
providing a comprehensive overview of the current available endoscopic 
techniques in biliopancreatic diseases, also by entrusting several chapters to 
very well-known experts in the field.

The last part of the book, which is dedicated to therapeutic algorithms, is 
an original and extremely useful tool for all those clinicians involved in the 
management of biliopancreatic diseases.

Foreword
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Finally, I would like to emphasize my personal gratification in seeing 
Massimiliano Mutignani as leading author of this book: Max has been my 
first trainee when he was a student and then for many years my principal co-
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ERCP/EUS Room

Rita Conigliaro, Claudio Conti, Giuseppe Grande, 
and Helga Bertani

1.1	 �ERCP Room

1.1.1	 �Introduction

Endoscopic retrograde cholangiopancreatogra-
phy (ERCP) is still one of the most technically 
demanding and practically challenger of endo-
scopic procedure.

Born as a diagnostic investigation, it is now a 
therapeutic modality and now plays a major role 
in biliopancreatic diseases.

Many patients requiring ERCP are elderly and 
fragile, and the surgical therapy could be often 
risky. Demand for endoscopic therapy today is 
about 800 per year for 750,000 users; therefore, 
every large or provincial hospital could be able to 
provide this service.

The benefits to the patient in terms of efficacy 
and safety are high, but the converse is also true 
that poor technique and skill expose the patient to 
complications and failures and, in turn, becomes 
more risky than surgery.

Therefore, nowadays, the location and the 
environment are particularly important because, 

together with the technology, they must meet the 
minimum quality standards.

1.2	 �Some Definitions

Invasive procedure is defined as a procedure 
that penetrates the protective surfaces of a 
patient’s body (e.g., skin or mucous membranes), 
is performed in a surgical field, generally requires 
entry into a body cavity, and may involve inser-
tion of an indwelling foreign body.

Procedures performed through orifices nor-
mally colonized with bacteria do not involve an 
incision of the skin.

Procedure room is defined as a room for 
the performance of procedures that do not 
require an aseptic field but may require use of 
sterile instruments or supplies. Procedure 
rooms are considered unrestricted areas. Local 
anesthesia and minimal and moderate sedation 
may be administered in a procedure room, but 
anesthetic agents used in procedure rooms 
must not require special ventilation or scav-
enging equipment.

1.3	 �The Room

The ERCP room is equivalent to an operating 
theater, and the international reference legislation 
is that of operating theaters.

R. Conigliaro (*) · G. Grande · H. Bertani 
Gastroenterology and Digestive Endoscopy Unit, 
Civil and University Hospital, Modena, Italy
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An operating room (OR) is defined as a room 
in the surgical suite that meets the requirements 
of a restricted area and is designated and 
equipped for performing surgical operations or 
other invasive procedures that require an asep-
tic field. Any form of anesthesia may be admin-
istered in an OR as long as appropriate 
anesthesia gas administration devices and 
exhaust systems are provided [1]. Furthermore, 
for ERCP, it is not possible to disregard the use 
of a radiological device; therefore, the operat-
ing room where ERCP is performed must be 
screened for the RX.  In ERCP, a hybrid room 
would be very useful, but a hybrid operating 
room is an operating room that has permanently 
installed equipment, like an angiographer, to 
enable diagnostic imaging before, during, and 
after surgical procedures: the use of portable 
imaging technology does not make an OR a 
hybrid operating room.

1.3.1	 �Requirements

The following items are requirements that guar-
antee a regulatory environment and are related to 
the patient safety [1–5] (Fig. 1.1).

–– Procedure rooms may be sized to accommo-
date the equipment required; the minimum 
room area recommended for basic endoscopy 
is 36  m2. Rooms to accommodate ERCP or 
video equipment will require a larger space 
for sterile setup, general anesthesia, and fluo-
roscopy equipment; a minimum of 42  m2 is 
recommended. The minimum square footage 
for an operating room is determined by com-
bining the square footage of the minimum 
amount of equipment required, including the 
endoscopist’s table for accessories, the square 
footage for the minimum number of people 
required, and a space of approximately 1.22 m 

Endoscopic retrograde
cholangiopancreatography (ERCP) layout

1=Aux Display
2=Anesthesia Workstation
3=Rx System

1

3

2

3

4

5

4=Videoendoscopy System
5=Electrosurgery Device

Nurse

Surgeon

Scrub Nurse

Anesthesiologist

RX Scanning Area

Fig. 1.1  Sample layout of ERCP room

R. Conigliaro et al.
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for a minimum safe traffic pathway on all four 
sides of the operating table [1].

–– A reliable and adequate source for oxygen is 
required. Sources may include in-wall or free-
standing oxygen.

–– Carbon dioxide (CO2) must be used instead of 
room air insufflation of the gastrointestinal 
lumen. It can be in-wall included.

–– A suction source for the equipment and patient 
must be present either in-wall or portable. For 
tubing and portable suction, the manufactur-
er’s guidelines must be followed.

–– An uninterruptible source of power, supplied 
either by a generator or battery source is 
required. The need for a secondary energy 
source is to allow the procedure to be termi-
nated in the event of a failure of the primary 
power source. Procedures should not be initi-
ated when the only source of energy is the sec-
ondary source.

–– The routine monitoring of temperature and 
humidity within the endoscopic procedure 
area, although theoretically related to curtail 
growth of microorganisms and reduce fire 
hazard, has not yet been associated with 
safety outcomes in endoscopic units. In the 
absence of published guidelines on the opti-
mal ranges for these parameters, routine mon-
itoring of temperature and humidity is not 
currently warranted.

–– Puncture-resistant containers for biohaz-
ardous materials and sharps should be 
located so that sharps are not passed over 
the patient [3].

–– Specific room features are required as leaded 
walls since the flat table fluoroscopy is 
utilized, with the sign indicating the delivery 
of X-rays [4, 5] (Figs. 1.2 and 1.3).

–– Easy access is required for the movement of 
trolleys and beds into and out of the room.

Fig. 1.2  ERCP room with X-ray portable imaging technology

1  ERCP/EUS Room
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–– Door widths of 1200  mm are recommended 
for all wheeled traffic. The doors should 
accommodate this, and they must have the 
door lock [6].

–– A restricted area in a surgical suite is a des-
ignated space that can only be accessed 
through a semi-restricted area in order to 
achieve a high level of asepsis control. Traffic 
in the restricted area is limited to authorized 
personnel and patients, and personnel are 
required to wear surgical attire and cover 
head and facial hair (Fig. 1.4).

1.3.1.1	 �Postanesthetic Care Area
A recovery room is required to monitor patients 
after the endoscopic intervention  who have 
received sedation until the patient is stabilized 
and to assess for adverse events related to the 
endoscopic procedure.

In the “postanesthetic care unit,” patient care 
stations are required in both inpatient and outpa-
tient settings and has been defined as 1.5 per 
OR. If that calculation yields a fraction, the num-
ber of patient care stations provided is to be 
rounded up to the next whole number.

Fig. 1.3  ERCP room 
with the operator 
maneuvering portable 
imaging technology

R. Conigliaro et al.
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1.3.2	 �Infection Control

Consideration of infection control is important in 
the design of the operative unit and for all daily 
workflow.

Separation of clean and dirty workflows in 
treatment and cleanup areas and separation of 
patient care areas and contaminated spaces and 
equipment is critical to the function of the unit 
and to prevent cross infection. Procedure/operat-
ing rooms will be used for a variety of clients 
whose infection status may be unknown. Standard 
precautions must be taken for all clients regard-
less of their diagnosis or presumed infectious sta-
tus. Staff hand washing facilities, including 
disposable paper towels, must be readily avail-
able. Specific infection prevention plan must be 
implemented to prevent the transmission of patho-
gens in the unit and to provide in case of breach.

The standard practice includes the following:

•	 Hand hygiene
•	 Personal protective equipment

•	 Safe medication administration practices
•	 Safe handling of potentially contaminated 

equipment or surfaces in the patient 
environment.

1.3.3	 �The Cleaning of the Room

The cleaning of the room should be done at 
the end of every procedure and not only at the 
end of the day when the session is finished 
[6].

1.3.4	 �Staffing

Complex interventional procedures, such as 
endoscopic ultrasound (EUS) and ERCP, may 
require additional staff (registered nurse, RN) for 
efficiency, but there is no evidence to suggest that 
this improves safety or patient outcomes [2]. 
Currently, two RNs are still present during these 
procedures [6].

Fig. 1.4  EUS room during interventional procedure

1  ERCP/EUS Room
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1.4	 �Technical Rules According 
to European Legislation

ERCP room is a medical suite where medical 
doctors perform high-complexity endoscopic 
surgery in full safety and ergonomics.

1.4.1	 �Technical Plant and Electrical 
Safety

About plants, the technical reference legislation 
for this kind of unit is the same as the operating 
rooms and some in particular [7–10].

According to the legislation, medical rooms 
are usually classified into three different groups 
(1-2-3), which are characterized by an increasing 
level of protection and related plant complexity.

Very briefly (refer to the full-text legislation 
for more detail), the type 2 rooms (that include 
endoscopy and ERCP room) are the ones in 
which patient is exposed to the high electrical 
shock risks.

Safety systems in group 2 rooms can be 
described as follows (all of them are present at 
the same time):

•	 Medical Grade Insulation Transformer: 
Special power supply systems are able to elec-
trically insulate the facility (with a specific 
built-in insulation monitoring system). These 
systems are intended to let doctors safely fin-
ish the current procedure even in case of first 
failure. To achieve this level of protection, all 
medical devices, which could potentially get 
in touch to the patient (the patient zone), must 
be connected to it.

•	 Equipotential Grounding: In order to pre-
vent micro- and macroshock risks, normally, 
non-current-carrying conductive surfaces 
must be held rigidly the same potential to pre-
vent the patient from becoming part of an 
electrical circuit and thus subject to current 
flow. Accordingly, all branch circuits supply-
ing patient care areas must be provided with 
an effective ground fault current path. This is 
accomplished by installing wiring in an 
impeccably grounded metal race way system 
or in a cable having a metallic armor or sheath 

assembly. Room’s plant has to be designed to 
bring the same potential in every point of the 
ground circuit.

•	 Safety Power Supply: This system is intended 
to manage power supply continuity in case of 
central electric supply failure. In this scenario, 
the hospital have a general UPS, but the acti-
vation can take some minutes, which means 
unacceptable risk for patient under surgery. 
For high-risk medical suites, specific fast acti-
vation of UPS must be foreseen. For specific 
medical devices present in the room, such as 
surgical lights or life support, the performance 
must be at “no break” level.

Modern medical units are becoming increas-
ingly demanding in terms of connectivity toward 
the “external world.” Communication between 
“in” and “out” of the room must be managed with 
a specific separation device certified to keep the 
desired level of electrical insulation. If possible 
fiber-optic media conversion is highly recom-
mended. Fiber optics is a high-performance 
material and grants a native electrical insulation 
(the signal is made by light) without the need of 
other devices.

1.5	 �Technological Layout 
Guidelines

Modern ERCP room project should be managed 
from a multidisciplinary team and should start 
from a deep work flow analysis aimed to identify 
specific organization peculiarity and needs. 
Internal technical setup and ergonomics should 
represent the best solution to the various issues 
arising during the process.

For the internal generic medical supply distri-
bution and device positioning, ceiling pendant 
technology should be taken in consideration in 
the first place after a static and structural analysis 
of the room.

1.5.1	 �Ceiling Pendant Technology

–– Ceiling pendant offer many advantages both 
for their versatility in terms of endowment of 

R. Conigliaro et al.
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technical supplements (medical gas, electrical 
supply, net and multimedia connection) and 
for the advanced functions of positioning in 
the work space and high load capacity. A spe-
cific study of the positioning scenarios is rec-
ommended to define the exact configuration of 
the ceiling units (coupling point, outreach). In 
the event that the room does not multifunction 
but is dedicated exclusively to endoscopic 
procedures, it is also advisable to consider the 
installation systems for video-endoscopy 
directly on the ceiling unit. This setup brings a 
benefit to ergonomics deriving from the con-
stant connection with the technical supplies, 
which are many and different, including the 
multimedia ones.

The configuration ceiling unit technical appli-
ances must be sufficient in typical use, eliminat-
ing the need to connect wall-mounted supplies 
for the benefit of safety (no cables from the oper-
ating theater to the wall). These utilities must 
however be foreseen but only to manage any 
faults.

1.5.2	 �Gases Centralized

–– Among the available gases (surely a source for 
oxygen) in a centralized system, it is advisable 
to also include CO2, an inert gas indicated for 
long and complex procedures, eliminating the 
need for cylinders.

1.5.3	 �Multimedia Integrated 
Network

–– Given the essentially video-driven nature of 
the specialty, the room equipment should 
include a multimedia integrated network, 
designed to connect in a more ergonomic way 
the different signal sources (video processor, 
ultrasound, RX) to the various possible desti-
nations (auxiliary room displays, registration 
system, streaming system). A preliminary 
analysis is recommended to define first the 
two sets. This solution allows to minimize 
“exposed” wiring, decreasing the level of risk.

The multimedia network should include 
standard input and output connectors appropri-
ately placed on a ceiling unit or—if not possi-
ble—on a wall. The recommended connection 
logic is an “active” matrix type, with the possi-
bility of logical selection of the associations 
between input and output without having to 
alter the physical connections. The installation 
of a ERCP room technical rack is recommended 
as a point of concentration for the various wir-
ing steps, configuring the net in “star” topology, 
particularly practical.

1.5.4	 �Auxiliary Displays

–– It is strongly recommended to install auxil-
iary displays (at least two screens) installed 
on a mobile ceiling arm, to be integrated into 
the aforementioned network. The range of 
possible movements should be studied to 
guarantee wide positioning options on the 
field compared to the main display of the 
video endoscopy system, so as to allow the 
whole team the optimal vision while main-
taining the ideal posture for the procedure.

1.5.5	 �Use of Laser Instruments

–– If procedures requiring the use of laser 
instruments are foreseen, a selection of spe-
cific nonreflective technical interior furnish-
ings is recommended. The external “laser in 
use” light signaling system and a safety door 
locking system controlled by the device must 
also be provided.

1.5.6	 �Net Connection Point

–– The integration of the room with the hospital 
information system should be considered. For 
this reason, it is advisable to provide net con-
nection points inside the room, connected to 
a dedicated switch, and at least one worksta-
tion strictly with intraoperative application 
use. The PC must be medical grade, being in 
the patient area.

1  ERCP/EUS Room
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It is advisable to deepen needs and predisposi-
tions for the following macro ICT functions:

•	 Computerized system of endoscopic reporting 
(complete with image acquisition) connected 
to the hospital information system request 
manager to send work list

•	 Connection with PACS for intraoperative con-
sultation and possible radiological image stor-
age of the ERCP

•	 Streaming/videoconferencing function for 
interactive teaching

1.6	 �EUS Room

1.6.1	 �Introduction

Endoscopic ultrasounds (EUS) are considered 
one of the most “move on” techniques of the 
last decades. The change of EUS perspective 
from a diagnostic to an interventional proce-
dure focused the attention on the room setting 

and human sources mandatory before starting 
with an EUS program.

In the 1980s, endoscopic ultrasounds were 
usually carried out in a standard endoscopic 
room without dedicated requirements except 
the skill of operator and EUS equipment. 
Nowadays, EUS procedures, in tertiary care 
centers, are usually carried out in dedicated 
rooms, i.e., as facilities specifically configured 
for endoscopic ultrasounds, preferably in an 
endoscopy room (i.e., procedure room) rather 
than an operating room (OR) except in cases 
where an interventional procedure is to be car-
ried out (Fig. 1.5).

Starting an EUS program in an endoscopy unit 
needs some special requirements:

	1.	 Room
	2.	 Equipment
	3.	 Staff (human resources)

The topic of this chapter is the room 
requirements.

Eco-endoscopy Layout

1=Aux Display
2=Anesthesia Workstation
3=Ultrasound

1
2

3

4

5

4=Videoendoscopy System
5=Electrosurgery Device

Nurse

Surgeon

Scrub Nurse

Anesthesiologist

Ultrasound Scanning Area

Fig. 1.5  Sample layout of EUS room

R. Conigliaro et al.
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1.7	 �Requirements

There are no published documents on minimal 
requirement for EUS room or peculiar character-
istic different from other endoscopic room; how-
ever, operators’ personal experience and 
preferences find a consensus on a list of minimal 
requirements specific for EUS procedure.

The choice of dedicated EUS room or of 
“switchable” room depends on the number of 
procedures that are performed annually, and the 
above cited requirements should be considered 
specific for EUS room requirements and conse-
quently added to a standard endoscopic suite.

The diagnostic EUS, including the fine-needle 
aspiration (FNA) procedure, can be performed in 
a normal and unpowered endoscopic room, as is 
the ERCP room.

The interventional EUS instead requires the 
following:

1.7.1	 �Room

The size of the interventional EUS room should 
be able to accommodate all the equipment neces-
sary for this kind of EUS: specific X-ray table, 
X-ray equipment, one video processor, and one 
ultrasound machine; recently, some brands of 
EUS equipment combined together EUS and 
endoscopy in one source, but both processors 
should be considered. Combining together all 
these sources and processors by all means needs 
a room bigger than a standard endoscopic room 
and must be like an ERCP room where minimum 
of 42 m2 is recommended.

1.7.1.1	 �Leaded Walls
Interventional EUS procedure is widely diffused 
and is highly recommended to provide all inter-
ventional procedure; even if it is a fluoreless pro-
cedure, it is necessary to work in a room fitted for 
X-ray as a possible salvage procedure.

1.7.2	 �Equipment Support Tools

•	 The endoscopy stack accommodates at least 
two screens, one for EUS room images and 

one for endoscopic images. Sometimes, dur-
ing EUS procedures, operators need to change 
position, and body rotations up to 180° are 
required; consequently, more than one screen 
is suggested or positioned on arm able to 
rotate (see Auxiliary displays above).

•	 An instrument table containing the equipment 
that nurses will need to have at their disposal, 
including gloves, local anesthesia, lubricant, 
biopsy fixative jars, forceps, and polypectomy 
snares. The table should also have dedicated 
spot lighting that is directly addressed on it.

•	 A trolley containing different caliber needles 
for EUS-guided fine-needle aspiration (19–25 
gauge) and core needles and all the equipment 
necessary for specimen management (smears, 
biopsy fixative jars, alcohol, syringe with 
water and air). If the unit is equipped for inter-
ventional procedure, all the devices required 
should be available before the start of the pro-
cedure, closed to endoscopy room (cystotome, 
stents, guidewire, contrast medium).

•	 A trolley or distribution arm for anesthesia/
emergency procedures, equipped and meeting 
agreed resuscitation standards as in standard 
or interventional endoscopic rooms.

1.7.3	 �Staffing

•	 Currently, two RNs are present during these 
procedures and are useful.
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X-Rays in Endoscopy

Andrea Brameri

2.1	 �When Were X-Rays 
Discovered?

X-rays are a form of electromagnetic radiation 
characterized by a wavelength smaller than that 
of visible light. It is produced by making elec-
trons collide with a metal target at high speed. 
The sudden deceleration of the free electrons 
excites the electrons of the metal which move 
into more energetic orbits and immediately jump 
back to their ground state or original orbit releas-
ing X photons.

X-rays were accidentally discovered in 1895 
by the German physicist Wilhelm Conrad 
Röntgen while doing his research on cath-
ode rays: although the vacuum tube in which 
he produced the electric discharge was covered 
with heavy black paper, he noticed that a barium 
platinocyanide screen that happened to be lying 
nearby his tube was emitting a fluorescent glow 
at each discharge.

Röntgen concluded that the fluorescence was 
due to invisible radiation, even more penetrat-
ing than ultraviolet radiation, which he called an 
“X-ray” alluding to its unknown nature.

The energy and ability of penetration of radiation 
are inversely proportional to the wavelength: so, 
X-rays characterized by longer wavelengths, i.e. 

closer to the ultraviolet band of the electromag-
netic spectrum, are called “soft” as they are rela-
tively little penetrating; those with a shorter 
wavelength and hence closer to or even overlap-
ping the region of gamma rays are called “hard” as 
they are highly penetrating.

2.2	 �Benefits of X-Rays

X-rays are beneficial but also dangerous and a 
scientific explanation is given below.

The problem is that X-rays are a form of ion-
izing radiation.

When “normal” light, i.e. in the radiation spec-
trum visible to the human eye, hits an atom, it 
cannot change it in any significant way. But when 
X-rays hit an atom, they can knock some elec-
trons out of their orbit and from an atom (which 
by its nature is neutral) an ion, that is, an electri-
cally charged atom is created. The free electrons 
that were previously knocked out of their orbit 
then hit other atoms and create other ions.

The electric charge of an ion may lead to 
abnormal chemical reactions in living cells or 
break the DNA chain.

A cell with a damaged DNA filament may die 
or develop a mutation. If many body cells die, 
various types of diseases can develop. If the DNA 
of a cell is changed, it may become cancerous 
and hence proliferate autonomously. If the muta-
tion occurs in a sperm cell or an egg cell, this may 
lead to congenital anomalies.
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The major risk arising from ionizing radiation 
is repeated exposure over time: it is as if the radi-
ation (normally identified with the word “dose”) 
accumulated; therefore, the higher the dose and/
or the longer the exposure time, the greater the 
risk, and it is therefore obvious that the subjects 
most at risk are healthcare operators.

The problems may involve:

•	 The eyes (in particular the cataract)
•	 The skin (e.g. skin tumours)
•	 Any other form of tumour correlated with 

exposure of the human body to ionizing 
radiation

2.3	 �Why X-Rays in Endoscopy?

During endoscopic procedures, the operator 
needs to understand where the guidewire or the 
catheter is positioned and what the right path to 
follow is.

Therefore, visually observing the catheter on 
the endoscope video and radiologically check-
ing its position, the points of clinical interest can 
safely be reached.

2.4	 �Which Radiological 
Instruments Were Used 
in the Past?

At first, the endoscopist/gastroenterologist had to 
ask the radiologist (the only reference person and 
responsible for ionizing radiation in hospitals) if 
he or she could use a fluoroscopy instrument.

Generally, the radiologist made a room 
equipped with a “remote-controlled” fluoroscopy 
instrument available, which allowed continu-
ously seeing the radiological images on a dedi-
cated monitor.

Then, for the days when needing to work “with 
rays,” the endoscopic trolley had to be trans-
ported from the gastroenterology department, 
often on the upper floors, to the radiology depart-

ment, generally on the ground floor or in any case 
on a different floor from gastroenterology.

Clearly also the patient had to walk a similar 
path accompanied by the nurses, suffering all the 
discomforts along the way and tripling the time 
from a logistic point of view.

Doubtless, you could not work in peace in 
the radiology department as the radiology rooms 
were designed not to have a filtering area; the 
patients had to wait in the corridor in front of the 
radiology room, and also the medical staff had 
to pass through this corridor to enter the room. 
Moreover, the room was designed to do the most 
common abdominal examinations (e.g. enema 
and the stomach), and it was hence defined 
“dirty” and clearly not equipped like an operating 
theatre; it was not easy to sedate the patient—a 
routine procedure—and the endoscope could not 
be cleaned.

As you can see from the photo (Fig. 2.1), the 
equipment was very bulky and not suited to endo-
scopic needs as you could only work from one 
side of the table and, what’s more, the aerial cam-
era got in the way of the medical staff. In addition, 
the instrument was designed to make radiograms, 
and the scope was used only to “centre” the point 
of interest, and there was hence no need to obtain 
a quality “fluoroscopic” image, an unavoidable 
necessity in a gastroenterology operation.

2.5	 �Change

The first significant change in the way of working 
came about thanks to the ever greater importance 
this discipline assumed, and given the excel-
lent results achieved, the number of operations 
increased exponentially. Endoscopists showed 
hospital administrations that it was no longer 
possible and logical—apart from being more 
costly—to transfer equipment and patients, and 
so they got the first C-arches that were interfaced 
with simple stretchers.

These C-arches were generally “second 
hand,” often handed down from other depart-

A. Brameri
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ments and equipped with a today outdated 
technology, i.e. with brightness intensifier and 
reduced field of vision (9″); little power, gener-
ally not more than 5 kW; and only just sufficient 
image quality.

The departments had to start getting to grips 
with the X-ray dose absorbed, the problem of 
obtaining a quality image also with large patients 
and the first problems of overheating of the radio-
logical part.

Health physicists began checking the doses 
absorbed by the operators and carrying out qual-
ity controls on the instruments.

The epoch-making change however came 
when they started using stents, not only in the 
interventional and vascular cardiology field but 
also in endo/gastroenterology.

This led to the need to have dedicated 
equipped rooms and especially state-of-the-art 
instruments.

The new instruments must guarantee:

–– An operating capacity equal to a mobile angi-
ography system; it is hence essential that it be 
equipped with an active cooling system for the 
heat produced with control of the digital part 
of the instrument.

–– Adequate power of at least 25 or 80  kW in 
order to be able to operate on any type of 
patient.

–– When moving the arch, the possibility of not 
having to re-centre the point at which you 
were operating; this characteristic is called 
three-dimensional isocentric set-up.

Fig. 2.1  One of the first 
available radiological 
equipment (not suitable 
for endoscopic 
procedure)

2  X-Rays in Endoscopy
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–– Motor-driven movement of the C-arch so that 
the technical operators do not enter the work-
ing field of the endoscopist: it is therefore 
preferable that the arch can be moved both by 
the instrument and through a remote console 
at the patient’s bed.

–– The safety of the patient through intelligent 
anticollision sensors that intervene before the 
obstacle is touched (Fig. 2.2).

–– The best technology available on the market, 
namely, flat panel detector technology, i.e. 
with direct image formation no longer like on 

brightness intensifiers (BI-camera-cable-
monitor) (drawings).

–– The possibility of moving only the flat panel 
in order to move close to the patient or not; 
this is to be considered a preferential element 
(Fig. 2.3).

–– Viewing the images on a large monitor, possi-
bly hanging, 27″ with at least four million pix-
els or 31″ 4 K.

–– The possibility of sending the radiological 
images to the endoscopic trolley monitor in 
order to have an immediate comparison with-

Fig. 2.2  Anticollision system avoids patient’s injuries

Fig. 2.3  Movable flat panel improves the capability of fluoroscopic view

A. Brameri
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out having to move the head and hence lose 
concentration on the point of interest.

–– A real reduction in the X-ray dose through dif-
ferent X-ray filtration depending on the type 
of operation (insertion of motor filters on the 
collimator) (drawing) and new acquisition 
algorithms (acquisition in frequency) in real 
time; it is therefore advisable that the operat-
ing system be LINUX.

–– The possibility of using FUSION software, 
i.e. the possibility of fusing images obtained 
through CAT with the images produced by the 

C-arch for greater certainty of the result to be 
achieved and reduction of the ionizing radia-
tion emitted.

If endoscopy and gastroenterology depart-
ments could have these new technologies at their 
disposal, healthcare and the community would 
obtain major advantages as they would have 
equipment available that guarantees an operating 
ability and image quality comparable to angio-
graphic or hemodynamic diagnostics with real 
dose reductions and reduced operating times.

2  X-Rays in Endoscopy
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Ultrasound Equipment

Anna Cominardi and Pietro Fusaroli

3.1	 �Fujifilm

Fujifilm’s medical devices portfolio includes:

–– Sonart EUS
It allows the integration of ultrasono-

graphic diagnosis and endoscopy systems. 
The SU-1 system (Fig.  3.1, Table  3.1) sup-
ports accurate diagnosis with a variety of 
imaging modes including:
•	 High-resolution B-mode: SU-1 ultrasonic 

processor achieves high-precision ultraso-
nographic results and accurate evaluation 
of the affected area.

•	 Elastography.
•	 Colour Doppler.
•	 Contrast harmonic imaging (CHI): images 

are created by extracting and emphasising 
higher harmonic signals generated by the 
injected contrast medium, assisting in the 
detection of tumours and abnormal 
growths.

•	 Tissue harmonic imaging (THI): images 
are configured using high-harmonic com-
ponents that are generated when ultrasound 
waves are transmitted through the body’s 
tissue. It enables ultrasound image obser-
vation with reduced noise.

•	 Compound harmonic imaging (CH): it 
visualises clear images in deep lying areas 
whilst maintaining high-resolution images 
in shallow lying areas to support accurate 
diagnoses.

•	 Sound speed correction: images are recom-
posed using the estimated optimal sound 
speed inside the body.

•	 DICOM technology: it achieves compati-
bility and improves workflow efficiency 
between imaging systems and other infor-
mation systems.

In addition, echoendoscopes are provided 
with optical tools such as:

–– Super CCD technology
It provides brilliant images, which can 

facilitate procedures for detection and treat-
ment of lesions.

–– HD technology
It offers detailed sharp pictures by using 

high-definition television (HDTV).

A. Cominardi · P. Fusaroli (*) 
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–– Anti-blur function
It automatically provides the clearest image 

by pressing the freeze button.

3.2	 �Olympus-Aloka

–– EU-ME2
This ultrasound processor (Table  3.2) is 

compatible with a wide range of EUS scopes, 
including ultrasonic miniature probes. It offers:

•	 Power flow
•	 Colour flow
•	 H-Flow
•	 PW Doppler
•	 Harmonic imaging (tissue harmonic echo, 

contrast harmonic EUS)
•	 Real-time elastography

–– Aloka ProSound F75
It is compatible with a wide range of EUS 

scopes and extracorporeal probes (Table 3.3). 

Table 3.1  Fujifilm endoscopic ultrasound processor specifications

Endoscopic ultrasonic processor SU-1 -H- SU-1 -S-
Power supply Power rating AC 100–240 V

Frequency rating 50 Hz/60 Hz
Power consumption 2.0–1.2 A

Size Dimensions 390 × 135 × 485 mm
Weight 13 kg

Ultrasonography image display Scanning method Electronic scanning
Probe types Curved linear array/radial
Scanning modes B, M, CD, PD, PW, THI, CH
Special modesa Elastography/CHI

Received signal processing Received gain correction 0–100, 2-step
STC 6-step gain settings per depth
Sound speed correction Full screen ROI settings
Dynamic range 40–100, 5-step

Display PinP Endoscopic/ultrasound imaging
Observation screen Hospital/date/time/patient

Applicable Curved linear array EG-580UT, EG-530UT2, EB-530US
Radial EG-580UR, EG-530UR2

Frequency 5 MHz, 7.5 MHz, 10 MHz, 12 MHz
Image input terminal DVI image input terminal 1
Image output terminals Video terminal 1

S-video terminal 1
RGB TV terminal 1
DVI terminal (digital) 1
DVI terminal (digital/analog) 1
HD-SDI terminal 2

Sound output RCA terminal 1
Control terminal Remote terminal 2

Remote terminal (input) 1
RS-232C terminal 1
Keyboard terminal 1
Foot switch terminal 1
Network terminal 1

Measurement function Measurement items Distance, perimeter, area, volume, flow speed
Storage Data formats JPEG, TIFF, DICOM, AVI

Storage device Internal/external memory (USB)
Cine memory Storage/playback

Accessories Keyboard and foot switch
aCHI and elastography modes are available only in SU1-H-

A. Cominardi and P. Fusaroli
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Table 3.2  EU-ME2 specifications
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However, it does not support ultrasonic minia-
ture probes. It offers:

•	 E-Flow
•	 Colour flow
•	 Power flow
•	 PW Doppler
•	 Harmonic imaging (tissue harmonic echo, 

broadband harmonics, contrast echo, 
ExPHD)

•	 Real-time elastography
–– Aloka ProSound ALPHA7

It is compatible with a wide range of EUS 
scopes and extracorporeal probes (Table 3.3). 
However, it does not support ultrasonic minia-
ture probes. It offers:
•	 Compound pulse wave generator: it trans-

mits preprogrammed waveforms to pro-
duce highly efficient, high-quality beams 
optimised for each mode of operation and 
transducer whilst also enabling highly sen-
sitive transmission.

•	 Full aperture apodisation: it perfects the 
focus throughout the entire image.

•	 Image optimiser: automated adjustment of 
the image both in the B-mode and spectral 
Doppler.

•	 DICOM compliant image capture.
•	 Broadband harmonics: it allows the reduc-

tion of side lobes and multiple echoes 
offering significantly enhanced sensitivity 

and axial resolution for a new level of detail 
in the entire image.

•	 Adaptive image processing (AIP): it 
reduces speckle noise whilst maintaining 
the frame rate.

•	 Directional eFLOW (D-eFLOW): it allows 
enhanced spatial and time resolutions for 
greater detail of blood flow information, 
including directional flow.

•	 3D automated volume measurement 
(AVM): it calculates 3D volume

•	 Advanced 3D/4D imaging functions: such 
as multiplanar reconstruction (MPR), 3D 
automated volume measurement (AVM), 
multi-slice imaging (MSI) and Flow-3D.

•	 Spatial compound imaging (SCI): it 
enhances capability for depicting sidewall 
strictures and tubular cavities.

3.3	 �Pentax-Hitachi

Pentax echoendoscopes are compatible with a 
wide range of ultrasound processors (Fig.  3.2), 
including:

–– Noblus
It allows:

•	 HI-REZ: it makes easier the study of tissue 
layers, it emphasised the margins of the 

EPK-i7010

Scanner

PENTAX

HITACHI
HI VISION
Ascendus

HI VISION
Preirus

HI VISION
Avius

NOBLUS
Scanner Scanner Scanner Scanner

Arietta V70

EPK-i5000

Fig. 3.2  Pentax-Hitachi ultrasound processors
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organs (pancreatic and hepatic lobes) and 
allows high-quality visualisation of bioptic 
needle.

•	 HI-COM: this technology overlaps images 
in real time allowing a reduction of noises 
and speckle artefacts.

•	 dTHI: it allows to obtain higher space and 
contrast resolution images by the employ-
ment of depth ultrasound and resolution 
ultrasounds.

–– Avius HI VISION Series
•	 HI Real-Time Elastography (RTE): it 

allows to differentiate malign and benign 
lesions providing strain graph display and 
strain histogram.

•	 Colour Doppler-CFM/colour flow imaging 
(CFI): it measures flow velocity and direc-
tion, it helps to verify the presence of 
vessels during FNA/FNAB and it’s a valid 
help in diagnosing malignancies.

•	 Fine flow-CFA: it elaborates signal in order 
to visualise the smallest vessels.

•	 Contrast-enhanced ultrasonography-MDC 
dHCI Hitachi.

•	 HI-REZ.
•	 HI-COM.
•	 dTHI.

–– Arietta V70
•	 Symphonic technology
•	 CPWG: connector’s components are inside 

the transducer, reducing noises and creat-
ing high-resolution ultrasounds

•	 Multi-slice transductors: it allows high-
performance transduction of impulses with 
less energy dispersion, optimising images 
sensitivity and definition

•	 HI Real-Time Elastography (RTE)
•	 Contrast-enhanced ultrasonography-MDC 

dHCI Hitachi
•	 ITM: it allows ongoing mapping of con-

trast flow
•	 HI-REZ
•	 HI-COM
•	 dTHI

The ultrasound processors produced by the 
three main manufacturers that have been 
described so far are compatible with a variety 
of echoendoscopes (radial scanning, curved 
linear array and forward view). The main fea-
tures of the echoendoscopes have been reported 
in Table 3.4.

A. Cominardi and P. Fusaroli
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Endoscopes

Arianna Massella and Paolo Bocus

4.1	 �Endoscopes

Since its introduction more than 40  years ago, 
endoscopic retrograde cholangiopancreatogra-
phy (ERCP) has changed the treatment of bil-
iopancreatic diseases. At the beginning, it was 
a diagnostic procedure, but over time due to the 
development of noninvasive imaging, it evolved 
to a therapeutic procedure. Such an evolution has 
required developments in technology and train-
ing to bring us to present ERCP.

Endoscopic ultrasound (EUS) was developed 
in the early 80s to overcome mainly difficulties 
by the radiological techniques of the time in visu-
alizing the pancreas, located in retroperitoneal 
space and often covered by air. The first scope 
commercially available from 1986 was a fiber-
optic radial device. In the early 1990s with the 
advent of the curved, linear-array echoendoscope 
began the era of interventional EUS (EUS-FNA). 
Over the years, many improvements have been 
achieved such as switchable frequencies, to allow 
more detailed visualization of GI wall layers and 
the conversion from a mechanical to a fully elec-
tronic instrument. This allowed to develop new 

functions such as Doppler, elastosonography, and 
the contrast enhanced echoendoscopy.

4.2	 �Duodenoscopes

The standard endoscope for ERCP is the side-
viewing duodenoscope, equipped with a tip with 
four-way angulation capability, a side-positioned 
air/water nozzle, an instrument channel, and 
a forceps elevator adjacent to the instrument 
channel outlet that allows fine linear instrument 
position changes facilitating cannulation and 
placement of various devices.

Instrument channel diameter ranges from 2.2 
to 5.5 mm. Duodenoscopes with 4.2 mm internal 
channel allowing to place biliary endoprostheses 
(10–11.5 Fr circumference) are the most used. 
Pediatric duodenoscopes with a 2.2 mm channel are 
available for examination in infants, while largest 
instrument channels (>5 mm) are found in so-called 
“mother/baby” scope system usedfor choledochos-
copy and pancreatoscopy. However this system is 
difficult to manipulate and is now rarely used [1].

In certain situations where a traditional duo-
denoscope is not suitable (e.g., in patients with 
a Billroth II or a Roux-en-Y reconstruction), a 
forward-viewing endoscope may be tried instead 
[2]. Conventional endoscopes however provide a 
limited visualization of the ampullary region and 
are limited with respect to control of accessories 
during cannulation due to the absence of elevator.

A. Massella · P. Bocus (*) 
IRCCS “Sacro Cuore—Don Calabria”,  
Istituto di Ricovero e Cura a Carattere Scientifico, 
Ospedale Classificato e Presidio Ospedaliero 
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In recent years, infections due to multidrug-
resistant organisms (MDROs) have become a 
concern in health care, including in gastroin-
testinal endoscopy. Cases and serial outbreaks 
of MDROs infections associated with ERCP 
have been published from different countries 
from 2010 [3]. All the processes of cleaning, 
disinfection, and sterilization of duodeno-
scopes have been analyzed featuring different 
issues [4].

Major manufacturers developed tools to 
prevent infections such as detachable dispos-
able distal cap. Post-procedure reprocessing is 
performed by detaching the disposable distal 
cap and cleaning and disinfecting the tip of the 
scope [5]. In addition, new adaptors that can 
be attached to the tip of the duodenoscope to 
inject a cleaning solution have been developed 
(Figs. 4.1, 4.2, and 4.3).

Four major manufacturers, Olympus 
(Olympus America, Center Valley, Pa), Pentax 
(Pentax of America, Montvale, NJ), Fujifilm 
endoscopy (Fujinon, Wayne, NJ), and Karl Storz 
Se & Co. (Tuttlingen, Germany—Fig. 4.4), pro-
duce duodenoscopes, and these are their major 
characteristics (Table 4.1).

4.3	 �Echoendoscopes

Endoscopic ultrasonography (EUS) combines 
endoscopy and intraluminal ultrasonography.

The new electronic instruments are connected 
with processors with considerable digital capa-
bilities. Therefore, the technical peculiarities 
of the endoscopes of the same brand (i.e., NBI, 
FICE, Hi-scan) are contemporary available with 
the technical features of the most modern ultra-
sounds equipment (Doppler, power Doppler, color 
Doppler, tissue harmonic echo [THE], contrast 
harmonic EUS [CH-EUS], elastography, etc.).

The instruments for endoscopic ultrasound 
evaluation can be divided in:

–– radial echoendoscopes for diagnostic 
purposes,

–– linear echoendoscopes for diagnostic and 
interventional purposes.

Radial echoendoscopes consist of electronic 
radial-array transducers that orient the individ-
ual piezoelectric elements around the distal tip 
in a 360° radial array, producing an image in a 
plane perpendicular to the long axis of the echo-
endoscope that is very similar to the images pro-
vided by computed tomography. Radial-array 
echoendoscopes are used only for diagnostic 
EUS examinations because tissue sampling and 
therapeutic interventions are not possible due 
to the lack of visualization of needle or other 
devices track.

Linear echoendoscopes provide a plane of 
imaging parallel to the long axis of the scope with 
an image format that is similar to that obtained 
with transabdominal ultrasonography; only this 
type of probe allows real-time visualization of 
needles and other accessories introduced through 
the operative channel of the echoendoscope 
[6–8]. It allows to perform fine-needle aspira-
tion or biopsy (FNA or FNAB), stent delivering, 
drainage, and locoregional treatments (i.e., celiac 
plexus block and neurolysis).

Three major manufacturers (Olympus, 
Pentax, Fujifilm) produce echoendoscopes. Their 
characteristics are summarized in the tables 
below (Figs. 4.5, 4.6, and 4.7, Tables 4.2 and 4.3).

4.4	 �EUS Processors

EUS processors consist of two parts: the first for 
the endoscopic view and the second one for the 
ultrasound view. These devices allow to capture, 
manipulate, and store EUS images. These plat-
forms may be exclusively dedicated to EUS or 
may be compatible with transabdominal probes. 
Traditionally, a strict partnership has been cre-
ated between the echoendoscope companies and 
well-known ultrasound processors manufactur-
ers: Pentax radial and linear scopes are driven by 
a Hitachi platform, whereas Olympus echoendo-
scopes run from Aloka systems.

A. Massella and P. Bocus
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4.5	 �ERCP Instruments

Fig. 4.1  Olympus TJF-Q190V.  The single-use distal 
cover allows better access for reprocessing accessories 
during manual cleaning. The cover is transparent and is 
destroyed during removal, preventing unintended reuse. 

The new flushing adapter reduces the number of required 
flushing steps and ensures controlled distribution of deter-
gent and disinfectant solution to the distal tip of the endo-
scope during manual reprocessing

Fig. 4.2  Pentax ED34-i10T2. This video duodenoscope 
combines a sterile disposable elevator cap (DECTM) for 
single-patient use and simple disposal that advances 

cleaning capability of the duodenoscope. This is to help 
reduce risk of cross contamination

A. Massella and P. Bocus
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Tit-up mechanism part

Fig. 4.3  Fujinon ED-530XT8. It is equipped with a dis-
posable distal end cap that enables brushing of all chan-
nels and helps to improve the hygienic environment. A 

covered tilt-up mechanism of the forceps elevator main-
tains the elevator wire clean without any additional clear-
ing procedure

Fig. 4.4  Karl Storz 13885PKSK/NKSK duodenoscope. Removable and autoclavable Albarran module
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4.6	 �EUS Instruments

a b

Fig. 4.6  Pentax EG-3870UTK (a) ultrasound video 
endoscope utilizes a curved, linear-array ultrasound trans-
ducer that provides a large 120° field of view. The 
EG-3670URK (b) features a 360°, electronic, radial-array 
ultrasound transducer, which generates high-resolution 

ultrasound images. Both are supported by various imag-
ing modalities such as Hitachi Real-Time Tissue 
Elastography (HI-RTE) and Doppler function for a more 
accurate localization and targeting of lesions

a b c

Fig. 4.5  The Olympus GF-UCT180 (a) delivers high-
quality ultrasound images with greater B-mode imaging 
depth, offering safe control with a round transducer design 
and a short rigid distal end. Olympus GF-UE160-AL5 (b) 
radial ultrasound endoscope is a 360° radial-array scan-

ning endoscope. Olympus TGF-UC180J (c) linear ultra-
sound endoscope. The forward-viewing ultrasound 
gastrovideoscope pioneers new opportunities in endo-
scopic ultrasound-guided treatment
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a b

Fig. 4.7  Fujifilm EG-580UT (a) ultrasound endoscope 
with forceps elevator assist which enables convex scan-
ning, developed for therapeutic interventions. With a 
working channel of 3.8 mm and equipped with an Albarran 
lever, it is the former scope, which also allows passage of 
therapeutic devices and needle position guide on the ultra-
sound image. Fujifilm EG-580 UR (b) with the thin outer 

diameter of 11.4 mm, the unique 190° bending, and the 
brilliant Super CCD image quality; the new EG-580UR 
allows to carry out endoscopic ultrasound examinations 
almost as simply as a traditional endoscopic examination. 
The 2.8 mm working channel enables a good suction abil-
ity and the use of a standard-size biopsy forceps. The elec-
tronic 360° radial scan ensures a reliable panoramic view
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Abbreviations

ERCP	 Endoscopic retrograde 
cholangiopancreatography

MRCP	 Magnetic resonance 
cholangiopancreatography

PDT	 Photodynamic therapy
SEMS	 Self-expanding metal stents

5.1	 �Introduction

The beginning of the endoscopic retrograde 
cholangiopancreatography (ERCP) era started 
in the 1970s when the first duodenoscopes were 
available and the cannulation of the bile duct 
system became feasible while sphincterotomy 
of the ampulla of Vater had been established [1]. 
ERCP has since become the gold standard for 
many therapeutic procedures of the biliopan-
creatic tract. Basic prerequisite  was the devel-

opment of a wide variety of cleverly designed 
auxiliary devices. Thereby, the complexity of 
ERCP and its instruments requested an ample 
investment in training and experience of the 
investigator [2]. During the last decades, a multi-
tude of new techniques, devices and indications 
for ERCP have evolved, shifting the procedure 
from a diagnostic tool to a predominately thera-
peutic intervention that led ERCP to become the 
most common non-surgical treatment alterna-
tive for various biliopancreatic diseases [3]. In 
opposition, the quality of alternative radiologi-
cal procedures for the imaging of the bile ducts, 
such as magnetic resonance cholangiopancrea-
tography (MRCP) and endoscopic ultrasound, 
excelled and the need and justification for diag-
nostic ERCP has dramatically dwindled.

5.2	 �Armamentarium 
for a Standard ERCP 
Procedure

A perfect ERCP may be performed with an opti-
mum of technical equipment, high skill of the 
investigational team and all human resources 
available for pre-, intra- and post-procedural 
assistance of the team and patient. This chapter 
will immerse into the great multitude of standard 
and special instruments that are available for 
diagnostic and therapeutic ERCP.
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5.2.1	 �Duodenoscopes

The duodenoscope is a side-viewing endoscope 
used to optimally visualize the papilla and to 
carry any device that is required for the purpose 
of the intervention. There are mostly so-called 
therapeutic duodenoscopes in use, with an outer 
diameter of about 12–14 mm and a working chan-
nel of 3.2–4.2  mm. Small duodenoscopes are 
mainly restricted for paediatric/neonatal applica-
tions. For the newborn (<1 year old), slim side-
viewing endoscopes (7.5 mm outer diameter and 
2 mm channel size, e.g. Olympus PJF-160 duode-
noscope) are available. For children (>10–15 kg 
body weight), standard duodenoscopes with an 
outer diameter of 10 mm or more might be used.

The optical system of the endoscope is located 
on the side of the distal end, in contrast to the 
forward-viewing gastroscopes. Duodenoscopes 
contain a so-called Albarrán lever at the exit port 
of the working channel. This module is located 
parallel to the optics and helps to optimize the 
position of the devices that are passed through 
the working channel, and the angulation for can-
nulation and therapeutic interventions can be 
aligned precisely by moving this lever.

5.2.2	 �Cannulation Catheters

After positioning the duodenoscope in front of 
the papilla, cannulation catheters or sphinctero-
tomes are used for intubation of the orifice. The 
majority of cannulation catheters are designed to 
gain access through the major papilla, although 
there are a few catheters that are specifically 
designed to facilitate minor papilla cannulation. 
These catheters have one or two lumens which 
offer the guidewire and/or contrast agent to reach 
the bile duct in order to succeed in biliary can-
nulation. Modified cannulas with three lumens 
for additional biopsy forceps are under evalua-
tion [4]. A standard cannula is made from plas-
tic material or Teflon and has a radiopaque tip 
with a diameter of 5 Fr (1.67 mm). A transpar-
ent material allows to visualize the guidewire in 
the endoscopic image. Many different models 
with different-shaped tips, lengths, diameters and 

materials may be purchased and can be useful 
under special circumstances (e.g. small bent tip 
for cannulation of the minor papilla).

5.2.3	 �Guidewires

Guidewires have become a cornerstone of ERCP 
as they are used for cannulation of the papilla and 
the biliary tree and for negotiating and traversing 
strictures [5, 6]. The guidewire-assisted cannula-
tion of the papilla is actually proposed as first-line 
option by the European Society of Gastrointestinal 
Endoscopy [7]. Furthermore, guidewires are 
important when changing the instruments whilst 
uptaining the access to the occluded bile duct and 
can be used as a guardrail. The material compo-
sition of the respective guidewire grants a spe-
cial property for attaining dedicated purposes. 
Monofilament guidewires are much more rigid 
than coiled wires as they are made of stainless 
steel. The structure of sheathed wires normally 
consists of a stiff inner radiopaque nitinol or 
stainless monofilament core that is covered by an 
outer polyurethane/PTFE/Teflon sheath. Coiled 
wires have a stiff core with an outer spiral coil. 
The guidewire’s distal end is often coated with an 
hydrophilic material to facilitate the cannulation 
of the papilla [8]. The guidewires have coloured 
surfaces and radiopaque marks within the core, so 
that there are two possibilities of control: direct 
endoscopic or fluoroscopic visualization. The 
newest development over the last years was the 
establishment of the so-called short-wire systems 
[9]. The short wires propose handling and hygienic 
advantages. The design of these wires was driven 
by newly developed locking systems within the 
newest generations of duodenoscopes and by new 
designs of the catheters. Long guidewire systems 
(>400  cm) have to be handled by an additional 
assistant in most cases and may prolong exchange 
and investigation times. Handling of the long wire 
demands for an excellent communication between 
the investigator and the assistants. An unfortunate 
but typical undesirable effect of long wires might 
be that the team more frequently experiences 
dislocation of the guidewire, loss of access and 
that the guidewire might even touch the ground. 
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The short-guidewire systems have approximately 
twice the length of a duodenoscope and can be 
locked in their position, so that devices can be 
removed and replaced without displacement of 
the wire. Another benefit of the short-guidewire 
systems is the ability of an investigator-controlled 
guidewire cannulation. Other advantages might 
be shorter intervention time and less complica-
tions. Up to now, there is a variety of different 
long- and short-guidewire systems available with 
different materials, shapes, lengths and diameters. 
Even though there seem to be comparable rates 
of intra- and post-procedural complications, some 
models seem to increase the success rate of stric-
ture cannulation while decreasing the procedure 
time (Table 5.1) [10].

In most instances, 0.025 or 0.032  in. guide-
wires are used, with 0.018 or 0.020  in. wires 
reserved for use in small catheters or minor 
papilla cannulation. Some 0.025  in. wires offer 
similar stability and flexibility to wires of bigger 
size and are therefore the standard size in many 
units. Further innovations could potentially lead 
to less ampullary trauma and post-ERCP pancre-
atic as well as to faster cannulation times.

5.2.4	 �Standard Sphincterotome, 
Pre-cut Sphincterotome 
and the Needle Knife

In comparison to a standard catheter, a sphinc-
terotome has an electrosurgical cutting wire at 
the distal end of the catheter. For many therapeu-

tic interventions, endoscopic sphincterotomy is 
required before starting the treatment. Thereby, 
after cannulating the papilla, the endoscopic 
sphincterotome is advanced into the bile duct 
orifice and the wire placed beside the biliary 
sphincter. For sphincteroplasty, i.e. large balloon 
dilation of the papilla, a balloon dilation is done 
after sphincterotomy. A numerous amount of dif-
ferent sphincterotomes with various character-
istics are currently available (e.g. triple vs. dual 
lumen, different kinds of materials, angled vs. 
straight tip, short vs. long nose).

However, compared to the first sphinctero-
tomes from 1974 [1], the fundamental principle 
has not changed: a sphincterotome is made of 
a monofil steel wire that is covered by a Teflon 
sheath. The wire runs outside this sheath for a 
few centimetres at the tip end of the sphinctero-
tome and can indirectly be moved and tautened 
when in- or deflecting the tip end of the sphinc-
terotome. Modern available sphincterotomes 
have more than one lumen for simultaneous use 
of guidewires and contrast agent.

When the cannulation of the papilla fails or is 
difficult, pre-cut sphincterotomes are sometimes 
used. With the pre-cut sphincterotome, the cut-
ting wire directly ends at the front of the distal 
tip. In other instances, a needle knife is preferred 
[11, 12]. The needle knife has a retractable fila-
ment on its tip for electrosurgical cutting. The 
control handle of the catheter allows for pro-
jecting the metal filament out of the catheter, 
once the catheter is in position in the duodenal 
lumen. With the exposed needle in contact with 

Table 5.1  Different kinds of short-wire systems

Characteristics RX system Fusion system V-system
Type of endoscope Standard Standard V-scope
Type of lock External at the biopsy port External at the biopsy port Internal lock design
Type of device Open channel tear-away Close channel breakthrough Close lumen device
Wire length (cm) 260 185 270
May be used with standard 
guidewires

Yes Yes Yes

0.025″/0.018″ wires can be used No Yes Yes
Ability to flush wire channel No Yes Yes
Intraductal exchange ability No Yes No
Physician control of wire Yes Yes Yes
Pushability of short-wire devices ++ +++ +++

5  ERCP Standard and Special Devices
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the tissue, manual movement of the catheter and 
activation of the electrosurgical current permit 
cutting. The needle knife is recommended for use 
in expert hands only.

A detailed description of these techniques will 
be provided in Chaps. 16 and 17. A review of the 
literature including three meta-analyses seems to 
favour needle knife pre-cut as the preferred tech-
nique for difficult cannulations [7].

5.2.5	 �Balloon Catheters

Depending on the operator’s preference, stone 
extraction balloon catheter or Dormia baskets 
are alternatives to remove bile duct stones [13]. 
However, balloon catheters can also be used to 
selectively contrast segmental bile ducts (occlu-
sion cholangiography) with the contrast agent 
exiting above or below the balloon, depending on 
the device construction.

In contrast to stone extraction balloon cath-
eters that are inflated with air, different types 
of balloon catheters are used for stricture dila-
tation or for the dilation of the papilla (sphinc-
teroplasty). The latter techniques are based on 
hydrostatic pressure by injecting liquids (e.g. 
mixing sterile saline with contrast) with the help 
of a high-pressure inflation device. The balloon 
diameters typically range from 4 to 8  mm for 
stricture dilation in the biliary ducts and from 
8 to 20 mm for sphincteroplasty. The diameters 
of the balloons always should respect the diam-
eter of the normal adjacent bile duct to avoid a 
perforation.

Stone extraction balloon catheters are avail-
able with two and three lumens. One lumen is 
determined for taking the guide wire, one is 
for transporting the contrast agent to the orifice 
at the tip of the catheter and the third is for air 
insufflation of the balloon. Some experts pre-
fer to use a balloon catheter for extraction of 
sludge, small, soft or fragmented concrements. 
The balloon-assisted stone extraction is recom-
mended as the first-line treatment of stones given 
the ease of use, utility in occlusion cholangiogra-
phy and the lack of risk of becoming entrapped 
in the duct [14].

5.2.6	 �Dormia Baskets

Stone extraction baskets (e.g. the Dormia basket) 
with mostly four or six wires come with a vari-
ety of wire configuration. They may be classified 
in cages for mechanical lithotripsy and cages for 
simple stone retrieval. Both are available from 
different suppliers, with different lengths, diam-
eters, materials and specific characteristics (e.g. 
guidewire assisted or not). Most can be rotated 
to help to catch the stone. In guidewire-assisted 
stone retrieval, the guidewire can pass through 
either the basket’s tip or an exit on the side of the 
catheter some centimetres below the basket. The 
former helps to cannulate the bile duct, whereas 
the latter is easing the catching of stones.

To successfully use a Dormia basket, the bili-
ary orifice needs to be patent and large enough to 
allow for an exit of the stone. Otherwise, when the 
stone is too big for removal throughout the papil-
la’s orifice, it can be disintegrated by mechani-
cal lithotripsy. Thereby, the stone is caught by 
the dedicated lithotripsy basket. Subsequently, 
the stone can be fragmented by closing the bas-
ket with force that is applied through the outer 
metal coil of the catheter and the retraction of the 
basket’s leading wire. By rotating a part of the 
handhold, the basket will be tightened step by 
step in direction of the coil until the stone bursts 
into smaller pieces which can then be retrieved 
(Chap. 41). Small and flexible baskets are avail-
able for the use in the pancreatic system.

5.2.7	 �Dilatation Catheters 
and Bougies

Dilatation catheters are mainly used in the 
presence of short (benign) bile duct stenosis. 
Biliary strictures in primary sclerosing cholan-
gitis or anastomotic strictures of the bile duct 
after liver transplantation are typical exam-
ples. Furthermore, a balloon dilatation can be 
performed before stent insertion. Dilatation 
catheters can be precisely placed by using a 
guidewire and are expanded by using an inte-
grated inflation device. Bougies are tapered stiff 
catheters that are advanced over a guidewire 
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to dilate the stenosis. They are comparable to 
bougies that are used in the upper GI tract, but 
they are smaller, of course, and provide an outer 
diameter of 7, 8.5 and 10 French. They can be 
used for longer strictures in the distal common 
bile duct (CBD) or for strictures in an angulated 
bile duct segment.

5.2.8	 �Biopsy Forceps and Brush 
Cytology

When malignant strictures or biliary tumours 
are suspected, it is essential to obtain a speci-
men of adequate size with representative tis-
sue. This is fundamental for the pathologist 
to establish the right diagnosis. Studies have 
demonstrated that potential malignancies can 
be misdiagnosed as false-negative caused by 
specimens containing insufficient cellular-
ity [15]. The biopsy forceps and the brush are 
current standard for this purpose, but clinical 
results might be improved. They are easily 
used through the working channel under fluo-
roscopic guidance. Further methods and tools 
are under current investigation (e.g. molecular 
analysis of tissue, fluorescence in situ hybrid-
ization, confocal laser microscopy) and need to 
be evaluated within trials.

5.2.9	 �Lithotripsy

In case that mechanical lithotripsy techniques 
may not be used to fragment a stone, alternative 
options are available [16], such as electrohydrau-
lic lithotripsy (EHL) and laser lithotripsy (ILL). 
Both demand for cholangioscopic visualization 
of the stone and close contact with the corre-
sponding probe for successful fragmentation and 
subsequent duct clearance [17].

EHL probes can be applied through the work-
ing channel of cholangioscopes and positioned 
within contact or just before to the targeted 
stone. Through an electrohydraulic shock wave 
generator, shock waves of different frequency 
can be generated and applied [18]. Several laser 
lithotripsy variants have been developed over the 

last decades (neodymium-yttrium aluminium 
garnet, yttrium aluminium garnet, alexandrite 
and holmium-yttrium aluminium garnet). All of 
them need special laser systems to deliver laser 
therapy through specialized fibre probes. These 
can be applied and positioned concordant to EHL 
probes through the working channels of chol-
angioscopes by using guiding catheters. Under 
direct visualization and in contact with the tar-
geted stone, laser therapy can then be applied 
until the stone bursts.

EHL and laser lithotripsy seem to be more 
effective than extracorporeal shock wave litho-
tripsy [19]. With these methods, bile duct clear-
ance of biliary stones can be achieved in the vast 
majority of cases without great risks even in 
elderly patients [17, 20]. Cholangioscopy-guided 
laser lithotripsy increases the incidence of endo-
scopic clearance of large bile duct stones and 
decreases the need for surgery compared with 
conventional therapy alone [21].

5.2.10	 �Biliary Stenting

An adequate drainage of the biliopancreatic 
system is a fundamental requirement for living 
and the main goal of most ERCP interventions. 
For this purpose, the use of stents with differ-
ent features has been established over the past 
decades. Initially the word stent was first used 
to describe a prosthesis that was used as spacer 
after root canal work by a dentist named Charles 
Stent in 1856 [22]. Today we use the word stent 
to describe implants inserted into a lumen or 
structure to maintain its patency or gain access. 
The use of stents has expanded to treat and pal-
liate many conditions including malignant stric-
tures, leaks, perforations, fistulas and bleedings. 
The main biliary stent categories can be divided 
into plastic stents and self-expanding metal stents 
(SEMS). A vast spectrum of different stent types 
is nowadays available ranging from several dif-
ferent materials, shapes, diameters and lengths to 
different flanges, stent tulips and coatings. Plastic 
stents and SEMS provide similar short-term 
results with respect to clinical success, morbidity, 
mortality and improvement in quality of life [23].
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Plastic stents are cost-effective and easy to 
use and provide an effective drainage when used 
properly. It can be inserted in almost every part of 
the biliary tree via guidewire and released by so-
called stent pusher catheters. Limitations are the 
necessity for stent exchange every 12 weeks as 
plastic stents tend to occlude due to their smaller 
inner diameter (5–10 Fr). Stents with similar fea-
tures made of polyethylene and Teflon are avail-
able. In comparison, metal stents have larger 
diameters and therefore longer patency rates 
which could be demonstrated in several trials 
[24], but a superiority over a treatment with mul-
tiple plastic stents could not be seen throughout 
almost all indications [23].

In the beginning of the metal stent era, SEMS 
were mainly used for malignant strictures. 
Nowadays one can choose between uncovered 
and partially and fully covered removable bili-
ary stents which led to an expansion of the indi-
cations. Metal stents are nowadays applied in a 
through-the-scope (TTS) technique. By using a 
special stent application catheter and a guide-
wire, the stent can be exactly placed under fluo-
roscopic control. Due to its radiopaque markings, 
the exact localization and its stepwise deploy-
ment can be seen while using the release mecha-
nism respectively. Prospective trials show that 
successful treatment of benign strictures can be 
achieved by using SEMS with the same success 
rate compared to plastic stents but diminishing 
the number of interventions under certain circum-
stances [25]. For malignant strictures with a pal-
liative condition, uncovered SEMS can be used, 
as a stent removal is not essential. Limitations 
for SEMS are intrahepatic strictures as well as 
hilar malignancies as a fully covered stent could 
lead to suspension of the gallbladder or biliary 
segments. Some studies show high migration 
rates resulting in no benefit over plastic stents.

To sum up, there are many different stent 
types. Recommendations of use are also avail-
able on the website of the endoscopic societies, 
e.g. the European Society of Gastrointestinal 
Endoscopy (www.ESGE.org) or the American 
Society for Gastrointestinal Endoscopy (www.
asge.org).

5.2.11	 �Devices for ERCP in the 
Surgically Altered GI Tract

The success of ERCP in patients with surgically 
altered anatomy depends on multiple factors 
including the postoperative anatomy, expertise 
of the endoscopist and availability of specialized 
endoscopes and devices to perform endotherapy. 
In case of balloon-assisted enteroscopy plus 
ERCP, the working channel size and the length 
of the endoscope have to be respected in choos-
ing the right instruments and for a successful 
intervention.

The Billroth II sphincterotome differs from 
the standard sphincterotome as the altered 
anatomy features an opposite position of the 
instrument in comparison to standard ERCP 
positioning. When ERCP is done in patients with 
a Roux-en-Y anastomosis (paediatric), colo-
noscopes or double balloon enteroscopes can 
be helpful [26], and the difference in working 
channel diameter and instrument length must be 
considered to choose the right device. In retro-
grade approach of the endoscope to the papilla, 
the papillotome will exit the endoscope with a 
position about 180° rotated. For this reason, the 
cutting wire of Billroth II sphincterotomes is 
located on the opposite side of the catheter’s tip 
end. Three different types are available: Billroth 
II sphincterotome, Soehendra sphincterotome 
and the shark fin sphincterotome. Alternatively, 
a needle knife could be beneficial in Billroth II 
situations [27].

An exact description of altered techniques for 
sphincterotomy and therapeutic interventions 
will be given in Part VI of this book.

5.3	 �Special Devices 
for Therapeutic ERCP 
Interventions

5.3.1	 �Radiofrequency Ablation 
(RFA)

In 2009, the FDA approved an endoscopic RFA 
catheter for endoscopic treatment of palliative 
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malignant biliary strictures [28]. The probe 
features two ring electrodes at the tip with a dis-
tance of 8 mm from each other and is designed 
to perform bipolar cautery in endoscopic surgi-
cal procedures. The catheter measures 8 French 
(2.6  mm) in diameter and 1.8  m in length and 
is positioned by guidewire under fluoroscopic 
guidance. The RFA catheter can be connected to 
a bipolar electrosurgical generator leading to a 
cylindrical necrosis around the ring electrodes. 
The extent of the necrotic area depends on the 
mode of the electrosurgical generator, power and 
duration of the application. Nevertheless, up to 
now, no randomized studies have been initiated 
to compare the corresponding standard of care 
for different malignant biliary strictures (e.g. 
stenting, chemotherapy, photodynamic therapy) 
with this treatment option. So it still remains 
unclear if RFA is an equal treatment option for 
palliative situations and should only be used 
within trials or individual situations as it bears 
potential risks [25].

5.3.2	 �Photodynamic Therapy (PDT)

PDT is an alternative palliative therapeutic 
option for the treatment of cholangiocarcinoma 
besides biliary stenting and chemotherapy [29, 
30]. It is an expensive treatment that needs sev-
eral compounds. Even though it is an easy to 
apply treatment, it can therefore only be recom-
mended for the use in expert centres. PDT is a 
photochemotherapy in which a light-absorbing 
drug (photosensitizer) is injected and preferably 
taken up by tumour tissue. By emitting light to 
a targeted lesion, the photochemical process is 
initiated. Reactive oxygen variants lead to cell 
death and then trigger immune response even-
tually [31]. Photodynamic therapy is delivered 
through a fibre with a diffuser at its distal end. 
The diffuser can be inserted into a 10 Fr sheath 
of a plastic stent delivery system, for example, 
and placed at the level of the targeted lesion. 
Alternatively, some publications have been 
using cholangioscopy as a platform to admin-
ister PDT.

5.3.3	 �Cholangioscopy

Since the appearance of the first peroral cholan-
gioscopy (POC) devices in 1976 [32], great tech-
nological progress has been made. Nowadays 
three main cholangioscopy techniques can be 
distinguished: a single-operator technique, a 
dual-operator “mother-baby” technique and a 
direct technique in which ultrathin gastroscopes 
are used to directly visualize the bile duct. All 
techniques have in common that they demand for 
continuous irrigation of the bile duct through an 
accessory channel to maintain good visualization 
during the examination.

The most used single-operator cholangio-
scope so far is named SpyGlass System (Boston 
Scientific). This system consists of a delivery 
catheter, a light source, a video monitor and 
an irrigation pump. The delivery catheter can 
be inserted through the working channel of 
therapeutic duodenoscopes and is positioned 
via guidewire assistance. The delivery catheter 
comprises four working channels: one for con-
tinuous irrigation, one for aspiration, one for 
the optical catheter and one for special biopsy 
forceps. The optical catheter has four-way tip 
manoeuvrability with a 30-degree view in each 
direction [33].

Direct “mother-baby” cholangioscopes can be 
introduced through the working channel of thera-
peutic duodenoscopes into the bile duct under 
continuous fluid irrigation. Their limitation is 
their fragility and the need for two endoscopists. 
You can easily cause damages by tough move-
ments with the Albarrán module.

The last technique to mention is the possibil-
ity of peroral cholangioscopy (POC) by the use 
of ultra-slim endoscopes [34]. These scopes are 
designed to directly enter the biliary system after 
a sphincterotomy or sphincteroplasty has been 
performed. However, these techniques struggle 
with the loss of stability due to loop formation in 
the stomach or the duodenum. Different anchor-
ing techniques are on its way and seem to be 
promising (balloons, overtubes, e.g.).

This new era of direct mucosal visualiza-
tion within the biliopancreatic system could 
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potentially help to optimize the diagnosis of 
malignant lesions with new classification sys-
tems [35] and targeted biopsies [36]. Some inves-
tigators even describe new techniques as mucosal 
tumour excisions under direct visualization with 
cholangioscopy [37].

5.4	 �Conclusion

Endoscopic treatment of biliopancreatic dis-
orders has been revolutionized since the first 
introduction about 50  years ago. The advance 
of techniques and devices has established ERCP 
as the main non-surgical therapeutic option. A 
vast number of different tools and instruments 
in indefinite variants help to manage treatment 
tasks. In fact, excellent devices are available 
from most established producers, and there might 
be no universal recommendation to choose one 
over the other product. For an expert in ERCP, 
it plays a key role to know the armamentarium 
by heart and to be familiar with alternative treat-
ment options. Thereby, personal preferences of 
which catheter or guidewire would be optimal 
at what occasion are formed. Therefore, selec-
tion of devices is at the discretion of the inves-
tigator and depends on one’s own experience in 
many situations. However, there are increasingly 
high-quality randomized trials available that help 
to choose the optimal approach and device for a 
treatment task. Gastroenterology societies’ rec-
ommendations and endoscopic guidelines are 
available for many indications.

Key Points
•	 Ensure that all resources are ready for the 

planned therapeutic ERCP.
•	 Make sure that you and your team know the 

available ERCP armamentarium.
•	 Propose a plan for the use of every instrument 

and tool you want to use to your team before 
starting the procedure.

•	 Be familiar with the use of your instruments 
and tools before starting an ERCP.

•	 Think of all possible treatment options to 
reach your goal before starting the 
intervention.

•	 Know your own skill limitations and when to 
ask for help.

•	 Be prepared to manage complications as a 
team.
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6.1	 �EUS-FNA Devices

6.1.1	 �Overall Concepts

The introduction of EUS tissue acquisition 
25 years ago was an important breakthrough in 
the endoscopic field, and the procedure has con-
siderably evolved in the last decade. EUS-FNA 
is now considered as an integral part of the diag-
nostic and staging algorithm for the evaluation 
of benign and malignant diseases of both gastro-
intestinal tract and proximal organs, such as the 
lungs (Table 6.1).

In recent years, new fine-needle biopsy (FNB) 
has been developed to obtain samples with pre-
served tissue architecture suitable for histologi-
cal evaluation. This FNB has either a special 
geometry of the cutting tip or a side slot in the 
distal portion of the needle. Conventional needles 
without these refinements are referred to as FNA 
needles [1] (Fig. 6.1).

All EUS-FNA needles have the same basic 
design and are for single use. They are composed 
of a hollow needle with a solid removable stylet, 

a semirigid protective sheath, and a handle with a 
port for stylet insertion or withdrawal and attach-
ment of a vacuum syringe. The various com-
mercially available FNA needles have different 
echogenicity under EUS guidance. The visibility 
of the needle tip is critical when performing FNA 
[2]. Needle tips are tailored for using different 
techniques, such as laser etching, mechanical 
dimpling, or sandblasting [3, 4]. A multicenter 
study evaluated and graded ten different EUS 
needles based on their echogenicity. A prototype 
needle with polymeric coating had significantly 
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Table 6.1  The potential uses for EUS-FNA

1. � Pancreatic mass
2. � Mediastinal lymph nodes (metastasis for esophageal 

and lung cancer)
3. � Celiac lymph nodes in association with a known 

upper GI cancer or in a patient suspected of having 
lymphoma

4. � Intra-abdominal lymph nodes in association with a 
known (or suspicion of) cancer

5. � Perirectal lymph node/mass
6. � Posterior mediastinal mass of unknown etiology
7. � Intrapleural/intra-abdominal fluid
In addition to the lesions indicative for EUS-FNA 
mentioned above, the indications have been 
expanded to:
1. � Peripancreatic mass
2. � Submucosal masses
3. � Small liver lesions
4. � Left adrenal mass
5. � Suspected recurrent cancers in and adjacent to 

surgical anastomosis
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Fig. 6.1  FNA needles: 
(a) The BNX system 
with 19-gauge (G), 
22-G, and 25-G needles 
(Medtronic). (b) The 
EchoTip ProCore needle 
(Cook Medical). (c) The 
nitinol-based Expect 
Flex 19-G fine aspiration 
needle (Boston 
Scientific). (d) 
ClearView FNA EUS 
Needles (ConMed). (e) 
The EZ Shot 3 Plus 
19-G, 22-G, and 25-G 
(Olympus). FNB 
needles: (f) New 20-G 
EchoTip ProCore needle 
(Cook Medical). (g) 
BNX SharkCore 
(Medtronic) needle tip. 
(h) Acquire Endoscopic 
Ultrasound Fine Needle 
Biopsy Device (Boston 
Scientific)
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higher overall ranking, indicating that this coat-
ing to the needle tip and shaft may enhance visu-
alization [5].

The FNA needles are preloaded with a blunt 
stylet, which may protrude beyond the tip of the 
needle by 1–2 mm. Stylets enhance the rigidity 
of the needle during advancement through tissue 
to the target structure and protect the endoscope 
channel. Many manufacturers suggest withdraw-
ing the stylet by a few millimeters before needle 
advancement to fully expose the sharp bevel at 
the needle tip. No data exist showing superiority 
of one stylet tip over another. In some devices, 
the stylet can be fixed in place within the nee-
dle by use of a Luer lock at the proximal end, 
whereas on other devices, the stylet is loosely 
held in place by a notched cap.

The device handle consists of several rigid 
plastic interlocking cylinders and is affixed to 
the echoendoscope by means of the Luer lock 
at the accessory channel port to enhance device 
stability during use. The handle assembly allows 
controlled and measured advancement of the 
needle from the protective sheath, the organ, or 
the structure of interest. Handles typically have 
markings at 1-cm intervals to monitor the depth 
of penetration of the needle, even though this 
distance can also be seen and measured endo-
sonographically. Most needles can be advanced 
up to 9 cm. All devices come equipped with an 
adjustable “needle stopper” that limits advance-
ment of the needle to a desired depth of inser-
tion and prevents complete advancement during 
insertion and removal of the entire device into 
the echoendoscope as a safety precaution. The 
needle is advanced out of the sheath and into 
the target under direct ultrasound guidance. 
Once advanced into the target, the stylet is 
removed, and fluid, tissue, or both, can be aspi-
rated, or therapeutic agents or contrast media 
are injected.

The EUS-FNA needles come with 10- or 
20-cc syringes with locking mechanisms to hold 
the withdrawn plunger at different levels and 
maintain various amounts of suction. A stopcock 
attached to the tip of the syringe assists in creat-
ing and holding the vacuum. Once the needle tip 
is in the target lesion and the stylet is removed, 

the suction syringe is locked onto the needle 
handle, and the stopcock is opened for suction 
to be transmitted to the needle tip. When sam-
pling of the target lesion is completed, suction is 
terminated by closing the stopcock or removing 
the suction syringe to avoid aspirating luminal 
contents as the needle is withdrawn from the tar-
get back into the needle sheath. When aspirating 
a cystic lesion, vacuum suction is used to aspi-
rate fluid and to obtain cells from the cyst wall. 
Standard Luer lock syringes can also be used to 
manually create suction [6].

6.1.2	 �Types of Needles

Needles with a side hole at the tip have been 
developed as core biopsy needles, and numer-
ous studies have investigated their efficacy. The 
EchoTip ProCore™ allowed diagnoses with 
fewer needle passes than conventional needles 
without side holes, but no significant differ-
ence in diagnostic adequacy and accuracy was 
reported [7, 8].

To date, four different needle sizes are avail-
able: 19-G (aspiration and core biopsy), 20-G 
(core biopsy), 22-G (standard size, aspiration, 
and core biopsy), and ultrathin 25-G needles. 
The most widely used needle for EUS-FNA is 
the 22-G needle [9], which is flexible and enables 
cytologic assessment without significant compli-
cations, although a 2% risk of acute pancreatitis 
was reported in a retrospective study [10]. For 
FNA of solid lesions, 25-G or 22-G needles are 
frequently used, while 22-G needles are usually 
used for cystic lesions [11]. Eight randomized 
clinical trials compared 22-G and 25-G needles 
in patients with solid masses and lymph nodes 
[12–15] or only with solid pancreatic masses 
[16–19]. One study showed a higher accuracy for 
the 25-G needle [13], whereas the others dem-
onstrated no significant difference in diagnostic 
accuracy. Studies comparing FNA with 25-G 
and 22-G needles were also investigated in four 
meta-analyses [20–23] that provided conflicting 
results. The recent meta-analysis by Facciorusso 
et  al. [20], comprising only randomized clini-
cal trials, did not show significant differences 
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between the needles in terms of sensitivity and 
specificity for pancreatic malignancy. On the 
other hand, Xu et  al. [21] demonstrated higher 
sensitivity for 25-G needles with no signifi-
cant difference in specificity for malignancy in 
patients with solid pancreatic masses.

The 19-G needles are more rigid, and conse-
quently, transduodenal biopsies are more diffi-
cult [9]. These devices were developed to obtain 
larger amounts of material from the targeted 
lesions. However, compared to the 22-G needle, 
the 19-G needle has a higher rate of technical fail-
ure. One study showed that the 19-G needle had a 
higher diagnostic accuracy than the 22-G needle, 
but technical failures were not taken into consid-
eration [24]. Twenty-five-G needles had the high-
est diagnostic accuracy for uncinate masses. In 
the case of pancreatic body and tail lesions, no 
significant difference between the three types of 
needle was found [25].

The use of nitinol for 19-G FNA needles has 
increased their flexibility. A multicenter study 
revealed no significant difference regarding diag-
nostic accuracy between the 22-G and the novel 
19-G flexible needle made of nitinol, but histo-
logical core tissue was obtained in a larger num-
ber of patients by using the 19-G flexible needle 
[26]. Adequate samples in the case of liver biop-
sies were also obtained by the 19-G FNA [27–
30]. Other studies have shown higher diagnostic 
yields with 19-G needles when performing sub-
epithelial lesion (SEL) biopsies, which typically 
display lower diagnostic accuracy with 25-G and 
22-G FNA needles [31].

EUS-guided tissue acquisition can be obtained 
by EUS-FNA or EUS-FNB.  The needle-tip 
design is the distinguishing feature between FNA 
and FNB because the procedural techniques are 
comparable. Nevertheless, tissue histology has 
been proved to be important for the diagnosis of 
autoimmune pancreatitis [32], Hodgkin’s lym-
phoma [31], and well-differentiated adenocarci-
nomas [33].

The initial commercially available EUS-FNB 
needle was the 19-G Tru-Cut. This needle had 
limited flexibility and consequently was replaced 
by the same manufacturer with the ProCore FNB 
needle, which is currently available in a range of 
sizes (19-G, 20-G, 22-G, 25-G). A multicenter 

randomized clinical trial showed that the ProCore 
19-G needle was superior to the Tru-Cut needle, 
with a higher diagnostic accuracy (88% vs 62%; 
P = 5.02) [27]. A new variant of the ProCore nee-
dle (20-G) was introduced with a forward-facing 
direction of the side bevel. Two newly developed 
needles (SharkCore, Medtronic, Dublin, Ireland 
[34]; Acquire, Boston Scientific, Natick, MA, 
USA [35]) are designed with two or three oppos-
ing sharp points and a multifaceted bevel in the 
needle tip, aimed at capturing the core of tissue. 
According to the first results, the tissue acquisi-
tion was significantly higher than using standard 
aspiration needles, and diagnosis was possible with 
fewer needle passes [36, 37]. The same or a dif-
ferent needle of variable gauge can be reinserted 
through the delivery sheath to perform additional 
needle passes.

6.1.2.1	 �Access Needle
EUS-guided access to extraluminal structures, 
such as the bile duct, pancreatic duct, or pancre-
atic fluid collections, has been reported [38, 39]. 
A 19-G needle has been specifically designed 
for this particular application (EchoTip Ultra 
High Definition Ultrasound Access Needle, 
Cook Medical), which consists of a sharply bev-
eled stylet used for puncture and then removed 
once access to the target has been obtained. After 
removal of the beveled stylet, the remaining nee-
dle tip is blunt, and this may prevent trauma and 
reduce the incidence of guidewire shearing. The 
needle diameter allows passage of a 0.035-inch 
guidewire.

6.1.2.2	 �Celiac Plexus Blockade 
and Neurolysis

Celiac plexus blockade (CPB) is performed 
to provide temporary pain relief, usually with 
injection of a local anesthetic agent combined 
with a steroid via an FNA needle. Celiac plexus 
neurolysis (CPN) involves the injection of a 
local anesthetic followed by injection of etha-
nol to permanently ablate nerve tissue [40]. 
Several reports have described the performance 
of these injections through available standard 
EUS-FNA needles [41–43]. A 20-G needle spe-
cifically designed for EUS-guided CPB and CPN 
(EchoTip Ultra Celiac Plexus Neurolysis Needle, 
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Cook Medical) differs from other EUS needles 
by a solid, sharp, conical tip and an array of side 
holes for radial delivery of the desired agent 
into the region of the celiac plexus, the perineu-
ral space, or both (Fig.  6.2). However, studies 
comparing the efficacy of CPN using this device 
with standard EUS-FNA needles are lacking. 
Further improvements are expected in this field. 
For instance, intermediate-size needles (20-G or 
21-G) might be more useful for combined cytol-
ogy and histology sampling or use of auxiliary 
devices inside the sheath of the 19-G needle. In 
the future, bulky scopes could be abandoned, and 
more flexible luminal robotic-driven devices can 
be used to access and puncture the targets.

6.1.3	 �EUS-FNA Technique

This technique involves the same preparation 
as for the other upper GI endoscopic examina-
tions. Before EUS-FNA, it is recommended to 
check that the patient does not have any bleeding 
propensity or is receiving anticoagulant therapy. 
Sedation is required to avoid sudden movements, 
prevent injuries, and favor tolerability.

Lesions visualized with the scope withdrawn 
into a “straight or short use position” are more 
easily to be sampled. The best position is achieved 
when the path of the needle into the lesion does 

not require use of the elevator, although the lat-
ter is frequently employed to obtain the best 
needle direction. Once the lesion is visualized, 
the operator deflects the scope tip up against the 
lesion and aspirates air to minimize the distance 
between the lesion and the scope in order to per-
form more accurate EUS-FNA needle passage 
into the target lesion.

6.1.3.1	 �Application of Suction and Use 
of the Stylet

There is ample variation in clinical practice on 
the use of the stylet and application of suction. 
The capillary technique uses slow stylet with-
drawal, while the needle is moving within the 
target lesion to generate a small amount of suc-
tion. Controversial diagnostic results for solid 
pancreatic masses have been reported with the 
use of suction, stylet withdrawal, and no suc-
tion. A trial comparing suction with no suction 
found higher diagnostic accuracy with suction 
(82.4% vs 72.1%; p < 0.05) [44]. Another trial 
found a higher sensitivity with the use of suction 
(0.86% vs 0.67%) [45]. In contrast, other stud-
ies reported increased sensitivity with slow stylet 
pull (capillary technique) with 25-G needles [46], 
and another showed no difference in outcomes 
between slow stylet pull and suction with 22-G 
needles [45, 46]. When performing lymph node 
aspiration, the addition of suction was found to 

a

b

Fig. 6.2  (a) 
Endoscopic 
ultrasound-guided 
celiac plexus 
neurolysis. Red arrow: 
celiac ganglion; blue 
arrow: endoscopic 
ultrasound needle 
transfixing the gastric 
wall. (b) EchoTip 
Ultra Celiac Plexus 
Neurolysis Needle 
(Cook Medical). The 
needle has a sharp, 
conical tip with an 
array of side holes
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increase the blood in the sample with no benefit 
in diagnostic yield [47].

Data of a systematic review evaluating the role 
of suction during EUS-FNA showed an advantage 
for its use in pancreatic masses, but not in lymph 
nodes [48]. The presence of the stylet within the 
needle at the time of the target puncture did not 
affect the adequacy of the samples or the diag-
nostic yield of malignancy [48]. In detail, two 
prospective randomized trials evaluating EUS-
FNA of solid lesions reported no difference in 
bloodiness (25.1% vs 24.4% and 17% vs 14%) or 
in diagnostic yield of malignancy (40% vs 34.2% 
and 23% vs 28%), with and without a stylet, 
respectively [49, 50].

6.1.3.2	 �EUS-FNA/FNB Adverse Events
Overall, the rate of adverse events for EUS-FNA 
procedure is low [48]. Bleeding, bacteremia, and 
pancreatitis occur in less than 2% of all patients 
undergoing FNA [51, 52]. A systematic review 
assessing the morbidity and mortality associated 
with EUS-guided FNA demonstrated a 0.98% 
morbidity and 0.02% mortality rate [52].

Studies evaluating the safety of FNB devices 
have shown no significant difference in rates of 
adverse events as compared to FNA devices [53]. 
In a comparison of 22-G FNA and FNB devices 
used to sample solid pancreatic masses, the rate 
of adverse events was 1.7% and 5.2%, respec-
tively [53].

6.1.4	 �Through-the-Needle Devices

Miniaturized devices such as a cytology brush, 
biopsy forceps, or confocal microscopy fiber-
optic probes have been developed to be passed 
through 19-G EUS-FNA needles for evaluating 
both cystic and solid lesions [54, 55] (Fig. 6.3).

6.1.4.1	 �Cytology Brush
A cytology brush is available for dedicated use 
through echoendoscopes (EchoBrush, Cook 
Endoscopy) and comprises a disposable, modi-
fied EUS stylet with a 1  mm  ×  5  mm brush at 
its leading end that passes through the lumen of 
the Cook 19-G FNA needle. The device was used 

in several clinical studies to sample pancreatic 
cystic lesions [56–60]. In a study of 37 patients 
with pancreatic cysts at least 20 mm in maximal 
dimension, standard FNA using a 19-G FNA nee-
dle for aspiration of cyst contents was followed 
by EUS-guided brush cytology of the cyst interior 
using the EchoBrush [58]. The use of the cytol-
ogy brush increased cytologic yield, with three 
(8%) cases of high-grade dysplasia identified 
only by brushing specimens. Another study com-
pared the cytologic yield of the EchoBrush (47 
patients) to EUS-FNA using a 22-G EUS-FNA 
needle (80 patients) in pancreatic cysts of varying 
size [57]. The use of the EchoBrush resulted in 
an adequate sample in 85.1% of cases compared 
with 66.3% for the EUS-FNA group.

6.1.4.2	 �Microforceps
Small biopsy forceps passed through 19-G nee-
dles have been developed for pathological diag-
nosis of pancreatic cystic lesions [61–63]. The 
use of mini-forceps through an FNA needle has 
been proven to be feasible and safe for pancreatic 
TA [64].

6.1.4.3	 �Needle-Based Confocal Laser 
Endomicroscopy Probe

Confocal laser endomicroscopy (CLE) is a novel 
endoscopic method that allows microscopy of the 
gastrointestinal mucosa during ongoing endos-
copy, enabling real-time optical biopsy [65]. 
Technical advances allowed a confocal mini-
probe to be passed through the biopsy channel of 
the endoscope [66].

Since probe-based confocal endomicroscopy 
has been miniaturized, needle-based confocal 
laser endomicroscopy (nCLE) has become avail-
able for clinical use. The nCLE miniprobe has 
0.85-mm diameter and can be passed through a 
19-G EUS-FNA needle [67]. Needle-based CLE 
was designed to allow in vivo histological images 
using fluorescent contrast. Therefore, nCLE 
could show which areas are most suspicious for 
malignancy and require biopsy [68]. EUS-guided 
nCLE seems to be a promising minimally inva-
sive technique that might be used to improve the 
diagnostic accuracy of EUS-FNA. Optical needle 
biopsy could also be useful in reducing sampling 
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errors because it provides real-time microscopic 
details, especially in cystic masses.

The diagnosis of pancreatic cysts is some-
times difficult. Results of studies using nCLE 
have been very promising, and in the future, 

it may be used routinely for diagnosing pan-
creatic cysts as an adjunct to conventional 
EUS-FNA [69, 70]. Novel vascular patterns 
have been described, and a classification of 
nCLE patterns of pancreatic cystic lesions 

a b

c d

Fig. 6.3  Through-the-needle devices: (a) cytology 
brush (EchoBrush, Cook Endoscopy), (b) Moray 
microforceps (US Endoscopy), (c) AQ-Flex 19 (Mauna 

Kea Technologies) needle-based confocal laser endo-
microscopy probe, (d) EchoTip fiducial needle (Cook 
Medical)
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was reported, facilitating their diagnosis [71]. 
nCLE was found to be safe and feasible with 
high technical success [72]. However, these 
promising findings require validation in larger 
multicenter studies.

Feasibility and safety of nCLE for the assess-
ment of solid pancreatic masses and lymph 
nodes were also assessed [73]. nCLE identi-
fied 77% of the cases in which malignancy was 
confirmed on histology. However, other studies 
are needed by using other contrast agents and 
targeted markers to improve diagnostic accu-
racy. Given the low negative predictive value 
of EUS-FNA, nCLE could help rule out malig-
nancy after a previous inconclusive EUS-FNA 
[74]. The benefit of nCLE in the evaluation of 
solid pancreatic masses and lymph nodes is 
still unclear, and further studies are urged. This 
technique might also prove useful in the field 
of molecular imaging by allowing the in vivo 
visualization of pathophysiologic events in 
their natural environment [75–77].

Although it is unlikely that nCLE will replace 
EUS-FNA cytology for pancreatic masses and 
lymph nodes, it can be a complementary tool to 
FNA for diagnosis during EUS [78].

6.1.4.4	 �Fiducial Placement
EUS-guided fiducial placement is performed to 
assist image-guided radiation therapy (IGRT) 
[79]. The use of fiducial markers placed within 
pancreatic tumors resulted in less positional vari-
ation compared with the use of bony anatomy for 
IGRT [80]. At present, EUS-guided gold fiducial 
marker placement requires backloading of the 
fiducial into the tip of a 19-G or 22-G needle, 
followed by sealing of the needle tip with bone 
wax. This process is time-consuming and cum-
bersome and carries the risk of needle-tip injury. 
Dedicated EUS needles preloaded with fiducials 
have recently been developed. The EchoTip fidu-
cial needle (Cook Medical) is a 22-G needle that 
is preloaded with four gold fiducials. In addition, 
Medtronic has developed 19-G and 22-G EUS 
fiducial needles that can be used with their BNX 
delivery system, with each needle containing two 
gold fiducials.

6.2	 �Interventional EUS

6.2.1	 �EUS-Guided Drainage of Intra-
abdominal Fluid Collections

Historically, EUS-guided drainage of intra-
abdominal fluid collections relied on the use of 
plastic and metal biliary stents designed for use 
with endoscopic retrograde cholangiopancrea-
tography (ERCP). The AXIOS stent (Boston 
Scientific) is a lumen-apposing metal stent 
(LAMS) that is placed under EUS guidance 
[81]. This nitinol stent is fully covered, and 
it is available in diameters of 10 and 15 mm. 
The stent has two disk-shaped flanges, 10 mm 
apart each other, designed to achieve tissue 
apposition and decrease the risk of migration. 
The 10.8-Fr AXIOS stent delivery system has 
a hydrophilic coating and is advanced through 
the working channel of a therapeutic echoen-
doscope to the fluid collection over a previ-
ously placed guidewire after dilation of the 
transmural tract. Once into the fluid collection, 
the distal flange of the stent is deployed; the 
stent is then retracted so that the distal flange 
is pulled against the cyst wall. Therefore, the 
proximal flange is deployed within the lumen 
of the GI tract and the delivery system with-
drawn. Tract dilation and use of a guidewire 
are not necessary with the AXIOS electro-
cautery enhanced system (Boston Scientific), 
which has a monopolar electrocautery element 
at the tip of the delivery system that can cut 
through the lumen wall (Fig.  6.4). The effi-
cacy of the AXIOS stent has been evaluated in 
a multicenter study involving 33 patients with 
pancreatic fluid collections. Successful place-
ment of the AXIOS stent was possible in 30 
(91%) cases, with resolution of pancreatic fluid 
collections in 28 (84%) [82]. Stent migration 
was observed in a single patient. EUS-guided 
gallbladder drainage using the AXIOS stent 
has been reported in patients who were not fit 
for surgical approach [83–85]. In a multicenter, 
prospective trial on 30 patients, deployment of 
the stent into the gallbladder was successful in 
90% of patients [85].
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6.2.2	 �EUS-Guided Biliary Drainage

Endoscopic ultrasound-guided biliary drainage 
(EUS-BD) is being increasingly used as an alter-
native in patients with biliary obstruction who 
fail standard ERCP. There are two approaches for 
EUS-BD, one transgastric intrahepatic and the 
other transduodenal extrahepatic. Biliary drain-
age can be achieved by three different methods, 
transluminal biliary stenting, transpapillary ren-
dezvous technique, and antegrade biliary stent-
ing (Fig. 6.5). The choice of procedure depends 
on individual anatomy, underlying disease, and 
location of the biliary stricture. A recent meta-
analysis showed cumulative technical success 
and adverse event rates of 90–94% and 16–23%, 
respectively. Development of new dedicated 
devices for EUS-BD would help refine the tech-
nical aspects and minimize the possibility of 
complications, making it a more promising pro-
cedure [86].

6.2.2.1	 �EUS-Guided 
Choledochoduodenostomy

EUS-guided choledochoduodenostomy (EUS-
CDS), first described in 2001, consists of EUS 
transluminal stenting between the duodenal bulb 
(D1) and the extrahepatic bile duct [87].

Patients with distal bile duct obstruction and 
normal gastrointestinal anatomy may be candi-
dates for this procedure. The extrahepatic bile 
duct is visualized through the D1 on EUS and 
usually punctured with a 19-G needle used for 
fine-needle aspiration (FNA). The tip is tapered 
to less than 3 Fr in diameter and is coaxial with 
a 0.025-inch guidewire. After puncturing the bile 
duct, the balloon catheter can be easily inserted 
without any dilation devices. A 4-mm balloon 
catheter is usually used to insert the stent device. 
During the procedure, the puncture angle must 
be adjusted so that the guidewire easily passes 
through toward the hilum. Bile is aspirated after 
puncture, and contrast medium is injected to 
obtain a cholangiogram. Thereafter, a guidewire 
is advanced into the bile duct and manipulated 
into the desired position. The fistulous tract is 
dilated using a bougie, balloon, or cautery dilator 
while maintaining the guidewire in place. A stent 
is then deployed through the dilated fistulous tract 
between the D1 and the extrahepatic bile duct.

In the majority of studies, a self-expandable 
metal stent has been used [39, 88–96]. A fully or 
partially covered tubular stent is often selected 
for EUS-CDS [97]. Metal stents longer than 
4  cm have been used to prevent internal stent 
migration [98].

a b

Fig. 6.4  The AXIOS stent (a) and Electrocautery Enhanced Delivery System (b) (Boston Scientific)
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A recent study described the EUS-CDS pro-
cedure in 57 patients using a novel lumen-appos-
ing metal stent (LAMS) [99]. The new LAMS 

achieved high technical and clinical success 
rates and other advantages, including avoidance 
of puncture and guidewire insertion, especially 

a
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Fig. 6.5  EUS-guided biliary drainage: (a) Endoscopic 
ultrasound-guided choledochoduodenostomy (EUS-
CDS), (b) endoscopic ultrasound-guided hepaticogastros-

tomy (EUS-HGS), (c) endoscopic ultrasound-guided 
rendezvous technique (EUS-RV), (d) endoscopic 
ultrasound-guided antegrade biliary stenting (EUS-ABS)
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within the context of the Hot AXIOS system 
(XLumina Axios, Boston Scientific, Natick, MA, 
USA) [99].

6.2.2.2	 �EUS-Guided 
Hepaticogastrostomy

EUS-guided hepaticogastrostomy (EUS-HGS) is 
another transluminal stenting procedure, between 
the stomach and the left intrahepatic bile duct 
[100]. The presence of a dilated left intrahepatic 
bile duct is essential for this procedure, and it 
may have wider applications than the EUS-CDS 
procedure. For instance, while EUS-CDS is con-
traindicated in patients with surgically altered 
anatomy (e.g., Roux-en-Y or Whipple recon-
struction) or duodenal obstruction as a result of 
tumor invasion, EUS-HGS can be carried out in 
these patients, as well as in those with distal bile 
duct obstruction. For hilar biliary obstruction, 
EUS-HGS is indicated as a rescue procedure in 
biliary reinterventions [101]. Massive ascites 
between the stomach and liver and unresectable 
gastric cancer are considered contraindications 
for EUS-HGS [102]. The left intrahepatic bile 
duct can be visualized through the gastric body. 
When a gastric body puncture is carried out, the 
intrahepatic bile duct of segment 3 (B3) is usu-
ally selected. The intrahepatic bile duct of seg-
ment 2 can be accessed through the esophagus, 
but such an approach may cause severe adverse 
events, such as mediastinitis or pneumomedias-
tinum [102]. The angle of bile duct puncture is 
important for advancing the guidewire toward 
the hepatic hilum. Bile ducts that run from the 
upper left to the lower right on EUS images are 
considered the ideal puncture position. A bile 
duct diameter >5 mm and a 1–3-cm linear dis-
tance from the mural wall to the punctured bile 
duct wall on EUS may be suitable for success-
ful EUS-HGS [103]. When sludge or debris in 
the bile duct makes difficult visualizing the B3, 
contrast-enhanced EUS may be useful [104]. As 
with EUS-CDS, a 0.025- or 0.035-inch guide-
wire is inserted through the 19-G FNA needle 
and manipulated to advance it toward the hepatic 
hilum. After the guidewire reaches the biliary 
system, the fistulous tract is dilated using a bou-
gie, balloon, or cautery dilator, as described for 

EUS-CDS. Insertion of the stent device requires 
dilation of the bile duct and gastric wall. Then, 
a stent is deployed through the dilated fistulous 
tract between the gastric body and the B3. Fully 
covered or partially covered self-expandable 
metal stents were used in recent studies [102, 
105].

Inward stent migration is a serious adverse 
event, especially soon after the procedure [106, 
107]. A recent study reported that stent length 
≥3 cm in the gastrointestinal lumen can prevent 
stent migration after deployment. Furthermore, 
a longer luminal length may be related to long-
term stent patency. Therefore, metal stents longer 
than 10 cm may be suitable [105, 108]. A novel 
stent deployment maneuver has been reported to 
secure the deployed metal stent in a stable position 
and prevent stent migration [109]. Specifically, 
half of the metal stent was deployed within the 
bile duct under echoendoscopic and fluoroscopic 
guidance, and the remaining portion of the stent 
was deployed within the echoendoscope channel 
under fluoroscopic guidance. Subsequently, the 
echoendoscope was pulled out gently, and the 
stent was left in the HGS site [109].

6.2.2.3	 �EUS-Guided Rendezvous 
Technique

Firstly described in 2004 [110], in the EUS-
guided rendezvous technique (EUS-RV), the 
bile duct is accessed under EUS guidance with 
the creation of a temporary fistula, followed by 
guidewire advancement across the ampulla into 
the duodenum. Initially, conventional transpap-
illary biliary cannulation under guidance of the 
duodenoscope is attempted using the EUS-placed 
guidewire. EUS-RV is indicated in patients who 
failed ERCP but have endoscopic access to the 
ampulla or anastomosis site. Differently from 
the transluminal stenting, EUS-RV preserves the 
anatomical integrity of the biliary tree and avoids 
creation of a permanent fistula. Therefore, this 
procedure is particularly indicated for patients 
with resectable malignant biliary obstruction 
or benign biliary disorders (e.g., stone disease) 
[92]. The EUS-RV technique can be carried out 
by three different approaches: intrahepatic bile 
duct approach from the stomach, extrahepatic 
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bile duct approach from the D1, and extrahepatic 
bile duct approach from the second portion of the 
duodenum (D2). The bile duct is accessed using a 
19-G or 22-G FNA needle. After bile is aspirated, 
contrast is injected. Following cholangiography, 
a long guidewire is passed through the access 
needle into the bile duct and duodenum through 
the stricture and ampulla. Guidewire manipula-
tion is the most challenging technical aspect of 
this procedure, and it is the key for success of 
EUS-RV [111, 112]. A hydrophilic guidewire 
was shown to be useful for passing the ampulla 
[113]. Recent studies showed that the extra-
hepatic bile duct approach from the D2 could 
improve the success rate of EUS-RV. However, 
this approach was not always feasible because of 
instability of the scope position [114, 115]. After 
the guidewire is manually manipulated to cross 
the ampulla and it is coiled within the duodenum, 
the needle and echoendoscope are withdrawn, 
leaving the guidewire in place. A duodenoscope 
is inserted alongside the guidewire, and the bili-
ary tree is deeply cannulated with an ERCP cath-
eter, using the EUS-placed guidewire to locate 
the biliary opening. Successful access to the bile 
duct allows completion of conventional ERCP in 
the usual procedure.

6.2.2.4	 �EUS-Guided Antegrade Biliary 
Stenting

EUS-guided antegrade biliary stenting (EUS-
ABS) is a recently developed variation of 
EUS-BD described on 2008 [116]. A biliary stent 
is deployed in the intrahepatic bile duct accessed 
through the gastrointestinal lumen under EUS 
guidance. This technique is suitable in patients 
with an endoscopically inaccessible ampulla 
resulting from surgically altered anatomy or duo-
denal obstruction [117].

In EUS-ABS, the left intrahepatic bile duct is 
accessed from the gastric body or small intestine, 
with the creation of a temporary fistula between 
the gastrointestinal lumen and the intrahepatic 
bile duct. Similar to EUS-HGS, the left intrahe-
patic bile duct is punctured under EUS guidance, 
and a guidewire is inserted deeply into the biliary 
tree and is manipulated into the gastrointestinal 
lumen across the ampulla or anastomosis.

In EUS-ABS, a fistulous tract is tempo-
rarily created and unsealed after stent place-
ment, with the minimal fistulous tract dilation 
reducing the risk of bile leakage. Recently 
developed, uncovered metal stents with a fine-
gauge (5.7 or 6 Fr) stent delivery system can be 
deployed without fistulous tract dilation using 
a bougie or balloon dilator if an ERCP catheter 
can pass through the fistula [117–119]. The 
use of these stents in EUS-ABS may minimize 
bile leakage. A metal or plastic stent is inserted 
through the left intrahepatic bile duct into the 
malignant stricture site and deployed to cover 
the stricture in an anterograde manner. Metal 
stent deployment over the ampulla or anasto-
mosis may reduce the risk of bile peritonitis 
by reducing the internal pressure of the biliary 
system [117]. The ideal location of the stent, 
whether covering or above the ampulla, is cur-
rently unclear.

6.2.2.5	 �EUS-BD Versus ERCP
EUS-BD is currently positioned as a rescue bili-
ary drainage option after failed ERCP. One study 
at a tertiary care center found that EUS-BD was 
required in only three (0.6%) out of 524 patients 
with a native papilla undergoing therapeutic 
ERCP, concluding that EUS-BD should not 
replace ERCP [120]. A prospective study of 18 
patients who underwent EUS-CDS as primary 
biliary intervention for malignant biliary obstruc-
tion after unsuccessful ERCP found that the tech-
nical and clinical success rates were 94% and 
100%, respectively [121]. A retrospective cohort 
study comparing the clinical efficacy and safety 
of EUS-CDS and ERCP as first-line treatment for 
distal malignant biliary obstruction in 82 patients 
(26 EUS-CDS, 56 ERCP) found that mean 
procedure time was significantly shorter with 
EUS-CDS than with ERCP, although their clini-
cal success and adverse event rates were similar 
[122]. Similar results were observed in another 
retrospective study [123]. It has been reported 
that the technical success and adverse event rates 
were similar when EUS-BD procedure was per-
formed as first- or second-line approach [124]. 
The high rate of technical and clinical success of 
EUS-BD suggests that this method could repre-
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sent a primary biliary drainage option in patients 
with ampulla covered by a duodenal stent or 
with surgically altered anatomy in the future. 
Nevertheless, standardization of the procedure 
and prospective comparative multicenter trials 
are still needed.

References

	 1.	Polkowski M, Jenssen C, Kaye P, et  al. Technical 
aspects of endoscopic ultrasound (EUS)-
guided sampling in gastroenterology: European 
Society of Gastrointestinal Endoscopy (ESGE) 
Technical Guideline—March 2017. Endoscopy. 
2017;49:989–1006.

	 2.	Storm AC, Lee LS.  Endoscopic ultrasound-
guided techniques for diagnosing pancreatic mass 
lesions: can we do better? World J Gastroenterol. 
2016;22:8658–69.

	 3.	Culp WC, McCowan TC, Goertzen TC, et  al. 
Relative ultrasonographic echogenicity of standard, 
dimpled, and polymeric-coated needles. J Vasc 
Interv Radiol. 2000;11:351–8.

	 4.	Adler DG, Conway JD, Coffie JM, et al. EUS acces-
sories. Gastrointest Endosc. 2007;66:1076–81.

	 5.	Tang SJ, Vilmann AS, Saftoiu A, et al. EUS needle 
identification comparison and evaluation study (with 
videos). Gastrointest Endosc. 2016;84:424–3300.

	 6.	ASGE Technology Committee, Hwang JH, 
et  al. Devices for use with EUS.  Video GIE. 
2017;2(3):35–45.

	 7.	Witt BL, Adler DG, Hilden K, et al. A comparative 
needle study: EUS-FNA procedures using the HD 
ProCore™ and EchoTip® 22-gauge needle types. 
Diagn Cytopathol. 2013;41:1069–74.

	 8.	Bang JY, Hawes R, Varadarajulu S. A meta-analysis 
comparing ProCore and standard fine-needle aspira-
tion needles for endoscopic ultrasound-guided tissue 
acquisition. Endoscopy. 2016;48:339–49.

	 9.	Vilmann P, Seicean A, Săftoiu A.  Tips to over-
come technical challenges in EUS-guided tis-
sue acquisition. Gastrointest Endosc Clin N Am. 
2014;24:109–24.

	 10.	Yusuf TE, Ho S, Pavey DA, et  al. Retrospective 
analysis of the utility of endoscopic ultrasound-
guided fine-needle aspiration (EUS-FNA) in pan-
creatic masses, using a 22-gauge or 25-gauge 
needle system: a multicenter experience. Endoscopy. 
2009;41:445–8.

	 11.	Muniraj T, Aslanian HR. New developments in endo-
scopic ultrasound tissue acquisition. Gastrointest 
Endosc Clin N Am. 2017;27:585–99.

	 12.	Gimeno-García AZ, Elwassief A, Paquin SC, et al. 
Endoscopic ultrasound-guided fine needle aspiration 
cytology and biopsy in the evaluation of lymphoma. 
Endosc Ultrasound. 2012;1:17–22.

	 13.	Carrara S, Anderloni A, Jovani M, et al. A prospec-
tive randomized study comparing 25-G and 22-G 
needles of a new platform for endoscopic ultrasound-
guided fine needle aspiration of solid masses. Dig 
Liver Dis. 2016;48:49–54.

	 14.	Vilmann P, Săftoiu A, Hollerbach S, et  al. 
Multicenter randomized controlled trial comparing 
the performance of 22 gauge versus 25 gauge EUS-
FNA needles in solid masses. Scand J Gastroenterol. 
2013;48:877–83.

	 15.	Camellini L, Carlinfante G, Azzolini F, et  al. A 
randomized clinical trial comparing 22G and 25G 
needles in endoscopic ultrasound-guided fine-
needle aspiration of solid lesions. Endoscopy. 
2011;43:709–15.

	 16.	Lee JK, Lee KT, Choi ER, et al. A prospective, ran-
domized trial comparing 25-gauge and 22-gauge 
needles for endoscopic ultrasound-guided fine 
needle aspiration of pancreatic masses. Scand J 
Gastroenterol. 2013;48:752–7.

	 17.	Fabbri C, Polifemo AM, Luigiano C, et  al. 
Endoscopic ultrasound-guided fine needle aspira-
tion with 22- and 25-gauge needles in solid pancre-
atic masses: a prospective comparative study with 
randomisation of needle sequence. Dig Liver Dis. 
2011;43:647–52.

	 18.	Siddiqui UD, Rossi F, Rosenthal LS, et  al. EUS-
guided FNA of solid pancreatic masses: a pro-
spective, randomized trial comparing 22-gauge 
and 25-gauge needles. Gastrointest Endosc. 
2009;70:1093–7.

	 19.	Lee JH, Stewart J, Ross WA, et  al. Blinded pro-
spective comparison of the performance of 
22-gauge and 25-gauge needles in endoscopic 
ultrasound-guided fine needle aspiration of the 
pancreas and peri-pancreatic lesions. Dig Dis Sci. 
2009;54:2274–81.

	 20.	Facciorusso A, Stasi E, Di Maso M, et al. Endoscopic 
ultrasound-guided fine needle aspiration of pan-
creatic lesions with 22 versus 25 gauge needles: a 
meta-analysis. United European Gastroenterol J. 
2017;5:846–53.

	 21.	Xu MM, Jia HY, Yan LL, et al. Comparison of two 
different size needles in endoscopic ultrasound-
guided fine-needle aspiration for diagnosing 
solid pancreatic lesions: a meta-analysis of pro-
spective controlled trials. Medicine (Baltimore). 
2017;96:e5802.

	 22.	Madhoun MF, Wani SB, Rastogi A, et al. The diag-
nostic accuracy of 22-gauge and 25-gauge needles 
in endoscopic ultrasound-guided fine needle aspi-
ration of solid pancreatic lesions: a meta-analysis. 
Endoscopy. 2013;45:86–92.

	 23.	Affolter KE, Schmidt RL, Matynia AP, et al. Needle 
size has only a limited effect on outcomes in EUS-
guided fine needle aspiration: a systematic review 
and meta-analysis. Dig Dis Sci. 2013;58:1026–34.

	 24.	Song TJ, Kim JH, Lee SS, et al. The prospective ran-
domized, controlled trial of endoscopic ultrasound-
guided fine-needle aspiration using 22G and 19G 

6  EUS Standard Devices



60

aspiration needles for solid pancreatic or peripancre-
atic masses. Am J Gastroenterol. 2010;105:1739–45.

	 25.	Sakamoto H, Kitano M, Komaki T, et al. Prospective 
comparative study of the EUS guided 25-gauge FNA 
needle with the 19-gauge trucut needle and 22-gauge 
FNA needle in patients with solid pancreatic masses. 
J Gastroenterol Hepatol. 2009;24:384–90.

	 26.	Varadarajulu S, Bang JY, Hebert-Magee 
S. Assessment of the technical performance of the 
flexible 19-gauge EUS-FNA needle. Gastrointest 
Endosc. 2012;76:336–43.

	 27.	DeWitt J, Cho CM, Lin J, et  al. Comparison of 
EUS-guided tissue acquisition using two different 
19-gauge core biopsy needles: a multicenter, pro-
spective, randomized, and blinded study. Endosc Int 
Open. 2015;3:E471–8.

	 28.	Stavropoulos SN, Im GY, Jlayer Z, et  al. High 
yield of same-session EUS-guided liver biopsy by 
19-gauge FNA needle in patients undergoing EUS 
to exclude biliary obstruction. Gastrointest Endosc. 
2012;75:310–8.

	 29.	Diehl DL, Johal AS, Khara HS, et  al. Endoscopic 
ultrasound-guided liver biopsy: a multicenter expe-
rience. Endosc Int Open. 2015;3:E210–5.

	 30.	Pineda JJ, Diehl DL, Miao CL, et  al. EUS-guided 
liver biopsy provides diagnostic samples compara-
ble with those via the percutaneous or transjugular 
route. Gastrointest Endosc. 2016;83:360–5.

	 31.	Kim GH, Cho YK, Kim EY, et  al. Comparison of 
22-gauge aspiration needle with 22-gauge biopsy 
needle in endoscopic ultrasonography-guided sub-
epithelial tumor sampling. Scand J Gastroenterol. 
2014;49:347–54.

	 32.	Muniraj T, Sah RP, Chari ST.  Autoimmune pan-
creatitis: an update. In:  Pancreatitis: medical and 
surgical management. Chichester: Wiley; 2017. 
p. 152–60.

	 33.	Karadsheh Z, Al-Haddad M. Endoscopic ultrasound 
guided fine needle tissue acquisition: where we stand 
in 2013? World J Gastroenterol. 2014;20:2176–85.

	 34.	Adler DG, Witt B, Chadwick B, et  al. Pathologic 
evaluation of a new endoscopic ultrasound needle 
designed to obtain core tissue samples: a pilot study. 
Endosc Ultrasound. 2016;5:178–83.

	 35.	Bang JY, Hebert-Magee S, Hasan MK, et  al. 
Endoscopic ultrasonography-guided biopsy using 
a Franseen needle design: initial assessment. Dig 
Endosc. 2017;29:338–46.

	 36.	Kandel P, Tranesh G, Nassar A, et  al. EUS-guided 
fine needle biopsy sampling using a novel fork-tip 
needle: a case-control study. Gastrointest Endosc. 
2016;84:1034–9.

	 37.	DiMaio CJ, Kolb JM, Benias PC, et al. Initial expe-
rience with a novel EUS-guided core biopsy needle 
(SharkCore): results of a large North American 
Multicenter Study. Endosc Int Open. 2016;4:E974–9.

	 38.	Attam R, Arain M, Trikudanathan G, et  al. EUS-
guided pancreatic duct access and wire placement 
to facilitate dorsal duct cannulation after failed 
ERCP. Gastrointest Endosc. 2015;81:1260.

	 39.	Khashab MA, Van der Merwe S, Kunda R, et  al. 
Prospective international multicenter study on 
endoscopic ultrasound-guided biliary drainage for 
patients with malignant distal biliary obstruction 
after failed endoscopic retrograde cholangiopancrea-
tography. Endosc Int Open. 2016;4:E487–96.

	 40.	LeBlanc JK, Al-Haddad M, McHenry L, et  al. A 
prospective, randomized study of EUS-guided celiac 
plexus neurolysis for pancreatic cancer: one injec-
tion or two? Gastrointest Endosc. 2011;74:1300–7.

	 41.	Gress F, Schmitt C, Sherman S, et al. A prospective 
randomized comparison of endoscopic ultrasound- 
and computed tomography-guided celiac plexus 
block for managing chronic pancreatitis pain. Am J 
Gastroenterol. 1999;94:900–5.

	 42.	Wiersema MJ, Wiersema LM.  Endosonography-
guided celiac plexus neurolysis. Gastrointest Endosc. 
1996;44:656–62.

	 43.	Kaufman M, Singh G, Das S, et al. Efficacy of endo-
scopic ultrasound-guided celiac plexus block and 
celiac plexus neurolysis for managing abdominal 
pain associated with chronic pancreatitis and pancre-
atic cancer. J Clin Gastroenterol. 2010;44:127–34.

	 44.	Lee JK, Choi JH, Lee KH, et  al. A prospective, 
comparative trial to optimize sampling techniques 
in EUS-guided FNA of solid pancreatic masses. 
Gastrointest Endosc. 2013;77:745–51.

	 45.	Puri R, Vilmann P, Saftoiu A, et  al. Randomized 
controlled trial of endoscopic ultrasound-guided 
fine-needle sampling with or without suction for 
better cytological diagnosis. Scand J Gastroenterol. 
2009;44:499–504.

	 46.	Nakai Y, Isayama H, Chang KJ, et al. Slow pull ver-
sus suction in endoscopic ultrasound-guided fine-
needle aspiration of pancreatic solid masses. Dig Dis 
Sci. 2014;59:1578–85.

	 47.	Wallace MB, Kennedy T, Durkalski V, et  al. 
Randomized controlled trial of EUS-guided fine 
needle aspiration techniques for the detection of 
malignant lymphadenopathy. Gastrointest Endosc. 
2001;54:441–7.

	 48.	Wani S, Muthusamy VR, Komanduri S. EUS-guided 
tissue acquisition: an evidence-based approach (with 
videos). Gastrointest Endosc. 2014;80:939–59.e7.

	 49.	Rastogi A, Wani S, Gupta N, et  al. A prospective, 
single-blind, randomized, controlled trial of EUS-
guided FNA with and without a stylet. Gastrointest 
Endosc. 2011;74:58–64.

	 50.	Wani S, Gupta N, Gaddam S, et al. A comparative 
study of endoscopic ultrasound guided fine needle 
aspiration with and without a stylet. Dig Dis Sci. 
2011;56:2409–14.

	 51.	ASGE Standards of Practice Committee, Early 
DS, Acosta RD, Chandrasekhara V, et  al. Adverse 
events associated with EUS and EUS with 
FNA. Gastrointest Endosc. 2013;77:839–43.

	 52.	Wang KX, Ben QW, Jin ZD, et  al. Assessment of 
morbidity and mortality associated with EUS-guided 
FNA: a systematic review. Gastrointest Endosc. 
2011;73:283–90.

D. Castellani et al.



61

	 53.	Lee YN, Moon JH, Kim HK, et  al. Core biopsy 
needle versus standard aspiration needle for endo-
scopic ultrasound-guided sampling of solid pan-
creatic masses: a randomized parallel-group study. 
Endoscopy. 2014;46:1056–62.

	 54.	Nakai Y, Iwashita T, Park DH, et  al. Diagnosis of 
pancreatic cysts: EUS-guided, through-the-needle 
confocal laser-induced endomicroscopy and cys-
toscopy trial: DETECT study. Gastrointest Endosc. 
2015;81:1204–14.

	 55.	Stavropoulos SN, Abraham B, Friedel D, et al. Direct 
visualization of the wall of pancreatic cysts using the 
SPYGLASS optical probe: feasibility and prelimi-
nary results. Gastrointest Endosc. 2009;69:AB377.

	 56.	Al-Haddad M, Raimondo M, Woodward T, et  al. 
Safety and efficacy of cytology brushings versus stan-
dard FNA in evaluating cystic lesions of the pancreas: 
a pilot study. Gastrointest Endosc. 2007;65:894–8.

	 57.	Lozano MD, Subtil JC, Miravalles TL, et  al. 
EchoBrush may be superior to standard EUS-guided 
FNA in the evaluation of cystic lesions of the pan-
creas: preliminary experience. Cancer Cytopathol. 
2011;119:209–14.

	 58.	Al-Haddad M, Gill KR, Raimondo M, et al. Safety 
and efficacy of cytology brushings versus stan-
dard fine-needle aspiration in evaluating cystic 
pancreatic lesions: a controlled study. Endoscopy. 
2010;42:127–32.

	 59.	Bruno M, Bosco M, Carucci P, et  al. Preliminary 
experience with a new cytology brush in EUS-
guided FNA. Gastrointest Endosc. 2009;70:1220–4.

	 60.	Thomas T, Bebb J, Mannath J, et  al. EUS-guided 
pancreatic cyst brushing: a comparative study in a 
tertiary referral centre. JOP. 2010;11:163–9.

	 61.	Samarasena JB, Nakai Y, Shinoura S, et  al. EUS-
guided, through-the-needle forceps biopsy: a novel 
tissue acquisition technique. Gastrointest Endosc. 
2015;81:225–6.

	 62.	Coman RM, Schlachterman A, Esnakula AK, et al. 
EUS-guided, through-the-needle forceps: clench-
ing down the diagnosis. Gastrointest Endosc. 
2016;84:372–3.

	 63.	Shakhatreh MH, Naini SR, Brijbassie AA, et  al. 
Use of a novel through-the-needle biopsy for-
ceps in endoscopic ultrasound. Endosc Int Open. 
2016;4:E439–42.

	 64.	Nakai Y, Isayama H, Chang KJ, et al. A pilot study 
of EUS-guided through-the-needle forceps biopsy 
(with video). Gastrointest Endosc. 2016;84:158–62.

	 65.	Kiesslich R, Burg J, Vieth M, et al. Confocal laser 
endoscopy for diagnosing intraepithelial neoplasias 
and colorectal cancer in vivo. Gastroenterology. 
2004;127:706–13.

	 66.	Kiesslich R, Neurath MF.  Endomicroscopy is 
born—do we still need the pathologist? Gastrointest 
Endosc. 2007;66:150–3.

	 67.	Bhutani MS, Koduru P, Joshi V, et al. EUS-guided 
needle-based confocal laser endomicroscopy: 
a novel technique with emerging applications. 
Gastroenterol Hepatol (N Y). 2015;11:235–40.

	 68.	Deprez PH.  Future directions in EUS-guided tis-
sue acquisition. Gastrointest Endosc Clin N Am. 
2014;24:143–9.

	 69.	Napoléon B, Lemaistre AI, Pujol B, et  al. A novel 
approach to the diagnosis of pancreatic serous cyst-
adenoma: needle-based confocal laser endomicros-
copy. Endoscopy. 2015;47:26–32.

	 70.	Joshi V.  NCLE (needle-based confocal laser endo-
microscopy) in evaluation of indeterminate pancre-
atic cystic lesions: a single-center experience. Am J 
Gastroenterol. 2014;109(Suppl 2):S101–23.

	 71.	Krishna SG, Brugge WR, Dewitt JM, et  al. 
Needle-based confocal laser endomicroscopy 
for the diagnosis of pancreatic cystic lesions: an 
international external interobserver and intraob-
server study (with videos). Gastrointest Endosc. 
2017;86:644–5400.

	 72.	Kadayifci A, Atar M, Basar O, et al. Needle-based 
confocal laser endomicroscopy for evaluation of 
cystic neoplasms of the pancreas. Dig Dis Sci. 
2017;62:1346–53.

	 73.	Karstensen JG, Cartana T, Klausen P, et al. Mo1430 
pitfalls in the interpretation of pancreatic endoscopic 
ultrasound guided needle confocal LASER endomi-
croscopy. Gastrointest Endosc. 2014;79:AB433–4.

	 74.	Giovannini M, Caillol F, Monges G, et  al. 
Endoscopic ultrasound-guided needle-based confo-
cal laser endomicroscopy in solid pancreatic masses. 
Endoscopy. 2016;48:892–8.

	 75.	Nakai Y, Shinoura S, Ahluwalia A, et al. In vivo visu-
alization of epidermal growth factor receptor and 
survivin expression in porcine pancreas using endo-
scopic ultrasound guided fine needle imaging with 
confocal laser-induced endomicroscopy. J Physiol 
Pharmacol. 2012;63:577–80.

	 76.	Samarasena JB, Tarnawski AS, Shinoura S, et  al. 
Mo1429 visualization of the gastric submucosal and 
myenteric neuronal network using endoscopic ultra-
sound (EUS) guided needle-based confocal LASER 
induced endomicroscopy and a novel EUS guided 
through-the-needle biopsy technique. Gastrointest 
Endosc. 2014;79:AB433.

	 77.	Li H, Li Y, Cui L, et al. Monitoring pancreatic carci-
nogenesis by the molecular imaging of cathepsin E 
in vivo using confocal laser endomicroscopy. PLoS 
One. 2014;9:e106566.

	 78.	Guo J, Bhutani MS, Giovannini M, et al. Can endo-
scopic ultrasound-guided needle-based confocal 
laser endomicroscopy replace fine-needle aspira-
tion for pancreatic and mediastinal diseases? Endosc 
Ultrasound. 2017;6:376–81.

	 79.	DiMaio CJ, Nagula S, Goodman KA, et  al. EUS-
guided fiducial placement for image-guided 
radiation therapy in GI malignancies by using a 
22-gauge needle (with videos). Gastrointest Endosc. 
2010;71:1204–10.

	 80.	van der Horst A, Wognum S, Davila Fajardo R, 
et al. Interfractional position variation of pancreatic 
tumors quantified using intratumoral fiducial mark-

6  EUS Standard Devices



62

ers and daily cone beam computed tomography. Int J 
Radiat Oncol Biol Phys. 2013;87:202–8.

	 81.	Binmoeller KF, Shah J.  A novel lumen-apposing 
stent for transluminal drainage of nonadher-
ent extraintestinal fluid collections. Endoscopy. 
2011;43:337–42.

	 82.	Shah RJ, Shah JN, Waxman I, et  al. Safety and 
efficacy of endoscopic ultrasound-guided drain-
age of pancreatic fluid collections with lumen-
apposing covered self-expanding metal stents. Clin 
Gastroenterol Hepatol. 2015;13:747–52.

	 83.	 Irani S, Baron TH, Grimm IS, et al. EUS-guided gall-
bladder drainage with a lumen-apposing metal stent 
(with video). Gastrointest Endosc. 2015;82:1110–5.

	 84.	Teoh AY, Binmoeller KF, Lau JY. Single-step EUS-
guided puncture and delivery of a lumen-apposing 
stent for gallbladder drainage using a novel cautery-
tipped stent delivery system. Gastrointest Endosc. 
2014;80:1171.

	 85.	Walter D, Teoh AY, Itoi T, et  al. EUS-guided gall 
bladder drainage with a lumen-apposing metal 
stent: a prospective long-term evaluation. Gut. 
2016;65:6–8.

	 86.	Minaga K, Kitano M.  Recent advances in endo-
scopic ultrasound-guided biliary drainage. Dig 
Endosc. 2018;30(1):38–47.

	 87.	Giovannini M, Moutardier V, Pesenti C, Bories E, 
Lelong B, Delpero JR.  Endoscopic ultrasound-
guided bilioduodenal anastomosis: a new technique 
for biliary drainage. Endoscopy. 2001;33:898–900.

	 88.	Khan MA, Akbar A, Baron TH, et  al. Endoscopic 
ultrasound-guided biliary drainage: a system-
atic review and meta-analysis. Dig Dis Sci. 
2016;61:684–703.

	 89.	Wang K, Zhu J, Xing L, Wang Y, Jin Z, Li 
Z. Assessment of efficacy and safety of EUS-guided 
biliary drainage: a systematic review. Gastrointest 
Endosc. 2016;83:1218–27.

	 90.	 Itoi T, Sofuni A, Itokawa F, et  al. Endoscopic 
ultrasonography-guided biliary drainage. J 
Hepatobiliary Pancreat Sci. 2010;17:611–6.

	 91.	Moole H, Bechtold ML, Forcione D, Puli SR.  A 
meta-analysis and systematic review: success of 
endoscopic ultrasound guided biliary stenting in 
patients with inoperable malignant biliary strictures 
and a failed ERCP. Medicine. 2017;96:e5154.

	 92.	Hara K, Yamao K, Mizuno N, et  al. Endoscopic 
ultrasonography-guided biliary drainage: who, 
when, which, and how? World J Gastroenterol. 
2016;22:1297–303.

	 93.	Bruno MJ.  Interventional endoscopic ultraso-
nography: where are we headed? Dig Endosc. 
2017;29:503–11.

	 94.	 Iwashita T, Doi S, Yasuda I.  Endoscopic 
ultrasound-guided biliary drainage: a review. Clin J 
Gastroenterol. 2014;7:94–102.

	 95.	Chan SM, Teoh AY. Endoscopic ultrasound-guided 
biliary drainage: a review. Curr Treat Options 
Gastroenterol. 2015;13:171–84.

	 96.	Ryozawa S, Fujita N, Irisawa A, Hirooka Y, Mine 
T. Current status of interventional endoscopic ultra-
sound. Dig Endosc. 2017;29:559–66.

	 97.	Ogura T, Higuchi K.  Technical tips of endoscopic 
ultrasound-guided choledochoduodenostomy. World 
J Gastroenterol. 2015;21:820–8.

	 98.	Cho DH, Lee SS, Oh D, et al. Long-term outcomes 
of a newly developed hybrid metal stent for EUS-
guided biliary drainage (with videos). Gastrointest 
Endosc. 2017;85:1067–75.

	 99.	Kunda R, Pérez-Miranda M, Will U, et  al. EUS-
guided choledochoduodenostomy for malignant dis-
tal biliary obstruction using a lumen-apposing fully 
covered metal stent after failed ERCP. Surg Endosc. 
2016;30:5002–8.

	100.	Burmester E, Niehaus J, Leineweber T, Huetteroth 
T. EUS-cholangio-drainage of the bile duct: report 
of 4 cases. Gastrointest Endosc. 2003;57:246–51.

	101.	Ogura T, Onda S, Takagi W, et  al. Clinical util-
ity of endoscopic ultrasound-guided biliary drain-
age as a rescue of re-intervention procedure for 
high-grade hilar stricture. J Gastroenterol Hepatol. 
2017;32:163–8.

	102.	Ogura T, Higuchi K. Technical tips for endoscopic 
ultrasound-guided hepaticogastrostomy. World J 
Gastroenterol. 2016;22:3945–51.

	103.	Oh D, Park DH, Song TJ, et al. Optimal biliary access 
point and learning curve for endoscopic ultrasound-
guided hepaticogastrostomy with transmural stent-
ing. Ther Adv Gastroenterol. 2017;10:42–53.

	104.	Minaga K, Kitano M, Yoshikawa T, et  al. 
Hepaticogastrostomy guided by real-time contrast-
enhanced harmonic endoscopic ultrasonography: 
a novel technique. Endoscopy. 2016;48(Suppl 
1):E228–9.

	105.	Nakai Y, Isayama H, Yamamoto N, et al. Safety and 
effectiveness of a long, partially covered metal stent 
for endoscopic ultrasound-guided hepaticogastros-
tomy in patients with malignant biliary obstruction. 
Endoscopy. 2016;48:1125–8.

	106.	Martins FP, Rossini LGB, Ferrari AP.  Migration 
of a covered metallic stent following endoscopic 
ultrasound-guided hepaticogastrostomy. Endoscopy. 
2010;42:E126–7.

	107.	Minaga K, Kitano M, Yamashita Y, Nakatani Y, 
Kudo M. Stent migration into the abdominal cavity 
after EUS-guided hepaticogastrostomy. Gastrointest 
Endosc. 2017;85:263–4.

	108.	Ogura T, Yamamoto K, Sano T, et al. Stent length is 
impact factor associated with stent patency in endo-
scopic ultrasound-guided hepaticogastrostomy. J 
Gastroenterol Hepatol. 2015;30:1748–52.

	109.	Paik WH, Park DH, Choi JH, et al. Simplified fistula 
dilation technique and modified stent deployment 
maneuver for EUS-guided hepaticogastrostomy. 
World J Gastroenterol. 2014;20:5051–9.

	110.	Mallery S, Matlock J, Freeman ML.  EUS-guided 
rendezvous drainage of obstructed biliary and pan-

D. Castellani et al.



63

creatic ducts: report of 6 cases. Gastrointest Endosc. 
2004;59:100–7.

	111.	 Isayama H, Nakai Y, Kawakubo K, et al. The endo-
scopic ultrasonography-guided rendezvous tech-
nique for biliary cannulation: a technical review. J 
Hepatobiliary Pancreat Sci. 2013;20:413–20.

	112.	Kahaleh M, Hernandez AJ, Tokar J, Adams RB, 
Shami VM, Yeaton P.  Interventional EUS-guided 
cholangiography: evaluation of a technique in evolu-
tion. Gastrointest Endosc. 2006;64:52–9.

	113.	Dhir V, Bhandari S, Bapat M, Maydeo 
A. Comparison of EUS-guided rendezvous and pre-
cut papillotomy techniques for biliary access (with 
videos). Gastrointest Endosc. 2012;75:354–9.

	114.	Iwashita T, Lee JG, Shinoura S, et al. Endoscopic 
ultrasound-guided rendezvous for biliary 
access after failed cannulation. Endoscopy. 
2012;44:60–5.

	115.	 Iwashita T, Yasuda I, Mukai T, et  al. EUS-guided 
rendezvous for difficult biliary cannulation using 
a standardized algorithm: a multicenter prospec-
tive pilot study (with videos). Gastrointest Endosc. 
2016;83:394–400.

	116.	Fujita N, Noda Y, Kobayashi G, et  al. Temporary 
endosonography-guided biliary drainage for trans-
gastrointestinal deployment of a self-expandable 
metallic stent. J Gastroenterol. 2008;43:637–40.

	117.	 Iwashita T, Yasuda I, Mukai T, et  al. Endoscopic 
ultrasound-guided antegrade biliary stenting for 
unresectable malignant biliary obstruction in patients 
with surgically altered anatomy: a single-center pro-
spective pilot study. Dig Endosc. 2017;29:362–8.

	118.	Ogura T, Masuda D, Imoto A, et  al. EUS-guided 
hepaticogastrostomy combined with fine-gauge 
antegrade stenting: a pilot study. Endoscopy. 
2014;46:416–21.

	119.	Minaga K, Takenaka M, Miyata T, Ueda Y, Kitano M, 
Kudo M.  Through-the-mesh technique after endo-
scopic ultrasonography-guided hepaticogastros-
tomy: a novel re-intervention method. Endoscopy. 
2016;48:E369–70.

	120.	Holt BA, Hawes R, Hasan M, et  al. Biliary drain-
age: role of EUS guidance. Gastrointest Endosc. 
2016;83:160–5.

	121.	Hara K, Yamao K, Niwa Y, et al. Prospective clini-
cal study of EUS-guided choledochoduodenostomy 
for malignant lower biliary tract obstruction. Am J 
Gastroenterol. 2011;106:1239–45.

	122.	Kawakubo K, Kawakami H, Kuwatani M, et  al. 
Endoscopic ultrasound-guided choledochoduode-
nostomy vs. transpapillary stenting for distal biliary 
obstruction. Endoscopy. 2016;48:164–9.

	123.	Dhir V, Itoi T, Khashab MA, et al. Multicenter com-
parative evaluation of endoscopic placement of 
expandable metal stents for malignant distal com-
mon bile duct obstruction by ERCP or EUS-guided 
approach. Gastrointest Endosc. 2015;81:913–23.

	124.	Nakai Y, Isayama H, Yamamoto N, et al. Indications 
for endoscopic ultrasonography (EUS)-guided bili-
ary intervention: does EUS always come after failed 
endoscopic retrograde cholangiopancreatography? 
Dig Endosc. 2017;29:218–25.

6  EUS Standard Devices



65© Springer Nature Switzerland AG 2020 
M. Mutignani et al. (eds.), Endotherapy in Biliopancreatic Diseases: ERCP Meets EUS, 
https://doi.org/10.1007/978-3-030-42569-2_7

Deep Sedation and Anesthesia 
for Advanced Gastrointestinal 
Endoscopy: Challenging 
a Continuum

Aldo Cristalli and Andrea De Gasperi

7.1	 �Introduction

A consistent part of procedures requiring the 
presence of an anesthesiologist (more than 25% 
according to Goudra) [1] is now performed out-
side the operating room (OR) in Europe. A new 
acronym, NORA, nonoperative room anesthesia, 
has been proposed to describe a location often 
far from the main, traditional operating blocks 
(remote environment anesthesia) and usually 
within the gastroenterology or interventional 
radiology units [2–4]. The role of the anesthesi-
ologist in the modern digestive endoscopy suite 
should be to match the often challenging requests 
of the advanced and complex interventional 
digestive endoscopic procedures with deeply 
sedated, prone-positioned, spontaneously breath-
ing patients: this demanding task is usually per-
formed in an unfamiliar remote location outside 
the “traditional” operative room (the endoscopic 
suite). This activity, which usually needs a quick 
turnover of often medically complicated, frag-
ile, or elderly patients, has to be as safe as pos-
sible: the everyday expanding indications for the 
advanced complex endoscopic procedures (endo-
scopic retrograde cholangiopancreatography, 
ERCP, is an example) mandate a constant update 

of the anesthesiological periprocedural manage-
ment, as recently addressed by a revised release 
of ASA guidelines for procedural anesthesia 
(2014) [3] and the very recent document dealing 
with moderate sedation [5]. Safety while offering 
to the patients sedation, comfort, and pain relief 
during complex endoscopic procedures is the first 
commitment of the anesthesiologist working in 
this setting. As recently stated by McAlevy and 
Levenick [6], sedation offered by anesthesiolo-
gists plays a crucial role in safety, efficiency, and 
patient satisfaction: with one estimated death per 
200,000 to 300,000 anesthetics administered in 
this setting, the safety profile of deep sedation/
general anesthesia is excellent; unfortunately, 
data dealing with the safety of anesthesiologist-
administered sedation (specifically during ERCP) 
are scarce [7]. In this specific setting, deep seda-
tion is frequently administered to patients in 
prone position without a secured airway: the most 
challenging “all-in-one” tasks to be matched by 
the anesthesiologist are to maintain a patent air-
way (using external manipulation), to check vital 
parameters (cardiovascular and respiratory vari-
ables and, if possible, information dealing with 
depth of anesthesia) [4–8], and to gain access 
to the airway in an emergency situation. This is 
why sedation and operative procedures are, in our 
opinion, to be managed by two different experts 
and trained professionals (the endoscopist and the 
anesthesiologist), each one involved and concen-
trated on his main task(s). Together with specifi-
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cally trained anesthesiologists, a well-designed 
and appropriately organized endoscopic suite lay-
out should give a relevant contribution to a suc-
cessful and safe procedure, comfortable for both 
the patient and the medical staff [8].

7.2	 �Sedation in Digestive 
Endoscopy: A Continuum 
from Deep Sedation 
to General Anesthesia

At the beginning of this activity, endoscopic pro-
cedures were considered minimally invasive and 
less risky than those scheduled in a conventional 
operating room. Requests for sedation were few, 
mainly for invasive diagnostics and/or for pain-
ful or lengthy procedures. In large part of the 
cases, light conscious sedation, usually managed 
by the proceduralist himself with the help of a 
trained nurse, was the rule. The ever-increasing 
complexity of the invasive procedures, where the 
diagnostic aspects are deeply entwined with ther-
apeutic solutions, makes mandatory deep seda-
tion or general anesthesia: boundaries between 
the two conditions are, as yet, far from being 
clear-cut [3, 5, 8, 9]. As stated by the many docu-
ments issued by the various scientific societies [3, 
5, 8, 9], sedation is a continuum, from moderate 
to deep: while purposeful responses are present 

in “moderate” sedation, in “deep” sedation, 
response occurs (if it occurs!) only after painful 
or repeated stimulations, consciousness is drug-
depressed, and ventilatory drive may be partially 
impaired: assistance (external airway manipula-
tion) to maintain a patent airway is sometimes 
required, while cardiovascular function is usually 
stable. According to ASA definition [3, 5], also 
quoted by ASGO [8], general anesthesia is “a 
drug-induced loss of consciousness during which 
patients are not rousable, even by painful stimu-
lation”. The ability to independently maintain 
ventilatory function is often impaired. Assistance 
in maintaining a patent airway is sometimes 
needed, and positive pressure ventilation may be 
required because of depressed spontaneous ven-
tilation or drug-induced depression of neuromus-
cular function. Cardiovascular function also may 
be impaired (Table  7.1 from ASA documents, 
reported also in ASGO guidelines) [3, 5, 8].

In the ESA document [9], to define sedation, 
a modified version of the five-level Ramsay scale 
level is proposed: level 5 is similar to, if not 
synonymous with, general anesthesia: (1) level 
1: fully awake, (2) level 2: drowsy, (3) level 3: 
apparently asleep but rousable by normal speech, 
(4) level 4: apparently asleep but responding to 
standardized physical stimuli (e.g., glabellar 
tap), and (5) level 5: asleep, but not respond-
ing to strong physical stimuli (comatose). Level 

Table 7.1  ASA definition of the continuum of depth of sedation (reproduced from ASA Continuum of Depth of 
Sedation: Definition of General Anesthesia and Levels of Sedation/Analgesia, with permission [3])

Continuum of Depth of Sedation:
Definition of General Anesthesia and Levels of Sedation/Analgesia
Committee of Origin: Quality Management and Departmental Administration
(Approved by the ASA House of Delegates on October 13, 1999 and Last Amended on October 23, 2019)

Minimal sedation 
anxiolysis

Moderate sedation/
analgesia (“conscious 
sedation”)

Deep sedation/analgesia General anesthesia

Responsiveness Normal response 
to verbal 
stimulation

Purposeful response to 
verbal or tactile 
stimulation

Purposeful response 
following repeated or 
painful stimulation

Unrousable even 
with painful 
stimulus

Airway Unaffected No intervention required Intervention may be 
required

Intervention often 
required

Spontaneous 
ventilation

Unaffected Adequate May be inadequate Frequently 
inadequate

Cardiovascular 
function

Unaffected Usually maintained Usually maintained May be impaired
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5 is the level required for ERCP. The ASA has 
defined four levels of sedation [3, 5], where level 
4 corresponds to general anesthesia. In case of 
deeper levels of sedation (ASA levels 3 or 4, 
ESA 4 or 5), respiratory adverse events are pos-
sible and mandate prompt and appropriate man-
agement. As stated by the ESA 2018 document 
[9], management of transition from levels 3 to 
4 may require specific knowledge and technical 
skills (advanced airway/cardiovascular resuscita-
tion) that are in general only fully mastered by an 
anesthesiologist.

7.3	 �Location [10]

The number of NORAs has increased at a very 
rapid rate in the last few years and will undoubt-
edly increase even more in the next few years. 
The ever-expanding number of procedures anes-
thesiologists are asked to care for has to match 
the suite layout and the logistics (complex, 
sometimes bulky diagnostic technologies often 
deployed close to other diagnostic/therapeutic 
facilities peculiar for the endoscopic procedures) 
with complex patients, safety issues (including 
rescue maneuvers), and rapid turnover. Suites 
layout, equipment, monitoring systems, proto-
cols, and staff should be finalized to maximize 
safety and working conditions while reducing 
risks.

In 2014, ASA guidelines specifically 
addressed how NORA locations are to be struc-
tured, organized, and equipped [3]: the document 
included standards to organize the anesthesia 
point outside the operating room (OR) to man-
age procedures requiring light sedation up to 
general anesthesia with tracheal intubation. The 
“OR safety standards” are to be “repositioned” 
and applied in the endoscopic suite. Aim of the 
document was to have in NORAs the same stan-
dards available in the traditional ORs, specifi-
cally addressing patient safety, monitoring, and 
equipment. Among the main requirements for 
NORA are:

	1.	 Adherence to all applicable structural and 
safety codes.

	2.	 Standards for anesthesia equipment, supplies, 
and patient monitoring as compared to the set-
ting in the traditional operating rooms.

	3.	 Room enough to accommodate the required 
anesthesia machines and facilities/supplies to 
allow a quick access to the patient and emer-
gency/resuscitation equipment, including a 
defibrillator (if possible with external pacing 
wires) and difficult airway devices.

	4.	 Wall oxygen (primary O2 supply) and wall 
suction, both better in duplicate: mandatory 
by the nurse and the anesthesiologist to check 
both facilities (together with anesthesia 
machine and monitoring) before the start of 
the session.

	5.	 Adequate illumination of the patient and of 
the vital signs monitor, without interfering 
with the endoscopist who must have a clear 
and complete vision on two monitor screens 
(X-ray and endoscopic images screens). The 
endoscopy screens should be positioned to 
have endoscopist’s eye level three-quarters 
toward the top of the monitor screen. Monitors 
are usually placed at the opposite side of the 
patient, usually at a level above the head of the 
table, directly in front of the endoscopist.

	6.	 An appropriate position of the anesthesia 
monitors is also relevant for the anesthesiolo-
gist’s work, to ease the anesthesiologist’s view 
of the monitor screen while working, particu-
larly in case of airway manipulation (neck 
extension or jaw thrust in case of respiratory 
depression) during deep sedation and sponta-
neous ventilation with the patient in prone 
position (a usual setting during ERCP): the 
most ergonomic position should be, into our 
opinion, in front of the anesthesiologist.

	7.	 Enough electric outlets/plugs to satisfy anes-
thesia machine, infusion pumps, vital signs 
monitors, and other supplies.

	8.	 Isolated electric power or electric circuits with 
ground-fault electric interrupters (relevant in 
any wet location).

	9.	 An appropriate postanesthesia care/recovery 
room: trained staff and basic monitoring 
equipment are mandatory to stabilize the 
patient after the procedure before a safe trans-
fer to the ward.
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An appropriate planning of the logistics and of the 
layout of an endoscopic suite is paramount [10]: 
room size and orientation, position of procedure 
table, position of the proceduralist and the anes-
thesiologist, and deployment of the endoscopic, 
radiologic, and anesthesia equipment should be 
planned and implemented according to the type 
of procedures and the possible rescue maneuvers 
the anesthesiologist might have to perform. Prone 
position is becoming a standard for ERCP, being 
mainly dictated by a more stable and ergonomic 
position for the endoscope and the endoscopist. 
However, the prone position could make the anes-
thesiologist less confident in airway management, 
particularly in case of acute respiratory depres-
sion. Many indications for ERCP are associated 
with a functional or mechanical gastric outlet 
obstruction, a condition able to increase the risk 
for periprocedural aspiration.

Aim of a “logic” endoscopy suite layout is 
to combine the maximum safety for the patient 
with an optimal ergonomic solution: a problem-
atic access to the patient for the anesthesiologist 
(particularly to the patient’s head in case of air-
way rescue maneuvers, included rapid shift from 
prone to supine position) should suggest to rede-
sign the layout or might even change the usual 
anesthesia plan [10, 11] (Fig. 7.1).

7.4	 �The Anesthesia Staff

The average available locations are still far from 
being close to the ideal solution of the prob-
lem: even if the main goals of the anesthesiolo-
gist are patient safety and comfort, many other 
relevant issues are to be considered and imple-
mented within the endoscopy suite, first of all the 
choice of adequately trained caregivers [12]. It 
has been documented that the number of adverse 
respiratory events—the most feared complica-
tion of a deep sedation or general anesthesia in 
nonintubated patients at remote locations—was 
doubled when compared to those recorded in 
operating rooms [11–13]. Metzner and Domino 
[11] warned about “oversedation and inadequate 
oxygenation/ventilation during monitored anes-
thesia care.” The most recent good clinical prac-
tices documents and guidelines recommend the 
creation of a group of anesthesiologists expert 
and familiar with invasive endoscopic/radio-
logic procedures, the prone position, and the 
remote location. It has been demonstrated that 
anesthesiologists comfortable with this peculiar 
environment are more efficient than “occasional” 
practitioners [4, 14, 15] in terms of patient safety 
and work efficiency: this is mainly due to specific 
skills gained in (and for) this particular setting. 

Fig. 7.1  Digestive 
endoscopy suite 
configuration at 
Niguarda Hospital. Note 
endoscopist position, 
patient position, 
cardiorespiratory 
monitoring, TIVA/TCI 
infusion pump, and 
anesthesia machine with 
emergency devices 
easily available. In this 
case, ETCO2 monitoring 
is a stand-alone device 
(red arrow) (in other 
cases, ETCO2 is 
integrated in the main 
monitor)
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However, spread of competence, skills, and privi-
leges for this activity has to be not only addressed 
but also developed and implemented in an anes-
thesia service, due to the non-infrequent urgent/
emergent procedures for whom deep sedation 
might be requested at any time. Mean oxygen 
saturation (SaO2) is higher when deep sedation 
or anesthesia is managed by a dedicated anesthe-
sia pool or by anesthesiologists familiar with the 
endoscopic procedures: as already underlined, in 
modern anesthesia practice, diffusion of skills in 
this peculiar clinical setting is becoming crucial 
[14, 15]. With specific skills for NORA, anes-
thesiologists should be able to work more con-
fidently in these “remote” but now frequently 
used locations with prone patients: procedures 
should be smoother, recovery time shorter, and 
safety higher, thus matching the quick turnover 
of patients, typical of the most demanding diges-
tive endoscopic suites, with the mandatory safety 
requirements.

7.5	 �Drugs

The pharmacological armamentarium commonly 
used for deep sedation in digestive endoscopic 
setting includes benzodiazepines (BZD), opi-
oids, propofol (PROP), and ketamine (KET). 
Dexmedetomidine (DEX) has recently been con-
sidered for sedation outside the ICU, and its use 
is now expanding in the USA and EU in NORAs: 
very recently, its use for sedations in NORAs has 
been approved also in Italy.

Benzodiazepines [16–19] (usually mid-
azolam, less frequently diazepam) produce anx-
iolysis, sedation, and anterograde amnesia. BZD, 
devoided of analgetic properties, are frequently 
used in combination with opioids. Midazolam 
is now the most commonly drug used for con-
scious sedation and preanesthetic medication [5]. 
It has short onset of action (30–60 s), peak effect 
in 3–5 min, and duration of action up to 40 min. 
Site of metabolization is the liver; metabolites are 
active but quickly cleared, except in patients with 
end-stage liver disease, renal failure, and conges-
tive heart failure. Diazepam has a longer duration 
of action and longer half-life (metabolites are 

active and slowly cleared by the liver). Half-life is 
prolonged in elderly patients, obese patients, and 
presence of hepatic dysfunction: delirium and agi-
tation might be recorded in elderly patients [17, 
18]. Both drugs have dose-dependent cardiorespi-
ratory depressant properties, particularly in case of 
opioid co-administration. Side effects may be con-
fusion or delirium, particularly in elderly patients. 
Flumazenil (FLU) is the specific benzodiazepines 
antagonist: repeated dose(s) after the initial dose 
(0.5 mg) might be needed in case of re-sedation, 
due to FLU half-life ranging from 40 to 100 min. 
Nausea, dizziness, and acute withdrawal symp-
toms may occur after FLU administration [5].

Opioids [16–19] (meperidine, remifentanil, 
fentanyl) are widely used for pain control, in addi-
tion to benzodiazepines or propofol. The most 
common choice in the gastroenterologic setting 
is meperidine (up to 0.5 kg mg/kg, single bolus), 
widely used by endoscopists together with ben-
zodiazepines for light and moderate (conscious) 
sedation [14]. Its metabolite, normeperidine, is 
clinically active and has been reported to be asso-
ciated with muscle twitching or, rarely, seizures. 
Fentanyl is considered safe according to its quick 
onset and rapid metabolism, and its use is now 
quite frequent. Respiratory depression is the most 
feared side effect: it is dose-dependent (>1.5 μg/
kg) and can lead to apnea. Muscle rigidity (chest 
wall rigidity) and/or vocal cord closure might be 
associated with difficult mask ventilation. Nausea 
and vomiting are not infrequent. In spite of a very 
short recovery time, remifentanil, able to deepen 
sedation and to provide a good analgesia, has 
been associated with apnea requiring assisted 
ventilation (airway manipulation to keep patency 
sometimes may be not enough). Naloxone is the 
antagonist of choice (0.2–0.4 mg iv bolus) [5].

Propofol (PRO) [16–19] is a sedative-hypnotic 
drug used for induction and maintenance of deep 
sedation/general anesthesia, usually in combina-
tion with an opioid. Bolus induction of 1.5–2 mg/
kg has a peak effect after 2 min, while the hyp-
notic action weans off after 2–8  min. Usually 
PRO is used as continuous infusion at 3–4.5 mg/
kg/h (the average dosage used by the authors): 
bolus dose and maintenance infusion schedule 
are to be reduced in elderly patient. While the 
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so-called “context-sensitive” half-life is close to 
40 min, elimination half-life is 4–7 h. Recovery 
time at this dosage is usually in the range of 
2–4 min. PRO has hepatic and extrahepatic (lung) 
metabolism, and inactive water-soluble metabo-
lites are eliminated by the kidney. Following an 
induction dose, hypotension due to decreased 
systemic vascular resistances is the most com-
mon hemodynamic effect: heart rate usually does 
not change or is mildly reduced. Transient apnea 
(10 s) is frequently observed after the bolus dose 
of >1  mg/kg, together with relaxation of the 
upper pharyngeal muscles, reduced hypopharyn-
geal dimensions, and reduced laryngeal reflexes 
(then the use of neck extension or jaw thrust to 
counteract/prevent the hypoventilation: the endo-
scope in this setting might be considered a sort of 
supraglottic device).

Due to a reduced central respiratory drive, con-
tinuous infusion might reduce respiratory rate and 
tidal volume, resulting in reduced minute venti-
lation. In general, the favorable PK/PD profile, 
the short onset and recovery times, and the low 
rate of postprocedural nausea and vomiting make 
PRO the most (if not the only) drug used in vari-
ous “sedation” settings, including complex diges-
tive endoscopic procedures: to perform ERCP 
and its more complex variations, deep sedation (if 
not general anesthesia and endotracheal intuba-
tion, in selected cases) is increasingly required. In 
our opinion, the use of PRO should be reserved 
to anesthesiologists only, particularly in case of 
complex procedures (such as ERCP) and/or using 
the prone position. A wide body of literature how-
ever [9, 20–22] reports its safe use by non-anes-
thesiologists (non-anesthesiologist-administered 
propofol, NAAP). The unsatisfactory degree 
of sedation achieved with benzodiazepines and 
opioids combinations (usually midazolam and 
meperidine), together with the assumption that 
anesthesiologists represent an exaggerated eco-
nomical burden, has pushed many gastroenter-
ologists toward administration of sedatives and 
an anesthetic drug (the case for propofol) able 
to create conditions close to general anesthesia: 
this choice is in our opinion, and in spite of the 
favorable available literature, hazardous at best. A 
specific guideline was issued by ASA for the use 
of PRO by non-anesthesiologists [22]. PRO might 

have a narrow therapeutic index in not adequately 
trained professionals (particularly in case of air-
way rescue and severe hypoventilation), and its 
use together with other drugs such as benzodiaz-
epines or opioids can induce too deep sedation, 
respiratory depression, hypoxia, and cardiovascu-
lar instability: all conditions which require breath-
ing assistance (up to endotracheal intubation), 
since PRO has no antidote/antagonist. In the USA 
and several European Union countries, the use of 
PRO by non-anesthesiologists has been reported, 
although this practice still remains controversial 
at best (or sometimes banned). European guide-
lines on the non-anesthesiologists administra-
tion of propofol (NAAP) for endoscopy were 
published in December 2010 and later retracted: 
these guidelines have been rejected by many EU 
national societies of anesthesia (SIAARTI among 
them) [23, 24].

Ketamine [16–19] is a phencyclidine deriva-
tive: IV administration results in a rapid onset 
(peak effect of a bolus dose of 2 mg/kg is within 
1  min) and short duration (10  min). The respi-
ratory depression is minimal (even if a transient 
decrease in respiratory drive might occur); laryn-
geal reflexes are maintained as is CO2 respon-
siveness: bronchial smooth muscle relaxation has 
been demonstrated. Heart rate, blood pressure, 
and systemic vascular resistances are usually 
increased due to a sympathetic nervous system 
stimulation. It produces dissociative anesthesia 
and may cause hallucinations when no benzodi-
azepines or other modulating drugs (trazodone 
is an example) are co-administered. It has good 
analgesic properties and has been utilized par-
ticularly for pediatric patients, due to the rapid 
onset of action. Unfortunately, it may be respon-
sible for increased orotracheal secretions which 
may be controlled by an antisialogogue (atropine 
or glycopyrrolate).

Dexmedetomidine (DEX) [16–19] is an 
alpha2 centrally acting receptor agonist with 
sedative, anxiolytic, analgesic, and antisialo-
gogue properties. It allows cooperation in spite 
of sedation. Bradycardia, hypotension, and 
reduced cardiac output might be present, partic-
ularly after the bolus dose. Minor modification 
in minute ventilation may be reported. Onset is 
slow (15 min); elimination half-life ranges from 
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2 to 3 h. Doses (both bolus and infusion mainte-
nance) should be reduced in the elderly, in case 
of moderate-to-severe hepatic impairment, and 
in patients with reduced cardiac performance. 
For sedation in NORA, it could be used in asso-
ciation with propofol (to provide deeper sedation 
during endoscopic procedures), or with ketamine 
(reduced bradycardia and hypotension poten-
tially associated with DEX, with a better modu-
lation of secretion and reduced ketamine-related 
dissociation) [9] (Table 7.2).

7.6	 �Equipment

At least two reliable sources of oxygen (whenever 
possible, wall oxygen supplies) are mandatory: 
a secondary oxygen source for nasopharyngeal 
oxygenation via a dedicated cannula is more than 
advisable in case of desaturation while using the 
primary oxygenation source. Use of high-flow 
nasal devices (HFNO) [25] might be an updated 
and modern option, even if seldom, if ever, 
used at the moment in this setting (costs might 
become relevant). Adequate suction equipment 
(in duplicate), easily and quickly available for 
the anesthesiologist (separated from that used 
by the endoscopist); a portable breathing sys-
tem with self-inflating balloon (AMBU); and a 
breathing system for rescue maneuvers compose 
the mandatory minimal safety set. A fully func-
tional anesthesia machine should be available 
and properly checked before the start of every 
session, should a patient require endotracheal 
intubation and mechanical ventilation. Due to 
the systemic effect of the drugs used for deep 
sedation/general anesthesia (central depres-
sion), ability to rescue the patient from respira-
tory depression/cardiovascular impairment is 
mandatory. It is advisable to have an active gas 
scavenging system, in case of use of anesthetic 
vapors. If the location does not allow a safe use 
of anesthetic gases, intravenous administration 
of sedatives and anesthetic drugs (TIVA/TCI) is 
an appropriate choice [16]. NORA should have 
a proper illumination or adequate light sources 
[3]. Emergencies are possible in this setting, 
and rapid shift from prone to supine position of 
the patient is one of the most challenging and 
demanding maneuvers in case of severe desatu-
ration and/or cardiovascular instability: rescue 
facilities are to be easily available and ready for 
the use [10]. Routine check before the start of 
the session is mandatory to avoid problematic 
situations in case of hyperacute critical condi-
tions. A mobile anesthesia emergency cart with 
a defibrillator (external pacing would be advis-
able) together with standard devices for treating 
cardiac arrest and/or performing endotracheal 
intubation (difficult airway devices included) 
should be available.

Table 7.2  Drugs and average dosages used for sedation 
(from [17])

Drug
Sedative 
dose Notes

Midazolam 1–2 mg IV, 
repeated 
PRN 
(0.025–
0.1 mg/kg)

Frequently used in 
combination with 
fentanyl or for its 
amnestic properties 
when other agents 
are utilized as the 
primary sedative

Fentanyl 25–100 g IV, 
repeated 
PRN 
(0.25–1 g/
kg)

Usually used in 
combination with 
other agents (e.g., 
midazolam, 
propofol)

Remifentanil Bolus 0.5 g/
kg IV 
followed by 
an infusion 
of 0.1 g/kg/
min

Infusion can 
subsequently be 
titrated by 0.025 g/
kg/min to 0.05 g/kg/
min in 5 min 
intervals to achieve 
adequate sedation

Dexmedetomidine Bolus 1 g/kg 
IV over 
10 min, 
followed by 
an infusion 
of 0.2–0.7 g/
kg/h

Reduce dose in the 
elderly and in 
patients with 
depressed cardiac 
function

Ketamine 0.2–0.8 mg/
kg IV

Pretreat with 
antisialagogue
Consider 
administration of 
midazolam to 
attenuate 
undesirable 
psychological 
effects

Diphenhydramine 12.5–50 mg 
IV

Useful as a 
substitute for 
midazolam in the 
elderly
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7.7	 �Monitoring

Patient safety comes first and is the key word in 
this setting: considering the added risk of per-
forming deep sedation/general anesthesia with-
out an instrumented airway, monitoring must 
adhere to the full ASA/ESA standards [3, 5, 9], 
which include EKG, noninvasive (possibly auto-
mated) blood pressure measured at short inter-
vals (every 5 min), pulse oximetry (possibly with 
an amplificated sound signal), and capnography 
(body temperature might be advisable, but not 
mandatory). Respiratory rate, derived from EKG 
or capnography, is advisable. Vital parameters 
are to be recorded in anesthesia charts at 5 min 
intervals. Impedance monitoring of respiratory 
rate requires adequate chest wall movements 
which can be reduced during deep sedation or in 
obese patients (Fig. 7.2).

Oxygen reserve index monitor is a new, non-
invasive, promising function provided by the new 
generation of pulse oximeters. It gives an early 
warning in case of beginning hypoxia well before 
any changes in SpO2 [26]. Capnography is now 
recommended as a standard monitor by ASA and 
ESA [3, 5, 9] for all patients undergoing deep 
sedation (and beyond). Although not always reli-

able in nonintubated patients mainly for techni-
cal (non-appropriate device) or “mechanical” 
reasons (dislodgement of the nasal device or too 
high oxygen flow, thus creating false-positive 
hypocapnia), capnography, when monitored with 
the appropriate device, is a reliable monitor of 
detecting depressed or depressing spontaneous 
respiratory activity, thus anticipating hypoxia, 
the major cause of increased morbidity and mor-
tality in the endoscopic suites. As a matter of 
fact, even the most performing device to moni-
tor peripheral oxygen saturation, pulse oximeter, 
has a significant delay in predicting respiratory 
arrest due to hypoxia. On the other hand, recover-
ing from transient hypoxia to normal values after 
successful jaw thrust or left chin maneuvers (doc-
umented by deeper chest excursions and return of 
a normal capnogram curve) may require seconds 
to minutes. Interestingly enough, the majority of 
basic endoscopic procedures which last longer 
than 15–20 min and the totality of the advanced 
therapeutic procedures (ERCP, for instance) 
might shift from deep sedation to a depth equal to 
general anesthesia (see above). Depth of “seda-
tion” has to be assessed continuously, together 
with vital parameters. Usually assessed in a sub-
jective way, depth of sedation might in the very 

Fig. 7.2  Monitoring 
(heart rate, SaO2, 
ETCO2, respiratory rate, 
noninvasive blood 
pressure) during ERCP 
in prone position at 
Niguarda Hospital 
(ETCO2 is integrated in 
the monitor)
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near future rely upon dedicated devices (BIS®, 
ENTROPIA®, or SEDASYS® as examples) [9]. 
Even if not yet included among mandatory moni-
toring devices, depth of sedation monitors should 
be strongly considered to complete the safety 
monitoring standards: appropriate depth of seda-
tion might help in optimizing sedative drugs 
administration, avoiding drug overuse, and futile, 
dangerous oversedation [9]. Then heart rate, non-
invasive blood pressure, pulse oximetry (SaO2), 
and ETCO2 are the mandatory parameters to be 
monitored, starting before the procedure and 
checked with the patient awaken.

Basic monitoring (including EKG, SaO2, 
NIBP) should be available in the postproce-
dural recovery room where the patient should 
be discharged from NORA: ad hoc trained and 
skilled nurses should be able to recognize (or 
better anticipate) complications and adverse 
events, possible in case of too deep postproce-
dural sedation. Among them are acute airway 
obstruction due to secretions and impaired cough 
reflex, respiratory depression with consequent 
hypoxia, and the risk of regurgitation and aspira-
tion of gastric content. Mandatory for the nurse 
in charge is to provide first aid (safety position, 
oxygen delivery, jaw-thrust maneuver, suction 
of the secretions, mask ventilation) and to alert 
the anesthesiologist. A score for a safe discharge 
of the patients to the wards might be advisable 
(Aldrete score or White-Song score).

Pain should be appropriately controlled but 
always considered as an early warning: the 
endoscopists should be alerted, and in case of 
doubts, appropriate and immediate imaging is 
mandatory. The patient has to be discharged 
from the recovery room when conscious, ver-
bally responsive, obeying orders, and with nor-
mal respiratory and circulatory patterns. Before 
the discharge and in case of doubts, the abdo-
men should be checked by the endoscopist for 
possible perforation.

7.8	 �Patient Assessment

Anesthesia for gastroenterologic procedures, 
as above alluded to, will increase in the next 

few years, becoming, from a sporadic activity, a 
relevant routine. In a busy digestive endoscopy 
service, due to the number of patients sched-
uled each day for endoscopic procedures (from 
7 to 14 in authors’ experience) and the different 
units the patients are sent from (surgical, medi-
cal, ICU, other institutions), the endoscopist 
has limited time to prepare an essential, focused 
medical history followed by a physical exami-
nation: unfortunately, the anesthesiologist faces 
the same problem. As very recently stated by 
many authors [6–9], a short but logical and 
possibly complete preprocedural assessment 
(challenging because pressed by the busy set-
ting) is mandatory to reduce sedation adverse 
events [11, 13]. Respiratory problems associ-
ated with inadequate oxygenation and ventila-
tion were the main cause of damaging events in 
US closed claims analysis and UK 4th National 
Audit Project during sedation outside the OR 
[13, 14]. Identification of the patients at risk is 
crucial for an adequate periprocedural manage-
ment (including an appropriate planning and a 
specific monitoring). According to Tobin and 
Cotè [7], anesthesiologists should gather a short 
but relevant summary of the medical history, 
focusing mainly on fasting intervals, allergies, 
medications (in particular cardiovascular drugs, 
anticoagulants, and antiplatelet medications), 
significant organ dysfunctions (mainly the 
heart and lung but also central nervous system 
problems), and level of consciousness and/or its 
modifications. Relevant items to be addressed 
are history of snoring, obstructing sleep apnea 
syndrome (OSAS), COPD, asthma [7, 9], pres-
ence of arterial hypertension and treatment, 
chronic heart decompensation, angina, arrhyth-
mias (in particular atrial fibrillation, AF), valvu-
lar disease (in particular aortic stenosis), cardiac 
interventions (in particular valve replacement 
or coronary arteries bypass surgery), coro-
nary artery stents (aspirin has to be continued, 
unless a relevant risk of bleeding outweighs the 
risk of stent thrombosis), pacemakers (PM), or 
implantable cardioverter defibrillators (ICD) 
[27, 28]. Relevant is the definition of patient’s 
efforts tolerance using the metabolic equiva-
lents (METs, above or below 4, or the DASI, 
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Duke Activity Status Index) [27, 28]. Endocrine 
(diabetes and hypo- or hyperthyroidism), renal, 
and hepatic problems are to be known. Adverse 
events after general, locoregional anesthesia or 
deep sedation should be known. The physical 
examination should include lung auscultation, 
airway assessment (including teeth and den-
tures), problematic mouth opening (Mallampati 
classification), and history of radiation (marker 
of possible difficult laryngoscopy). According 
to ASA [5], routine blood tests may not be man-
datory: it might be wise to have specific prepro-
cedural tests in case of anemia (hemoglobin), 
diabetes (glycemia), renal failure (potassium), 
and liver failure (bilirubinemia). PT and aPTT 
could be relevant in case of anticoagulant medi-
cations. Even if no strict indication is available, 
it seems appropriate to have a recent ECG in 
patient over 60 years (50 YO in a very recent 
US paper) [7].

It is therefore mandatory to organize a timely 
access to the endoscopy service (same-day 
evaluation is unfortunately the rule but enough 
if wisely conducted) so that more problematic 
patients may undergo an anesthesiological-
focused (even if short) assessment to plan the 
appropriate periprocedural pathway. In case of 
high-risk patients or in case of procedures which 
mandate ET and general anesthesia, assessment 
has to be done in advance, including the chance 
of an (rare but possible) admission in the ICU: 
preoperative risk stratification may add signifi-
cant predictive value to the outcome of critical 
patients, even if the procedure is regarded as 
minimally invasive.

The ASA classification is reported by ESA 
2018 preoperative evaluation guidelines [28] as 
a useful screening for limiting the administration 
of sedation for diagnostic procedures by endos-
copists up to the ASA III patients. Obese patients 
might become a real problem during sedation. 
Noninvasive ventilation (NIV) is not always pos-
sible (dedicated masks are needed) and not safe 
enough. According to ASA [3, 5] and ESA [9], 
the following endoscopic procedures should be 
managed by anesthesiologists and in selected 
case considered for general anesthesia and endo-
tracheal intubation:

	 1.	 Prolonged or therapeutic procedures requir-
ing deep sedation

	 2.	 Anticipated intolerance to standard sedatives 
(benzodiazepines or narcotics)

	 3.	 Increased risk for adverse event because of 
severe comorbidity (ASA classes III and IV)

	 4.	 Increased risk for airway obstruction because 
of anatomic variant

	 5.	 Emergencies
	 6.	 Pediatric patients
	 7.	 (Morbid) Obese patients
	 8.	 Uncooperative or agitated patients
	 9.	 Refusal of acceptance of the procedure with-

out anesthesia
	10.	 Complex or long procedures (drainage of 

pseudopancreatic cysts with increased risk 
of aspiration, risk of bleeding, management 
of strictures, ERCP, endoscopic mucosal 
resection, endoscopic submucosal dissec-
tion): among these complex procedures are 
those sometimes requiring endotracheal 
intubation

Last but not least, an appropriate checklist 
before every procedure must include—apart 
from the noncompetent patient without the 
legal representative or in emergency—the 
informed consent, a keystone both for the 
endoscopist and for the anesthesiologist (in 
Italy, two separate informed consents are 
needed). Sedation might represent a major 
source of medicolegal claims [11, 13]. This is 
why the patient (and perhaps the relatives) 
should receive complete information about 
risk, benefit, and alternatives to the proce-
dure, including the possibility to receive gen-
eral anesthesia and ETI.

7.9	 �The Challenge

The increasing demand for deep sedation 
in patients candidates to advanced digestive 
endoscopy has induced relevant changes in the 
everyday work of a digestive endoscopic service. 
Complexities of the advanced endoscopic pro-
cedures are eased by an appropriately managed 
deep sedation performed by an anesthesiologist. 
This is why the involvement of anesthesia ser-
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vices in endoscopic activity has rapidly shifted 
from occasional assistances to scheduled daily 
services comparable to those available for the 
operating room: every effort should be done aim-
ing at a safe and efficient working area. NORA 
is the organizational and logistical answer to an 
environment where standards of safety are to be 
redesigned according to specific needs: those 
of the endoscopist should match the anesthesia 
safety standards mandatory for any “operative/
interventional environment” (in this case a pro-
cedural suite) to face possible cardiovascular and 
ventilatory emergencies. Monitoring standards 
should be the same available in the conventional 
ORs, while relevant efforts should aim at giving 
the personnel adequate training to prevent/reduce 
periprocedural adverse events. Nevertheless, 
these measures, while going toward an accept-
able degree of procedural safety, still could 
miss the point. The main issue remains the dif-
ficult control of the airway [29–31]. As a mat-
ter of fact, all upper gastrointestinal procedures 
do not allow to “artificially” ventilate the patient 
until the endoscope is in place. Withdrawal of the 
endoscope could be possible, but sometimes not 
immediately, with potential life-threatening con-
sequences. Routine endotracheal intubation pro-
vides optimal control of the airway but might be 
time-consuming and, according to a wide body 
of literature, not always mandatory: it should 
be reserved to extremely prolonged procedures; 
pediatric cases; critically ill individuals; mor-
bidly obese patients; noncooperative, mentally 
disturbed subjects; or when the risk of aspiration 
is real [29]. Conditions at risk for aspiration and 
acute respiratory failure include delayed gastric 
emptying, gastric outlet obstruction, non-fasting 
state, drainage of large infected pancreatic pseu-
docysts, or acute upper gastrointestinal bleeding: 
the benefit in the latter situation remains, how-
ever, controversial [30]. To counterbalance the 
absence of secure airway, anesthesiologists have 
developed skills specific for deep sedation while 
keeping adequate spontaneous ventilation: in fact, 
hypoventilation and hypoxia are the most com-
mon complications potentially leading to cardiac 
arrest (in large part of the cases, when reported, 
secondary to profound hypoxemia) [30–32].

Virtually every gastrointestinal procedure is 
performed under the effect of sedative drugs. 
Large part of the diagnostic procedures requires 
mild intravenous sedation [5], usually under the 
direction of an endoscopist: among them are 
endoscopic ultrasound procedures (EUS, com-
mon even for outpatients with moderate sedation 
usually directed by the endoscopist), colonos-
copies (CLS), and esophagogastroduodenosco-
pies (EGDS) with or without tissue biopsy; for 
advanced diagnostic or therapeutic procedures 
(ERCP or complex EUS are examples), deep 
sedation (or general anesthesia) is more appro-
priately managed by an anesthesiologist (in spite 
of part of markedly different opinions present in 
the literature) [32, 33]. Patients with proximal 
esophageal cancer and esophagotracheal fistula 
must be evaluated for possible endotracheal 
intubation.

Other endoscopic procedures usually per-
formed with anesthesiological assistance are:

	1.	 Percutaneous endoscopic gastrostomy (PEG), 
(usually performed in severely ill patients, 
may need deep sedation and analgesia).

	2.	 Acute gastrointestinal bleeding is an emer-
gency which requires anesthesiological skill, 
mainly in order to evaluate the patient who 
has often advanced liver disease with coagu-
lopathy, low platelet count, and ascites. Risk 
of aspiration of blood is relevant, yet endotra-
cheal intubation must be carefully evaluated 
according to the general status and possible 
outcome [30].

	3.	 Resection of epithelial neoplasms (endoscopic 
mucosal resection, EMR) is a lengthy proce-
dure requiring high precision and absence of 
movements: in most complex cases, general 
anesthesia with endotracheal intubation might 
be mandatory. The disease may be in proxim-
ity of the larynx. An advanced and longer 
form of EMR is endoscopic submucosal 
dissection (ESD), the en bloc resection of 
large lesion: general anesthesia is the rule.

	4.	 ERCP is mainly a therapeutic procedure. It is 
a unique way to diagnose and treat disorders 
of the pancreas and biliary tract, ranging from 
choledocholithiasis to treatment of malignant 
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biliary obstruction. The endoscopist must 
reach the second portion of the duodenum to 
cannulate the ampulla of Vater, withdraw 
stones, and place stents within the biliary tract 
in case of benign or malignant strictures. In 
the early times, sedation was administered by 
endoscopists employing benzodiazepines and 
opiates: however, the length of the procedure, 
which may last more than 100 min; the need 
of immobility; and the pain caused by dilation 
of the biliary tract make the anesthesiological 
presence relevant (mandatory in our opinion). 
The procedure requires endoscopic as well as 
radiologic control, and the location must have 
appropriately located fluoroscopy equipment. 
This may leave little “operative” space for the 
anesthesiologist to guarantee adequate venti-
lation (see above). In addition, the room could 
be darkened to facilitate fluoroscopic imaging 
and its interpretation: should it be the case 
(less common nowadays), some form of illu-
mination is among the safety standards for the 
anesthesiologist. The patient is usually in 
prone position, with the head turned toward 
the endoscopist: helpful for the endoscopist, 
this position may add some safety in case of 
aspiration in nonintubated patients but makes 
problematic any form of assisted ventilation 
(apart from airway manipulation as above 
described), not possible because of the pres-
ence of the endoscope. As already underlined, 
the main task of the anesthesiologist in this 
setting is to provide at the same time pain 
relief, comfort, and immobility of the patient 
(unconsciousness is the appropriate defini-
tion) while maintaining adequate oxygenation 
and ventilation. Considering that deep seda-
tion is needed to perform an advanced proce-
dure (as ERCP is), general anesthesia with 
spontaneous breathing is the right definition 
[29]: the level of sedation and not the sole 
presence of an artificial respiratory prosthesis 
makes the difference between sedation and 
general anesthesia, opening up to the need for 
depth of sedation monitoring in this setting to 
modulate drug-induced alteration of con-
sciousness. As stated by Schumann [25] and 

already above underlined, “sedation is a con-
tinuum of altered consciousness, ranging from 
moderate to deep sedation and general anes-
thesia.” As above alluded to, prone position 
might be a double-edged sword. As recently 
underlined [7], the prone position has not to 
be considered by default an independent pre-
dictor of sedation-related complications. In 
fact, it may confer more protection against 
aspiration, this position being in general at a 
lower risk if compared to the supine position: 
as an example, in prone position, airway 
obstruction occurs less frequently due to the 
tongue position, off the hard palate. When 
managed by an experienced anesthesiologist, 
and according to the literature, propofol deep 
sedation (quite often co-administered with 
opioid, in our experience almost always 
meperidine, 0.5  mg/kg, single bolus at the 
start of the procedure) and spontaneous venti-
lation have a favorable safety profile during 
ERCP and other advanced endoscopic proce-
dures. According to Goudra and Singh [29], 
oxygen released by a nasal airway may 
become inadequate during deep sedation: the 
negative intraluminal pressure in the pharynx 
could be not counterbalanced by the tone of 
the upper airway musculature (the mechanism 
able to avoid in the awake patient the closure 
of the upper airway) (Fig. 7.3).

It has been demonstrated [29] that when the 
muscular valve called velopharyngeal mecha-
nism collapses due to loss of muscular tone, a 
tight seal (created by soft palate and pharyngeal 
walls separating nasal and oral compartments) 
is anatomically formed, and no airflow from the 
nose becomes possible [Fig. 7.3 from Goudra and 
Singh (2017)] [29]. In addition, the obstruction 
of the oropharynx following retrolingual collapse 
blocks airflow from entering the larynx. This 
double block may be overcome by a nasopharyn-
geal device, for instance, a small silicone 18 or 
20 F suction tube or a so-called nasal trumpet. 
This simple device, together with oxygen flow 
from the secondary oxygen source, if correctly 
positioned, allows a dramatic improvement of the 
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hypoxemia: last but not least in this specific set-
ting, the endoscope itself acts as a stent of the 
airway, preventing the collapse of the tissue at 
pharyngeal level [29].

Other simple tricks to be used in case of 
hypoxia are chin lift, jaw thrust, and neck exten-
sion: their efficacy can be limited by the prone 
position. These measures, alone or together, are 
usually successful together with O2 administra-
tion (sometimes using the secondary source) in 
correcting dangerous hypoxia before asking the 
endoscopist to withdraw the endoscope and start 
with positive pressure ventilation or even the 
placement of an airway protection device such as 
laryngeal mask or endotracheal tube. It must be 
kept in mind that emergency endotracheal intu-
bation in the peculiar setting of gastrointestinal 
endoscopic procedures, with the patient in the 
prone position, may be not easy at best: it might 
be wise, before starting with the procedure, to 
anticipate the way to turn the patients into the 
supine position in case of emergency.

In this setting, obese patients are worth for 
maximal alertness: orotracheal intubation has to 

be strongly considered above BMI > 30 kg/m2. If 
the procedure is considered safe without intuba-
tion, it is advisable to keep the patients in supine 
or in semi-prone or lateral position (although 
many endoscopists might be uncomfortable with 
these positions), with extension of the atlanto-
occipital joint, the well-known “sniffing the 
morning air.” This is highly advisable in obese 
adults with obstructive sleep apnea syndrome 
(OSAS) [29]. A double oxygen source should 
be available; nasopharyngeal airway is recom-
mended because displacement is less frequent. 
An additional risk of airway collapse in this set-
ting is due to higher negative airway pressure and 
to increased amount of fat in the pharynx which 
diminishes the already narrow space between 
pharyngeal walls and reduces the stenting effect 
of the endoscope. Well before hypoxia might 
become threatening and positive pressure venti-
lation unavoidable, it is mandatory to ask the gas-
troenterologist to withdraw the endoscope and to 
proceed with ventilator assistance and/or tracheal 
intubation.

Research has developed different airway 
devices to provide additional oxygen supply: 
face mask, panoramic face mask, endoscopy 
mask, and dedicated endoscopic mask (Janus®). 
They represent the natural evolution of the face 
mask: all of them have a port for the endoscope; 
they fit the patient’s face preventing leaks; some 
have a leak-proof cushioned seal along the facial 
contour to perform assisted/controlled positive 
pressure ventilation: an additional port for CO2 
monitoring may be available. The main limita-
tion, common to all, is the inability to prevent 
airway obstruction or aspiration.

Other airway devices available are nasopha-
ryngeal airway, gastrolaryngeal tube, and bite 
block. The nasopharyngeal airway [29] is a large 
nasopharyngeal tube (28F, 7 internal diameter) 
inserted through the nose. The concept is the 
same as for a smaller suction tube which goes 
beyond the velopharyngeal mechanism. The main 
differences are the size, which allows manual 
ventilation, and the correct timing for placement, 
since the patient should be sedated with suppres-
sion of the cough reflex. The gastrolaryngeal 

Fig. 7.3  The airways and the velopharyngeal mechanism 
during deep sedation (from [29])
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tube is recommended for complex procedures 
like ERCP and PEG. Its purpose is to secure the 
airway and prevent the regurgitation of gastric 
content. It increases the space for maneuvering 
the endoscope and allows positive pressure ven-
tilation [29]. It should be utilized by experienced 
hands. The bite blocks are utilized by endosco-
pists in the oral cavity in order to avoid biting 
of the endoscope. Over the years, they have been 
modified in order to ease positive pressure venti-
lation and aspiration of oral secretions and pre-
vent airway obstruction thanks to special devices 
like atraumatic airway flange or tongue depressor 
(Goudra’s bite block, safety guard) [29]. With 
this kind of bite blockers, oxygen delivery and 
EtCO2 monitoring are more reliable.

The variety of devices above discussed 
reflect the continuous research of optimal man-
agement of the airway and of the patient’s and 
endoscopist’s needs. Unfortunately, there is no 
ideal solution: the anesthesiologist may choose 
among different solutions with regard to the pos-
sible devices and strategies. As for the devices, 
all possible technical solutions are not always 
available for the caregiver, who has to find out 
the most suitable one for the specific setting/
condition and the local availability. When doubts 
arise, it seems wise to ask an experienced col-
league for help and/or advice. Four hands, two 
brains, and specific skills could be the best avail-
able solution: should help be unavailable, the 
best choice is to act according to one’s capacity 
and experience.

7.10	 �Coming to a Conclusion: 
Sedation, the Proceduralist, 
and the Anesthesiologist

Many papers report of excellent results when 
intravenous sedation is administered by gastro-
enterologists [8, 32, 33]. There is wide-spread 
use of nurse-assisted (NAPS) or NAAP in many 
endoscopy suits in Europe. This is currently 
the case in all routine procedures performed 
for diagnostic purposes or of short duration. 
As already mentioned, most of the endoscopic 
procedures may require light sedation with mid-

azolam and opioids and do not need the presence 
of an anesthesiologist. Even propofol sedation 
has been safely administered by endoscopists or 
qualified trained personnel [32, 33]. However, 
the European anesthesiology societies issued a 
consensus statement against the use of propo-
fol by non-anesthesiologists [23, 24]. The cur-
rent position of the BSG - for expample - is that 
NAAP services have been reported to be safe 
and effective, but the current UK position is that 
propofol administration should be the responsi-
bility of a dedicated and appropriately trained 
anaesthetist [24]. Among the reasons that would 
propose NAAP is the minor expense for the 
hospital when sedation is administered by non-
anesthesiologists [9]. Training curricula have 
been established by American and European 
societies. Trainees must be able to evaluate the 
patient, give adequate information, administer 
sedatives, monitor vital functions, ventilate the 
patient if necessary, and take care of him until 
the discharge. Unfortunately, there is paucity of 
training courses and still no validated methods 
to test competence. Moreover, we are convinced 
that deep sedation in the endoscopic setting is 
much better and more efficiently managed by 
an anesthesiologist. This might be, however, 
subject to local expertise of NAAP perso-
nel. Buxbaum [34], analyzing the different cost 
between anesthesiologist- and non-anesthesi-
ologist-directed sedation, points out that the 
gastroenterologist-directed sedation (GDS) for 
ERCP has a major rate of failure due to exces-
sive or insufficient sedative administration, and 
therefore, although anesthesiologist-directed 
sedation is more expensive, the additional cost 
is outweighed by the reduction of (expensive) 
alternative procedures (or redo) and shorter hos-
pitalization. Buxbaum [34] stated that “routine 
use of anesthesia providers for routine endos-
copies is not a cost.” To increase safety while 
speeding up procedures, competent profession-
als able to solve specific problems are needed. 
If sedation is a continuum between light seda-
tion and deep unconsciousness [3, 5, 8, 9] and if 
ERCP and similar complex procedures require 
a sedation level deep enough to equal the con-
dition of general anesthesia while maintaining 
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spontaneous breathing, a dedicated anesthesiol-
ogist is more than needed, allowing the endos-
copists to concentrate on his demanding task 
without being “distracted” by problems (from 
ancillary to major adverse events) coming from 
the possible (adverse) effects of a (too) deep 
sedation.

Team working is better than “solo”: team 
and not the “one man band” should become the 
standard.
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Anatomy of the Biliary Tree

Giuseppe M. Ettorre and Roberto L. Meniconi

8.1	 �Overview

Hepatic (or bile) canaliculi are the smallest 
branches of the bile duct system in which the 
hepatocytes secrete the bile. They are formed by 
the lateral faces of the hepatocytes, draining the 
bile in a centripetal way into the hepatic ductules 
that are lined by epithelial cells. These ductules 
then join into larger ducts progressively forming 
lobular ductules; subsegmental and segmental 
ducts, which combine into sectorial ducts; and 
finally the left and right hepatic ducts (Fig. 8.1). 
According to the Couinaud model [1], the biliary 
system follows the same disposition of the portal 
system, being the bile ducts a part of the portal 
triad. The left and the right hepatic ducts join into 
the biliary confluence at the level of the hepatic 
hilum, and then the common hepatic duct joins 
the cystic duct to form the common bile duct 
which courses inferiorly and enters into the sec-
ond portion of the duodenum either alone or after 
joining the pancreatic duct.

8.2	 �Intrahepatic Biliary Anatomy

According to the Brisbane 2000 terminology [2], 
the liver is divided into the right and left lobes by 
the Cantlie line. The right lobe is divided into 
anterior (segments 5 and 8) and posterior sectors 
(segments 6 and 7), whereas the left lobe is 
divided into medial (segment 4) and lateral (seg-
ments 2 and 3) sectors which are anatomically 
separated by the umbilical fissure. Similarly, seg-
ments 7 and 8 are also defined as superior seg-
ments, while segments 5 and 6 are inferior 
segments. The bile ducts draining each segment 
are considered third-order ducts. The sectoral 
bile ducts are second-order ducts with the main 
right and left hepatic ducts referred to as the first-
order ducts [3]. Segment 1 is drained by several 
ducts joining both the right and left hepatic ducts 
close to the biliary confluence at the hilum.

8.2.1	 �Right Anterior Sectoral Ducts 
(Segments 5 and 8)

The right anterior sectoral duct is located intrahe-
patically and is formed by the joining of seg-
ments 5 and 8. It lies vertical, on the left of the 
anterior branch of the portal vein, and usually 
enters the right hepatic duct, along a longitudinal 
axis. In some cases, it receives bile ducts from 
segment 5 and the ventral part of segment 8, 
while the dorsal part of segment 8 is drained into 
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the right posterior sectoral duct. The right ante-
rior sectoral duct may be absent: in these cases, 
bile ducts from segments 5 and 8 join separately 
the right hepatic duct. Rarely, the right anterior 
sectoral duct enters the left hepatic duct. A sub-
vesical bile duct located in the gallbladder fossa 
may be present in up to one-third of cases and 
usually drains into the anterior sectoral duct or 
the right hepatic duct, without any communica-
tions with the gallbladder.

8.2.1.1	 �Segment 5
One or two ducts of segment 5 enter the right 
anterior sectoral duct. In some cases, bile ducts 
from segment 5 join directly the right hepatic 
duct, separately with bile ducts of segment 8, 
forming a right-sided confluence with the right 
posterior sectoral duct. When two or more bile 
ducts arising from segment 5 are present, one of 
them may enter the bile duct of the ventral part of 
segment 8.

8.2.1.2	 �Segment 8
Segment 8 is the most voluminous segment of the 
liver and is located in the upper part of the right 
liver, corresponding to the hepatic dome. It is 
divided in two parts, ventral and dorsal, each one 
drained by one or two bile ducts which course 
vertically. Normally, ventral and dorsal bile ducts 
of segment 8 join to form a common duct before 
entering the right anterior sectoral duct (Fig. 8.1). 
In the absence of the latter, this common duct 
from segment 8 enters directly the right hepatic 
duct, together with the bile duct of segment 5 and 
the right posterior sectoral duct (20% of cases). 
Sometimes, the ventral bile duct of segment 8 
joins with the bile duct from segment 5 to form 
an incomplete right anterior sectoral duct, while 
the dorsal bile duct of segment 8 joins directly 
the right hepatic duct or the right posterior sec-
toral duct. Rarely, a bile duct from segment 9 
(right paracaval region) joins the dorsal bile duct 
of segment 8.

Postersuperior
Localization of the interiobar fissure

From the caudate lobe

Mediosuperoir
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Medioinferior
Medial

Common hepatic
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Fig. 8.1  Intrahepatic 
biliary anatomy 
according to the 
segmental Couinaud 
model of the liver. 
(From Karaliotas, 
Broelsch, Habib (eds.). 
Liver and biliary tract 
surgery. Embryological 
Anatomy to 3D-Imaging 
and Transplant 
Innovations. Springer: 
Vienna, 2007; with 
permission)
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8.2.2	 �Right Posterior Sectoral Ducts 
(Segments 6 and 7)

The right posterior sectoral duct drains bile from 
segments 6 and 7 and is generally oriented in a 
horizontal direction, passing superior to the ante-
rior portal branch making a curve around it, 
known as the Hjortsjö crook [4], before joining 
the right anterior sectoral duct. However, the 
course of the right posterior duct is the most vari-
able, as depicted in Fig.  8.2. In some cases, it 
joins a common duct formed by the union of the 
right anterior sectoral duct and the left hepatic 
duct, distally from the biliary confluence. 
Conversely, the right posterior sectoral duct may 
join the left hepatic duct into a common duct to 
form the biliary confluence with the right anterior 
sectoral duct. In rare cases, the right posterior 
sectoral duct may receive the cystic duct.

8.2.2.1	 �Segment 6
One or more bile ducts from segment 6 contribute 
to form the right posterior sectoral duct together 
with bile ducts of segment 7. Sometimes, the bile 
duct from segment 6 joins the right anterior sec-
toral duct. In other cases, it enters the common 
hepatic duct, distally: in such cases, the right 
hepatic duct is formed by the segmental duct of 
segment 7 and the right anterior sectoral duct. 
When two bile ducts of segment 6 are present, one 
can join the segmental duct of segment 7, while 
the other can join the right anterior sectoral duct.

8.2.2.2	 �Segment 7
Segment 7 is generally drained by one bile duct, 
which is formed by the union of smaller subseg-
mental ducts. It usually joins one or more seg-
mental ducts from segment 6 to form the right 
posterior sectoral duct. Sometimes, the bile duct 
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Fig. 8.2  Schematic representation of intrahepatic bile 
duct anatomy, focusing on the right posterior sectoral duct 
variations. Type I is conventional; type II is a trifurcation 
pattern with a common confluence of the right posterior 
and the right anterior sectoral ducts; type III is an abnor-
mal right duct configuration including type IIIA in which 
the right posterior duct drains into the left hepatic duct and 

type IIIB in which the right posterior duct drains directly 
into the common hepatic duct; in type IV, the right poste-
rior duct drains into the cystic duct. RA right anterior sec-
toral duct, RP right posterior sectoral duct, R right hepatic 
duct, L left hepatic duct, CHD common hepatic duct. 
(From Khaled M. Elsayes. Cross-sectional imaging of the 
abdomen and pelvis. Springer, 2015; with permission)
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of segment 7 drains into the right anterior sector 
or enters the right hepatic duct.

8.2.3	 �Bile Ducts from Segments  
2 and 3 (Left Lateral Sector)

Usually, bile ducts from the left lateral and medial 
sectors join each other within the umbilical fissure 
to form the left hepatic duct. The left lateral sector 
is generally drained by a biliary stem formed by 
bile ducts of segments 2 and 3 (Fig.  8.3). They 
follow generally the course of the portal branches. 
Usually, the segmental duct of segment 3 follows 
the left horn of the Rex recessus and joins the bile 
duct of segment 2 above its portal branch.

8.2.4	 �Bile Ducts from Segment 4 
(Left Medial Sector)

The left medial sector is entirely represented by 
the segment 4 which is divided into two subseg-
ments: superior (4a) and inferior (4b). Biliary 
drainage from segment 4 has a complex and vari-

able pattern. In most cases, all ducts coming from 
segment 4 join to form a single duct of the left 
medial sector. As shown in Fig. 8.3, some varia-
tions can occur in bile duct anatomy of segment 
4. In one-fourth of cases, two bile ducts drain 
separately the superior (4a) and inferior (4b) part 
of segment 4. Sometimes, the segmental bile duct 
of segment 4 can join a duct from segment 3. In 
rare occasions, bile duct from segment 4 drains 
separately into the common duct or very close to 
the biliary confluence. Finally, during its hori-
zontal course at the base of segment 4, the left 
hepatic duct may receive small branches from 
segment 4b. This is the reason why the lowering 
of the hilar plate at this level should be done 
intraparenchimally in segment 4b, in order to 
avoid any injury to these small biliary branches.

8.2.5	 �Bile Ducts from Segments  
1 and 9 (Right Paracaval 
Region)

Segment 1 represents the caudate lobe and is 
divided into a caudate lobe proper (between the 
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Fig. 8.3  Left hepatic duct anatomy and its main varia-
tions classified into six types based on biliary drainage of 
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inferior vena cava and the umbilical fissure) and 
the caudate process which connect the caudate 
lobe to the right hepatic lobe. This right paracaval 
region of the caudate lobe is also known as seg-
ment 9. Several bile ducts drain segment 1, from 
one to six branches, which enter both left and 
right hepatic ducts near to the biliary confluence. 
Sometimes, bile ducts from segments 1 drain only 
into the left hepatic duct (15% of cases) or the 
right hepatic duct (5% of cases). The bile ducts 
from segment 9 (two or three branches) generally 
join the right hepatic duct, the right posterior sec-
toral duct, or bile ducts from segments 6 or 7.

Bile ducts of segment 1 run generally poste-
rior and above the portal branches, joining the 
bile duct on its posterior surface.

This anatomical pattern of the biliary drainage 
of segment 1 justifies the need to resect routinely 
the segment 1 and its biliary ducts in case of hilar 
biliary tumors.

8.3	 �Extrahepatic Biliary 
Anatomy

The extrahepatic biliary tree is formed by the left 
and right hepatic ducts, the biliary confluence 
(hilum region), the common hepatic duct, and the 
common bile duct. The gallbladder is considered 
as a part of the extrahepatic biliary system and is 
connected with the common hepatic duct by the 
cystic duct to form the common bile duct.

8.3.1	 �Right Hepatic Duct

The right hepatic duct drains all segments of the 
right lobe (5, 6, 7, and 8) and generally runs 
extrahepatically anterior to the right portal vein 
before joining the biliary confluence cephalad to 
the right portal vein. It is short (about 1  cm in 
length) and generally vertical, along the same 
axis of the common bile duct, and is formed by 
the confluence of the right anterior and posterior 
sectoral ducts. In some cases, it receives a duct 
from the segment 1.

The right hepatic duct can be absent in about 
25% of cases, mostly when the anterior and poste-

rior sectoral ducts enter the biliary confluence sep-
arately forming a triple confluence (see below) [5].

8.3.2	 �Left Hepatic Duct

The left hepatic duct drains bile from segments 2, 
3, 4, and 1. It is longer than the right hepatic duct, 
with an average length of 2.5 cm, and runs hori-
zontally in the hilum from left to right above the 
left portal vein, at the base of the quadrate lobe 
(segment 4), until joining the right hepatic duct to 
form the biliary confluence. The left hepatic duct 
is formed by the confluence of branches from 
segments 2, 3, and 4 within the umbilical fissure. 
The orientation of the left hepatic duct and the 
left portal vein is usually transversal at the hilum 
before entering the umbilical fissure where they 
course in a longitudinal fashion. This “normal” 
anatomy of the left hepatic duct is reported in 
80% of cases, and its anatomical variations are 
less common than the right hepatic duct [5].

Sometimes, the left hepatic duct is absent, and 
bile from segments 2 and 3 is collected by a bili-
ary stem which forms the biliary confluence with 
the right hepatic duct, while the bile duct from 
segment 4 joins the common bile duct separately. 
In 4% of patients, a right sectoral duct can join 
the left hepatic duct (3% posterior and 1% ante-
rior). These main variations of left hepatic duct 
anatomy have been classified in six types by 
Huang et al. [6], as shown in Fig. 8.3.

The segment 1 usually drains into the left 
hepatic duct by one or more ducts, superior or 
inferior to the left portal vein.

8.3.3	 �Biliary Confluence

The biliary confluence is located extrahepatically 
and lies anterior to the origin of the right branch 
of the portal vein. It is covered by the hilar plate, 
a fibrotic sheath originating from Glisson’s cap-
sule, which continues with the hepatoduodenal 
ligament, and is usually formed by the conflu-
ence of the right and left hepatic ducts.

However, this classic junction is found only in 
60% of cases, and the triple confluence is  not 
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rare. This can be composed of the right anterior 
and posterior sectoral ducts, which join directly 
and separately to the confluence with the left 
hepatic duct to form the common hepatic duct 
(Fig. 8.4).

Other variations of the biliary confluence are 
shown in Fig. 8.4 and can be found as follows: 
the left hepatic duct can receive the right anterior 
or posterior (rare) sectoral ducts forming a com-
mon anonymous duct in which the other right 
sectoral duct enters distally at different distance 
from the confluence; in some cases, the right 
anterior or posterior sectoral duct joins distally 
the common hepatic duct below the normal con-

fluence, forming an anatomical variation called 
“convergence étagée” by the French authors [7]; 
more rarely, the right posterior sectoral duct 
drains directly into the cystic duct, also known as 
“cystohepatic duct” (1–2% of cases) [8].

Very rarely, there are two right hepatic ducts 
and two left hepatic ducts forming a quadruple 
biliary confluence.

Such unusual variations of the biliary conflu-
ence are usually accompanied by portal and arte-
rial variation in the porta hepatis.

Variations in confluence of the left and right 
hepatic ducts can also be found at different levels 
of the hepatic hilum or hepatoduodenal ligament: 

RAHD

RAHD

RAHD RAHD

RAHD RAHD

RPHD

RPHD

RPHD RPHD

RPHD RPHD

RHD

CHD CHDCHD

CHD CHD CHD

LHD

LHD

LHD

LHD LHD

LHD

Type 1

Type 3b Type 4a Type 4b

Type 2 Type 3a

n=43
55.8%

n=12
15.6%

n=2
2.6%

n=5
5.5%

n=11
14.3%

n=4
5.2%
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the biliary confluence is generally extrahepatic, 
but an intrahepatic or a low biliary confluence 
may also be found.

Given the wide variability of the biliary con-
fluence, the knowledge of these anatomical varia-
tions is extremely important for hepatobiliary 
surgeons, radiologists, and endoscopists, not 
only for diagnosis but also in the operative set-
ting, from the simple cholecystectomy to the 
more complex cases of perihilar tumors.

8.3.4	 �Common Hepatic Duct 
and Common Bile Duct

Similar to the biliary confluence, the formation of 
the common hepatic duct can be variable. It gener-
ally drains all bile from the liver and is formed by 
the junction of the right and the left hepatic ducts 
at different levels, from the hilum to the low part of 
the hepatoduodenal ligament. As seen formerly, 
aberrant bile ducts from the right or left hemiliver 
can open directly into the common hepatic ducts: 
these anomalies are more frequent for the right-
sided bile ducts (right posterior duct, aberrant duct 
from segment 6) than left-sided ducts (aberrant 
duct from segment 4). It is about 3 cm in length 
and merges with the cystic duct to form the com-
mon bile duct (or ductus choledochus).

The length of the common bile duct is variable 
(from 5 to 13 cm), depending on where the cystic 
duct joins the common hepatic duct. It lies ante-
rior to the portal vein along the right free edge of 
the lesser omentum and descends behind the first 
portion of the duodenum and the posterior surface 
of the head of the pancreas in the pancreatic 
groove. At this level, the common bile duct is cov-
ered or embedded within the pancreatic tissue, 
before joining the main pancreatic duct to form 
the ampulla of Vater which enters the second por-
tion of the duodenum on its posteromedial wall at 
the major papilla [9]. Rarely, other sites of major 
papilla location in the duodenum are between the 
second and third portion of the duodenum, or the 
third part of the duodenum (Fig. 8.5). Sometimes, 
the pancreatic and bile ducts enter the duodenum 
separately and share an opening at the duodenal 
papilla, the so-called double barrel.

At the level of the ampulla of Vater, there is a 
neuromuscular structure named sphincter of 
Oddi which regulates the delivery of bile and 
pancreatic juice into the duodenum and prevents 
the reflux of duodenal contents into the biliary 
and pancreatic systems (Fig. 8.6). According to 
the Boyden classification [10], the sphincter of 
Oddi is divided in to three portions: (1) The 
sphincter choledochus, further divided into supe-
rior and inferior regions, represents the main part 

79%

10%
10%

1%

Fig. 8.5  Schematic representation and frequency of 
major papilla locations in the duodenum

Common bile duct

Main pancreatic duct

Sphincter of Oddi

Ampulla of Vater

Fig. 8.6  Schematic view of the sphincter of Oddi
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of the sphincter complex and surrounds the ter-
minus of the common bile duct in order to regu-
late the biliary flow while simultaneously 
preventing the reflux of pancreatic juices; (2) the 
sphincter pancreaticus is less important and 
is present in only one-third of individuals; and (3) 
the sphincter ampullae surrounds the ampulla of 
Vater or the terminus of the common bile duct 
when bile and pancreatic ducts do not join 
together into the ampulla.

In some cases, the common bile duct and the 
main pancreatic duct join outside the duodenal 
wall, usually forming a markedly long common 
channel: this congenital anomaly is defined as 
“pancreaticobiliary maljunction”; it is more fre-
quent in Eastern countries and is associated with 
an increased incidence of biliary tract tumors or 
dilatations, as the action of sphincter of Oddi 
does not have a functional impact in this case, 
allowing pancreatic juice to reflux into the com-
mon bile duct (Fig. 8.7) [11].

8.3.5	 �Gallbladder and Cystic Duct

The gallbladder is a muscular piriform sac situ-
ated in the so-called cystic fossa, on the inferior 

aspect of the hepatic right lobe. Very rarely, the 
gallbladder is found on the left side of the liver or 
intrahepatically. In adults, it measures 7–10 cm in 
length and 4 cm in diameter and normally stores 
about 30  mL of bile, even it can hold up to 
300 mL of fluid when distended. The gallbladder 
is divided in four parts: the fundus, body, infun-
dibulum, and neck. The fundus is the blind-
ending portion that appears to the inferior border 
of the liver at the level of the ninth costal carti-
lage. The body is the largest part of the gallblad-
der which runs on the left and continues in the 
infundibulum as it becomes the neck, making a 
curve on the right side of the main bile duct. On 
the right side of the neck, sometimes as a result of 
chronic dilatation, there may be a recess that 
projects toward the duodenum called the 
Hartmann pouch. The neck drains into the cystic 
duct which is 2–4 cm long and courses to the left 
of the neck joining the common hepatic duct to 
form the common bile duct at different levels of 
the hepatoduodenal ligament. As already 
described above, subvesical bile ducts (frequently 
termed incorrectly as “ducts of Luschka”) may 
be present with a prevalence of 4% of cases, 
causing sometimes postcholecystectomy bile 
leak. Subvesical bile ducts consist in aberrant or 

Bile duct

Pancreatic duct

Common channel

Duodenal wall

Sphincter of Oddi
Papilla vater

Papilla vater
Junction site

Junction site

Main pancreatic duct

Main pancrea
Bile duct

Bile duct

Bile ducta b

Fig. 8.7  Anatomical view of the sphincter of Oddi at the 
major papilla and the different locations of pancreatobili-
ary junction between healthy patients (within the duode-
nal wall) and patients with pancreatobiliary maljunction 
(outside the duodenal wall) (a). Pathophysiology of pan-
creatobiliary maljunction causing reflux of pancreatic 
juice into the common bile duct (b). (From Kamisawa T, 

Ando H, Suyama M, et al. Working Committee of Clinical 
Practice Guidelines for Pancreaticobiliary Maljunction; 
Japanese Study Group on Pancreaticobiliary Maljunction. 
Japanese clinical practice guidelines for pancreaticobili-
ary maljunction. J Gastroenterol. 2012;47:731–59; with 
permission)
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accessory bile ducts located in the gallbladder 
fossa, generally without any communications 
with the gallbladder (with the exception of the 
so-called hepaticocholecystic duct which drains 
from the liver directly into the gallbladder) [12]. 
Rare variations of gallbladder anatomy include 
agenesis, multiple or bilobed gallbladders, and 
double cystic ducts. In some cases, the gallblad-
der is entirely covered by visceral peritoneum 
which forms a kind of “meso.”

The cystic duct has some mucosal folds known 
as spiral valves of Heister. The insertion of the 

cystic duct into the common bile duct is variable 
and aberrant in up to 25% of cases (Fig. 8.8): in 
most cases, the cystic duct enters the middle one-
third of the common bile duct, while a low or very 
low insertion is reported in about 10% of cases. 
Very rarely, the cystic duct is absent or inserts into 
the right or left hepatic ducts or at the biliary con-
fluence. The typical course of the cystic duct is 
medial toward the right side of the common bile 
duct, but it can also run parallel to the common 
hepatic duct: in this case, there is an increased risk 
of biliary injury during cholecystectomy.

Normal Low insertion
into common hepatic duct

Parallel cystic
& common hepatic duct

Absent
cystic duct

Insertion into
right hepatic duct

Insertion at
biliary confluence

a b c

d e f

Fig. 8.8  Cystic duct variants (a–f). (From Khaled M. Elsayes. Cross-sectional imaging of the abdomen and pelvis. 
Springer, 2015; with permission)
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Anatomy of the Pancreas

Marianna Arvanitakis

9.1	 �Introduction

Thorough knowledge of anatomy is a prereq-
uisite for optimal management in therapeutic 
endoscopy. Nevertheless, 30  years ago, defin-
ing the anatomy of the pancreatic ducts was 
exclusively based on diagnostic endoscopic ret-
rograde cholangiopancreatography (ERCP), or 
autopsy, making impossible to plan in advance 
any therapeutic decision. Magnetic resonance 
cholangiopancreatography (MRCP) has revolu-
tionized the approach to biliary and pancreatic 
diseases by permitting precise and noninvasive 
imaging of the ducts, vessels, and their anatomic 
variants [1]. The knowledge of ductal anatomy 
before any therapeutic procedure allows the 
physician to plan the access and potential alter-
native routes to the ducts and to decrease the 
risk of complications. This chapter focuses on 
the structural anatomy of the pancreas and its 
ducts, including the most frequent anatomic 
variations.

9.2	 �Morphology of the Pancreas

The pancreas is a soft, lobular digestive gland, 
which is located in the retroperitoneum poste-
rior to the stomach. It extends transversely from 
the duodenal curve to the hilum of the spleen 
and crosses the vertebral bodies at the level of 
L1–L3. It is approximately 15 cm in length and 
weighs 80 g.

The pancreas is divided into four parts (from 
right to left): the head with the uncinate process, 
a neck (or genu), a body, and a tail. The head is 
located in the loop of the duodenum, anterior to 
the inferior vena cava and the left renal vein. The 
common bile duct passes through the pancreatic 
head and then is directed posterior toward the 
liver. The uncinate process is a small portion of 
the inferior part of the head that is directed to the 
left and hooks around the superior mesenteric 
vessels. The neck links the head to the body of 
the pancreas and is located anterior to the por-
tal vein and the superior mesenteric vessels. The 
close proximity of the neck of the pancreas to 
major blood vessels posteriorly limits the option 
for a wide surgical margin when pancreatectomy 
is done. The body lies parallel to the splenic 
artery, posterior to the distal portion of the stom-
ach and anteriorly to the aorta, the left renal vein, 
and the left kidney. The tail lies between the lay-
ers of the splenorenal ligament within the splenic 
hilum [2–4] (Figs. 9.1 and 9.2).
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Fig. 9.1  Anatomic relationships of the pancreas with surrounding organs. (Image by Jennifer Parsons Brumbaugh; 
used with permission of the publisher) [3]
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9.3	 �Blood Supply

The pancreas depends mainly on irrigation 
from the splenic artery for the body and tail and 
superior and inferior pancreaticoduodenal arter-
ies for the head. The superior pancreaticoduode-
nal arteries, posterior and anterior, originate from 
the gastroduodenal artery. Similarly, the inferior 
pancreaticoduodenal arteries, posterior and ante-
rior, originate from the superior mesenteric artery. 
All these branches communicate around the pan-
creas providing collateral circulation and a secure 
arterial supply. The splenic artery, a branch of 

the celiac trunk, provides the dorsal pancreatic 
artery, which irrigates the neck and posterior sur-
face of the body, before it becomes the inferior 
pancreatic artery, which terminates at the tail of 
the pancreas. Several small arterial branches also 
originate from the splenic artery, along the supe-
rior length of the body and tail, while also giving 
rise to the multiple arcades of pancreatic arteries 
to supply the rest of the pancreas (Fig. 9.3a, b). 
The venous drainage follows a similar pattern as 
the corresponding arterial supply. The head of the 
pancreas is mainly drained by the four pancre-
aticoduodenal veins, whereas they enter into the 
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Fig. 9.3  The arterial 
blood supply to the 
pancreas. (a) Anterior 
view. (b) Posterior view. 
(Image by Jennifer 
Parsons Brumbaugh; 
used with permission of 
the publisher) [3]
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superior mesenteric or the portal vein. The neck, 
body, and tail of the pancreas have venous drain-
age into the splenic vein [2–4].

9.4	 �Lymphatic Drainage 
and Innervation

Lymphatic drainage helps in collecting intersti-
tial fluid containing pathogens, immune cells, 
cell products, and debris, which drain from vas-
cular capillaries. Before being returned to the 
venous circulation, the fluid filters through a 
series of lymph nodes. In general, the lymphatic 
vessels follow the pancreatic blood vessels and 
are divided into the head/neck and the body/tail 
groups [5]. Lymph vessels from the body and tail 
of the pancreas mainly lead into the pancreati-
cosplenic nodes, although some may also lead 
directly to the preaortic lymph nodes. The neck 
and head regions of the pancreas have a more 
extensive drainage system, as lymph can travel 
through the nodes running alongside the pancre-
aticoduodenal, superior mesenteric, and hepatic 
arteries. Innervation depends mostly on the celiac 
and superior mesenteric artery plexus of the 
autonomous system located lateral to the aorta 
and the superior mesenteric artery [5].

9.5	 �Ductal Anatomy

9.5.1	 �Normal Ductal Anatomy

During embryological development, there is a 
clockwise rotation (posterior) of the duodenum 
and the stomach, leading to the formation of the 
pancreas by fusion of the ventral and dorsal parts 
draining in the duodenum through the major 
(ventral part) and minor papilla (dorsal part). This 
fusion leads to many variations in the connection. 
The caudal portion of the head of the pancreas 
(uncinate) and the major papilla, which drains the 
duct of Wirsung (or ventral pancreatic duct), are 
derived from the ventral part. The minor papilla 
that drains the duct of Santorini (or dorsal pan-
creatic duct) derives from the dorsal part [6].

The main pancreatic duct originates from the 
ventral pancreatic duct in the head and the dorsal 
pancreatic duct in the body and tail. The dorsal 
pancreatic duct joins the main pancreatic duct at 
a site 1–2 cm proximal to the ventral pancreatic 
duct. The main pancreatic duct traverses the gland 
from the tail to the head and, together with the 
bile duct, opens into the second part of the duo-
denum at the major duodenal papilla. The orifices 
of the main pancreatic duct and the common bile 
duct are usually located at the tip of the papilla. 
As the distal part of the biliary and pancreatic 
ducts approaches the duodenal wall, they become 
surrounded by smooth muscle fibers, which form 
the sphincter of Oddi, and extend to, respectively, 
the biliary and pancreatic sphincters. The word 
“ampulla” defines the dilated, jug-like appear-
ance of the joining of the two ducts in the duo-
denal wall. Its length is variable, ranging from 1 
to 12 mm, with an average length of 4.4 mm and 
a diameter varying from 1 to 4 mm (2.6 mm on 
average) [7]. In 60–80% of patients, the biliary 
and pancreatic ducts merge to form a common 
ampullary channel (2–15  mm, average 5  mm). 
Therefore, in a variable percentage of people, 
their opening at the major papilla can be sepa-
rate, or a septum could be interposed between the 
two ducts [7]. The ampulla is found in the lower 
part of the head of the pancreas and protrudes 
for 5–10 mm in the medial aspect of the second 
part of the duodenum, forming the major papilla, 
which appears as an oval or hemispherical eleva-
tion. In some cases, it can be located in the genus 
inferior or even the third portion of the duode-
num. The major papilla is covered by two trian-
gular folds of duodenal mucosa: the hood, on the 
cranial side, and the frenulum, on the caudal side, 
which is not always clearly visible (Fig. 9.4a, b).

The dorsal duct drains the superior and ante-
rior portion of the head, usually as a separate duct 
terminating at the minor papilla, which is located 
10–15  mm above and to the right of the major 
papilla. In approximately 60–70% of the popu-
lation, the dorsal and ventral ducts have fused, 
resulting in a communicating dual drainage of 
the main pancreatic duct, either with a patent or 
obliterated minor papilla (Fig.  9.5). Variations 
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A

a

B C

b

Fig. 9.4  (a) Anatomic variations in the union of the com-
mon bile duct and the main pancreatic duct at the major 
papilla (ampulla of Vater). The green duct represents the 
bile duct and the orange the main pancreatic duct (Image 

by Jennifer Parsons Brumbaugh; used with permission of 
the publisher) [3]. (b) Endoscopic image of the papilla 
(blue arrow, papillary orifice; green arrow, hood; dashed 
green line, delimitation of the ampulla)

“NORMAL”

Fused pancreas
(patent minor papilla)

Fused pancreas
(minor papilla obliterated)

40% 31%

Fig. 9.5  Schematic 
illustration of normal 
pancreatic anatomy with 
fusion of ventral and 
dorsal duct [8]
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during the embryological process regarding 
fusion of the dorsal and ventral pancreas can lead 
to various congenital variants of the pancreatic 
ducts [2].

9.5.2	 �Pancreas Divisum

Pancreas divisum is the most common congeni-
tal variation of the pancreas and results when 
the ventral and dorsal ducts fail to fuse together. 
This finding occurs with an incidence of 3–7% 
in patients who are undergoing ERCP and in 
approximately 9% of autopsy cases [8]. The body, 
tail, and part of the head of the pancreas (dorsal 
pancreas) drain through Santorini’s duct (which 
becomes the main pancreatic duct) into the minor 
papilla, while another part of the head (ventral 
pancreas) drains through the short ventral duct 
into the major papilla. Most patients with pan-
creas divisum are asymptomatic, and pancreas 
divisum should not be considered a cause of 
acute or chronic pancreatitis, despite conclusions 
of previous publications, which were faltered by 
selection bias. On the other hand, patients with 
pancreas divisum can also present with chronic 
pancreatitis, eventually requiring endoscopic 
therapy [9] (Fig. 9.6a–c).

9.5.3	 �Incomplete Pancreas Divisum

In incomplete pancreas divisum, a small branch 
of the ventral duct communicates with the dorsal 
duct. Approximately 15% of cases of pancreas 
divisum are of the incomplete type (Fig. 9.7).

9.5.4	 �Abnormal Pancreatobiliary 
Junction

Abnormal pancreatobiliary junction (APBJ) is 
a rare congenital anomaly in which the pancre-
atic and biliary ducts join outside the duode-
nal wall, 15–20  mm proximal to the sphincter 
of Oddi, forming a long common channel [8]. 
The incidence of APBJ has been reported to be 

Common
bile duct Dorsal duct

Ventral duct

b

Common bile
duct

Dorsal duct

c

a

Fig. 9.6  (a) Schematic illustration of pancreas divisum 
[8]. (b) MRCP of a patient with anatomy of pancreas divi-
sum; the crossing of the common bile duct from the dorsal 
duct is clearly visible. (c) MRCP of a patient with chronic 
pancreatitis, dilation of the dorsal pancreatic duct, and 
anatomy of pancreas divisum

Fig. 9.7  Schematic illustration of incomplete pancreas 
divisum [8]
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1.5–3.0% in patients who are undergoing endo-
scopic retrograde cholangiopancreatography 
(ERCP) [8]. APBJ is classified into two groups, 
with or without bile duct dilatation, and is seen 
in >90% of patients with type I and IV chole-
dochal cysts [10] (Fig. 9.8). APBJ is commonly 
associated with carcinoma of the bile ducts and 
gallbladder. The reason for biliary carcinogen-
esis in such patients has been attributed to reflux 
and stasis of bile mixed with pancreatic juice in 
the biliary system.

9.5.5	 �Annular Pancreas

Annular pancreas is a rare congenital variation in 
which a ring of pancreatic tissue surrounds the 
duodenum. The annular pancreatic tissue forms a 
complete (25%) or partial (75%) ring around the 
descending duodenum (Fig.  9.9a, b). The inci-
dence of annular pancreas has been reported to 
be 0.005–0.015% in autopsy cases in adults. The 
most widely accepted theory of etiopathogen-
esis is that the ventral bud is dividing early into 
two segments, one migrating posteriorly and the 
other anteriorly, thus encircling the duodenum. 
This anomaly can be discovered in asymptom-
atic patients. In other cases, annular pancreas is 
associated with duodenal stenosis, gastric outlet 
syndrome, postbulbar ulcerations, pancreatitis, or 
biliary obstruction [8].

9.5.6	 �Ansa Pancreatica

Ansa pancreatica consists in a looping between 
the dorsal and ventral duct. It is characterized 
by the obliteration of the accessory duct at the 
proximal extremity, near its junction with the 
main pancreatic duct, and the replacement of this 
portion by an additional curved canal between 
the dorsal and the ventral ducts. Indeed, in the 
ansa pancreatica, the accessory duct arises from 
the main pancreatic duct and runs an arched 

Choledochal
cyst

Distal part of
common bile duct

Dorsal
pancreatic duct

Long common
channel

Short ventral pancreatic duct

Fig. 9.8  MRCP of a patient with a type IV choledochal 
cyst, an abnormal pancreatobiliary junction with a long 
common channel, and a pancreas divisum anatomy

a

b

Fig. 9.9  (a) Schematic illustration of annular pancreas 
[8]. (b) ERCP of a patient with an anatomy of an annular 
pancreas and a stricture (arrow), which was confirmed to 
be due to pancreatic cancer
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course passing in front of the main duct, ending 
in the minor papilla [11] (Fig. 9.10a). A similar 
looping can be seen on the ventral pancreatic 
duct (Fig. 9.10b). Comparably to pancreas divi-
sum, the association between ansa pancreatica 
and pancreatitis is speculative, but recognizing 
the anatomic variation is important for planning 
therapeutic ERCP in symptomatic patients [8].

9.5.7	 �Dominant Dorsal Duct

The term dominant dorsal duct includes all ana-
tomic variations in which drainage of pancre-
atic juices is mainly provided by the dorsal duct 
through the minor papilla. In these cases, if endo-
scopic therapy is considered, the access should 
be done from the minor papilla. Therefore, pan-
creas divisum (complete or incomplete) and 
some forms of ansa pancreatica are considered as 
dominant dorsal ducts.

9.6	 �Conclusion

With the latest development in interventional 
endoscopy regarding pancreatic diseases, it is 
crucial to define a therapeutic plan before the 
procedure. With the development of MRCP, it 
has become possible to obtain a reliable cartog-
raphy of the pancreatic ducts, as well as impor-
tant features regarding the pancreatic disease 
(strictures, collections, leaks, etc.). Up to 20% of 
patients may have some common variant of duc-
tal anatomy; therefore, pre-therapeutic planning 
is indispensable. In the case of pancreatic duct 
treatment, pre-procedural imaging allows the 
decision to access either the major papilla or the 
minor papilla (i.e., pancreas divisum, incomplete 
pancreas divisum, or ansa pancreatica) before-
hand. This type of pre-procedural planning also 
highlights the message that in case of uncommon 
anatomy, the treatment should be done in centers 
able to provide all of the different techniques.
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CT: What We Need to Know to Start 
to Interpret Radiological Pictures

Marialavinia Catalano, Consolato Gullì, 
Alessandro Cina, Carmine Di Stasi, 
and Riccardo Manfredi

10.1	 �Computed Tomography 
Imaging Technique

CT examination is a diagnostic imaging modal-
ity in which X-rays pass through a thin axial 
section of the patient from various directions. At 
each point within the CT section, a mathematical 
image reconstruction calculates how much the 
beam is “attenuated” by the material it is passing 
through, resulting in the production of attenua-
tion coefficients translated into “CT numbers” 
and finally converted into shades of grey dis-
played as a CT image [1]. Thereby, Hounsfield 
units (HU) are obtained from linear transforma-
tion of the measured attenuation coefficients in 
the form of simple numbers set on a scale (i.e. 
Hounsfield scale) which is based on the arbitrary 
definitions of air and water with the following 
values: (a) air as1000 HU and (b) water as 0 HU. 
Generally, most soft tissues occupy a narrow 
range in the scale presenting a value of about 50 
HU [1]. In this regard, intravenous (IV) adminis-
tration of iodinated contrast agents improves con-
trast resolution by allowing higher differentiation 
between tissues.

The introduction of multidetector computed 
tomography (MDCT) in late 1990s has improved 
volume coverage speed and spatial resolution, 
enabling more diagnostic information with less 
radiation in a shorter scanning time, contrast 
enhanced multiphasic imaging in a well-defined 
perfusion phase, three-dimensional reformatting 
due to isotropic voxels and better multiplanar 
reconstruction of biliary and pancreatic anatomy.

The timing of image acquisition is crucial 
in pancreatico-biliary imaging, and the choice 
of each imaging protocol usually corresponds 
to an appropriately designed clinical question. 
Generally, a baseline, unenhanced scan obtained 
from the hepatic dome may be useful to assess 
whether identifiable lesions are enhanced and 
to visualize hyperattenuating findings, such as 
hematomas, biliary stones or pancreatic calcifica-
tions that may be obscured once contrast material 
is injected.

At MDCT examination, pancreas-specific 
protocol is typically performed by using a thin-
section (<1  mm), multiphase technique with 
images obtained in the early arterial phase, pan-
creatic phase and portal venous phase, with IV 
administration of iodinated contrast material 
injected at a rate of 3 mL/s.

Early arterial phase images (generally 
obtained with a delay of 20  s after the start of 
contrast material injection) assess good visual-
ization of the aorta and peripancreatic arterial 
supply. Pancreatic phase images (40 s after the 
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start of contrast injection) show peak pancreatic 
parenchymal enhancement and thereby provide 
best tumour-to-parenchymal attenuation differ-
ence, since both hypo- and hypervascular pan-
creatic lesions may be well seen. Portal venous 
phase images (70  s after the start of contrast 
injection) assess optimal visualization of peri-
pancreatic veins and may be useful to identify 
metastatic disease to the liver [2–4]. In addition, 
10–20  min delayed images may be obtained 
when a cholangiocarcinoma (CC) is suspected 
[2], since such tumour commonly shows delayed 
enhancement due to contrast retention related to 
its fibrotic nature.

With regard to post-processing reforma-
tion methods, a variety of techniques have been 
described for pancreatic and biliary imaging [2, 
4]. Thin-section imaging (<1 mm) allows higher-
quality reformatted images obtained from iso-
tropic source data. The most commonly used 
techniques are multiplanar reformations (MPR), 
curved multiplanar reformations (CMPR), maxi-
mum intensity projections (MIP) and minimum 
intensity projections (MinIP).

MPR is frequently used to generate orthog-
onal (coronal or sagittal) views. Coronal, 
oblique coronal and curved planar reformatted 
images enable the evaluation of the complex 
anatomy of the biliary tract. Oblique coronal 
reformations, sagittal MPR or CMPR along the 
main pancreatic duct (MPD) may demonstrate 
the relationship between tumour, MPD itself 
and adjacent structures [2, 4]. MIP consists of 
projecting the voxels with the highest attenu-
ation value throughout the volume of interest 
onto a bidimensional image. This technique 
displays high-attenuation structures and, with 
regard to pancreatico-biliary imaging, is often 
used with positive CECT cholangiography or 
to evaluate the relationship between tumours 
and adjacent enhanced vascular structures [2, 
4]. MinIP performs the opposite processing 
task and is a data reformation method which 
provides detection of low-density structures 
in a given volume, such as pancreatic and bile 
ducts, and is particularly useful on contrast 
enhanced images when the background paren-
chyma is bright [2].

In addition to standard CT examination, bili-
ary imaging may be obtained with positive CECT 
cholangiography, which is performed by using 
positive contrast material introduced into the bili-
ary tract through a percutaneous catheter or by 
ERCP or with IV administration of contrast agent 
which is excreted into the bile; the data are then 
reformatted to obtain MIP and volume rendering 
images [2]. The disadvantages of this technique 
may include the possibility of adverse reactions 
to biliary contrast media and poor biliary opacifi-
cation due to liver dysfunction. Therefore, CECT 
cholangiography is currently less commonly 
performed than MR cholangiopancreatography 
(MRCP) and endoscopic retrograde cholan-
giopancreatography (ERCP) to provide precise 
depiction of the biliary system [2, 5, 6].

10.2	 �CT Imaging of the Biliary 
System

10.2.1	 �Choledocholithiasis

Choledocholithiasis (Fig.  10.1) refers to the 
presence of stones within the common bile duct 
(CBD). Although CT is not the preferred imaging 
modality for detection of choledocholithiasis, it 
is often requested in the emergency department 
for patients presenting nonspecific abdominal 
complaints [7]; however, its sensitivity may be 
limited due to stones which can be relatively iso-
attenuating to the surrounding bile.

Actually, when visible at CT, biliary stones may 
present heterogeneous appearance (e.g. show-
ing calcified radiopaque components, cholesterol 
deposition which is slightly less radiopaque than 
bile, or presenting gas attenuation due to nitrogen 
locules). In addition, calculi often manifest angu-
lated shapes and laminated appearance and may be 
bound anteriorly by a crescent-shaped collection 
of bile or gas; furthermore, they are commonly 
identified in the dependent portions of the biliary 
tract, on both CT and MR imaging [2]. In gen-
eral, unenhanced CT scan helps identify calcified 
stones confirming their lack of contrast enhance-
ment. Use of thin sections and coronal reconstruc-
tions can also improve detection. Moreover, after 
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IV administration of contrast agent, there may be 
coexisting findings of local inflammation, includ-
ing periductal oedema, thickening of the biliary 
wall and mural enhancement, which should be 
carefully investigated to exclude the possibility of 
malignancy [2].

10.2.2	 �Mirizzi Syndrome

Mirizzi syndrome (Fig. 10.2) results from bili-
ary obstruction caused by an impacted cystic 
duct stone leading to extrinsic compression 
of the common hepatic duct and subsequent 
obstructive jaundice. CT findings include an 
impacted gallstone in the gallbladder neck with 
upstream dilatation of the common hepatic duct 
and an abrupt change to normal calibre of the 
CBD distal to the gallstone [8].

10.2.3	 �Cholangitis: Biliary Tract 
Infection and Inflammation

10.2.3.1	 �Acute Cholangitis
Acute cholangitis is an acute biliary bacterial 
infection. The most common underlying aetiol-
ogy is the obstruction of CBD by calculi. Acute 
suppurative cholangitis refers to the presence of 
pus in the biliary tree.

The most common CT finding of acute chol-
angitis is biliary obstruction, with dilatation of 
the CBD and segmental or diffuse ectasia of the 
intrahepatic biliary ducts. Both extra- and intra-
hepatic biliary ducts may show diffuse and con-
centric mural thickening (Fig.  10.1b, d), often 
associated with enhancement [7, 9]. Purulent 
bile may manifest increased attenuation [7]. At 
CECT, during the arterial phase, hepatic paren-
chymal enhancement may be inhomogeneous, 

a b

c d

Fig. 10.1  Choledocholithiasis. (a, b) CBD stones in a 
74-year-old woman. (a) Coronal nonenhanced CT image 
shows several hyperattenuating stones (arrowheads) 
within common hepatic duct and CBD which appears 
dilated. (b) Coronal contrast enhanced CT image shows 
upstream dilatation of the intrahepatic bile ducts (arrow-
head) and mild mural enhancement of CBD (arrows), 
findings suggestive of cholangitis. (c) CBD stone in a 
56-year-old man. Coronal contrast enhanced CT image 

shows a hyperattenuating stone (arrow) within the distal 
CBD associated with upstream dilatation of the intra- and 
extrahepatic biliary ducts (arrowheads) with impercepti-
ble walls. (d) CBD stone in a 64-year-old woman. Coronal 
contrast enhanced CT image shows a hyperattenuating 
stone (arrow) within the CBD associated with dilated 
extrahepatic biliary ducts with the evidence of mural 
thickening and mild wall enhancement (arrowheads), 
findings that indicate cholangitis
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patchy, nodular or wedge-shaped [10]. In addi-
tion to acute suppurative cholangitis, a number 
of life-threatening complications may result from 
acute cholangitis (Fig. 10.3), including pyogenic 
hepatic abscesses, portal vein thrombosis and 
biliary peritonitis [11]. A uni- or multiloculated 
hypoattenuating collection with peripheral rim 
enhancement is characteristic for abscess forma-
tion at CT.

10.2.3.2	 �Recurrent Pyogenic 
Cholangitis

Recurrent pyogenic cholangitis (RPC) is a pro-
gressive disease resulting from recurrent episodes 
of bacterial cholangitis. The aetiology is uncer-
tain, although a possible role of chronic infesta-
tion with parasites such as Clonorchis sinensis, 
Opisthorchis viverrini or Ascaris lumbricoides has 
been postulated. Persistent inflammation results 

a b

Fig. 10.2  Mirizzi syndrome in a 73-year-old man with 
dual biliary stent. (a) Coronal nonenhanced CT image 
shows several hyperattenuating gallstones and an 
impacted stone (arrow) in the gallbladder neck. Dual bili-
ary stent (white arrowhead). Pneumobilia (black arrow-
heads) is seen in the intrahepatic biliary ducts due to the 
reflux of gas from duodenum related to the presence of the 

biliary stents. (b) Axial contrast enhanced CT image 
shows the impacted stone in the gallbladder neck (arrow) 
adjacent to the biliary stent (arrowhead). Pancreatic 
parenchymal atrophy with the evidence of marked dilata-
tion of the MPD (∗) are also seen, findings suggestive of 
coexisting chronic pancreatitis

a b

Fig. 10.3  Acute cholangitis. (a) Axial contrast enhanced 
arterial phase CT image shows inhomogeneous hepatic 
parenchymal enhancement (∗). (b) Axial contrast 
enhanced portal phase CT image shows portal vein throm-
bosis (∗) and an ill-defined hypoattenuating parenchymal 

collection, indicative of hepatic abscess (white arrow-
head). (a, b) Intrahepatic biliary ductal dilatation (black 
arrowheads) and mural thickening with wall hyperen-
hancement of the dilated left biliary duct are also seen 
(white arrows)
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in intrahepatic bile ducts fibrosis, which leads 
to segmental strictures and dilatations with bile 
stasis, stones formation and subsequent recurrent 
infections [11]. Typical imaging findings of RPC 
include intra- and extrahepatic biliary ductal dila-
tation, with relative sparing of peripheral ducts. 
Intraductal stones occur in up to 80% of patients 
and usually appear hyperdense relative to the liver 
parenchyma. Pneumobilia can be commonly seen 
resulting from infection with gas-forming organ-
isms or due to reflux of enteric gas from stones 
passage across the ampulla. Additionally, in acute 
exacerbations, biliary duct wall enhancement can 
be present, whereas liver parenchyma atrophy 
may occur in chronic stages [11, 12].

10.2.3.3	 �Primary Sclerosing 
Cholangitis

Primary sclerosing cholangitis (PSC) is a chronic 
cholestatic disease of unknown cause, character-
ized by inflammatory and obliterative fibrosis 
of the intra- and extrahepatic bile ducts. Wall 
thickening with bile ducts dilatation can be seen 
at CT (Fig.  10.4); however, only these findings 
are not sufficient for diagnosis of PSC [13]. 
Classical imaging features of PSC can be seen 
at MRCP/ERCP, including alternating multifocal 
strictures, mild segmental ectasia and irregular 
beading which typically involves both intra- and 
extrahepatic ducts, with peripheral pruning of the 
intrahepatic ducts. Additional imaging findings, 

on both CT and MR imaging, include hepatic 
perfusion abnormalities, marked enlargement of 
the caudate lobe and atrophy involving the lateral 
aspect of the left lobe [13, 14].

10.2.3.4	 �Autoimmune Pancreatitis-
Related Cholangitis

Biliary involvement is frequently seen in patients 
with autoimmune pancreatitis with the distal 
CBD being most commonly affected (Fig. 10.5a, 
b), although both intra- and extrahepatic bile 
ducts may be involved, often presenting with 
multifocal strictures or mural thickening and 
enhancement. Thereby, the appearance may 
mimic primary sclerosing cholangitis. However, 
unlike PSC, biliary abnormalities associated with 
autoimmune pancreatitis usually resolve after 
corticosteroid therapy; thus, it is important to rec-
ognize them as they both demonstrate a favour-
able response to treatment [15].

10.2.4	 �Cholangiocarcinoma

Cholangiocarcinoma (CC) arises from the bile 
duct epithelium, and it is the most common 
malignancy of the biliary system.

Cholangiocarcinoma is classified by location 
as intrahepatic (ICC), perihilar (PCC, also known 
as Klatskin tumour) and distal (DCC). ICC arises 
distal to the second-order bile ducts [16]. PCC is 

a b

Fig. 10.4  Primary sclerosing cholangitis in a 51-year-old 
man. (a, b) Axial contrast enhanced portal phase CT 
images obtained at different levels show mild intrahepatic 

biliary ductal dilatation with the evidence of irregular 
beading, wall enhancement and periductal hypoattenuat-
ing oedema (arrowheads)
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proximal to the second biliary bifurcation, and 
DCC is distal to the cystic duct insertion [17]. The 
perihilar subtype accounts for 50–60% of all CC.

Morphologically, tumour growth can be 
described as (1) mass forming, (2) periductal 
infiltrating and (3) intraductal (least common, but 
with most favourable prognosis). CC of mixed 
mass-forming and periductal-infiltrating pattern 
is also frequently seen [18].

Intrahepatic cholangiocarcinoma is the sec-
ond most common primary malignant hepatic 
tumour and is most often of the mass-forming 
type. At CT, mass-forming ICC usually appears 
with lobulated contours, irregular peripheral 
enhancement during arterial and portal venous 
phases (Fig.  10.6) and progressive central 
enhancement during delayed phase. Delayed 
enhancement is a characteristic finding of CC, 
consisting in contrast retention, and is directly 
proportional to the amount of interstitial space 
in the fibrous stroma, although, in presence of 
necrosis and mucin, it may be not seen. The scle-

rotic nature of the tumour can lead to capsular 
retraction; however, other hepatic malignancies 
such as metastasis, fibrolamellar hepatocellu-

a b

c

Fig. 10.5  Autoimmune pancreatitis and autoimmune 
pancreatitis-related cholangitis in a 39-year-old woman. 
(a) Coronal contrast enhanced portal phase CT image 
shows smooth and tapered narrowing of the intrapancre-
atic portion of the distal CBD (arrow) associated with 
upstream extra- and intrahepatic biliary ductal dilatation 
with evidence of mild wall enhancement (arrowheads). 
(b) Axial contrast enhanced portal phase CT image shows 

distal CBD with mild wall thickening and mural enhance-
ment (arrow) and diffusely enlarged sausage-like pancreas 
(arrowheads). (c) Axial contrast enhanced pancreatic 
phase CT image at a more caudal level shows mildly het-
erogeneous pancreas (∗) with loss of normal pancreatic 
lobulation and a subtle low-attenuating peripancreatic 
halo (arrowheads)

Fig. 10.6  Intrahepatic cholangiocarcinoma. Axial con-
trast enhanced arterial phase CT image shows a lobulated 
hypodense mass-forming intrahepatic cholangiocarci-
noma (∗) with peripheral irregular enhancement (arrows)
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lar carcinoma (HCC) and epithelioid heman-
gioendothelioma can also present this feature. 
Furthermore, peripheral satellite lesions are 
commonly seen [2, 19–22].

Vascular encasement is a common finding of 
CC, with segmental obstruction due to tumour 
infiltration and stenosis, rather than thrombo-
sis, as seen with HCC. Other imaging findings 
include hepatic atrophy, which suggests vascu-
lar infiltration, and upstream bile duct dilata-
tion [17]. The differential diagnoses to consider 

in all patients with underlying liver disease 
are sclerosing HCC and the rare combined 
HCC-cholangiocarcinoma.

Intraductal CC infrequently invades outside 
the duct and thus has a better prognosis, present-
ing as a papillary or polypoid mass [23], relatively 
hypoattenuating to hepatic parenchyma but with 
mild persistent enhancement, associated with 
typical upstream ductal dilatation (Fig. 10.7a, b).

Perihilar and distal cholangiocarcinoma com-
monly have a periductal-infiltrating morphology 

ba

c d

Fig. 10.7  Perihilar cholangiocarcinoma in two patients. 
(a, b) Coronal contrast enhanced CT images show intra-
ductal cholangiocarcinoma (arrows), proximal to the pri-
mary biliary confluence and distal to the cystic duct, 
thereby perihilar in location, which appears hypoattenuat-
ing during the arterial phase (a) and manifests progressive 
increasing enhancement on the subsequent delayed phase 
(b); upstream intrahepatic biliary ductal dilatation is also 
seen (arrowheads). (c, d) Axial and coronal contrast 

enhanced CT images show periductal-infiltrating cholan-
giocarcinoma, perihilar in  location, which appears as 
inhomogeneous ill-defined periductal tissue (arrows) with 
the evidence of irregular narrowing of the proximal right 
hepatic duct and disruption of the right secondary conflu-
ence, associated with upstream right intrahepatic biliary 
ductal dilatation (arrowheads). (c, d) Left intrahepatic 
biliary ductal dilatation and (d) extrahepatic ductal dilata-
tion are also seen (∗)
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(Fig.  10.7c, d), with bile duct wall thickening 
and arterial and delayed hyperenhancement, 
although mass-forming morphology may also 
occur in this location showing delayed enhance-
ment [17, 22]. At CT, an abrupt change in calibre 
of the duct indicates the obstructing mass, which 
may or may not be seen, depending on tumour 
morphology [17]. Malignant biliary thickening 
is typically irregular, and upstream ductal ecta-
sia usually presents a segmental, lobar or diffuse 
distribution, depending on the location of the 
obstruction. Note that lymphadenopathy in the 
porta hepatis may cause biliary dilatation at the 
confluence of the right and left intrahepatic ducts, 
mimicking a PCC; in this regard, CT examination 
can help locate the obstruction and determine the 
organ of origin of the malignant neoplasm.

10.2.5	 �Biliary Injuries

10.2.5.1	 �Bile Leaks
Bile leaks are a rare complication of abdomi-
nal trauma being the gallbladder the most com-
mon location of biliary injury, followed by the 
extra- and intrahepatic bile ducts, respectively. 
Iatrogenic bile leaks may occur after open or 
laparoscopic cholecystectomy or after liver trans-
plantation and pancreaticoduodenectomy, at sites 
of biliary anastomosis or biliary-enteric anasto-
mosis. Additionally, bile leaks may occur after 
hepatic resection, liver biopsy and ablation of a 
liver lesion. Significant postoperative bile leaks 
have been reported more commonly with lapa-
roscopic cholecystectomy than with open chole-
cystectomy (Fig. 10.8), resulting most frequently 
from slippage of the cystic duct ligature, from the 
gallbladder bed when the dissection plane is too 
deep and from incidental injury of accessory or 
anomalous bile ducts [24–27].

A biloma, or encapsulated extrabiliary bile 
collection, may result from biliary surgery, lapa-
roscopic cholecystectomy, ERCP, radiofrequency 
ablation, percutaneous biliary drainage or trans-
catheter arterial chemoembolization [7].

At CT, free or loculated peri- or intrahepatic 
low-attenuation fluid collections seen after recent 
trauma or hepatobiliary surgery should raise sus-
picion for bile leak, although these nonspecific 

findings may be mistaken for more common 
posttraumatic and postoperative collections (e.g. 
seromas) [7, 28].

In addition to CT, hepatobiliary scintigraphy 
and MRCP with hepatobiliary contrast agents can 
help detect active or contained bile leaks. Thus, a 
multimodality imaging approach may be useful 
to determine the appropriate treatment [7, 28].

10.2.5.2	 �Biliary Necrosis
Biliary necrosis refers to destruction of the intra-
hepatic biliary duct epithelium usually caused by 
hepatic artery thrombosis which can be a serious 
complication of hepatic transplantation or may 
result from incidental artery ligation during cho-
lecystectomy or from occlusion after transarterial 
chemoembolization. Additional causes of hepatic 
artery thrombosis can be atherosclerosis, embolic 
disease, hypercoagulable state, vasculitis and 
traumatic laceration [7]. CT findings of biliary 
necrosis include marked regional beaded intrahe-
patic biliary dilatation with low attenuation in the 
adjacent parallel liver parenchyma. Hypodense 
bile lakes or focal cavitations may be seen as a 
late sequela.

10.2.5.3	 �Hemobilia
Hemobilia refers to the presence of blood in 
the biliary tree. Possible causes include hepatic 

Fig. 10.8  Biloma post laparoscopic cholecystectomy in a 
66-year-old man with right upper quadrant pain. Coronal 
contrast enhanced CT image shows a loculated well-
defined extrahepatic fluid collection (∗) adjacent to the 
clip of cholecystectomy (arrow); these findings are indica-
tive of biloma
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trauma, anticoagulation and hepatic artery aneu-
rysm or pseudoaneurysm. Notably the incidence 
of hemobilia has increased, likely due to iatro-
genic factors related to the increased number 
of diagnostic and therapeutic interventional 
hepatobiliary procedures being performed. At 
nonenhanced CT examination, high-attenuation 
layering material may be present in the gallblad-
der or biliary tree (Fig.  10.9). The differential 
diagnosis for high-attenuation bile includes bili-
ary sludge, purulent bile, vicarious excretion of 
IV-iodinated contrast material, retained contrast 
agent from cholangiography and malignancy. In 
addition, arterial phase images may show active 
extravasation of blood into the biliary tract if the 
cause is an aneurysm or pseudoaneurysm [7].

10.3	 �CT Imaging of the Pancreas

10.3.1	 �Acute Pancreatitis

Acute pancreatitis is an acute inflammatory con-
dition affecting the pancreas.

The Atlanta Classification [29] is the only 
widely accepted clinically based classification 
system used by clinicians and radiologists for the 
management of acute pancreatitis, which under-
went revision in 2012 to incorporate the latest 
understanding of the disease [30].

At least two of the following three criteria are 
required for the diagnosis of acute pancreatitis: 
(a) abdominal pain suggestive of pancreatitis, (b) 
serum amylase or lipase level greater than three 
times the upper normal value, or (c) characteris-
tic imaging findings [30].

Disease severity is stratified by organ failure, 
local and systemic complications. Local com-
plications include a variety of pancreatic and 
peripancreatic collections. Additional local com-
plications may include secondary infection of the 
collections or splenic and portal vein thrombosis, 
whereas systemic complications are an exacerba-
tion of pre-existing co-morbid disease.

The disease course is divided into early and 
late phases. The early phase usually lasts up to 
1 week. The late phase generally starts in the sec-
ond week and occurs only in patients with mod-
erately severe or severe pancreatitis [30].

Wide availability and excellent spatial resolu-
tion of CECT make it the most commonly used 
imaging tool for diagnosis, severity assessment 
and morphological classification of acute pancre-
atitis [31]; however, many patients meet the cri-
teria for the diagnosis on the basis of symptoms 
and laboratory tests and may not require imaging 
initially. Additionally, the role of imaging is lim-
ited during the initial phase of disease, because 
early morphological changes may not correlate 
with clinical findings or may not help predict 

a b c

Fig. 10.9  Hemobilia in a 67-year-old man with gallblad-
der carcinoma infiltrating the extrahepatic biliary ducts 
and biliary stent, presenting with anaemia after percutane-
ous transhepatic biliary catheter placement. (a) Axial non-
enhanced CT image shows hyperattenuating material in 
massively dilated intrahepatic biliary ducts (arrows) sug-
gestive of acute haemorrhage. (b) Coronal contrast 
enhanced CT image shows marked intrahepatic biliary 

system dilatation (arrowhead); biliary stent is also seen 
(arrow). (c) Axial arterial phase maximum intensity pro-
jection CT image shows a well-defined millimetric focal 
outpouching (arrow), indicative of pseudoaneurysm, aris-
ing from a branch of the hepatic artery in the V hepatic 
segment, associated with IV contrast material leak (arrow-
head). These findings are suggestive of pseudoaneurysm 
rupture with active arterial extravasation in the biliary tract
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the subsequent clinical course [32]. Therefore, 
imaging may be performed early in the disease 
course when its causes are unclear or to evaluate 
suspected complications, whereas it is essential 
in the late phase for diagnosing and evaluating 
the evolution of necrotizing pancreatitis and its 
complications.

10.3.1.1	 �Interstitial Oedematous 
Pancreatitis Versus 
Necrotizing Pancreatitis

Two subcategories of acute pancreatitis are 
identified based on imaging findings: interstitial 
oedematous pancreatitis (IEP) and necrotizing 
pancreatitis.

IEP is more common and represents non-
necrotizing inflammation of the pancreas. 
In IEP, the oedematous pancreas can appear 
enlarged and hypodense on unenhanced 
CT scan. Peripancreatic inflammation may 
manifest as an irregular pancreatic contour 
with peripancreatic fat stranding and a small 
amount of fluid in the anterior pararenal space. 
At CECT, parenchymal enhancement may be 
slightly heterogeneous or less avid due to inter-
stitial oedema; however, there is no evidence of 
nonenhancing (i.e. necrotic) areas (Fig. 10.10a, 
b). In more severe IEP (Fig. 10.11a), surround-
ing nonnecrotic fluid collections may be seen 
[33, 34].

a b

c d

Fig. 10.10  Acute pancreatitis. (a) IEP in a 27-year-old 
woman. Axial contrast enhanced pancreatic phase CT 
image shows irregular pancreatic contours and peripan-
creatic inflammation (arrows) with normal pancreatic 
enhancement and no collections. (b) IEP in a 63-year-old 
man. Axial contrast enhanced pancreatic phase CT image 
shows normal pancreatic enhancement with mild peripan-
creatic fat stranding (arrow) and a small amount of fluid in 
the left anterior pararenal space (arrowhead). (c, d) 

Necrotizing pancreatitis in a 59-year-old man. Axial con-
trast enhanced CT images show a diffusely nonenhancing 
pancreas (∗) during both pancreatic (c) and portal venous 
phase (d), findings indicative of necrosis. (c, d) A homo-
geneous fluid-attenuation collection is seen in the left 
anterior pararenal space (arrows), a finding that is consis-
tent with ANC (due to the association with pancreatic 
parenchymal necrosis)
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Necrotizing pancreatitis (Fig.  10.10c, d) 
accounts for 5–10% of cases of acute pancreatitis 
[30]. Three subtypes are described based on the 
area of necrotic involvement: (a) pancreatic, (b) 
peripancreatic and (c) combined (most common 
subtype).

At CT, pancreatic necrosis is suspected when 
any region of parenchyma displays an attenuation 
of less than 30 HU during the pancreatic paren-
chymal phase. In peripancreatic necrosis, the pan-
creas enhances normally, but the peripancreatic 
tissues show necrosis, with collections containing 
variable amounts of fluid and non-liquefied com-
ponents. The combined subtype demonstrates 
necrotic pancreatic parenchyma, as well as het-
erogeneous peripancreatic collections [33, 35].

When imaging is performed within the first 
few days of disease onset, necrosis may be indis-
tinguishable from IEP; in these cases, CECT 
performed 5–7  days later is more accurate for 
the diagnosis of necrotizing pancreatitis [30]. In 
addition to establishing the diagnosis, CT can be 
used to define the extent and severity of acute 
pancreatitis, with findings having been shown to 
correlate with the outcome [36, 37]. The modi-
fied CT severity index (MCTSI) includes extra-
pancreatic complications in the grading system 
and simplifies the evaluation of extent of paren-
chymal necrosis (Table 10.1) [37].

10.3.1.2	 �Pancreatic 
and Peripancreatic 
Collections

Four distinct collection subtypes are identified: 
acute peripancreatic fluid collection (APFC), 
pancreatic pseudocyst, acute necrotic collec-
tion (ANC) and walled-off necrosis (WON) 
(Table 10.2) [30, 33, 38]. The important distinc-
tions for classifying collections are the time course 
(≤4 weeks or >4 weeks from pain onset) and the 
presence or absence of necrosis at imaging [30].

a b

Fig. 10.11  APFC and pseudocyst. (a) IEP with APFC in a 
33-year-old woman. Axial contrast enhanced CT image 
shows homogeneous nonencapsulated fluid collection in 
the peripancreatic and bilateral anterior pararenal spaces 
(∗); these findings are consistent with APFC. Note diffusely 
enlarged pancreas with slightly inhomogeneous parenchy-
mal enhancement but no evidence of necrotic areas (circle). 

Cystic ductal dilatation and CBD dilatation are also seen 
(arrows). (b) Pseudocyst in a 38-year-old man with alcohol-
related pancreatitis. Axial contrast enhanced CT image 
shows a well-defined peripancreatic homogeneous low-
attenuating collection (∗) with a thin enhancing wall 
(arrowhead). A ductal calcification (arrow) can be also seen 
within the MPD, which appears slightly dilated

Table 10.1  Modified CT severity index [37]

Prognostic indicator Points
Pancreatic inflammation
– � Normal pancreas 0
– � Intrinsic pancreatic abnormalities with or 

without inflammatory changes in 
peripancreatic fat

2

– � Pancreatic or peripancreatic fluid collection 
or peripancreatic fat necrosis

4

Pancreatic necrosis
– � None 0
– � ≤30% 2
– � >30% 4
Extrapancreatic complications (one or more of 
pleural effusion, ascites, vascular 
complications, parenchymal complications or 
gastrointestinal tract involvement)

2

The severity of pancreatitis is categorized as mild (0–2 
points), moderate (4–6 points) or severe (8–10 points)
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APFCs occur during the first 4  weeks and 
are present only in patient with IEP.  APFCs 
are peripancreatic in  location, contain only 
fluid and are visualized at CT as homogeneous 
fluid-attenuation collections that lack a wall and 
tend to conform to the retroperitoneal spaces 
(Fig. 10.11a). If a similar-appearing collection is 
seen within the pancreatic parenchyma, it is by 
definition an ANC; thereby, the diagnosis is no 
longer IEP but necrotizing pancreatitis [30].

Pseudocysts lack an epithelial lining and thus 
are not true cysts. They typically evolve from 
acute peripancreatic fluid collections in the set-
ting of IEP usually after 4 weeks, by developing 
a capsule. Pseudocysts appear as round-to-oval 
hypoattenuating collections with a well-defined 
enhancing wall at CECT and should contain 
only fluid with no non-liquefied components 
(Fig. 10.11b). If there is even a small area of fat 
or soft tissue attenuation in a fluid collection, the 
diagnosis is not pseudocyst but WON [30, 33]. 
In addition, pseudocysts may have a connection 
to the pancreatic ductal system, which is best 
seen at MRCP.  A pseudocyst is typically peri-
pancreatic in  location, although it can rarely be 
intrapancreatic in cases of prior necrosectomy, 
resulting from pancreatic juice leakage from the 
disconnected pancreatic duct [30, 33].

ANCs arise within the first 4 weeks of nec-
rotizing pancreatitis and are poorly organized 

nonencapsulated necrotic collections, often 
found in the lesser sac and pararenal spaces. 
They are often multiple, with a loculated 
appearance, and may extend into the pancreas 
within areas of parenchymal necrosis, or inferi-
orly as far as the pelvic sidewalls (Fig. 10.12a, 
b). ANCs show a variable amount of fluid and 
can be distinguished from APFCs by the pres-
ence of non-liquefied debris (i.e. solid-appear-
ing hyperdense components or fat globules 
within the fluid). Any peripancreatic collec-
tion associated with pancreatic parenchymal 
necrosis should be termed an ANC, even if it 
is homogeneous and contains no non-liquefied 
debris [30, 33] (Fig.  10.10c, d). In the early 
phase of disease, the diagnosis of necrosis may 
be uncertain, and imaging performed in the sec-
ond week is usually helpful for distinguishing 
an APFC from an ANC.

WON arises after 4  weeks in the setting of 
necrotizing pancreatitis, when ANCs mature by 
developing a thick wall (Fig.  10.12c, d). Like 
pseudocysts, WON contains fluid and shows 
thick enhancing walls. However, unlike pseudo-
cysts, WON presents non-liquefied debris within 
the fluid such as necrotic fat and/or pancreatic 
tissue (Fig.  10.13). Generally, WON occurs in 
the peripancreatic space or can often manifest 
with a coalescent collection extending from 
the lesser sac to a portion of parenchyma [30]. 

Table 10.2  Pancreatic and peripancreatic collections [30, 33, 38]

Collection
Time after pain 
onset (week)

Pancreatitis 
subtypes Location Imaging features

APFC ≤4 IEP Extrapancreatic Homogeneous, fluid attenuation, conforms 
to retroperitoneal structures, no wall

ANC ≤4 Necrotizing 
pancreatitis

Intra- and/or 
extrapancreatic

Inhomogeneousa, non-liquefied 
componentsb, no wall

Pseudocyst >4 IEP Extrapancreaticc Homogeneous, fluid filled, circumscribed, 
encapsulated with wall

WON >4 Necrotizing 
pancreatitis

Intra- and/or 
extrapancreatic

Inhomogeneous, non-liquefied components, 
encapsulated with wall

ANC acute necrotic collection, APFC Acute peripancreatic fluid collection, IEP interstitial oedematous pancreatitis, 
WON walled-off necrosis
aEarly ANCs may be homogeneous; follow-up imaging performed in second week may help clarify status
bIncludes solid-appearing components or fat globules within fluid
cPersistent pancreatic leak or disconnected duct may lead to intrapancreatic pseudocyst (uncommon)
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Additional imaging findings may include irregu-
lar borders and thick multiple septations. CECT 
may not readily distinguish solid from liquid 
content; for this purpose, MRI and transab-
dominal or endoscopic ultrasound (US) may be 
required for the distinction of WON from pseu-
docysts [30, 33, 34].

10.3.1.3	 �Infection and Other Local 
Complications

Any collection can be sterile or infected, 
although infection occurs more frequently 
in necrotic collections [30]. The only imag-
ing finding of an infected collection is the 
presence of gas often appearing as multiple 

scattered small bubbles within the collection 
(Fig. 10.14a); wall enhancement is not a reli-
able indicator of infection, as it is invariably 
present in mature collections (i.e. pseudocysts 
and WON) [33, 35]. Infected collections may 
also manifest with gas bubbles due to a pan-
creatic-enteric fistula, which can result from 
necrotic collections erosion through the bowel 
wall. In addition, large abdominopelvic fluid 
collections may displace and compress adja-
cent organs (Fig. 10.13b).

Inflammatory reactions can lead to venous 
thrombosis, which is the most common vascular 
complication of pancreatitis, usually involving the 
splenic vein (Fig. 10.14b). Acute venous thrombo-

a b

c d

Fig. 10.12  ANC and WON.  Evolution of necrotizing 
pancreatitis in a 44-year-old woman with biliary stent. (a) 
Axial contrast enhanced pancreatic phase CT image 
shows heterogeneous nonencapsulated fluid attenuating 
peripancreatic collection (∗) extending into the pancreas 
in an area of parenchymal necrosis (circle) and to the left 
anterior pararenal space (arrowhead). (b) Axial contrast 
enhanced portal venous phase CT image at a more caudal 
level shows the heterogeneous nonencapsulated fluid col-

lection extending inferiorly in the anterior pararenal space 
(∗). These findings are consistent with ANC. (c, d) At 
follow-up imaging performed 1 month later, axial contrast 
enhanced portal venous phase CT images obtained at dif-
ferent levels show maturation of the collections (∗) by 
developing thick enhancing walls with irregular borders 
(arrows); these findings are suggestive of WON. (a, c) 
Biliary stent can also be seen (black arrowheads)
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sis manifests with enlarged nonenhancing vessels 
at imaging, whereas chronic thrombosis pres-
ents with less well-visualized venous structures 
and multiple collateral vessels [35]. Pancreatic 
enzymes can also cause vessel erosion and lead 
to spontaneous arterial haemorrhage or pseudoa-
neurysm formation, with the splenic artery most 
frequently involved. At CT and MR imaging, a 
pseudoaneurysm appears as a focal outpouching 
of a vessel within the necrotic region (Fig. 10.14c, 
d). Spontaneous haemorrhage or resulting from 
pseudoaneurysms rupture usually manifests at CT 

as a region of high attenuation, typically in an area 
of necrosis.

A further complication of acute pancreatitis 
is the disconnected pancreatic duct syndrome, 
which results from necrosis of the central pan-
creas or from a therapeutic intervention that dis-
rupts the MPD leading to a persistent leakage of 
pancreatic fluid. At CT or MR imaging, this con-
dition is suggested by a large or growing collec-
tion around the pancreas, involving the neck or 
body of the gland and a viable upstream segment 
of the body or tail [34, 35].

a b

c

d

Fig. 10.13  Pseudocyst and WON. (a) Pseudocyst in a 
42-year-old man. Axial contrast enhanced portal venous 
phase CT image shows a huge homogeneous peripancre-
atic fluid collection (∗) with no non-liquefied components 
and a thin enhancing wall (arrowhead). (b) Sagittal con-
trast enhanced portal venous phase CT image in the same 
patient shows the extent of the fluid collection (∗) which 
compresses the liver determining marked biliary ductal 

dilatation (arrowheads) and displaces posteriorly the adja-
cent right kidney (arrow). (c, d) WON in a 36-year-old 
man. Axial contrast enhanced CT image (c) and axial con-
trast enhanced CT image at a more caudal level (d) show 
organized inhomogeneous peripancreatic collection with 
enhancing walls (arrowheads) containing non-liquefied 
debris including fat tissue (arrows) and extending to the 
left anterior pararenal space (∗)
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10.3.2	 �Chronic Pancreatitis

Chronic pancreatitis (CP) is defined by continu-
ous or relapsing inflammation of the organ lead-
ing to irreversible morphological injury. Imaging 
plays a significant role in detecting parenchymal 
and ductal abnormalities in CP and helps in dif-
ferentiating early from advanced phases of dis-
ease [39].

Unlike MR imaging, CT is unreliable in diag-
nosis of early CP, as it often shows no abnor-
malities [40]. However, CT examination is 

especially useful in detecting changes seen in 
advanced disease. Most common findings seen 
at CT in advanced CP include dilatation of MPD 
and its side branches; the ductal contour may be 
smooth or irregular. Additional findings include 
intraductal calcifications, seen in nearly half of 
the patients with CP, and parenchymal atrophy 
(Figs.  10.2b, 10.3, 10.4, 10.5, 10.6, 10.7, 10.8, 
10.9, 10.10, 10.11, 10.12, 10.13, 10.14, and 
10.15). However, parenchymal atrophy is a non-
specific feature as it can also be seen with normal 
aging [40].

a b

c d

Fig. 10.14  Acute pancreatitis complications. (a) 
Seventy-two-year-old woman with acute pancreatitis. 
Axial contrast enhanced portal venous phase CT image 
shows pancreatic tail (arrowhead) and multiple gas foci 
(arrow) within a heterogeneous fluid attenuating peripan-
creatic collection (∗) with thick enhancing walls. These 
findings are suggestive of infected WON. (b) Sixty-four-
year-old man with acute pancreatitis. Axial contrast 
enhanced portal venous phase CT image shows a hypoat-
tenuating thrombus within the splenic vein (arrowheads). 

Heterogeneous peripancreatic non-organized fluid collec-
tion suggestive of ANC is also seen (∗). (c, d) Forty-one-
year-old man with acute recurrent alcohol-related 
pancreatitis. (c) Axial contrast enhanced arterial phase CT 
image and (d) axial arterial phase maximum intensity pro-
jection CT image show a well-defined focal outpouching 
(arrows), indicative of pseudoaneurysm with calcified 
wall arising from the splenic artery within a heteroge-
neous peripancreatic thick-walled fluid collection consis-
tent with WON (∗)
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10.3.2.1	 �Autoimmune Pancreatitis
Autoimmune pancreatitis is a distinct type of 
chronic pancreatitis characterized by periduc-
tal infiltration with IgG4-positive plasma cells, 
which leads to interlobular fibrosis and diffuse 
narrowing of the pancreatic duct.

Patients with autoimmune pancreatitis usually 
demonstrate a dramatic response to corticoste-
roid therapy; thus, it is important to recognize the 
disease and its imaging features [41].

Diffuse disease is the most common type, 
with a diffusely enlarged sausage-like pancreas 
and loss of its lobular contour (Fig.  10.5b, c). 
Focal disease is less common and manifests as a 
well-defined mass, often involving the pancreatic 
head and mimicking pancreatic adenocarcinoma, 
although, when present, upstream dilatation of 
the MPD is typically milder than in patients with 
pancreatic carcinoma [15, 40].

In patients with autoimmune pancreatitis, 
CECT often demonstrates decreased enhance-
ment of the involved parenchyma on the pan-
creatic phase, while moderate enhancement is 
seen on the delayed phase, due to fibrosis. The 
presence of a hypoattenuating capsule-like rim 
or “halo” surrounding the affected areas is com-
mon and is believed to represent inflammatory 

cell infiltration (Fig. 10.5c). Diffuse or segmen-
tal narrowing of the MPD is typical and may be 
demonstrated at ERCP or MRCP.  In addition, 
when the pancreatic head is involved, narrow-
ing of the intrapancreatic portion of the CBD 
is typically seen (Fig. 10.5a, b) which may lead 
to upstream biliary dilatation and subsequent 
obstructive jaundice [15, 40].

10.3.2.2	 �Paraduodenal Pancreatitis
Paraduodenal pancreatitis (PDP) is a rare form 
of focal chronic pancreatitis involving the duo-
denal wall in the vicinity of the minor duodenal 
papilla, the adjacent pancreatic parenchyma 
and the pancreaticoduodenal “groove” [42], 
which is defined as a small potential space 
bordered by the pancreatic head, duodenum 
and CBD. The concept of PDP unifies several 
inflammatory entities with similar pathogen-
esis, anatomical location and clinical course 
including cystic dystrophy of the pancreas, 
paraduodenal wall cyst, groove pancreatitis, 
pancreatic duodenal hamartoma and myoad-
enomatosis [42, 43].

At imaging, PDP may present as a solid 
fibrotic mass (solid variant) around the minor 
papilla or as cystic changes within the thickened 

a b

Fig. 10.15  Advanced-stage chronic pancreatitis. (a) 
Axial contrast enhanced portal venous phase CT image 
and (b) coronal contrast enhanced portal venous phase CT 
image show markedly dilated and tortuous MPD (arrows) 

with thick ductal calcifications involving the pancreatic 
head (arrowheads). (a) Parenchymal atrophy of the pan-
creatic body (i.e. reduction of the anteroposterior dimen-
sions of the gland) is also seen (∗)
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duodenal wall or the pancreaticoduodenal groove 
(cystic variant) [42, 44].

At CT examination, a hypoattenuating soft tis-
sue may be seen in the groove, with increasing 
delayed enhancement due to fibrotic component 
(Fig.  10.16). The CBD can appear narrowed, 
although, in most cases, this narrowing is rela-
tively smooth and tapered, with no evidence of 
irregularity or abrupt margins, as seen frequently 
in malignant strictures [42, 45].

Inflammatory changes involving the adja-
cent pancreatic parenchyma may result in 
a mass-like enlargement of the pancreatic 
head, making challenging the differentiation 
between PDP and pancreatic adenocarcinoma 
[45], particularly in cases of pancreatic carci-
noma with fibrotic component, which presents 
delayed enhancement as seen with solid vari-
ant of PDP.

In recent years, MRI and MRCP have shown 
to contribute to the diagnosis of PDP [46, 47]; 
however, differentiating PDP from pancreatic 
head, ampullary or duodenal malignancy on the 
basis of imaging features is still difficult, and 
patients may frequently undergo fine needle aspi-
ration biopsy, followed by pancreaticoduode-

nectomy because of the inability to completely 
exclude malignancy [45, 46].

10.3.3	 �Solid Pancreatic Lesions

10.3.3.1	 �Pancreatic Adenocarcinoma
Pancreatic adenocarcinoma is the most common 
malignant pancreatic tumour, affecting the head 
of the gland in 60–70% of cases and presenting 
a high mortality rate. CT is currently the estab-
lished imaging technique for detecting and stag-
ing the tumour [48]; thus, all patients presenting 
suspicion of pancreatic cancer should undergo 
initial evaluation by CT, performed according 
to a dedicated pancreas-specific protocol [49]. 
MRI can be used as a problem-solving tool in 
equivocal CT cases, particularly when suspected 
tumours are not visible at CT, for characteriza-
tion of CT-indeterminate liver lesions, or in cases 
of contrast allergy [50, 51].

At CT, arterial phase and pancreatic phase 
imaging allow optimal visualization of the 
peripancreatic arteries and the tumour, due 
to the highest difference in contrast enhance-
ment between the parenchyma and the lesion 

a b

Fig. 10.16  Contrast enhanced CT images in a 45-year-
old alcoholic man with vomiting and weight loss, depict-
ing paraduodenal inflammatory changes. (a) Axial 
contrast enhanced portal venous phase CT image shows 
hypoenhancing soft tissue (arrow) within the medial wall 
of the descending duodenum, extending to the pancreati-

coduodenal groove. (b) Coronal contrast enhanced portal 
venous phase CT image shows the soft tissue (arrowhead) 
determining submucosal duodenal contour bulge (arrow). 
Uncinate process (∗). There is no evidence of biliary duct 
or MPD dilatation. These findings are consistent with 
PDP (solid variant)
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(Fig. 10.17a, b). Portal phase imaging is optimal 
for assessing the peripancreatic veins and detect-
ing metastatic disease to the liver [4, 48, 52]. 
After IV contrast administration, most pancreatic 
adenocarcinomas are hypoattenuating; however, 
approximately 10% of these tumours may mani-
fest isoattenuation relative to the background 
pancreatic parenchyma, especially in case of 
small lesions (2 cm or less). In these situations, 
secondary signs such as mass effect, contour 
abnormalities of the gland, abrupt ductal obstruc-
tion, distal parenchymal atrophy (Fig.  10.17c) 
and vascular invasion may be helpful for diagno-
sis [53, 54]. Dilatation of both CBD and MPD, 
known as the “double duct sign,” may be seen in 
case of tumours occurring in the pancreatic head 
(Fig. 10.17d); whereas tumours in the pancreatic 
body may cause upstream MPD dilatation [55]. 
In addition, pancreatic adenocarcinomas may 

occasionally manifest cystic-necrotic degen-
eration [56]; the presence of calcifications is 
uncommon.

As the tumour grows, it typically infiltrates the 
peripancreatic structures and adjacent vascula-
ture. Multiphase pancreatic protocol also allows 
the visualization of important arterial and venous 
structures, thereby providing an assessment of 
vascular invasion by the tumour [48].

The presence of a circumferential soft tissue 
cuff surrounding the peripancreatic vessels with 
loss of the perivascular fat plane suggests vas-
cular invasion. The determination of the extent 
of vascular involvement is usually performed 
by identifying, with regard to the circular cross-
section of a vessel, the degrees of circumferential 
contact (Figs. 10.17b and 10.18), with a sensitiv-
ity of 84% and a specificity of 98% for invasion if 
the tumour is contiguous with more than 50% of 

a b

c d

Fig. 10.17  Pancreatic head adenocarcinoma. (a, b) 
Pancreatic adenocarcinoma in a 53-year-old man. Axial 
contrast enhanced pancreatic phase CT image (a) and 
axial contrast enhanced portal venous phase CT image (b) 
show a hypoattenuating mass in the pancreatic head/unci-
nate process (arrows). (b) Solid tumour contact with the 
superior mesenteric vein <50% of the circumference of 
the vessel (arrowhead). (c) Pancreatic head adenocarci-
noma in a 66-year-old woman. Axial contrast enhanced 

CT image shows pancreatic head mass (arrow) causing 
marked distal parenchymal atrophy (arrowheads). (d) 
Pancreatic adenocarcinoma in a 58-year-old man. Coronal 
contrast enhanced CT image shows hypoenhancing ill-
defined mass (arrow) in the pancreatic head/uncinate pro-
cess determining abrupt ductal obstruction with upstream 
dilatation of both CBD and MPD, known as “double duct 
sign” (∗). Intrahepatic biliary ductal dilatation is also seen 
(arrowheads)
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the vessel circumference [57]. Vessel deformity, 
thrombosis and development of collateral vessels 
(Fig.  10.19) represent other features suggesting 
vascular invasion [58].

All of this information can improve the 
prediction of resectability; therefore, in addi-
tion to the detection of pancreatic adenocar-
cinoma, high-quality multiphase imaging can 

a b

dc

Fig. 10.18  Pancreatic adenocarcinoma in a 59-year-old 
woman. (a) Axial contrast enhanced CT image shows a 
hypoenhancing ill-defined pancreatic body cancer (∗), 
invading the celiac axis (arrow). (b) Axial contrast 
enhanced arterial phase image at a more caudal level 
shows the degree of tumour contact (∗) with the superior 
mesenteric artery (arrow), which is >50% of the circum-

ference of the vessel. (c) Axial arterial phase maximum 
intensity projection CT image and (d) sagittal arterial 
phase maximum intensity projection CT image compre-
hensively assess the extent and the degree of major vascu-
lar involvement caused by the pancreatic cancer (∗). (c, d) 
Celiac axis (arrows). (d) Superior mesenteric artery 
(arrowhead)

ba

Fig. 10.19  Pancreatic adenocarcinoma in a 44-year-old 
man. (a) Axial contrast enhanced portal venous CT image 
and (b) axial contrast enhanced portal venous CT image at 
a more cranial level show hypoenhancing ill-defined pan-

creatic body cancer (∗). (a) Solid tumour contact with the 
superior mesenteric vein (arrow) with vessel contour 
irregularity. (a, b) Multiple collateral vessels are also seen 
(arrowheads). These findings suggest vascular invasion
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help distinguish between patients eligible for 
resection with curative intent and those with 
unresectable disease [48]. The current criteria 
for defining tumour resectability are shown in 
Table 10.3 [48, 49].

10.3.3.2	 �Pancreatic Neuroendocrine 
Tumours

Pancreatic neuroendocrine tumours (P-NETs) 
account for 1–5% of all pancreatic neoplasms 

and are classified into functioning and non-
functioning tumours. In general, functioning 
tumours manifest early in the course of disease 
due to symptoms related to excessive hormone 
production, whereas non-functioning tumours 
usually tend to be large and malignant at the time 
of diagnosis [59, 60].

P-NETs present a rich vascular supply and, 
therefore, at CT, in the arterial phase, usually 
enhance more rapidly and intensely than the 

Table 10.3  Criteria defining resectability status [48, 49]

Resectability 
status Arterial Venous
Resectable No arterial tumour contact (celiac axis [CA], 

superior mesenteric artery [SMA] or common 
hepatic artery [CHA])

No tumour contact with the superior 
mesenteric vein (SMV) or portal vein (PV) or 
≤180° contact without vein contour 
irregularity

Borderline 
resectablea

Pancreatic head/uncinate process
• � Solid tumour contact with CHA without 

extension to CA or hepatic artery bifurcation 
allowing for safe and complete resection and 
reconstruction

• � Solid tumour contact with the SMA of ≤180°
• � Solid tumour contact with variant arterial 

anatomy (e.g. accessory right hepatic artery, 
replaced right hepatic artery, replaced CHA and 
the origin of replaced or accessory artery) and 
the presence and degree of tumour contact 
should be noted if present as it may affect 
surgical planning

Pancreatic body/tail
• � Solid tumour contact with the CA of ≤180°
• � Solid tumour contact with the CA of >180° 

without involvement of the aorta and with intact 
and uninvolved gastroduodenal artery, thereby 
permitting a modified Appleby procedure (some 
experts prefer these criteria to be in the 
unresectable category)

• � Solid tumour contact with the SMV or PV 
of >180°, contact of ≤180° with contour 
irregularity of the vein or thrombosis of the 
vein but with suitable vessel proximal and 
distal to the site of involvement allowing for 
safe and complete resection and vein 
reconstruction

• � Solid tumour contact with the inferior vena 
cava (IVC)

Unresectablea • � Distant metastasis (including non-regional lymph 
node metastasis)

Head/uncinate process
• � Solid tumour contact with SMA >180°
• � Solid tumour contact with the CA >180°
• � Solid tumour contact with the first jejunal SMA 

branch
Body and tail
• � Solid tumour contact of >180° with the SMA or 

CA
• � Solid tumour contact with the CA and aortic 

involvement

Head/uncinate process
• � Unreconstructible SMV/PV due to tumour 

involvement or occlusion (can be due to 
tumour or bland thrombus)

• � Contact with most proximal draining jejunal 
branch into SMV

Body and tail
• � Unreconstructible SMV/PV due to tumour 

involvement or occlusion (can be due to 
tumour or bland thrombus)

aSolid tumour contact may be replaced with increased hazy density/stranding of the fat surrounding the peripancreatic 
vessels (typically seen following neoadjuvant therapy); this finding should be reported on the staging and follow-up 
imaging. Decision on resectability status should be made in these patients, in consensus at multidisciplinary meetings/
discussions [48]

M. Catalano et al.



121

normal pancreas; this finding helps differen-
tiate P-NETs from pancreatic adenocarcino-
mas, which commonly appear hypovascular. 
Homogeneous enhancement is typical for 
small tumours (less than 2 cm) which are often 
solid (Fig.  10.20a–c), whereas larger lesions 
tend to show heterogeneous enhancement, due 
to variable amounts of cystic-necrotic degen-
eration and calcification (Fig. 10.20d); in these 
cases, nonnecrotic or non-degenerated por-
tions of the tumour may show avid enhance-
ment [52, 55, 59].
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11.1	 �Magnetic Resonance 
Cholangiopancreatography

Magnetic resonance (MR) with cholangiopan-
creatography imaging is a noninvasive technique 
that allows the simultaneous evaluation of the 
biliary and pancreatic duct systems and the pan-
creatic parenchyma. The main advantages of MR 
scans are the lack of ionizing radiation, the use of 
large field of view and the very high contrast res-
olution between different tissue types.

The combination of tissue-imaging sequences 
and MR cholangiopancreatography (MRCP) pro-
vides comprehensive information to evaluate the 
full range of biliary and pancreatic disorders.

11.1.1	 �Imaging Protocol

The standard MR protocol includes various 
sequences, such as T2- and T1-weigthed imaging 
with and without fat suppression technique, 

diffusion-weighted imaging (DWI) and dynamic 
contrast-enhanced imaging after intravenous 
injection of gadolinium chelates. The different 
tissue types are characterized by various signal 
intensity in each sequence. For example, the 
fluid-filled structures or cystic lesions generally 
appear very hyperintense (bright) on T2-weighted 
images, the biliary stones very hypointense (dark) 
in all sequences, and the solid lesions with high 
cellularity hyperintense on T2-weighted images 
and hypointense on T1-weighted images with 
variable enhancement after injection of contrast 
material (Fig. 11.1):

–– T2-weighted sequence (single-shot fast spin 
echo, SSFSE) with longer echo times 
(≥60 ms) provides a sharp anatomic display of 
the common bile duct (CBD) and of the pan-
creatic duct on coronal plane and on axial 
plane images, respectively, and well depicts 
fluid-filled hyperintense lesions in or around 
pancreas [1] (Fig. 11.2a, b).

–– Balanced steady-state free procession (SSFP) 
sequence with shorter echo and repetition 
times has a contrast T2-/T1-weighted. Unlike 
T2-weighted SSFSE sequence, it is not sus-
ceptible to flow-related artefacts that may 
mimic filling defects in the biliary tree. The 
easiest way to identify balanced SSFP 
sequence is to look for blood vessels and 
fluid-filled spaces that normally appear hyper-
intense (Fig. 11.2c).
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–– T1-weighted sequence (fast spoiled gradient 
echo, FSPGR) with shorter echo times 
(2.2  ms) is of paramount importance in the 
evaluation of the pancreatic parenchyma. The 
normal pancreas is a high signal structure 
compared to most pancreatic pathologies that 
are relatively hypointense [2]. Fat saturation is 
useful to improve the delineation of the pan-
creas that appears homogeneously brighter 
than the liver and the surrounding low-
intensity fat [1] (Fig. 11.3a).

–– DWI is typically performed by using a fat-
suppressed T2-weighted sequence and 

exploits the random motion of water mole-
cules in biologic tissues. The diffusion of 
water in tissues reflects at the same time a 
combination of tissue cellularity, tortuosity of 
extracellular spaces, integrity of cell mem-
branes and viscosity of fluids [3]. Restricted 
diffusion structures result with high signal 
intensity (Fig. 11.2d).

–– T1-weighted sequence after gadolinium 
administration (3D gradient echo sequences) 
is dynamically acquired with 40-s, 70-s and 
180-s delay. Typically, the pancreas demon-
strates a uniform enhancement in the capillary 

Biliary and
Pancreatic Leasions

T1-w image T1-w Fat Suppressed
Gadolinium-enhanced image

Simple Cyst

Cyst with
mural nodules

Solid Lesions:

•   Adenocarcinoma

•    P-NET

•    CCA

Lithiasis

Hyperintense

Hyperintense

Hypointense

Hypointense

Hypointense

Hypointense

Hypointense

HypointenseHypointense

Hypointense signal intensity (dark)

Hyperintense

Hyperintense

Hyperintense signal intensity (bright)

Variable signal
intensity

No enhancement

No enhancement

Early enhancement

Late enhancement

Enhancement of
mural nodules

Slow and
dishomogeneous
enhancement
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Fig. 11.1  MR signal intensity of the most common biliary and pancreatic lesions
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a b

c d

Fig. 11.2  Standard MR imaging protocol. (a) Axial T2-weighted sequence. (b) Coronal T2-weighted sequence. (c) 
Axial balanced SSFP sequence. (d) Axial DW image

a b

c d

Fig. 11.3  Dynamic MR imaging during contrast agent 
administration. (a) Axial fat-suppressed T1-weighted 
sequence before gadolinium chelate administration and 

during (b) arterial (40-s delay), (c) nephrographic (70-s 
delay) and (d) pyelographic (180-s delay) phases
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phase (40-s delay) [4]. The volumetric cover-
age and spatial and temporal resolution of fast 
gradient echo T1 sequences make possible the 
multiple post-processing reconstruction 
(Fig. 11.3b–d).

11.1.2	 �MRCP Technique

MR cholangiopancreatography (MRCP) is the 
imaging modality of choice to directly image 
the whole biliary and pancreatic duct systems 
without the need of contrast material agent 
administration.

This technique is based on heavily T2-weighted 
sequences with long echo times (>600 ms) that 
selectively displays static or slow-moving fluid-
filled structures. Static and slow-moving fluids 
within biliary tree and pancreatic duct appear 
hyperintense, while surrounding tissue has lower 
signal intensity [5]. The result is an image that 
looks like those acquired by direct cholangiogra-
phy in a totally noninvasive manner [6].

Two-dimensional (2D) or three-dimensional 
(3D) acquisitions may be performed to obtain 
MRCP images:

–– 2D-MRCP images are acquired on coronal 
oblique plane and can accurately demonstrate 
the whole extrahepatic biliary tract, the main 
pancreatic duct (MPD) and secondary ducts 
either in normal subjects or in dilated cases 
(Fig.  11.4). Since these sequences are virtu-
ally motion-independent, their quality is 
almost always diagnostic even in noncooper-
ating patients. Because of the short acquisition 
time and there being no need for post-
processing reconstruction, interpretation is 
immediately available. The main disadvantage 
is related to the two-dimensional nature, 
which may sometimes limit the visualization 
of thin ducts if they are projectively superim-
posed on other fluid structures. For this rea-
son, improvements in MRCP technique can be 
made by using T2 shortening oral contrast 
agents (e.g. pineapple juice) that reduce signal 
from endoluminal gastric, duodenal or proxi-
mal jejunal fluid which may overlap and inter-
fere with signal from the biliary system [6].

–– 3D-MRCP images are acquired on axial or 
coronal planes and provide a higher signal-to-
noise ratio with the use of thinner contiguous 
slices (generally 4 mm thick) [1]. These thin 

a b

Fig. 11.4  2D-MRCP. (a) Coronal oblique image with the 
good visualization of the gallbladder, the whole extrahe-
patic biliary tract and the MPD (arrowheads). (b) Coronal 

oblique image with limited visualization of the MPD 
(arrowheads) due to endoluminal gastric fluid (arrows) 
projectively superimposed

M. Sbarra et al.



129

slab sequences allow post-processing of the 
images for multiplanar reconstruction, maxi-
mum intensity projection and volume render-
ing [5] (Fig. 11.5). The 3D-MRCP should be 
performed for evaluating ductal-filling defects, 
visible as areas of decreased signal intensity, 
that may be missed with the 2D-MRCP thick-
slab technique.

11.1.3	 �Secretin-Enhanced MRCP

Secretin-enhanced magnetic resonance 
cholangiopancreatography (S-MRCP), obtained 
after exogenous administration of secretin, has 
been suggested to improve sensitivity of MRCP 
in the visualization of pancreatic duct system [6].

Images are dynamically acquired in the coro-
nal oblique plane with a temporal resolution of 
30 s for 10 min. Secretin is responsible for both a 
physiological enlargement of the pancreatic duct 
system and an increase of the fluid content within 
the lumen of the pancreatic ducts. Its effect starts 

almost immediately after intravenous administra-
tion and peaks between 2 and 5 min. By 10 min, 
the calibre of the MPD should return to the base-
line. Therefore, secretin-enhanced MRCP 
enables not only morphologic but also functional 
evaluation of the pancreas, providing information 
about the MPD flow dynamics and hydrody-
namic changes [6, 7].

Moreover, this technique can indirectly assess 
the pancreatic exocrine reserve, evaluating the 
pancreatic output of juice through the duodenal 
papillae and duodenal filling [6–9]. According to 
the score described by Matos [8], the measure-
ment of the duodenal filling may be performed in 
a semiquantitative manner: grade 0, no fluid sig-
nal in the duodenum; grade 1, fluid limited on 
duodenal bulb; grade 2, fluid filling up to the 
genu inferius; and grade 3 (normal), duodenal 
filling beyond the genu inferius (Video 11.1).

The main clinical indications for this imaging 
examination are recurrent acute pancreatitis, 
sphincter of Oddi dysfunction, anatomic variants, 
chronic pancreatitis and MPD stenosis [6].

a b

c d

Fig. 11.5  3D-MRCP. (a) Axial 3D-MRCP image. (b) Axial multiplanar reconstruction image. (c) 3D-MIP (maximum 
intensity projection) image. (d) 3D-VR (volume rendering) image
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11.2	 �MR Imaging of the Biliary 
System

11.2.1	 �Congenital Diseases of Biliary 
System

11.2.1.1	 �Choledochal Cysts
Choledochal cysts are rare congenital biliary 
tract anomalies characterized by cystic or fusi-
form dilations of part of the CBD and are often 
accompanied by intrahepatic bile duct dilation. 
Although they may be discovered at any age, 
60% are diagnosed before the age of 10  years 
[10]. The aetiology is uncertain but is reported a 
close association with an anomalous pancreatico-
biliary ductal union or dysfunction of the sphinc-
ter of Oddi.

According to Todani et al. [11, 12], the widely 
accepted classification system for choledochal 
cysts comprises five types: choledochal cyst 
(type I), diverticula originating from extrahepatic 
duct (type II), choledochocele (type III), multiple 
segmental cysts (type IV) and Caroli disease 
(type V) (Table 11.1).

Multiple imaging modalities can be used to 
diagnose choledochal cysts, including US, CT, 
MRCP, endoscopic retrograde cholangiopancrea-

tography (ERCP) and percutaneous transhepatic 
cholangiography.

The diagnosis of choledochal cyst is usually 
made with US, but information about the type of 
cyst, the length of the involved duct, the pres-
ence and location of protein plugs or calculi, the 
pancreaticobiliary junction and the length of the 
common channel is required, especially for pre-
operative planning. In the past few years, MRCP 
has increased its value as a less invasive option, 
demonstrating excellent overall detection rate 
for choledochal cysts. In addition, MRCP is 
helpful in detecting an abnormal pancreaticobili-
ary junction, which is seen in the majority of 
choledochal cysts [13].

These cysts appear as large fusiform or sac-
cular masses, extrahepatic, intrahepatic or both, 
depending on the type of cyst, with a particularly 
strong signal on T2-weighted images (Fig. 11.6).

MRCP has replaced the more invasive tech-
niques as the gold standard of diagnosis and 
should be safely used for diagnosis in both adult 
and paediatric patients. ERCP should be reserved 
in patients where therapeutic intervention is 
needed [14].

11.2.1.2	 �Anomalous 
Pancreaticobiliary Junction

Anomalous pancreaticobiliary junction is diag-
nosed when the union between the CBD and pan-
creatic duct is located far from the duodenum and 
the length of the common bile channel exceed 
15 mm in adults and more than 5 mm in paediat-
ric patients [5, 15]. This condition leads to a free 
reflux of bile within the lumen of Wirsung duct 
and pancreatic fluid within the lumen of the bili-
ary tree [6]. This reflux is associated with high 
risk of pancreatitis and the development of bili-
ary carcinoma [6]. On S-MRCP, the biliary reflux 
is well studied during dynamic acquisition as 
progressive CBD filling (Video 11.2).

11.2.2	 �Choledocholithiasis

The presence of a stone or stones within the CBD 
is known as choledocholithiasis.

Table 11.1  Choledochal cysts according to Todani 
classification

Todani classification
Classification Characteristics
Type I, 77–87%
(choledochal cyst)

(a) � Diffuse dilatation of the 
entire common bile duct

(b) � Focal dilatation of the 
common bile duct

Type II, 3%
(diverticulum)

Saccular outpouching arising 
from extrahepatic bile duct 
system

Type III, 5%
(choledochocele)

Focal dilatation of the lower 
common bile duct that herniated 
into the lumen of the duodenum

Type IV 10%
(multiple 
communicating 
intra- and 
extrahepatic cysts)

(a) � Dilatation of the entire 
extrahepatic bile duct and 
the intrahepatic ducts

(b) � Dilatation involving only the 
extrahepatic bile duct

Type V
(Caroli disease)

Dilatation of intrahepatic ducts 
with normal extrahepatic duct
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US is usually the first investigation for biliary 
disease, but it has average sensitivity for the 
detection of biliary stones within the bile duct. 
Definitive diagnosis is made by advanced imag-
ing, such as MR, particularly MRCP, ERCP and 
endoscopic ultrasound (EUS).

MRCP should be the method of choice for 
suspected cases of CBD stones, because it can 
show choledocholithiasis, in a totally noninva-
sive manner. MRCP has high diagnostic accuracy 
for the detection of choledocolithiasis, with high 
level of sensitivity (<90%) and specificity 
(>95%), as reported by Chen W. et al. [16].

Biliary stones are depicted as round or faceted 
filling defects within the biliary tree on thin 
cross-sectional T2-weighted imaging, sur-
rounded by high-signal-intensity bile [17] 
(Figs. 11.7 and 11.8).

An impacted biliary stone will appear as a 
rounded filling defect with a crescent of bile. 
MRCP is also the preferred imaging modality for 
the assessment of intrahepatic stone burden.

Filling defects in the bile may arise, not only 
from bile duct calculi but also from the presence 
of gas, debris, haemorrhage and tumour. Aerobilia 

is seen as a nondependent filling defect on the 
axial images, while a signal void in the central 
part of the bile duct is due to flow phenomenon 
and may occur in dilated ducts and at the point of 
insertion of a large cystic duct [5].

a b

Fig. 11.6  Congenital choledochal cysts. (a) 2D-MRCP 
image shows a diverticulum (type II) that appears as a 
bright saccular outpouching (arrow) arising from sopra-
duodenal extrahepatic bile duct. (b) S-MRCP image, 

8 min delayed after administration of exogenous secretin, 
shows choledochocele (type III) that appears as a bright 
focal dilatation of the lower CBD (arrow) herniating into 
the lumen of the duodenum

Fig. 11.7  Multiple biliary stones on 2D-MRCP image 
that appear as round hypointense (dark) filling defects 
localized within the CBD (arrows) and the gallbladder 
(arrowheads)
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MRCP may allow for providing a higher spa-
tial resolution than EUS, but is probably less sen-
sitive than EUS for detecting CBD stones smaller 
than 6 mm [18].

11.2.3	 �Biliary Stricture

Biliary stricture is a fixed narrowing of a focal 
segment of the bile duct that results in proximal 
biliary dilatation. A wide spectrum of diseases, 
both benign and malignant, can result in the 
development of biliary strictures. It is important 
to differentiate malignant from benign strictures, 
since their treatment and prognosis vary.

US, CT and MR imaging play an important 
noninvasive role in the evaluation of suspected 
biliary stricture. MRCP is the best sequence for 
detecting strictures and may help to differentiate 
between benign and malignant causes.

Precontrast T1- and T2-weighted images are 
useful in the evaluation of the bile duct walls, 
peribiliary or periportal masses or collections and 
hepatic and pancreatic parenchymal diseases. 

Contrast-enhanced images aid in further charac-
terization of the narrowed bile duct segment. 
Hepatocyte-specific MR contrast agents can be 
used and can help distinguish partial from com-
plete biliary obstructions [19].

Unenhanced and contrast-enhanced MR imag-
ing is extremely helpful in the evaluation of the nar-
rowed bile duct segment and may suggest findings 
that are specific for a malignant cause. Kim et al. 
[20] show that a narrowed segment with the follow-
ing MR imaging features is more likely to be malig-
nant: hyperenhancement relative to the liver during 
the portal venous phase, length of over 12 mm, wall 
thickness greater than 3 mm, indistinct outer mar-
gin, luminal irregularity and asymmetry.

Biliary pseudostrictures on MRCP images 
may be present, and the most common causes of 
pseudostrictures include blooming artefact due to 
cholecystectomy clips and pulsation artefact 
from the hepatic artery (Fig. 11.9). In addition, 
MR imaging technique-related factors such as 
incomplete volume acquisition or incorrect 
reconstruction may also cause the appearance of 
a pseudostricture.

a b

Fig. 11.8  Two hypointense biliary stones (arrows) in the distal part of the CBD on (a) coronal T2-weighted image and 
on (b) 2D-MRCP coronal oblique image
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11.2.3.1	 �Benign Biliary Stricture

Iatrogenic Causes
The most common benign biliary strictures are 
related to prior hepatobiliary surgery (up to 
80–90% of cases), and cholecystectomy is the 
surgical technique that most commonly causes 
strictures of the extrahepatic bile ducts [19].

MRCP typically shows a short-segment 
smooth stricture of the common hepatic duct 
(CHD) or CBD with associated upstream biliary 
dilatation (Fig. 11.10).

However, MRCP may overestimate the length 
of the stricture, when the duct immediately distal 
to the stricture is not truly narrowed, but 
collapsed. After contrast material administration 
at MR imaging, the narrowed segment of the bili-
ary duct commonly shows a thin and non-enhanc-
ing wall with smooth margins [19].

Primary Sclerosing Cholangitis
Primary sclerosing cholangitis (PSC) is an auto-
immune chronic cholestatic disease, consisting 
of inflammatory and obliterative fibrosis of the 
intra- and extrahepatic bile ducts, that may prog-
ress to hepatic failure and cirrhosis.

MRCP is useful to evaluate the morphology of 
the bile ducts and to assess the parenchymal 

structure of the liver. At MRCP images, PSC typ-
ically has multifocal short-segment strictures of 
the intra- and extrahepatic ducts alternating with 
normal or mildly dilated ducts and peripheral 
pruning of the intrahepatic ducts. Hepatic paren-
chymal abnormalities are peripheral wedge-
shaped or reticular T2-weighted bright lesions, 
hypertrophy of the caudate lobe and medial seg-
ment of the left lobe with atrophy of the lateral 
and posterior segments and large regenerating 
nodules. After contrast-enhanced administration, 
MR imaging may show enhancement of the 
thickened wall of the bile ducts, as well as mul-
tiple enhancing areas of fibrosis in the liver 
periphery [19].

11.2.3.2	 �Malignant Biliary Stricture

Cholangiocarcinoma
Cholangiocarcinoma (CCA) is the most common 
malignancy of the biliary system, and it is the 
second most common primary hepatic tumour 
after hepatocellular carcinoma [21]. It tends to 
have a poor prognosis and high morbidity. Several 
pathologic subtypes exist, but the most cholan-
giocarcinomas are adenocarcinoma subtype [22].

Classification is based on the anatomic loca-
tion: perihilar (pCCA 60%, also known as 

Fig. 11.9  Pseudostricture of the common hepatic duct, 
due to artefact from hepatic arterial pulsatile compression, 
that appears as an eccentric narrowing of the common 
hepatic duct (arrow) on MIP 3D-MRCP image

Fig. 11.10  Benign short-segment stricture (arrowheads) 
of the distal CBD with regular and smooth margins with 
moderate upstream dilation of the bile duct on 2D-MRCP 
image
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Klatskin tumour), extrahepatic (dCCA 20%) and 
intrahepatic (iCCA 20%) [23].

Intrahepatic cholangiocarcinoma is localized 
close to the second-degree bile ducts; perihilar 
cholangiocarcinoma is located to the area between 
the second-degree bile ducts and the insertion of 
the cystic duct into the CBD; distal cholangiocar-
cinoma is confined to the area between the origin 
of the cystic duct and ampulla of Vater [24].

The anatomic distribution of the tumour dic-
tates the pattern of observed ductal distention and 
obstruction.

Imaging characteristics, behaviour and thera-
peutic strategies in CCA differ significantly, 
depending on the morphology and location of the 
tumour. There are three different growth patterns 
of CCA: (1) mass forming, (2) periductal infil-
trating and (3) papillary or intraductal.

Diagnostic modalities used in the imaging of 
CCA include US, CT and MR with cholangiopan-
creatogaphy. According to current guidelines, MR 
is the modality of choice for the diagnosis and stag-
ing of CCA. A typical MR protocol for the assess-
ment of CCA encompasses MRCP, conventional 
T1- and T2-weighted sequences as well as DWI 
and dynamic contrast-enhanced MR. Furthermore, 
MRI with hepatocyte-specific contrast agents is 
often performed for the assessment of CCA [25]:

–– MR Imaging of Mass-Forming Cholangio
carcinoma: mass-forming CCA is often seen 
in iCCA, and it is a homogeneous mass with 
irregular but well-defined margin frequently 
associated with dilatation of the biliary trees 
in the tumour periphery [24]. It usually 
appears hyperintense on T2-weighted images 
and iso- or hypointense on T1-weighted 
images. Contrast enhancement of mass-
forming iCCA is variable, and the most fre-
quent pattern is peripheral enhancement on 
early images, which increases on late images. 
Both the peripheral and the centripetal 
enhancement may be more prominent at MR 
imaging than at CT.  Contrast enhancement 
depends on the tumour size, structure and 
degree of central fibrosis; small tumours with 
less fibrotic tissue may show homogeneous 
enhancement, whereas large fibrotic tumours 

may only enhance in late images. The area of 
the tumour with early enhancement indicates 
active growth.

–– MR Imaging of Periductal 
Cholangiocarcinoma: periductal growth is 
usually seen in pCCA and dCCA, and it is 
characterized by growth along a dilated or 
narrowed bile duct, without mass formation. 
The MR images, particularly the T2-weighted 
images, show diffuse periductal thickening 
and increased enhancement due to tumour 
infiltration, with an abnormally dilated or 
irregularly narrowed duct and peripheral duc-
tal dilatation. Periductal CCA usually shows 
slow contrast enhancement, which is best seen 
in late contrast-enhanced images.

–– MR Imaging of Intraductal Cholangiocarcinoma: 
intraductal cholangiocarcinoma has a variety of 
imaging features; the imaging patterns include 
diffuse and marked duct ectasia with a grossly 
visible papillary mass (similar to mass-forming 
CCA, intraductal CCA begins to enhance on 
early post-contrast images, with peak enhance-
ment on late post-contrast images), diffuse and 
marked duct ectasia without a visible mass, 
localized ductal dilatation with an intraductal 
mass, intraductal soft-tissue material within a 
mildly dilated duct and focal stricture-like 
lesion with mild proximal ductal dilatation. 
MRCP is very suitable for the detection of intra-
ductal CCA, with a higher diagnostic accuracy 
when compared to CT [25–27] (Fig. 11.11).

Ampullary Carcinoma
Ampullary carcinoma is a rare malignancy aris-
ing from the ampulla of Vater, and when suspi-
cious malignant stricture of the distal CBD is 
detected, it should be taken into consideration. 
This tumour may appear at MR imaging as a 
small nodular mass, periductal thickening or 
bulging of duodenal papillae. The mass is isoin-
tense relative to the adjacent duodenal wall on 
T1-weighted images and shows variable signal 
intensity on T2-weighted images and delayed 
contrast enhancement [28]. MRCP may show 
marked abrupt dilatation of the distal CBD or the 
pancreatic duct without signs of pancreatitis or 
an obvious pancreatic mass or stones (Fig. 11.12).

M. Sbarra et al.



135

a b c

d e f

Fig. 11.11  Perihilar intraductal cholangiocarcinoma 
(Klatskin tumour, Bismuth type IIIB) that involves the 
confluence of the right and left hepatic ducts and extends 
to the bifurcation of the left hepatic duct. (a) Axial fat-
suppressed T1-weighted image shows the biliary tumour 
(arrow) with hypointense signal intensity. (b, c) 
T2-weighted images on axial and coronal plane, respec-
tively, show the hyperintense biliary tumour (arrow) with 
upstream dilation of the intrahepatic biliary ducts. (d) Fat-

suppressed T1-weighted image after injection of para-
magnetic contrast material (180-s delay) shows a delayed 
enhancement of the tumour (arrow), and (e) DWI a 
restricted diffusion of the lesion with bright signal inten-
sity (arrow). (f) MIP 3D-MRCP shows the abrupt tapered 
end of the common hepatic duct at the stricture site 
(arrow) with associated marked upstream dilation of the 
intrahepatic right and left ducts

a b

Fig. 11.12  Ampullary tumour with upstream abrupt dilation of the CBD on (a) 2D-MRCP image and on (b) coronal 
T2-weighted image
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11.3	 �MR Imaging 
of the Pancreatic Ducts

11.3.1	 �Congenital Pancreatic 
Anomalies

11.3.1.1	 �Pancreas Divisum
Pancreas divisum is a congenital anomaly of the 
pancreas caused by lack of fusion between ven-
tral and dorsal pancreatic ducts. At MRCP exam-
ination, the diagnosis of pancreas divisum can be 
suggested by the identification of two separate 
ducts entering the duodenum (Fig. 11.3). A coro-
nal MRCP image can show (a) direct continuity 
of the dorsal pancreatic duct with the duct of 
Santorini which drains into the minor papilla and 
(b) a ventral duct that does not have connection 
with the dorsal duct, but joins with the distal bile 
duct entering the major papilla. Commonly, the 
ventral duct is short and very narrow, while the 
dorsal duct normally has a larger calibre [17]. 
S-MRCP improves the detection of pancreas 
divisum in 5–23% of patients, because it allows a 
more excellent assessment of the dorsal and ven-
tral pancreatic duct and their relationship [6].

11.3.1.2	 �Santorinicele
Santorinicele is a cystic dilatation of distal dorsal 
duct just proximal to the minor papilla, due to 

obstruction and acquired or congenital weakness 
of the distal wall of the duct. When santorinicele 
occurs associated with pancreas divisum, it 
causes a relative stenosis of the minor papilla that 
may be clinically relevant, resulting in recurrent 
episode of acute pancreatitis (Fig. 11.3). S-MRCP 
allows a better evaluation of santorinicele [6, 29, 
30] (Fig. 11.13).

11.3.1.3	 �Annular Pancreas
Annular pancreas is a rare anomaly, which 
occurs at a rate of 1 of every 2000 births. It is 
caused by a bifid ventral portion that encircles 
the duodenum and fuses with the dorsal pan-
creatic portion creating a ring around the duo-
denum [31]. On MR imaging, annular pancreas 
appears as high signal tissue on fat-suppressed 
T1-weighted sequences, completely or par-
tially surrounding the second part of duode-
num, with or without a small pancreatic duct 
(Fig. 11.14).

11.3.2	 �Pancreatitis

11.3.2.1	 �Acute Recurrent Pancreatitis
Acute recurrent pancreatitis (ARP) is diagnosed 
when patients have multiple episodes of acute 
pancreatitis [32].

a b

Fig. 11.13  Santorinicele (arrow) in pancreas divisum (a) before secretin administration and (b) after secretin admin-
istration, during S-MRCP examination
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In idiopathic ARP, when no cause is identified 
and the pancreatic duct is not dilated, S-MRCP is 
recommended as first-line imaging examination, 
in order to obtain better visualization of the pan-
creatic and biliary ducts.

More frequent causes of ARP are occulted 
microlithiasis, small lesions of the ampulla or 
pancreas, congenital anomalies of the pancreatic 
duct system (pancreas divisum, annular pan-
creas), biliary cystic diseases with anomalous 
pancreaticobiliary junction and sphincter of Oddi 
dysfunction [6, 33].

Sphincter of Oddi Dysfunction
Sphincter of Oddi dysfunction (SOD) depends on 
abnormal contractility of the sphincter. Sphincter 
of Oddi manometry (SOM) is the goal standard 
to diagnose SOD and to select patients who ben-
efits from endoscopic sphincterotomy [34].

According to Milwaukee classification, SOD 
has been classified in three categories, based on 
biliary pain, liver function tests, dilatation of 
MPD and delayed contrast medium at ERCP [6] 
(Table 11.2).

S-MRCP is a totally noninvasive diagnostic 
technique for investigating the sphincter of 
Oddi function. Therefore, ERCP and SOM are 
only needed in selected patients or difficult 
cases, for either therapeutic purposes or addi-

tional investigation, because they are both 
associated with high rate of post-procedure 
pancreatitis [33].

S-MRCP is an alternative approach to manom-
etry in diagnosis SOD with a sensitivity of 
37–57.1% and specificity of 85–100%, with bet-
ter accuracy in type I–II sphincter of Oddi dys-
function in comparison with type III [34, 35]. 
The strength of S-MRCP is the lack of invasive-
ness. The difference between the basal and 
10-min secretin-stimulated diameter of the MPD 
is evaluated as an indirect indicator of sphincter 
function. A persistent dilatation of the MPD, 
10 min after administration of secretin, compared 
with baseline, is suspicious for sphincter of Oddi 
dysfunction (Video 11.3).

a b

Fig. 11.14  Annular pancreas. (a) Fat-suppressed 
T1-weighted image shows the pancreatic parenchyma 
(arrows) completely encircling the second part of duode-

num. (b) 2D-MRCP points out the pancreatic duct form-
ing a ring around the duodenum (arrow)

Table 11.2  Milwaukee classification of sphincter of 
Oddi dysfunction

Classification Criteria
Type I (a)  Typical biliary pain

(b) � Elevated liver function test (×2 
normal) on two or more occasions

(c) � Delayed drainage of contrast 
medium at ERCP (>45 min)

(d) � Dilated common bile duct diameter 
of >12 mm

Type II (a) � Typical biliary pain
 �     Plus one or more of B, C or D

Type III (a)  Typical biliary pain
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11.3.2.2	 �Chronic Pancreatitis
Chronic pancreatitis is a progressive fibrotic 
destruction of the glandular tissue as a result of 
different inflammatory processes. The diagnosis 
can be very challenging, and the real dilemma is 
to recognize and diagnose the disease in its early 
stage [33].

MR/MRCP is rapidly emerging as noninva-
sive important tool for the evaluation of pancre-
atic parenchymal and ductal abnormalities for the 
diagnosis, staging and evaluation of complica-
tions in chronic pancreatitis. In addition, the 
S-MRCP and DWI may be, respectively, possible 
to assess exocrine pancreatic function and to dif-
ferentiate between focal chronic pancreatitis and 
cancer, all in noninvasive one session, with good 
sensitivity in early stage [36].

The staging of chronic pancreatitis is based on 
modified MRCP Cambridge Criteria [37] 
(Table 11.3).

MRI evaluates the parenchymal abnormali-
ties, such as (a) reduction of the anteroposterior 
dimensions of the gland, (b) signal decrease on 
fat-suppressed T1-weighted images and (c) 
delayed perfusion of the glandular tissue [36].

MRCP also allows to detect the ductal abnor-
malities, such as (a) main pancreatic ductal dila-
tation associated with multiple stenosis and its 
loss of normal gentle taper and (b) dilated side 
branches, better seen after administration of 
secretin [36, 37] (Figs.  11.15 and 11.16). 
Calcified endoductal stones are difficult to 

diagnose at MR imaging. In fact, calcifications 
are better seen at non-enhanced CT examination 
(Fig. 11.16f).

S-MRCP may also be useful to assess hydrody-
namically significant stenosis and pancreatic exo-
crine reserve by analysing the amount of pancreatic 
juice collected within the duodenal lumen [6, 38].

11.3.3	 �Solid Pancreatic Lesions

11.3.3.1	 �Pancreatic Adenocarcinoma
Adenocarcinoma is the most common malig-
nant pancreatic tumour, affecting the head of the 
pancreas in 60–70% of cases. CT is the imaging 
technique of choice to detect and staging the 
tumour. MRI can be used as a problem-solving 
tool in equivocal CT cases: MRI may help rule 
out pitfalls such as inflammatory pseudotumour, 
focal lipomatosis, abscess or cystic tumours 
[39]. On imaging, pancreatic adenocarcinoma 
generally appears as hypovascular mass accom-
panied by secondary signs such as pancreatic 
duct cutoff, upstream ductal dilatation and 
parenchymal atrophy [40] (Fig.  11.17). An 
abrupt obstruction of the pancreatic duct in 
association with atrophy of the gland should 

Table 11.3  Modified MRCP Cambridge Criteria for 
chronic pancreatitis

Cambridge 1
(normal 
pancreas)

The side branches and main pancreatic 
ducts are normal

Cambridge 2
(equivocal 
findings)

Dilatation/obstruction of <3 side 
branches with a normal main pancreatic 
duct

Cambridge 3
(mild 
disease)

Dilatation/obstruction of ≥3 side 
branches with a normal main pancreatic 
duct

Cambridge 4
(moderate 
disease)

Include Cambridge 3 criteria plus 
stenosis and dilatation of the main 
pancreatic duct

Cambridge 5
(severe 
disease)

Include Cambridge 3 and 4 criteria plus 
additional obstructions, cysts, stenosis 
of the main pancreatic duct and calculi

Fig. 11.15  Mild chronic pancreatitis (Cambridge 3) 
characterized by dilatation/obstruction of ≥3 side 
branches with a normal MPD (arrows) on 2D-MRCP 
image
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arouse concern about the possible presence of 
pancreatic carcinoma [41]. If the lesion affects 
the head of the pancreas, on MRCP images the 
dilatation of pancreatic duct and/or CBD may 
be seen. Dilatation of both ducts is seen in 

approximately 75% of cases appearing as the 
“double duct sign” [5, 42]. If the double duct 
sign is present, the main differential diagnosis is 
between pancreatic adenocarcinoma and carci-
noma of the ampulla of Vater.

a b c

d e f

Fig. 11.16  Severe chronic pancreatitis (Cambridge 5), 
(a) S-MRCP before secretin administration with dilation/
obstruction of >3 side branches and dilatation of MPD, 
(b) S-MRCP after secretin administration with reduced 
duodenal filling (grade 2) and reduced pancreatic duct 
compliance, (c) axial 3D-MRCP with evidence of small 
plugs (arrow) within dilated side branches, (d) axial fat-
suppressed T1-weighted image with relative hypointen-

sity of the pancreatic parenchyma (arrow) compared with 
the signal intensity of the liver (asterisk), (e) axial fat-
suppressed T1-weighted image after gadolinium adminis-
tration in arterial phase with reduced pancreatic 
enhancement and reduction of anteroposterior dimension 
of the gland, (f) axial non-enhanced CT image, with calci-
fied endoductal stones

a b

Fig. 11.17  Adenocarcinoma of the head of the pancreas 
that appears on (a) 2D-MRCP with the “double duct sign” 
(arrow) and in (b) fat-suppressed T1-weighted image as 

hypovascular mass (arrow) with inhomogeneous enhance-
ment after paramagnetic contrast administration
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MRI with the use of DWI may help in the iden-
tification of pancreatic lesions, even if small in 
size. On DWI images the lesion appears as hyper-
intense because of its restricted diffusion [43].

11.3.3.2	 �Pancreatic Neuroendocrine 
Tumours

Pancreatic neuroendocrine tumour (P-NET) is a 
rare pancreatic neoplasm with a better prognosis 
than adenocarcinoma. PNETs are unlikely to 
cause ampullary or ductal obstruction.

At MR imaging, they typically appear hypoin-
tense on fat-suppressed T1-weighted images and 
hyperintense on T2-weighted images. At contrast-
enhanced MR imaging, PNETs are generally 
hypervascular relative to the normal pancreatic 
parenchyma [44, 45]. Only 24% of PNETs are 
hypovascular due to presence of stromal compo-
nent. Others can appear as cystic lesions at 
imaging.

Multifocal lesions are typically associated 
with syndromic diseases (von Hippel-Lindau, 
VHL; multiple endocrine neoplasia, MEN).

11.3.4	 �Cystic Pancreatic Lesions

Cystic lesions of the pancreas have become a 
common incidental finding due to the expanding 
use of abdominal imaging. Despite significant 
developments in imaging technology MRCP and 
the advent of endoscopic ultrasound-guided fine 
needle aspiration (EUS-FNA), the detection and 
management of the pancreatic cystic lesions 
remains a significant clinical challenge [46]. The 
first diagnostic step is to differentiate between 
pancreatic pseudocyst and cystic neoplasm. If a 
pancreatic pseudocyst has been excluded, the 
second step is to determine the type and malig-
nant potential of cystic neoplasm. Cystic pancre-
atic neoplasms represent approximately 10–15% 
of primary pancreatic cystic masses and are clas-
sified as intraductal papillary mucinous neo-
plasms, serous cystadenoma, mucinous cystic 
neoplasm and solid pseudopapillary tumour [46]. 
MR/MRCP is considered the noninvasive modal-
ity of choice for demonstrating the presence of 
cystic lesions and its morphologic features (uni- 

or multilocular), evaluating the location, size and 
number of lesions, establishing the presence of 
communication between the cystic lesion and the 
pancreatic duct and detecting any enhanced 
mural nodes or soft-tissue masses after adminis-
tration of paramagnetic contrast material [47].

11.3.4.1	 �Pseudocyst
Pseudocyst is the most common pancreatic non-
neoplastic cystic lesion associated with pancre-
atitis or trauma. It occurs in about 20–40% of 
patients with chronic pancreatitis and in 2–3% of 
those with acute pancreatitis [48]. Pseudocysts 
result from haemorrhagic fat necrosis and encap-
sulation of pancreatic secretions by granulation 
tissue. MR generally shows a unilocular cystic 
lesion, adjacent of any portion of the pancreas, 
that may contain a simple fluid content (hyperin-
tense on T2-weighted images) or blood products 
and proteinaceous fluid (hyperintense on 
T1-weighted images) [49]. MRCP may demon-
strate the communication of the pseudocyst with 
pancreatic ductal system. Over time pseudocyst 
become well circumscribed, with a thickened 
enhancing wall after administration of paramag-
netic contrast material. The primary mimic of 
pseudocyst is MCN; in this cases serial follow-up 
imaging evaluation are helpful because pseudo-
cyst reduces in size over time (Fig. 11.18).

11.3.4.2	 �Intraductal Papillary 
Mucinous Neoplasm

Intraductal papillary mucinous neoplasms (IPMNs) 
are mucinous cystic pancreatic neoplasms that 
originate from the mucinous epithelium of the pan-
creatic ductal system and are characterized by 
intraductal papillary growth and abundant mucin 
production, leading to ductal dilatation. IPMNs 
occur slightly more commonly in men, with a 
mean age of occurrence of 65 years [49].

IPMNs are classified into three types: main 
duct IPMN (MD-IPMN), branch duct IPMN 
(BD-IPMN) and mixed type:

–– MD-IPMN appears at MRCP as a segmental or 
diffuse dilatation of the MPD of >5 mm with 
hyperintense T2 signal (Fig. 11.19). The mean 
frequency of invasive carcinoma and high-
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grade dysplasia (HGD) is 61.6%, and the mean 
frequency of invasive IPMN is 41.3%. Surgical 
resection is strongly recommended for all 
patients with MPD >10 mm or with enhanced 
mural nodes [50]. MRCP is useful to exclude 
any other causes of MPD dilatation such as 
chronic pancreatitis or focal pancreatic lesion. 
In the diffuse dilatation type, without the pres-
ence of focal lesions, more careful evaluation 
is warranted, including ERCP. The endoscopic 
appearance of mucin extrusion from a widely 
patent papilla is diagnostic of IPMN.

–– BD-IPMN appears at MRCP as small round or 
oval lobulated cystic lesion in communication 
with the MPD with a narrow neck at cyst-duct 
junction. They appear hyperintense on 
T2-weighted images and may have both a 
macrocystic and microcystic pattern with few 
or multiple septa inside (Fig.  11.20). BD-

a c

b

Fig. 11.18  Large pancreatic pseudocyst adjacent to the 
body/tail of the pancreas that appears as a unilocular 
bright fluid cystic lesion with mild thick wall (arrows) on 

(a) axial T2-weighted image, (b) axial 3D-MRCP and c 
coronal T2-weighted image

Fig. 11.19  MD-IPMN on VR 3D-MRCP image

Fig. 11.20  Single BD-IPMN on VR 3D-MRCP image
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IPMN are frequently multifocal and 5–10% 
involve the entire pancreas (Fig.  11.21). 
Because their malignant potential is relatively 
low (31.1% for invasive carcinoma and HGD; 
18.5% for invasive cancer), conservative man-
agement with follow-up in patients who do 
not have worrisome features is recommended 
according to Tanaka et al. [50].

–– The worrisome features [50] are cyst ≥3 cm, 
enhancing mural nodule <5  mm thickened 
enhanced cyst walls, MPD size 5–9 mm, ele-
vated serum level of CA 19-9 and a rapid cyst 
growth >5 mm/2 years. If the lesions present 
any worrisome feature, EUS-FNA investiga-
tion should be done.

11.3.4.3	 �Serous Cystadenoma
Serous cystadenomas are benign in nearly all 
cases, indolent with slow growth and rarely 
symptomatic lesions [51]. They comprise 
approximately 20% of cystic lesions of the pan-
creas and more frequently occur in female 
between the sixth and seventh decades [48]. 
About 50% of these lesions are identified in the 
body and tail. The typical pattern is microcystic 
defined as multiple cysts measuring <2 cm sep-
arated by thin fibrous septa giving sometimes a 
honeycomb aspect. At MRI, microcystic serous 
cystadenoma appears as a cluster of tiny cyst 
with high T2 signal intensity, with intervening 
septa and a central stellate scar that may 
enhance on delayed contrast-enhanced MR 
images [49, 51, 52] (Fig. 11.22). MRCP shows 
no communication with pancreatic ductal sys-
tem. In addition to the classic microcystic form, 
there are less common patterns: macro-/oligo-
cystic, mixed and solid. In the oligocystic vari-
ant, the serous cysts are larger (≥2 cm), and the 
MR imaging appearance may mimic a muci-
nous cystadenoma. If there is no clear diagnosis 
after MRI, EUS should be performed. And if a 
doubt still remains, the association with FNA 
for cyst fluid analysis is necessary if technically 
feasible [49–51].

Fig. 11.21  Multifocal BD-IPMN on VR 3D-MRCP 
image

a b

Fig. 11.22  Serous cystadenoma in the body/tail of the 
pancreas that on (a) 2D-MRCP image does not have com-
munication with MPD and on (b) axial T2-weighted 

image appears as a hyperintense fluid lesion with micro-
cystic pattern and a hypointense central stellate scar 
(arrow)
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11.3.4.4	 �Mucinous Cystadenoma
Mucinous cystadenomas are benign pancreatic neo-
plasm, with a high-grade malignant potential. They 
comprise approximately 10% of cystic pancreatic 
lesion. The majority have been found in women 
with a mean age of 45 years, and they are generally 
located in the body and tail of the pancreas, without 
any communication with MPD [49–51].

At MR imaging mucinous cystadenoma 
appears as unilocular or mildly septate cystic 
lesion with thickened and delayed enhanced 
walls (Fig. 11.23). Despite of the mucinous flu-
id’s content, they have homogenous low T1 sig-
nal and high T2 signal intensity. The presence of 
internal enhancing soft-tissue masses is indica-
tive for adenocarcinoma. Generally, all of the 
lesions with an invasive carcinomas have a size 
of ≥4 cm and demonstrate soft-tissue nodularity 
[49, 52, 53].

11.3.4.5	 �Solid Pseudopapillary 
Tumour

Solid pseudopapillary tumour is an uncommon 
pancreatic neoplasm (5% of pancreatic cystic 
lesion) with low-grade malignant potential that 
occurs in young women (mean age, 28  years). 
The typical clinical presentation is abdominal 
pain with a palpable mass [48, 54]. Tumours may 
be solid or cystic with variable imaging charac-

teristics. MRI generally shows a large (>6 cm), 
solitary and well-circumscribed lesion with no 
predilection of pancreatic localization. Areas of 
high T2 signal intensity correlate with cystic 
component, while areas of high T1 signal inten-
sity are related to haemorrhagic degeneration. 
The haemorrhagic degeneration is one of the 
most specific MRI features of this lesion that may 
need a differential diagnosis with pseudocyst 
[54]. Enhancing soft-tissue components are uni-
formly present, allowing the differentiation from 
mucinous cystadenoma. Gradual accumulation 
of contrast material helps to differentiate solid 
pseudopapillary tumours from neuroendocrine 
tumours that have a typical arterial enhancement. 
Surgical resection is the treatment of choice.
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Patient Management before 
and after EUS/ERCP

Katja S. Rothfuss and Jörg G. Albert

Careful analysis of the indication, patient condi-
tion and the planned proceeding of the endoscopy 
are mandatory for a successful procedure.

12.1	 �Pre-endoscopy 
Considerations

There are several considerations before starting 
the endoscopic procedure (Table 12.1). It is gen-
erally recommended to check the patient’s past 
medical history including current medication, to 
do a complete physical examination and specific 
laboratory tests for preprocedure testing. If cer-
tain risk factors on the part of the patient are iden-
tified, further diagnostic examinations should be 
initiated, e.g. electrocardiogram (ECG), gastros-
copy in patients with dysphagia or unclear ana-
tomic conditions, further coagulation studies in 
case of suspected bleeding disorders, chest X-ray 
if decompensated heart failure is suspected, 
echocardiography if aortic stenosis is suspected 
and serum chemistry testing in patients with fur-
ther comorbidities (endocrine, renal, hepatic, 
heart dysfunction). Risk factors are age depen-
dent: critical incidents from sedation are more 
frequent in the elderly, but risk of post-ERCP 
pancreatitis is highest in younger patients and 
lower in elderly patients [1].
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Department of Gastroenterology, Hepatology und 
Endocrinology, Robert-Bosch-Hospital,  
Stuttgart, Germany
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Table 12.1  Pre-endoscopy considerations

Patient 
selection

Indication Is this procedure justified?
What is the plan? 
Therapeutic vs. diagnostic 
procedure? Essential 
imaging results?
Have alternative treatment 
options been considered?

Comorbidities Last meal of the patient?
Intubation versus 
conscious sedation?
Are there any spontaneous 
or iatrogenic 
coagulopathies present?
Cardiopulmonary 
condition?
Is the patient pregnant?
In severe cholangitis 
emergency ERCP within 
12 h
Past medical history, past 
operations (biliodigestive 
anastomosis?)

Patient 
care

Prophylaxis of 
complications

Methods for pancreatitis 
prophylaxis (pancreatic 
duct stent, rectal 
indomethacin or 
diclofenac)?
Prophylactic antibiotics 
indicated (e.g. PSC)?

Radiation 
protection

Optimal positioning of the 
patient?
Pelvic protection of the 
patient?
Protection of the 
endoscopic team (e.g. eye 
protection, positioning of 
the team?)
Low-dose imaging? 
Collimation?

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-42569-2_12&domain=pdf
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For laboratory testing at least a complete 
blood count and coagulation studies (prothrom-
bin time/  international normalized ratio (INR) 
and partial thromboplastin time (PTT)) are 
necessary, especially if interventions with high 
bleeding risk, e.g. ERCP with sphincterotomy, 
sphincterotomy + large balloon papillary dilata-
tion, ampullectomy, EUS-guided fine needle 
aspiration biopsy of cysts and EUS-guided stent 
therapy, are intended. As sphincterotomy is 
declared a high-risk procedure, any anticoagulant 
therapy (except ASS) should be stopped well 
enough in advance. In case of an emergency 
ERCP (e.g. acute cholangitis) or in case of high 
thrombotic risk of the patient without the possi-
bility to withdraw the dual antiplatelet therapy, 
small-calibre balloon sphincter dilatation or tem-
porary biliary stent placement should be consid-
ered as an alternative to sphincterotomy.

In many patients anticoagulants and/or anti-
platelet agents (APA) are needed to prevent or to 
treat cardiovascular disease. Weighing the risk of 
thrombosis in case of withdrawal of anticoagu-
lants against the risk stratification of the endo-
scopic procedures should result in a well-balanced 
preprocedural decision. The assessment of the 
individual thrombotic risk of the patient, the 
haemorrhagic potential of the intervention and 
the urgency of the treatment have to be weighed 
against each other. Procedures with a low risk of 
bleeding (e.g. diagnostic ERCP and sole stent 
placement) don’t require any APA or anticoagula-
tion therapy adaptation. Oral anticoagulation 
therapy (warfarin) needs bridging with heparin 
only in high-risk cardiovascular conditions. High-
risk vascular conditions (e.g. coronary artery 
stents) may require consultation of a cardiologist. 
For better evaluation and indication of the neces-
sary ERCP, laboratory tests including bilirubin, 
alkaline phosphatase, G-GT, AST, ALT, lipase/
amylase and CrP are very helpful additionally to 
previously completed imaging results (ultra-
sound, CT or magnetic resonance cholangiopan-
creatography (MRCP)). ESGE recommends liver 
function tests and abdominal ultrasonography in 
suspected common bile duct stones and if ultra-
sound is insufficient complementary endoscopic 
ultrasonography (EUS) or MRCP [2].

12.2	 �Informed Consent

Informed written consent 24 h in advance is nec-
essary not only on legal grounds but because 
ERCP carries an approximately 5% risk of major 
complications, including acute pancreatitis, post-
sphincterotomy bleeding, sepsis and perforation. 
EUS-guided fine needle aspiration (EUS-FNA) 
of solid lesions carries only a low bleeding risk 
in contrast to EUS-guided therapy of cystic 
lesions or other kind of therapeutic procedures 
(e.g. EUS-guided biliary stenting) involving a 
high-risk bleeding procedure [3]. As part of the 
informed consent, the patient should be informed 
about risk factors, the fact that fluoroscopy might 
be needed, the specific benefits and possible 
alternatives of the endoscopic procedure. The 
patient should get to know the interventionalist 
befor the procedure, ideally some days before 
starting the intervention.  If the procedure is not 
an emergency, the patient should be given 24 h 
time for consideration. Sedation is highly recom-
mended during endoscopy also requiring 
informed consent with its benefits and adverse 
effects (allergic reaction, hypotension, hypox-
emia despite careful monitoring and administra-
tion of oxygen, etc.). The informed consent 
process may vary from country to country just 
the same as the practice of sedation.

12.3	 �Conscious Sedation  
(see also Chap. 7)

The optimal sedation strategy should be pre-
planned before the endoscopic procedure and tai-
lored to the patient based on specific risks, type 
and length of procedure. Meanwhile intravenous 
conscious propofol monotherapy has replaced 
“standard” combination sedation of short-acting 
benzodiazepines and opioids almost everywhere 
[4]. Propofol is more effective and safer in reach-
ing and maintaining an adequate sedation level 
combined with a short recovery time. In Germany, 
most endoscopies are performed with moderate 
sedation and non-anesthesiologist-administered 
propofol (NAAP) services requiring a specialised 
nurse or doctor, having acquired adequate skills 
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and knowledge through dedicated theoretical and 
practical training. The patient’s American Society 
of Anesthesiologists (ASA) class, physical sta-
tus, age, body mass index, Mallampati’s classifi-
cation and risk factors for obstructive sleep apnea 
(OSA) need to be assessed before each proce-
dure. The ESGE recommends primary involve-
ment of an anesthesiologist in patients of ASA 
class ≥3, with a Mallampati’s class ≥3 or other 
conditions that put them at risk of airway obstruc-
tion [4]. At least one safe fixed venous line is 
required for i.v. sedation until full patient 
recovery.

12.4	 �Radiation Protection 
and Patient Position

Optimal positioning of the patient for ERCP is 
the abdominal or in other words prone position 
because of less radiation exposure during fluo-
roscopy and better recognition of (inadvertent) 
guidewire insertion of the pancreatic duct cross-
ing the vertebral column apparent under fluoros-
copy. EUS ideally is carried out in the left lateral 
position just the same as during gastroscopy. 
Both positions avoid aspiration of potential 
stomach contents and saliva. In intubated and 
mechanically ventilated patients the supine 
position is preferred due to facilitated airway 
access. Before starting ECRP it is particularly 
important to determine if the X-ray source is 
located below or above the patient. The patient’s 
best position is as far as possible away from the 
X-ray tube and closest to the X-ray detector. 
Always administer the ALARA (As Low As 
Reasonable Achievable) principles by only using 
pulsed fluoroscopy with the lowest possible 
pulse rate, time-limited fluoroscopy, collimating 
X-rays to a small field of view, rather using “last 
image hold” function than doing radiographs 
and using magnification only if absolutely nec-
essary. Certainly recording of overall fluoros-
copy dose and fluoroscopy time is an essential 
part of every ERCP report.

Radiosensitive organs like the thyroid gland, 
breasts, gonads and eyes are kept out of the main 
X-ray beam whenever possible; this is particu-

larly important in unfavourable oblique radio-
graphic projections.

Pregnancy should also be excluded in women 
of childbearing age. In pregnant women and in 
children, there must be a very strong clinical indi-
cation only to perform EUS and/or ERCP with a 
therapeutic purpose by an experienced endosco-
pist. Whenever possible ERCP in pregnant women 
is probably best performed in the second trimester 
of pregnancy—if deferrable—with strictest rec-
ommendations to decrease radiation dose and 
adapted techniques like special cannulation tech-
niques (guide wired without fluoroscopy, confir-
mation by bile aspiration, etc.). In pregnant women 
shielding the foetus by placing the radioprotective 
apron (RP shield) between the X-ray tube and the 
abdomen is recommended [5]. Because the prone 
position in advanced pregnancy is not possible, 
ERCP is done in left lateral position.

12.5	 �“Team-Time-Out”

The core endoscopy team should introduce them-
selves to the patient. Immediately before starting 
the procedure, a structured “team-time-out” 
(similar to the WHO surgical safety checklist) is 
required for an update of all endoscopic team 
members to check identification of the patient 
with its comorbidities, written  consent form to 
the procedure and sedation, correct indication of 
the intended endoscopic procedure (including 
proper working equipment), the imminent tasks 
of every participant and the foreseeing of poten-
tial risks of the procedure. Is all necessary equip-
ment present and ready to perform the planned 
EUS/ERCP?

12.6	 �Patient Management 
Before and During ERCP/EUS

Patients usually are kept fasting before the proce-
dure; otherwise endoscopic view may be 
restricted and there is a high risk for aspiration of 
stomach contents. If there are food remains in the 
stomach despite fasting due to gastric emptying 
disorders, the procedure has to be cancelled, and 
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the patient is kept fasting another day with addi-
tional prokinetic medication. In patients with 
suspected duodenal stenosis, the additional inser-
tion of a nasogastric outlet tube at least 1  day 
before the procedure may be useful.

For some indications (primary sclerosing 
cholangitis (PSC), liver transplant patients) or 
procedures (incomplete biliary stenting, cholan-
gioscopy, intraductal lithotripsy, pancreatic pseu-
docysts communicating with the main duct 
during ERCP, EUS-FNA of pancreatic cysts 
communicating with the main duct or located in 
the mediastinum, drainage of pancreatic pseudo-
cysts), antibiotic prophylaxis prior to endos-
copy is necessary.

For careful clinical monitoring commonly 
pulse oximetry, automated blood pressure mea-
surement (at least every 3  min) and three-lead 
electrocardiogram monitoring is recommended. 
Routinely patients will receive oxygen per nasal 
oxygen tube (2 L) before, during and sometimes 
after sedation. Further equipment for airway 
management (a nasopharyngeal airway tube, the 
possibility of suction of secretion), resuscitation 
and endoscopy staff to be trained in advanced life 
support skills (e.g. tracheal intubation, defibrilla-
tion, etc.) is taken for granted.

In patients with automated implantable 
cardioverter-defibrillator, electromagnetic inter-
ference during electrocautery procedures (sphinc-
terotomy) has to be taken into account. 
Tachyarrhythmia detection functions should be 
deactivated, or a magnet should be placed over 
the pulse generator; otherwise possibly defibrilla-
tion can be triggered. Consultation with a trained 
cardiology team should be carried out, and the 
device reprogrammed to its original state as soon 
as possible after the procedure.

The risk from contrast agents: An allergic 
reaction of the patient on contrast agents might 
be a risk factor. However, data are lacking on the 
extent of this complication and the value of 
medical prevention. No adverse events were 
observed in a series of patients undergoing 
ERCP (without any preprocedural prophylaxis) 
who had a prior history of reaction to contrast 
agent [6].

Avoiding post-ERCP pancreatitis, the rectal 
application of 100 mg diclofenac or 100 mg indo-
methacin is recommended before or immediately 
after ERCP in all patients without contraindica-
tions [7]. In high-risk patients, placement of a 5 
Fr prophylactic pancreatic stent should be 
strongly considered.

12.7	 �Intra- and Postprocedural 
Considerations

Documentation of the procedure should be main-
tained throughout all phases of patient manage-
ment in a monitoring protocol, including:

–– Vital signs assessed at regular intervals (oxy-
gen saturation, heart rate and blood pressure)

–– Drugs (name, dosage), intravenous fluids 
(type, quantity) and oxygen (flow rate) 
administered

–– Sedation-associated complications and their 
management

12.8	 �Monitoring After ERCP/EUS, 
Postprocedural 
Complications

Immediately after endoscopy patients should be 
continuously monitored in a post-anaesthesia 
care unit or in a monitoring unit observed by a 
qualified nurse until the patients are adequately 
awake and oriented again.

Following the procedure the patient is advised 
to continue to fast at least for a few hours if there 
is a moderate to high risk for complications 
such as pancreatitis or perforation.

Other complications include cardiopulmonary 
events, bleeding, drug reactions, cholangitis, 
cholecystitis and other miscellaneous adverse 
events (Table 12.2). See also Part IV (Chaps. 31, 
32, 33, 34 and 35, complications) for an exten-
sive discussion on complications following 
ERCP. Appropriate management requires recog-
nition of an adverse event, its accurate definition 
and its prompt treatment.

K. S. Rothfuss and J. G. Albert



151

Table 12.2  Risk factors of complication for ERCP based upon published data

Conditions/risk factors Complications Corrective measures
Related to the patient’s condition and sedation
Obesity
Occlusion of intestinal tract
Full stomach
Pregnancy

Aspiration- 
pneumonia
Difficult placement 
of the scope

Nasogastric tube
Fasted for over 8 h
Enteral feeding to be discontinued
Prokinetic agents

Anticoagulation
Antiplatelet agents
Active coagulopathy

Bleeding
(see Chap. 32)

Correction of INR (below 1.5) and platelet count (greater 
than 50/75,000 per mm3)

Prosthetic cardiac valve
History of previous endocarditis
Cardiac transplant recipients 
with valvulopathy
Congenital heart disease

Bacterial 
endocarditis

Antibiotic prophylaxis (based on amoxicillin)

Related to ERCP
History of post-ERCP 
pancreatitis
Female gender
Absence of chronic pancreatitis
Young age
Sphincter Oddi dysfunction 
(SOD)
Normal serum bilirubin
Biliary balloon dilatation
Moderate to difficult 
cannulation
Pancreatic sphincterotomy or 
precut
Repeated pancreatic 
opacification/acinarization
Papillectomy

Pancreatitis
(see Chap. 31)

Medical therapy (NSAIDs, etc.)
Prophylactic pancreatic stent
Meticulous endoscopic technique and use of the guidewire 
cannulation method
Avoidance or report the procedure if nonessential/urgent

Precut sphincterotomy
Difficult examination
Altered anatomy (e.g. Billroth 
II)
Ampullary stenosis (including 
SOD)
Intramural injection

Perforation
(see Chap. 33)

Reduce size of sphincterotomy
Post-sphincterotomy cholangiogram (to control the absence 
of extravasation and late diagnosis)
Meticulous progression through anastomosis and afferent 
limb
Strict CO2 insufflation

Suboptimal drainage (primary 
sclerosing cholangitis, hilar 
stricture)
Jaundice and malignant stricture
Stent placement

Infection/
cholangitis

Antibioprophylaxis for transplant biliary stricture and 
patient with known or suspected biliary obstruction and 
incomplete drainage (cephalosporin)

Precut sphincterotomy
Inexperienced endoscopist
Cholangitis
Bleeding during procedure
Anticoagulation

Bleeding
(see Chap. 32)

Use “endocut” mode/blended current for sphincterotomy [8]
Endoscopic haemostatic therapy
Protective stent placement

Children
Pregnancy

Radiation Avoid unnecessary magnification
Pulsed and time-limited fluoroscopy
Protect the radiosensitive organs and abdomen in pregnant 
women
Experienced endoscopist
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Typical risk factors for postprocedure complica-
tions (e.g., pancreatitis or bleeding) are difficulty in 
deep cannulation of the common bile duct, precut 
sphincterotomy, sphincter Oddi dysfunction 
(SOD), liver cirrhosis, periampullary diverticulum, 
pancreatic duct cannulation, ASA score  >  3, 
BMI  >  35 and intraprocedural sphincterotomy 
bleeding. In some studies, also younger age was an 
independent risk factor for complications [9, 10]. If 
no abdominal pain occurs after ERCP, patients are 
allowed to drink liquids and if well tolerated light 
food or normal diet the next day. Patients who are 
at low risk of complications (no sphincterotomy) 
usually start their normal diet 4–6 h after ERCP if 
no abdominal pain occurs. Observing the patient 
until the next day is justified in therapeutic inter-
ventions. The ESGE recommends testing of serum 
pancreatic enzymes 2–6 hours after ERCP in 
patients with post-procedural abdominal pain  for 
early detection of post-ERCP pancreatitis and for 
further discharge management  [7]. After difficult 
procedures optionally a blood count control for 
early detection of bleeding complication makes 
sense. Otherwise careful observation of stools is 
also recommended to exclude tarry stools indicat-
ing post-sphincterotomy bleeding. After sphincter-
otomy discontinuation of anticoagulation for 
another 5  days is recommended except with 
ASS. Mental deterioration or shivering can be early 
signs of sepsis or cholangitis, especially in elderly 
patients. Ideally the endoscopist achieves to do an 
afternoon ward round to visit his patients after the 
endoscopic procedure doing a clinical examination 
of the abdomen and checking the laboratory results.

12.9	 �Discharge

Minimum discharge criteria should be fulfilled 
before discharging a patient. The ESGE recom-
mends that patients who have received combined 
sedation regimens, and all patients of ASA class 
>2, should upon discharge be accompanied by a 
responsible person and refrain for 24 h from driv-
ing, drinking alcohol, operating heavy machinery 
or engaging in legally binding decisions. Advice 
should be provided verbally and in written form to 
the patient and the accompanying person, includ-

ing a 24-h contact phone number [4]. Certainly 
fulfilment of discharge criteria should be docu-
mented. Of course a detailed discussion of the 
results and medical advice with therapy recom-
mendations should be offered to the patient.

12.10	 �Conclusion/Summary: 
Patient Management Before 
and After ERCP/EUS

–– Informed consent 24 h before ERCP/EUS
–– Laboratory tests before ERCP: blood count, INR, 

PTT, G-GT, AP, AST, ALT, lipase/amylase, CrP
–– Imaging (ultrasound, EUS, CT, MRCP) avail-

able before ERCP? Do results justify ERCP? 
–– If necessary: gastroscopy before ERCP
–– Antibiotics in cholangitis before ERCP
–– Sedation with propofol under strict monitoring 

(pulse oximetry, blood pressure measurement 
and three-lead ECG), oxygen administration 
and monitoring protocol

–– Post-ERCP pancreatitis prophylaxis with 
100 mg indomethacin or diclofenac

–– Postprocedural laboratory tests: blood count, 
lipase

–– Follow-up and discharge

Key Points
•	 Always consider the legitimate indication for 

performing ERCP or interventional EUS, and 
ask yourself: “What if this patient has a serious 
complication, can I justify what I/we did?”

•	 Ensure that the therapeutic indication is the 
best of all alternatives.

•	 Be familiar with all general and specific risks 
of ERCP.

•	 Know your own skill limitations, when to ask 
for help and when to refer to a “high-volume 
centre”.

•	 Be prepared to manage complications as a team.
•	 Document what you do (report must include 

fluoroscopy dose and time, monitoring 
protocol).

•	 Be aware that lawsuits mainly arise from situa-
tions where the indication was inappropriate or 
unclear, the consent was not informed and/or 
there was poor communication after the event.
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Cannulation Techniques

Lars Aabakken

Every ERCP procedure depends on the success-
ful cannulation of the papilla. This, again, relies 
on the successful position of the duodenoscope in 
front of the papilla. These two components typi-
cally represent the initial challenges of anybody 
embarking on learning ERCP, despite the mul-
titude of additional issues related to therapeutic 
and other measures involved.

13.1	 �Accessing the Papilla

Introduction of the side-viewing endoscopy is 
initially a confusing experience, partially because 
of the limited view, partially because of the unfa-
miliar effect of any navigational effort, given the 
background of forward-viewing instruments. 
However, with time the navigation becomes as 
automated as that of the colonoscope, so no rea-
son to despair.

It is useful to remember the general moves of 
an upper endoscopy and mimic them throughout 
the insertion.

Start by passing the tongue, then ideally visu-
alize the larynx that helps to stay in the midline, 
and know your level. Straighten the endoscope 
tip and slide through the sphincter; most of the 
time, it is smoother than a gastroscope despite 

the caliber, because the tip is partially rounded. 
If in trouble, try passing a catheter through the 
sphincter by visual control, and then follow that 
with the endoscope, elevator straight.

The esophagus is passed with straight tip, 
without much visual control. However, in some 
cases it may be relevant to check for varices, and 
that can easily be done if needed (to save a subse-
quent gastroscopy).

Once in the stomach, inflate a little air, suck 
out fluid content, and orient yourself. Usually you 
will rotate right, tip up, and slide along the greater 
curvature toward the pylorus. If you get lost, pull 
back to the cardia and retry. Approaching the 
pylorus, tip down to visualize it, and then back 
up again, aiming for the upper margin visually. 
Passing the pylorus is usually blind, but the 
mucosal appearance tells you it happened. Then 
orient yourself again, and navigate down the way 
you would with a gastroscope (tip up, right, rotate 
right, pull back). Fluoro control of this movement 
may be helpful in the beginning.

When you have straightened the endoscope, 
you usually end up at the lower end of D2. To 
visualize the papilla, pull back slowly with 
sideways movements (through rotation of the 
endoscope).

Usually the papilla is easily found (Fig. 13.1). 
Problems may arise with duodenal diverticula, 
with swollen duodenal folds due to acute pan-
creatitis, or malignant duodenal infiltration of 
the area. Look for the longitudinal fold below the 
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papilla; it may be your guidance to hidden papil-
las, e.g., under a fold (Fig.  13.2). Fluoro-based 
position of the endoscope may guide in the hunt 
for the papilla in difficult cases.

13.2	 �Pre-cannulation

A successful cannulation requires an optimal 
position of the endoscope tip. This involves the 
location, as well as the angulation of the access. 
Insert your catheter a little to understand where it 
will hit the papilla, and then readjust accordingly. 
Adjustments are done with both wheels, rotation 
of the endoscope, and push/pull on the endo-
scope. All movements should be minute and well 
controlled; coarse movements learned from lumi-
nal endoscopy will not work here.

Inspection of the papilla should also be per-
formed prior to any cannulation attempt, to avoid 
traumatization that may complicate accurate can-
nula positioning. If needed, an obscuring fold can 
be lifted away with the catheter tip.

Usually the location of the orifice is in the cen-
ter of the papillary bulge, and circular ridges can 
help locate it. Sometimes small mucosal prolapse 
may be present. If there is a “tip” of the bile duct 
protruding, this must be targeted and inverted by 
the catheter tip.

As for the direction of the cannulation, bili-
ary access should be directed alongside the 
duodenal wall toward 11 o’clock, while pan-Fig. 13.1  Normal papilla

Fig. 13.2  Hidden papilla under a fold, exposed with the catheter tip (arrow)
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creatic access is usually more perpendicular 
and toward 2–3 o’clock (Fig. 13.3).

13.3	 �Cannulation

For cannulation, a standard cannulation catheter 
or a wire sphincterotome may be used. The utility 
of using the (somewhat more expensive) sphinc-
terotome is a possibility to introduce a graded 
bending of the catheter tip. This, in combination 
with rotation, adds to the directional flexibility 
during cannulation (Fig.  13.4). The majority of 
ERCPs also include a sphincterotomy, another 
reason to start with this accessory.

Introduce the catheter into the endoscope pre-
loaded with a guidewire. To avoid blindly over-
inserting the catheter, close the elevator until the 
catheter hits it and stops, and then open to advance 
further. The standard cannulation starts with the 
insertion of the catheter tip gently into the ori-
fice of the papilla. This is done with the catheter 
10–15 mm out of the endoscope, then pushing it 
forward with tip up of the scope. Use the elevator 

to adjust as needed, but do not try cannulating by 
pushing the catheter. That is less controlled and 
with the elevator raised also entails a lot of friction.

With the tip inserted and in the right direction, 
gently advance the guidewire. This requires “fin-
gerspitzgefühl” since any resistance should lead 
to retraction and another go. Micromovements of 
the catheter tip (in/out, angulation) may also be 
needed. Remember that inserting a bent sphinc-
terotome too far inside will make you hit the 
roof of the bile duct and is counterproductive. 
Successful deep access of the targeted duct is 
ascertained by smooth movement of the guide-
wire and fluoro imaging verifying the correct 
direction. The duct of entry can usually be easily 
judged by the direction of the wire (Fig. 13.5).

When the wire is safely inside (10  cm or 
more), straighten the tip of the sphincterotome, 
and advance it over the wire into the duct before 
injecting contrast.

The distal part of the bile duct is not straight. 
Rather, it has a flat z-shape through the duodenal 
wall. That means that after the initial entry into 
the papilla upward toward 11, the direction should 

Bile duct
Duodenum

Pancreatic
duct

Duodenal
muscularis
externa

Fig. 13.3  Cannulation directions. Bile duct at 11, upward alongside the duodenal wall; the pancreas at 2–3 o’clock 
more perpendicular to the duodenal wall
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be adjusted more perpendicular to the wall. Then, 
the direction of the duct again angles alongside 
the duodenum. This shape is accentuated if the 
papilla is hoisted upward by the sphincterotome; 
thus, this should be avoided.

Some prefer an angled-tip wire for cannulation, 
arguing that rotating the wire will facilitate access. 
This benefit has not been shown in comparative 
trials and comes down to personal preference.

Contrast injection at the level of the major papilla 
without deep access is usually avoided. However, 

in select cases a minimal injection can be useful to 
map the intramural passage of the ducts and help 
guidewire insertion. Filling of the pancreatic duct 
beyond the duodenal wall should be avoided.

13.3.1	 �Double-Wire Technique

Most ERCPs aim to access the bile duct. 
However, not infrequently your guidewire inad-
vertently end up in the pancreatic duct, as seen 

a b

Fig. 13.5  (a) Pancreatic guidewire direction. (b) Biliary guidewire direction

a b

Fig. 13.4  Cannulating catheter versus sphincterotome angulation. The added angulation of the sphincterotome aids 
alignment with the bile duct. (a) cannulotome. (b) sphincterotome
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on the fluoro image. If this happens repeatedly, 
one solution is to leave it there and resolve to the 
so-called double-wire technique (DWT).

With this technique, the pancreatic wire 
is left in place, and the catheter retracted and 
loaded with a second wire and then passed down 
again alongside the first wire. The pancreatic 
wire helps stabilize the papilla, straightens the 
transduodenal duct passage, and to some extent 
blocks the pancreatic access. Together, this often 
facilitates subsequent biliary access (Fig. 13.6). 
Aim to insert the catheter tip above the indwell-
ing wire and point it up/left once inside. If this 
works, remove the pancreatic wire and continue 
working on the bile duct. If a lot of manipulation 
was done, consider placing a protective pancre-
atic stent before removing that wire.

13.3.2	 �When to Stop/Cut

Sometimes, cannulation is just difficult, for no 
apparent reason. At some point, it is necessary to 
stop, reassess the situation, and decide what to 
do differently. Take a few deep breaths, change 
whatever you are doing, or call a friend are all 
valid options. In a Scandinavian multicenter 
study, “difficult cannulation” was coined after 
5 min, five attempts on the papilla, or two pancre-

atic guidewire passages. The risk of post-ERCP 
pancreatitis increased substantially in difficult 
cannulations.

Sometimes it is a valid option to stop and try 
another day (and/or with another endoscopist), 
particularly if there are special issues complicat-
ing the situation (luminal debris, uneasy patient, 
suboptimal accessories, etc.). If you decide to 
continue, either free hand precut or pancreatic 
sphincterotomy may be your next move. This is 
described elsewhere.

13.4	 �Special Situations

13.4.1	 �Previous Sphincterotomy

It is important to acknowledge previous ERCP 
procedures in a patient, to be prepared for spe-
cific issues (intubation, sedation, position, etc.) 
and also to know whether a previous sphincterot-
omy was done. Mostly this is readily appreciated 
endoscopically but not always. If the papilla is 
partially hidden under a fold, it may look native 
(Fig. 13.7), and the central orifice is the logical 
place to cannulate. This will, however, only lead 
to pancreatic access, while the wide open biliary 
orifice is separate and hidden.

13.4.2	 �Ampullary Tumor

Ampullary tumors, whether benign or malignant, 
distort the normal anatomy and may make can-
nulation challenging. Tumors often start bleed-
ing on contact, so close scrutiny of the surface 
prior to probing with the catheter is key. If you 
are able to locate the ductal orifice, deep cannula-
tion is often surprisingly easy. Conversely, some 
tumors are soft and/or necrotic, and you can enter 
the surface anywhere you want. In this situation, 
ERCP is likely to fail.

13.4.3	 �Impacted Stone

Small gallstones can get impacted at the level of 
the ampulla, with or without acute pancreatitis as 

Fig. 13.6  Double-wire technique
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a consequence. Sometimes, you can view stone 
surface in the ostium; other times the shape, and 
the hardness on touch, gives the stone away. Try 
cannulation as normal, but if this fails, needle 
knife precut onto the stone is easy, safe, and 
effective. Just make sure there is actually a stone 
there (not just a bulging papilla)!

13.4.4	 �Diverticulum

Ampullary/periampullary diverticula may com-
plicate ERCP.  Diverticula may develop any-
where in the descending duodenum, so start 
looking elsewhere for the papilla. If it’s nowhere 
to be found, look for a longitudinal fold enter-
ing a diverticulum from below. Typically the 
papilla will be at the 5 or 7 o’clock position, 
but sometimes it’s found on a central ridge and 
occasionally somewhere else. Visualization and 
cannulation pose a challenge, but principles of 
above remain. Minute navigation, establish best 
angles, and probe carefully. A pancreatic wire 

should always be left in place to ease axis of can-
nulation. Sometimes, entering the diverticulum 
with the scope tip is the solution. Finally, clips, 
mini biopsy forceps, or fluid injection can some-
times flip a hidden papilla into the open.

13.4.5	 �Altered Anatomy

A number of GI surgical procedures change 
the access to the bile ducts if ERCP should be 
needed. Billroth II was for a long time the sole 
challenge, but recently, Whipple’s procedures, 
Roux-en-Y hepaticojejunostomies, gastric resec-
tion, and bariatric gastric bypass all pose dif-
ficulties for the endoscopist. Details of these 
procedures span beyond the scope of this book, 
but with the advent of balloon enteroscopy, most 
anatomies are now accessible by the endoscopist. 
Moreover, percutaneous, EUS-guided, as well as 
surgical hybrid procedures may be the solution. 
Local expertise often mandates the procedure of 
choice.

Fig. 13.7  Previous sphincterotomy. Cannulation on top of protruding papillary substance under fold
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Biliary Sphincterotomy and Precut

Vincenzo Cennamo, Marco Bassi, Stefano Landi, 
and Stefania Ghersi

14.1	 �Introduction

The role of the endoscopic retrograde cholangio-
pancreatography (ERCP) has changed over the 
years since this technological advance was intro-
duced in the 1970s.

Thanks to the evolution of noninvasive diag-
nostic techniques such as computed tomography 
(CT), magnetic resonance cholangiopancreatog-
raphy (MRCP), and endoscopic ultrasonography 
(EUS), indications for diagnostic ERCP should 
be reserved to selected cases like indeterminate 
biliary strictures for evaluation by tissue sample 
with or without cholangioscopic guidance.

Thus the ERCP has assumed an increasingly 
therapeutic role in biliopancreatic diseases, and 
endoscopic sphincterotomy (EST) of the biliary 
sphincter is needed for biliary interventions.

But the most important step in order to obtain 
a correct EST and a successful ERCP is to 
achieve a common bile duct cannulation, which 
remains a challenge even for the most experi-
enced endoscopists.

Cannulation techniques have already been 
discussed in Chap. 13, but it is well known that, 
even in expert hands, failure to achieve deep bili-
ary access occurs in 5–10% of cases [1].

Failure to gain deep biliary access of a native 
papilla using standard techniques requires an 
alternative technique. In the 1980s, Singel was 
the first to introduce the technique of papillotomy 
precut using a needle-knife sphincterotome [2].

However, this technique still remains a chal-
lenge, even for the most experienced endos-
copists, and it is important to understand the 
appropriate use and timing.

This chapter focuses on techniques, acces-
sories, outcomes, and adverse events of biliary 
sphincterotomy and precut. We will also discuss 
the indications, contraindications, and evidence 
that support our recommendations.

14.2	 �Biliary Sphincterotomy

14.2.1	 �Technique and Devices

The approach to the papilla and different cannu-
lation techniques are the same as for either diag-
nostic or therapeutic ERCP, which has already 
been discussed in Chap. 13.

Moreover, a therapeutic channel endoscope 
(4.2 mm diameter) has become standard in order 
to facilitate insertion of accessories and devices 
needed for operative interventions [3].

The use of the sphincterotome to reach the 
common bile duct is recommended for different 
reasons.
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First of all, the sphincterotome, compared to stan-
dard catheters, offers the advantage of being more 
easily orientable. In addition, it avoids exchanges 
once the cannulation has been gained [3].

Studies showed significantly higher success 
rates for primary cannulation with sphinctero-
tomes without significant differences in safety 
compared with standard catheters and also that 
guidewire-assisted cannulation increases the 
primary access rate and reduces the risk of post-
ERCP pancreatitis (PEP) in comparison to the 
contrast-assisted cannulation approach [4–7].

There are several available types of sphinc-
terotomes in terms of diameter and length of the 
tip, but also with different length and characteris-
tics of the cutting wire. The choice of sphinctero-
tome should be based on the individual anatomic 
situation as well as on the preferences of the 
endoscopist.

The more recent sphincterotomes are equipped 
with a lumen to insert a guidewire and an inte-
grated hub for contrast injection; by this way it is 
possible to inject contrast without removing the 
guidewire so this can be helpful in cases of dif-
ficult cannulation [3] (Fig. 14.1).

Some sphincterotomes can also be preloaded 
with the guidewire; this makes it possible to per-
form the procedure more quickly and to use dif-
ferent types of guidewires with different lengths.

Indeed, short guidewire allows the endoscopist 
to reduce the length of over-the-wire exchange, 
to lock and to directly manipulate the wire.

The length of the cutting wire can also influ-
ence the success of the EST, for example, a 
short cutting wire (15–20 mm) can be precisely 
oriented, but it tends to be directed toward 2 
o’clock, so the cut could be incorrect. On the 
other hand, a long cutting wire (30 mm) can lead 
to uncontrolled cutting (“zipper cut”) and poten-
tially increasing complications [3].

14.2.2	 �Procedure

Once the deep biliary cannulation has been 
achieved, confirmed by contrast injection, the 
guidewire should be led up to the proximal 
biliary system in order to make the subsequent 
maneuvers secure and stabilize the procedure.

It should be emphasized that a short and 
straight position of the duodenoscope facilitates 
the control of the device [8, 9].

Subsequently, bowing the tip of the sphinc-
terotome facilitates its orientation toward 11 
o’clock in the direction of the CBD. In this phase, 
it may be useful to straighten the tip and gently 
withdraw the endoscope so to overcome the dis-
tal part of CBD [3].

Moreover, the short wire systems allow us to 
fix the wire to the duodenoscope and improve 
stability.

When the sphincterotomy is performed, less 
than one-third (<5 mm) of cutting wire should be 
inserted into the papilla, so to cauterize only a 

a b

Fig. 14.1  Different types of sphincterotome. (a) A triple lumen sphincterotome with a cutting wire of 20 mm and a tip 
of 3 mm. (b) A triple lumen sphincterotome with a cutting wire of 25 mm
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small part of tissue and prevent a quick and large 
incision (“zipper cut”) [3].

The correct position of the sphincterotome 
can be identified by the presence of visible endo-
scopical markers on the distal part of the catheter.

The orientation of the cutting wire between 
the 11 and 1 o’clock reduces the possibility of 
complications such as perforation and bleeding, 
and, furthermore, it is appropriated to place the 
papilla on the left side, preferably along the 11 
o’clock position, to make sure that the cut is cor-
rectly directed (Fig. 14.2).

This maneuver can be facilitated, in the most 
difficult cases, by rotating the right-left wheel to 
the left, while advancing the endoscope to the 
long position. Alternatively, the duodenoscope 
can be retracted during its rotation to the left with 
the movement of the wrist.

In patients with Billroth II anatomy (papilla is 
rotated 180° compared with native anatomy), it 
is recommended to use a rotatable push-type or 
sigmoid-shaped sphincterotome for EST, and the 
correct direction of the cutting wire in this situa-
tion is to 5 o’clock position [3].

Another discussed issue is the choice of elec-
trosurgical current for EST [10–12].

The latest European guidelines recommend 
using mixed current for sphincterotomy rather 
than pure cutting alone because there is a decrease 
in the risk of slight bleeding. They also suggest 
using a current mode which provides an alternat-
ing phase of cutting and coagulation (“Endocut” 

ERBE, Tübingen, Germany, or “Pulsecut” 
Olympus, Tokyo, Giappone) instead of a mixed 
current conventional because it could be associ-
ated with minor episodes of uncontrolled cutting 
(“zipper cut”) and a lower risk of bleeding at the 
time of sphincterotomy [10].

The use of this technology permits a stepwise 
cutting action that allows us a precise control of 
the direction and length of the incision, replacing 
the conventional mixed mode in which the current 
of cutting and coagulation are released together.

Endocut or Pulsecut can theoretically prevent 
the perforation of the upper part of the papilla, 
avoiding an uncontrolled cutting speed, thanks to 
their cutting automatic fractional. Therefore, the 
Endocut or Pulsecut modes have been associated 
with fewer “zipper cut” (uncontrolled cut) and 
bleeding at the time of sphincterotomy [13–17].

On the other hand, the pure cutting current has 
been associated with more episodes of bleeding 
[18], and, when it is used by less-experienced 
hands, there may be higher risks of bleeding and 
perforation, especially when a longer part of the 
cutting wire is inside the papilla.

The correct length of the EST may vary 
and depends on both the indication at the 
sphincterotomy and the diameter of the distal 
portion of the common bile duct.

Maintaining a slight pressure on the papil-
lary roof is essential during cutting. This can be 
achieved by lifting the sphincterotome and arching 
it or by maneuvering the tip of the duodenoscope.

Fig. 14.2  During EST, the cut should be directed between 11 and 13 o’clock to minimize the risk of complications
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As noted above, the cut should be continued 
only when the direction is between 11 and 1 
o’clock. Furthermore, the correct movement of 
the device should be mainly controlled with the 
tip and the shaft of the endoscope.

The biliary sphincterotomy must be limited 
to junction point between the duodenal wall and 
the intraduodenal portion of the papilla of Vater 
although there are no clear endoscopic findings 
to identify this region [3].

However, even though there are no scientific 
data correlating the length of EST with the risk 
of complications, short EST can be used for stent 
placement in case of malignant biliary strictures, 
while more extensive EST with complete sphinc-
ter splitting should be used in case of sphincter of 
Oddi dysfunction (SOD) [3].

It should be emphasized that, if larger sphinc-
terotomy is necessary, it is possible to dilate the 
orifice with a balloon catheter rather than extend 
it with a further cut [3].

The risk of adverse events is lower in patients 
with a dilated common bile duct and in the pres-
ence of ductal stones, especially when the papilla 
is large and protruding due to an impacted stone.

In special cases such as the treatment of recur-
rent bile duct stones or the reappearance of symp-
toms after SOD, it may be necessary an extension 
of a previous biliary sphincterotomy. In these 
situations, the technique does not differ from the 
one described above.

Large prospective studies have not correlated the 
extent of a previous EST with an increased risk of 
bleeding; however the risk of perforation or bleed-
ing in these cases should be considered [19, 20].

14.2.3	 �Indications 
and Contraindications

The main indications and contraindications 
of biliary sphincterotomy are summarized in 
Table 14.1.

Consolidated indications for EST are the bile 
duct stones, acute cholangitis, severe biliary pan-
creatitis, facilitation of biliary stent placement, 
palliation of ampullary neoplasms, and treatment 
of SOD types I and II [3].

Choledocholithiasis remains today among 
the main indications for the execution of bili-
ary sphincterotomy. This allows the endoscopic 
stones extraction by the use of basket or balloon 
catheters, with a success rate of not less than 90% 
[21, 22].

The success rate is increased by the use of 
additional techniques such as intracorporeal 
(intraductal) or extracorporeal lithotripsy [23].

To date, in order to remove biliary stones, bili-
ary sphincterotomy can be considered safe, even 
in oldest old patients (>85 years of age) [24, 25].

Several studies have shown that in young 
patients EST can be performed safely before, dur-
ing, or after laparoscopic cholecystectomy [19].

In this context, timing of EST should be 
coordinated between laparoscopic surgeons and 
endoscopists; often it depends on local expertise 
and access to the required interventions.

Biliary sphincterotomy is indicated in treat-
ment of acute cholangitis due to choledocholi-
thiasis or ductal stenosis with the possibility of 
removing ductal stones and placing biliary stents 
or drainage catheters.

An early EST (<72 h) should be performed in 
case of acute severe biliary pancreatitis, while it 
is mandatory performing an urgent EST (<24 h) 
in case of coexistence acute cholangitis regard-
less of pancreatitis severity [26, 27].

Another indication for biliary sphincter-
otomy is the initial treatment, before dilatation 

Table 14.1  Main indications and contraindications to 
biliary sphincterotomy

Indications Contraindications
•  Choledocholithiasis
• � Facilitation of biliary stent 

placement
• � Benign papillary stenosis or 

SOD (type I or II)
• � Malignant ampullary 

neoplasia in patients not 
suitable for surgery

• � Biliary leaks
• � Access for cannulation of 

the main pancreatic duct
• � Access for peroral 

choledochoscopy
• � Choledochocele, sump 

syndrome

• � Uncooperative or 
unstable patient

• � Inability of the 
patient to provide 
informed consent

• � Uncorrected 
coagulopathy

• � A newly created 
gastrointestinal 
anastomosis

V. Cennamo et al.



167

and/or stent placement, for biliary obstruction. 
Although sphincterotomy is not mandatory in 
these cases, it can facilitate stent placement, in 
particular for management of postoperative bili-
ary strictures.

The role of EST in stent placement in case 
of malignant biliary obstruction is still unclear. 
Some studies have shown a lower risk of PEP 
onset, but an increased risk of post-ERCP bleed-
ing in these patients [28].

A recent large randomized controlled trial 
showed no benefit of EST before implantation 
of self-expandable metal stents in patients with 
unresectable pancreatic cancer [29].

Biliary sphincterotomy has become the pre-
ferred treatment for patients with documented 
SOD (types I and II). In these patients, cannula-
tion and EST may be more difficult because of 
the size of the papilla and a narrow orifice, so 
EST should be performed only by expert endos-
copists to avoid excessive trauma of the papilla.

The increased risk of PEP can be significantly 
lowered by prophylactic placement of a 3-Fr or 
5-Fr pancreatic stent [30, 31].

For other indications to EST present in 
Table 14.1, there is no strong evidence from the 
literature because data from randomized clinical 
trials are lacking.

Contraindications to ERCP and EST include 
an uncooperative or unstable patient, inability of 
the patient to provide informed consent, uncor-
rected coagulopathy, and passage of the endo-
scope through a newly created gastrointestinal 
anastomosis [3].

In case of contrast hypersensitivity, ERCP and 
EST could be performed, but prophylactic intra-
venous administration of corticosteroids may be 
considered [3].

Antiplatelet drugs such as clopidogrel and 
ticlopidine should be interrupted for at least 
7  days before elective sphincterotomy; instead 
aspirin and other NSAIDs would not seem to be 
related to an increased risk of bleeding [3, 19].

Coagulopathy or bleeding disorders must be 
corrected before sphincterotomy. Child’s A cir-
rhosis does not appear to be important predictor 
of bleeding [3, 19].

Finally, before executing an EST, it is very 
important to make sure to be in the correct posi-
tion. Furthermore, to avoid to run into compli-
cations, the incision should be performed only 
if the cutting wire is correctly displayed and if 
the tip of the sphincterotome goes in the correct 
direction.

14.2.4	 �Adverse Events

In a large multicenter US study published by 
Freeman et al. [32], adverse event was reported 
in the 9.8% of the 2347 patients who underwent 
EST, and the acute pancreatitis was the most fre-
quent major adverse event of EST (5.4% of all 
cases). Table  14.2 shows all the adverse events 
related to EST [19].

Definitive patient-related risk factors for PEP 
are suspected SOD, female gender, previous pan-
creatitis, difficulty cannulation, younger age, and 
repeated pancreatic injection, so these should be 
considered when patients are selected for EST.

The impact of prophylactic pancreatic stent 
placement on the prevention of PEP was recently 
reviewed. A meta-analysis of 1541 patients 
found that prophylactic pancreatic stent place-
ment prevented PEP after ERCP compared with 
no pancreatic stent placement; similar findings 

Table 14.2  Complications of endoscopic biliary sphincterotomy in 2347 patients from Freeman et al. [32]

Type of complication Incidence (%) Severe complication (%) Fatal complication (%)
Pancreatitis 5.4 0.4 <0.1
Hemorrhage 2.0 0.5 0.1
Perforation 0.3 0.2 <0.1
Cholangitis 1.0 0.1 <0.1
Cholecystitis 0.5 0.1 <0.1
Miscellaneous 1.1 0.3 0.2
Total 9.8 1.6 0.4
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were also noted from ten nonrandomized studies 
[33]. Therefore, pancreatic stent is strongly rec-
ommended in patients undergoing EST with risk 
factors for PEP.

Several prospective trials reported an incidence 
of EST-related bleeding, defined as the presence 
of melena, hematochezia, or hematemesis associ-
ated with a hemoglobin decrease of at least 2 g/dL 
or the need for blood transfusion, among 0.8–2% 
[19, 34–36]. Most bleedings appear within 24 h; 
however they can occur up to 1  week or more 
after the procedure. Risk factors for hemorrhage 
include coagulopathy before EST, therapeutic 
anticoagulation within 3 days after EST, cholan-
gitis before EST, and bleeding during EST [19].

EST-related retroduodenal perforations are 
uncommon and mainly caused by “zipper cut-
ting,” which can be avoided by limited insertion of 
the cutting wire into the papilla and by the use of 
modern controlled-cut electrosurgical generators.

Studies reported a perforation rate related to 
EST of about 0.3% [19, 37]. Risk factors are 
SOD, a dilated common bile duct, and biliary 
stricture dilation [37].

Most cases are diagnosed during the pro-
cedure by observing the presence of free intra-
abdominal air at radiological inspection or after 
the procedure by using the CT scan.

Presence of symptoms such as abdominal 
pain, signs of peritonitis, fever, or alteration of 
blood tests such as leukocytosis or increase in 
C-reactive protein should raise the suspicion of 
perforation.

Finally, EST-related colangitis is reported 
as a complication in about 1% of patients [19]. 
Nasobiliary catheters or endoprostheses should be 

placed when there is an incomplete bile duct clear-
ance after EST, as well as antibiotic prophylaxis.

In conclusion, in particular in case of pancre-
atitis that is the most frequent adverse events in 
ERCP, it could be difficult to determine whether 
the complications are related to EST, bile duct 
cannulation, or additional therapeutic interven-
tions in each patient, but it is important to know 
risk factors for individual complications and 
apply all possible preventive measures.

14.3	 �Precut

The term “precut” or “access papillotomy” gen-
erally refers to an incision of the papilla of Vater 
performed for the purpose of obtaining the deep 
cannulation of the bile duct. Since its introduc-
tion, which dates back to the 1980s [2], the tech-
nique has evolved a lot, and many variations and 
accessories have been introduced.

14.3.1	 �Devices

To perform a correct precut, it is essential to have 
adequate equipment. Usually, this type of proce-
dure is performed using a needle-knife sphinc-
terotome having a retractable electrosurgical 
wire, which can be maneuvered from the cath-
eter handle, giving the possibility to lengthen or 
shorten it [38].

Needle-knife sphincterotomes are available 
in variable tip lengths (4–7 mm) and wire diam-
eters and can be single, double, or triple lumen 
(Fig. 14.3) [38].

Fig. 14.3  A triple lumen needle-knife; the length of the cutting wire can be regulated according to different measures 
by the operator
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Utilizing electrosurgical current, the wire 
is used to create an incision on the overlying 
mucosa through the movement of the elevator 
and/or the up-down wheel of endoscope.

The advantage of having a double or triple 
lumen is that of being able to preload the cath-
eter with guidewires in order to inspect the inci-
sion area. During the precut, it is essential to use 
soft and hydrophilic guidewires; moreover, for 
this procedure it is recommended to use a cur-
rent mode, which provides an alternating phase 
of cutting and coagulation. That allows stepwise 
cutting and precise control of the incision direc-
tion, depth, and length [38].

14.3.2	 �How and When

The fundamental principle of precut sphincterot-
omy (PS) is based on unroof the duodenal portion 
of the ampulla to expose the biliary orifice.

In order to deeply understand the different 
techniques of sphincterotomy precut, it is impor-
tant to keep in mind the three-dimensionality of 
the ampullary region anatomy: (1) The terminal 
portion of both biliary and pancreatic ducts tapers 
before entering the medial wall of the duodenum. 
(2) The ampullary segment itself consists of the 
pancreatic, biliary, and ampullary sphincters that 
envelop the tapering biliary and pancreatic ducts 
in order to control the flow of their secretions. 
(3) The duodenal mucosa and submucosa overlay 
this ampullary segment [38].

Although there are several anatomical vari-
ants, often the ducts join to form a common 

channel of approximately 5 mm in length before 
entering the duodenum.

The pancreatic duct enters the ampulla in a 
straight fashion at the 1 o’clock position, while 
the biliary duct runs more superficially and par-
allel to the duodenal wall, where it enters the 
ampullae at the 11 to 12 o’clock position.

According to the classification proposed by 
the Mayo Clinic group [39], regardless of the 
instrumentation used, three different types of 
precut can be identified in relation to the starting 
point of the incision on the papilla (Table 14.3).

The most widely practiced precut method is 
the precut papillotomy (PP) (Fig.  14.4a). It is 
performed using needle-knife and making an 
incision upward from orifice to the roof of the 
papilla.

The endoscopist initiates the papillotomy by 
placing the needle-knife at upper portion of the 
papillary orifice, near the 12 o’clock position, 
and initiates the cut upward from the orifice or 
downward through the papillary sphincter. The 
incision is extended by cutting 1–2  mm incre-
ments with short pulses of cutting current (usu-
ally with a controlled generator) to de-roof the 
common biliary duct orifice [39].

The original description of the technique 
involved the use of an upward sweeping motion 

Table 14.3  Type of precut techniques in accordance 
with Mayo Clinic precut sphincterotomy classification 
system [39]

Precut papillotomy (PP)
Precut fistulotomy (PF)
Transpancreatic precut sphincterotomy (TPS)

a b c

Fig. 14.4  Different precut techniques. (a) Precut papillotomy. (b) Precut fistulotomy. (c) Transpancreatic precut 
sphincterotomy. (Adapted from Da Vee T et al. [39])
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with the elevator. However, improved control and 
safety can be achieved by loading the needle-knife 
by upward traction on the endoscope [40, 32].

Before proceeding with cutting, it is a good 
practice to try the movement few times with the 
needle retracted in order to be sure that position 
and movement are correct.

The direction of the cut is the most critical 
aspect of the procedure and determines its suc-
cess or failure [41].

Once the cut is made, the biliary sphincter 
muscle is highlighted by separating the duodenal 
mucosa (it is identified by its whitish, onion-skin 
appearance). This maneuver can be facilitated by 
performing gentle aspirations (Fig. 14.5).

Eventually the precut area can be explored 
with a hydrophilic-tipped guidewire, which 
will subsequently serve to achieve the deep 
cannulation.

Once deep access has been achieved, the 
sphincterotomy can be completed by changing to 
a standard sphincterotome.

If cannulation cannot be performed and the 
patient is stable, the procedure can be repeated 
after 48–72 h in order to reduce edema and iden-
tify the biliary orifice more easily. So we suggest 
to postpone the procedure for 48–72 h in case of 
bleeding or excessive edema after precut. The 
success rate for repeat attempts ranges from 80% 
to 100% [42].

An alternative method to perform a precut is 
the precut fistulotomy (PF) (Fig.  14.4b). This 
technique should be preferred in case of large-

stone impaction at the papillary orifice and in 
patients with a dilated intraduodenal segment of 
the bile duct [43].

Moreover, it allows to avoid thermal damage 
on the pancreatic duct with theoretical reduction 
of pancreatitis risk [10].

This technique commonly employs a needle-
knife to create an incision at the level of the 
intraduodenal segment of the CBD, which runs 
proximal to the major duodenal papilla.

The incision starts above the papillary ori-
fice and is then extended upward in the cephalic 
direction or downward toward the papillary ori-
fice. This approach leaves the papillary orifice 
intact, creates a fistulotomy for direct visualiza-
tion of the CBD, and facilitates selective biliary 
cannulation (SBC) [39].

It is important to perform this maneuver by 
holding the direction between 11 and 12 o’clock 
to avoid complications such as retroperitoneal 
perforation.

The depth and direction of the incision are 
again achieved through the combined movement 
of the endoscope, large wheel, and elevator. The 
success rate of biliary cannulation using the PF 
technique is up to 98% [43].

In case of minimal bleeding during the precut 
procedure, it may be useful to irrigate the papil-
lary area with epinephrine (1:20,000) to keep the 
field clean; on the contrary, it must be avoided 
a submucosal injection which could make CBD 
cannulation more complicated.

Another technique that is part of Mayo Clinic 
precut sphincterotomy classification system 
is the transpancreatic sphincterotomy (TPS) 
(Fig. 14.4c), this technique was reported for the 
first time by Goff in 1995, and it may be per-
formed after attempts at SBC have led to guide-
wire passage into the PD [44–46].

The TPS technique uses a standard sphinc-
terotome, which is oriented in the direction of 
the CBD at approximately the 11 o’clock posi-
tion and is then inserted superficially into the 
PD. The incision is then made to expose the bile 
duct orifice or the bile duct itself. Once the pan-
creatic sphincter and major duodenal papilla are 
cut, biliary cannulation may be reattempted [39, 
44, 47, 48].

Fig. 14.5  Precut is a free-hand technique that requires a 
great skill by endoscopist
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Using this technique it is more easy to con-
trol the depth of incision with a theoretically 
lower of perforation, and it is not necessary to 
exchange the sphincterotome for a needle-knife 
device [49].

After a TPS it is useful to place a pancreatic 
stent to reduce risk of PEP [50].

As we have already pointed out several times, 
the biliary cannulation is one of the fundamental 
steps of ERCP.

Initial failure with standard technique can 
occur even in the most experienced hands, and, 
in these situations, alternative approaches are 
required.

Several studies suggest to move to an alter-
native technique after repeated failures to avoid 
traumatizing the papillary area with contrast 
injections and guidewire passages and increasing 
the risk of complication [19, 51–53].

An early PS has been proposed to reduce 
adverse events related to prolonged attempts at 
SBC.  In a meta-analysis of 6 randomized con-
trolled trials that included 966 ERCP patients 
published by our group [54], PS using various 
techniques were compared to persistent attempted 
cannulation using standard techniques. Overall 
biliary cannulation was similar at approximately 
90%. A significantly lower PEP rate was seen 
in the early PS group, 2.5% vs. 5.3%, respec-
tively.The overall adverse event rates, including 
bleeding, pancreatitis, cholangitis, and perfora-
tion, were not significantly different between the 
early PS group and the persistent attempt group 
(5.0% versus 6.3%, respectively). This suggests 
that, in experienced hands, persistent cannulation 
attempts and early implementation of PS have 
similar cannulation rates, but early PS reduces 
the incidence of PEP without adversely affecting 
the overall adverse event rate [39].

Current European guidelines suggest to take 
into consideration precut after the failure of at 
least five cannulation attempts or after at least 
5 min [10].

However, precut techniques, in accordance 
with European guidelines, must be used only by 
endoscopists who achieve cannulation selective 
bile in more than 80% of cases with standard can-
nulation technique. The endoscopists who do not 

achieve this technical success should not perform 
the precut alone [10].

In conclusion, precut techniques should be 
used if the conventional cannulation technique 
fails, but always bearing in mind that they are not 
the only alternative techniques available because, 
for example, in case of repeated involuntary 
access to the pancreatic duct, the use of double-
guidewire technique guide is recommended [10].

14.3.3	 �Adverse Events

Studies report a rate of complications of pre-
cuts between 2% and 34%, a rate that is gener-
ally higher than reported in patients undergoing 
standard sphincterotomy. A meta-analysis and a 
number of multivariate analyses have suggested 
that precutting is an independent risk factor for 
overall complications and particularly for PEP 
[19, 32, 51–53].

In 2003, Masci et al. published a meta-analysis 
of risk factors for PEP involving 7 studies and 
7622 patients. From the meta-analysis emerged 
an incidence of PEP of 5.28% in patients under-
going a precut in comparison to 3.1% in other 
patients [53], but also that the repeated injections 
of the pancreatic duct are a risk factor for PEP.

Moreover, severe post-ERCP pancreatitis 
occurs disproportionately more often after pre-
cuts performed in the conventional way, without 
a pancreatic stent [19, 32, 51–53].

For this reason, if access to the pancreatic duct 
is easy to obtain, European guidelines suggest the 
placement of a pancreatic stent before the precut 
to prevent the risk of PEP and help the endosco-
pist in the procedure [10].

Focus on the risk of bleeding, studies report a 
rate of complication in patients who underwent 
precut between 1–2% and 48% if we consider the 
intra-procedural bleeding; however, these types 
of bleeding are often clinically insignificant [38].

A recent meta-analysis suggests that there 
is no significant difference in bleeding rates 
between early precut sphincterotomy (0–6.5%) 
and conventional techniques (0–5.9%) [55–57].

Most intra-procedural bleeding can be stopped 
by irrigation with solutions containing epineph-
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rine (1:20,000), without resorting to aggressive 
hemostatic techniques that may obscure the ana-
tomical landmarks and preclude successful can-
nulation after precut.

The risk of perforation after precut is between 
0.1% and 0.8%, similar to standard sphincterot-
omy [57, 58].

Retroperitoneal perforation may occur if the 
precut is extended beyond the intramural portion 
of the bile duct, if the direction between 11 and 
12 o’clock is not followed or the precut is too 
deep. The precut, being a free-hand technique, 
requires an excellent precision of the endoscopist 
to avoid complications. However, if a perforation 
is immediately recognized, it could be managed 
conservatively by biliary stent placement [38].
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Pancreatic Sphincterotomy

Stefano Francesco Crinò, Laura Bernardoni, 
and Armando Gabbrielli

15.1	 �Introduction

Endoscopic sphincterotomy represents the first 
step of almost all endoscopic biliary and pancre-
atic procedures. It allows the widening of the 
papilla’s orifice and sphincter providing the 
access to the biliary and pancreatic ducts. This 
procedure may itself represent a therapeutic 
maneuver (e.g., for the treatment of sphincter of 
Oddi dysfunctions) or be performed in concert 
with several other endoscopic procedures (stent 
placement, stone extraction, stenosis dilation, 
pancreatoscopy).

Historically, endoscopic sphincterotomy was 
firstly applied for the treatment of biliary disor-
ders, and endoscopic management rapidly 
became the standard of care for these conditions. 
Differently, despite that the first case series of 
pancreatic sphincterotomy were reported in 
1985, endoscopic therapy of pancreatic disorders 

spreads slower than biliary one. The less frequent 
pancreatic disorders to be treated, generally 
referred to as tertiary care centers, and the long-
standing fear among endoscopists to induce pan-
creatitis while working and manipulating on the 
pancreatic side are probably the main reasons. 
Moreover, not so strong evidences as for biliary 
procedures support the indications for pancreatic 
sphincterotomy. Few studies and involving small 
number of patients have been published over the 
years, and indications as well as outcome or com-
plications are not clearly outlined.

In this chapter we will focus on technical 
aspects of pancreatic sphincterotomy, both at the 
major and minor papilla, the latter in a dedicated 
section.

15.2	 �Endoscopic Technique

15.2.1	 �Patient Preparation

As all endoscopic procedures, pancreatic sphinc-
terotomy needs to be preceded by the acquisition 
of an informed consent with a clear explanation 
of potential risks and adverse events.

Preliminary laboratory tests should always 
include complete blood count and coagulation 
parameters. Administration of any anticoagulants 
must be discontinued for a sufficient time before 
the procedure and, if possible, for at least 3 days 
after [1]. The risk of bleeding associated with the 
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use of a thienopyridine (ticlopidine, clopidogrel, 
and prasugrel) has not been established. However, 
guidelines recommend these medications to be 
discontinued at least 5–7 days before endoscopic 
sphincterotomy [2]. Differently, use of aspirin or 
NSAIDs in the periprocedural period is safe and 
does not increase the risk of post-sphincterotomy 
bleeding.

Pancreatic sphincterotomy is considered to be 
a risk procedure for developing post-ERCP pan-
creatitis. Therefore, as recommended by the 
ASGE guidelines, rectal administration of 
NSAIDs (indomethacin or diclofenac) should be 
advocated before or immediately after the proce-
dure [2]. For the same reason, despite a lower 
level of evidence, aggressive intravenous hydra-
tion with lactated Ringer’s solution, when fluid 
overload risk is excluded, should be considered, 
especially in high-risk patients [3].

Data about the need of antibiotic prophylaxis 
prior to pancreatic sphincterotomy are scanty. 
Based on actual evidence, an antibiotic prophy-
laxis cannot be recommended as a routine 
practice.

Pancreatic sphincterotomy should be per-
formed with the patient in prone or supine posi-
tion to ensure a complete and comprehensive 
radiological view of the pancreatogram. If not 
contraindicated, intravenous administration of 
glucagon (0.5  mg) or hyoscine-butylbromide 
(40 mg) is suggested, as cannulation is often eas-
ier in an aperistaltic duodenum.

15.2.2	 �Pancreatic Duct Cannulation

Deep cannulation of the main pancreatic duct 
represents the first step to perform pancreatic 
sphincterotomy. Cannulation is generally 
attempted using a standard pull-type sphinctero-
tome. The sphincterotome is essentially a cathe-
ter with an exposed cutting wire that can be 
pulled resulting in a bending of the tip. Several 
different sphincterotomes are commercially 
available. They differ from each other for the 
length of the cutting wire, the presence of addi-
tional lumens, and the length of the “nose” (e.g., 

the tip of the catheter beyond the cutting wire). 
Standard sphincterotomes can allow the passage 
of a 0.035-in. guidewire.

To achieve a selective pancreatic cannula-
tion, it is crucial to understand the anatomy of 
the papilla of Vater. In a cross-section, the 
ampulla can be assimilated to a “doubled-eyed 
onion.” The bile duct and the pancreatic duct 
run across the papilla in different directions. 
The bile duct courses from the papilla’s orifice 
in an upward and leftward direction, with an 
acute angle in relation to the duodenal wall. 
Differently, the pancreatic duct runs more per-
pendicular to the duodenal wall and more to 
the right and downward. Sometimes, the bili-
ary and pancreatic ducts merge in a common 
channel at the proximal portion of the ampulla. 
This channel has a length of 1–10  mm, and 
several folds of mucosa may hinder the 
advancement of the catheter. Cannulation 
therefore depends on finding the correct axis of 
the aimed duct. Due to the aforementioned 
anatomical principles, to obtain the axis of the 
main pancreatic duct with the tip of the sphinc-
terotome is generally easier than the bile duct. 
Experts suggest to not bow the tip of the 
sphincterotome, to enter the catheter perpen-
dicular to the duodenal wall. Then, the catheter 
should be advanced along the floor of the com-
mon channel by lowering the elevator of the 
duodenoscope. Lastly, to direct the tip of the 
sphincterotome toward the right, the small 
wheel of the duodenoscope should be gently 
turned left. After positioning the catheter tip in 
the presumed axis of the duct, there are two 
possibilities to ultimately assure a deep cannu-
lation: (1) gently advance the guidewire into 
the duct while fluoroscopically following the 
path of the wire (that must go in a transverse 
direction toward the spine); (2) inject a little 
quantity of contrast to verify fluoroscopically 
the axis of the duct and its relation to the cath-
eter tip. To limit the risk of pancreatitis, as lit-
tle contrast as possible should be used. If a 
triple-lumen sphincterotome is employed, con-
trast injection and wire manipulation are 
simultaneously possible. Differently, with 
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double-lumen sphincterotomes, contrast injec-
tion is possible only after guidewire removing.

In case of preferential access of the guidewire 
into the bile duct, it is possible to firstly perform 
standard biliary sphincterotomy. This will 
determine the exposition of the pancreatic orifice 
that can be subsequently easily identified and can-
nulated. The pancreatic orifice is generally 
observed at 5 o’clock position. In case of not 
immediate visualization, “wait and see” for few 
seconds may reveal transient opening of the ori-
fice. This can be facilitated by gently transient 
aspiration of the duodenal air with the scope. In 
the early era of pancreatic sphincterotomy, prior 
biliary sphincterotomy was always advocated [4] 
(dual sphincterotomy) for the better exposure of 
pancreatic orifice and pancreatobiliary septum 
(resulting in easier pancreatic cannulation) and for 
the presumed lower risk of biliary complication 
(e.g., cholangitis secondary to biliary obstruction 
due to edema adjacent to the biliary orifice) [5]. 
However, there are poor and conflicting evidences 
about this topic [6, 7], and European Society of 
Gastrointestinal Endoscopy (ESGE) guidelines do 
not recommend routine biliary sphincterotomy for 
patients planned for pancreatic sphincterotomy 
and suggest to reserve dual sphincterotomy when 
coexisting bile duct obstruction or biliary sphinc-
ter of Oddi dysfunction (SOD) [8].

Deep cannulation of the main pancreatic duct 
should be always followed by contrast pancreato-
gram. Although accurate diagnostic imaging are 
generally available before ERCP (e.g., magnetic 
resonance pancreatogram) and indication for 
pancreatic intervention is already established, 
endoscopic pancreatogram confirms the correct 
position of the catheter inside the duct and pro-
vides important information about the ductal sys-
tem morphology, necessary to direct subsequent 
choices (e.g., the length or caliber of the stent) 
(Fig. 15.1).

Once obtained a deep cannulation of the main 
pancreatic duct, two different techniques to per-
form pancreatic sphincterotomy are mainly used 
by expert endoscopists: the pull-type and the 
needle-knife sphincterotomy.

15.2.3	 �Pull-Type Sphincterotomy

Pull-type sphincterotomy represents the most 
popular technique. Principles involved are very 
much like those of biliary sphincterotomy. It is 
usually performed using the pull-type sphinctero-
tome “over the wire.” In other words, sphincter-
otomy is done while maintaining in place (deep 
in the pancreatic duct) the wire in order to ensure 
the cannulation during the procedure. For this 
technique, a hydrophilic-coated wire with soft 
and flexible tip should be preferred in order to 
prevent trauma to the main pancreatic duct or 
side branches. For the same reason, an angulated 
tip wire should be preferred. The wire-guided 
sphincterotomy is currently considered the stan-
dard of care for biliary and pancreatic 
sphincterotomy.

The cutting wire is gently pulled to ensure an 
adequate contact with the papilla’s roof. Incision 
should be directed toward the 1 to 2 o’clock and 
performed with the distal part of the cutting wire 
(i.e., with most of the cutting wire outside the 
papilla’s orifice). The procedure must be carried 
out in a stepwise fashion, gradually pulling and 
bowing the sphincterotome while proceeding with 
the incision. The length of incision generally 
ranges between 5 and 10 mm, depending on ana-
tomic landmarks of the ampulla (i.e., the boundary 

Fig. 15.1  Endoscopic pancreatography demonstrating an 
irregular course of the main pancreatic duct with “S” 
morphology

15  Pancreatic Sphincterotomy



178

between the papilla’s infundibulum and the duode-
nal wall) and the diameter of the pancreatic duct. 
Completion of the incision can be verified by pull-
ing through the incision a bended sphincterotome, 
determining the extroflexion of the remaining 
infundibulum and papillary roof (Video 15.1).

Sphincterotomy is performed by connecting 
the sphincterotome to an electrosurgical genera-
tor and delivering energy to the cutting wire. 
Most of the currently available electrosurgical 
unit offers pure cutting, pure coagulation, and 
mixed current. A mixed current can be delivered 
as blended (cutting and coagulating currents 
delivered together in one waveform) or alternated 
(cutting and coagulating currents are applied in 
turn in short bursts with an intermittent pause). In 
the latter (e.g., ENDO CUT by ERBE, Marietta 
Georgia, USA, or PulseCut by Olympus Europe, 
Hamburg, Germany), the cutting progression is 
fractionated in 1-mm segments signaled by an 
audible signal at the end of each segment. When 
compared with the conventional blended mode, 
the automatically fractionated cut reduce the risk 
of uncontrolled cutting and bleeding at the time 
of sphincterotomy [9] and could prevent perfora-
tion of the superior part of the papilla by avoiding 
an uncontrolled cutting speed. On the other hand, 
a pure cutting current induces less edema and is 
associated with lower rate of pancreatitis when 
compared with mixed current [10]. Moreover, 
pure cutting current is presumed to cause less 
fibrosis, diminishing the chance of developing 
future papillary stenosis. However, a meta-
analysis confirmed that pure cutting current was 
associated with more episodes of mild bleeding, 
whether pancreatitis was similar with the two 
modes [11]. Nevertheless, the majority of evi-
dences are about biliary sphincterotomy and no 
studies are available for pancreatic procedures. 
At our institution we routinely use an alternated 
mode (ENDO CUT), balancing the current dis-
charge in favor of cutting.

15.2.4	 �Needle-Knife Sphincterotomy

For this technique, following pancreatic deep 
cannulation, a plastic stent is delivered over the 

wire. The stent is generally of small caliber (3 to 
5 Fr) and serves as guide for the succeeding cut 
that is performed by using a needle-knife. The 
pancreatic sphincter is cut starting from the prox-
imal portion of pancreatic sphincter “above” the 
stent, following its direction and proceeding for 
the maximum length in relation to anatomic land-
marks. Some experts believe that prior biliary 
sphincterotomy is particularly helpful for needle-
knife pancreatic sphincterotomy because of the 
exposure of the pancreatic orifice and the pan-
creatobiliary septum allows for easier pancreatic 
access and safer septotomy [4].

There are some limitations to this procedure. 
Precondition of this technique is the preliminary 
placement of pancreatic stent that may result in 
such a difficult procedure in the same situations, 
e.g., in the presence of chronic pancreatitis with 
intraductal calculi or when a tortuous or looping 
ductal conformation is observed. Moreover, despite 
that the plastic stent serves as a guide, the act of 
cutting is performed “hand-free.” In theory this 
maneuver can be considered less safe and discom-
fortable for the endoscopist. However, a random-
ized trial comparing the pull-type and the 
needle-knife sphincterotomy was stopped early 
after an interim analysis showed that post-ERCP 
pancreatitis was significantly higher among 
patients undergoing sphincterotomy with a pull 
sphincterotome than a needle-knife [12]. The 
results of this study are in contrast with those previ-
ously reported [4, 13]. An explanation can be found 
in the high-risk population evaluated and in the pre-
viously performed sphincter of Oddi manometry, a 
procedure itself at risk of pancreatitis. Further pro-
spective, specifically designed studies are needed 
to compare the outcomes of both techniques.

15.2.5	 �Precut Sphincterotomy

The precut technique refers to a maneuver to get 
the access to biliary or pancreatic duct when stan-
dard cannulation fails. However the need to resort 
to the precut for pancreatic access is lower than 
for biliary access, because standard cannulation 
of the pancreatic duct succeeds much more fre-
quently. The technique is very similar to the bili-
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ary one and is generally reserved for those cases 
with impacted papillary stones blocking duct 
access. Once cannulation is achieved, pancreatic 
sphincterotomy is performed as aforementioned.

15.2.6	 �Post-sphincterotomy Plastic 
Stent Placement

Several randomized, controlled trials and meta-
analyses have proven a significant reduction in 
incidence and severity of post-ERCP with pro-
phylactic pancreatic duct stenting in high-risk 
patients [14]. Therefore, stent placement is rec-
ommended in patients who underwent pancreatic 
sphincterotomy. Once the sphincterotomy has 
been completed, a plastic stent is deployed and 
left in place usually for a short period of time 
(usually between 2–3 days and 2 weeks) in order 
to facilitate adequate drainage of the duct. The 
presence of the stent also prevents ductal obstruc-
tion related to the edema following sphincterot-
omy. Moreover, in case of post-sphincterotomy 
bleeding, the presence of the stent makes safer 
further hemostatic intervention (adrenaline injec-
tion or clip deploying). The choice of stent cali-
ber should take into account the need of an 
adequate duct drainage and the probability of a 
spontaneous migration, thus obviating the need 
for a new endoscopic procedure to withdraw it. 
Thinner stents (3–4 Fr) are demonstrated to 
undergo spontaneous migration in about 90% 
[15, 16] and seem superior for post-ERCP pre-
vention when compared with larger stents [17]. 
The length of the stent is usually chosen depend-
ing on duct morphology observed during the 
pancreatogram.

Some endoscopists postulated that leaving the 
stent in place for a longer time (more than 
1  month) could prevent the onset of post-
papillotomy stenosis by guaranteeing a complete 
healing of the sphincterotomy around the stent. 
On the other hand, a stent left in place for a lon-
ger time should determine ductal changes or get 
clogged with subsequent pancreatitis. This spec-
ulation, and any possible difference between dif-
ferent types of stent, can be answered only by 
future specifically designed randomized trials.

15.3	 �Indications for Pancreatic 
Sphincterotomy

Indications for pancreatic sphincterotomy can be 
classified according to the purpose of the proce-
dure: pancreatic sphincterotomy as primary ther-
apy and pancreatic sphincterotomy as precursor 
to other endotherapy (Table 15.1).

15.3.1	 �Pancreatic Sphincterotomy 
as Primary Therapy

The primary objective of pancreatic sphincterotomy 
is to eliminate the resistance to pancreatic juice out-
flow represented by the sphincter of Oddi, thus 
reducing intraductal pressure. In this setting, the fol-
lowing conditions can be identified: sphincter of 
Oddi dysfunction (SOD), chronic pancreatitis, 
intraductal papillary mucinous neoplasm (IPMN)-
associated pancreatitis, and pancreatic fistula.

15.3.2	 �SOD

The term SOD refers to a transient functional 
obstruction of the biliary and/or pancreatic flow at 
the level of sphincter of Oddi, resulting in different 
grades of clinical manifestations. SOD has been 
classified according to the modified Milwaukee 
classification [18]. Firstly, SOD is differentiated 
between biliary-type and pancreatic-type and sub-
sequently in three types according to the presence 

Table 15.1  Indications for pancreatic sphincterotomy as 
primary therapy or as precursor of further interventions

Primary therapy Precursor of further interventions
Chronic pancreatitis 
with papillary 
stenosis

Chronic pancreatitis with ductal 
stricture or stone

Sphincter of Oddi 
dysfunction (type II 
or III)

Pancreatic duct insertion for 
drainage (e.g., pancreatic 
pseudocyst, pancreatic fistula)

Pancreatic fistula Pancreatic duct insertion before 
surgery (i.e., pancreatic 
enucleation)

Intraductal papillary 
mucinous neoplasm 
(IPMN)-associated 
recurrent pancreatitis

Diagnostic or therapeutic 
pancreatoscopy
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of one, two, or three criteria (Table  15.2). 
Historically, the diagnosis of SOD was achieved by 
sphincter of Oddi manometry (SOM). To date 
SOM is not required for the diagnosis and manage-
ment of patients with pancreatic SOD, thanks to the 
acquired knowledge from several clinical studies. 
Type I pancreatic SOD/idiopathic recurrent pan-
creatitis benefits from endoscopic sphincterotomy 
in the majority of cases [19, 20]. On the contrary, 
the EPISOD study definitely demonstrated that 
type III SOD does not benefit from endoscopic 
treatment [21]. Therefore, SOM could find a role 
only in patients with type II SOD. However, nonin-
vasive diagnostic procedure can accurately predict 
a type II SOD. The study of Pereira et al. showed a 
73% accuracy of secretin-enhanced MRCP [22] 
underlying a role in selecting patients who are most 
likely to benefit from sphincterotomy. Moreover, 
secretin stimulation to investigate idiopathic recur-
rent pancreatitis can be used also during endo-
scopic ultrasound (EUS) [23], revealing ductal or 
parenchymal abnormalities in about 80% of cases. 
Nevertheless, a recent survey demonstrated that the 
majority of endoscopist prefers to perform empiric 
sphincterotomy or endoscopic ultrasound-directed 
ERCP, for the belief that SOD II patients will ulti-
mately undergo sphincterotomy [24]. Further stud-
ies are needed to investigate the role of minimally 
invasive diagnostic tools, such as secretin-enhanced 
magnetic resonance and endoscopic ultrasound.

When pancreatic sphincterotomy is performed 
for SOD treatment, dual sphincterotomy (biliary 

and pancreatic, in single or separated sessions) 
could be taken into account for the better clinical 
results reported [25]. For the same reason, pan-
creatic sphincterotomy may be indicated in those 
patients with biliary SOD (type I or II) not 
responding to biliary sphincterotomy alone.

15.3.3	 �Chronic Pancreatitis

In patients with symptomatic chronic pancreati-
tis, pancreatic sphincterotomy has been used as 
treatment with the purpose to reduce pancreatic 
ductal hypertension. Pancreatic sphincterotomy 
may be used alone or in concert with additional 
endotherapy according to the presence of ductal 
abnormalities distal to the papilla (ductal stenosis 
or presence of stones).

15.3.4	 �IPMN-Associated Recurrent 
Pancreatitis

IPMN may be associated with recurrent pancreati-
tis because of the obstruction of pancreatic duct by 
highly viscous mucus. A recent study reported the 
preliminary experience of pancreatic sphincterot-
omy in IPMN-associated recurrent pancreatitis in 
16 patients [26]. This study has demonstrated that 
pancreatic sphincterotomy reduces the recurrence 
of pancreatitis episodes in about 80% of cases, 
both in main-duct and branches-duct IPMN.  In 
this study, authors did not deliver a pancreatic stent 
after sphincterotomy because of the high risk of 
early obstruction by mucus. Post-ERCP pancreati-
tis was observed in one patient (6%). Currently, 
indication to pancreatic sphincterotomy for IPMN 
patients must be discussed in a multidisciplinary 
context and reserved for selected cases.

15.3.5	 �Post-distal Pancreatectomy 
Fistula

Pancreatic sphincterotomy has been proposed 
both as prevention and treatment of post-distal 
pancreatectomy fistula [27]. To date, we can assert 
that pancreatic sphincterotomy is not indicated as 

Table 15.2  Contemporary (modified) Milwaukee clas-
sification criteria for biliary and pancreatic SOD

Presumptive SOD 
type Definition
Biliary type I Pain + abnormal hepatic 

enzymes + dilated CBD
Biliary type II Pain + abnormal hepatic enzyme or 

dilated CBD
Biliary type III Biliary-type pain alone
Pancreatic type I Pain + abnormal pancreatic 

enzymes + dilated PD
Pancreatic type II Pain + abnormal pancreatic enzyme 

or dilated PD
Pancreatic type 
III

Pancreatic-type pain alone

SOD sphincter of Oddi dysfunction, CBD common bile 
duct, PD pancreatic duct
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prevention procedure. Pancreatic fistula develops 
in about 20% of cases after distal pancreatectomy. 
Therefore about four out of five pancreatic sphinc-
terotomy should be performed without reason.

Differently, pancreatic sphincterotomy with 
stent placement may be considered as treatment 
for those patients with post-distal pancreatec-
tomy fistula not responding to conventional man-
agement [28]. Indeed, intraluminal pressure is 
lower than retroperitoneal one. Therefore, pan-
creatic sphincterotomy with stent placement can 
bring the flow of pancreatic juice back to the duo-
denum, leading the healing of the fistula. 
However, poor and sparse data are currently 
available, and further studies are needed to define 
its role in the management of this condition.

15.3.6	 �Pancreatic Sphincterotomy 
as Precursor of Other 
Endotherapy

Pancreatic sphincterotomy provides the gateway 
for any further pancreatic procedure. Therefore, 
it’s indicated for chronic pancreatitis with ductal 
stenosis or stones, requiring stent placement, 
pneumatic dilation, or stone extraction, or for 
transpapillary drainage of fluid collection, and 
for pancreatic duct injury with bridge stent place-
ment. Pancreatic stenting has been used as ductal 
shield before surgical enucleation of benign 
tumors (e.g., neuroendocrine neoplasms) [29]. 
However, available data are still scanty, and this 
procedure should be limited to controlled studies 
conducted at referral centers.

Despite that in these settings pancreatic 
sphincterotomy does not represent the primary 
therapy, it makes easier the manipulation of 
devices through the papilla and guarantees the 
ductal drainage at the end of endotherapy. 
Different chapters of this book are dedicated to 
these procedures.

15.4	 �Complications

Adverse events can be classified according to 
onset timing in early (within 72 h) and late (after 

3  months). Post-ERCP pancreatitis is the most 
common complication of pancreatic sphincterot-
omy (7–15%) [4, 30]. The incidence of pancreati-
tis is strictly related to the indication of the 
procedure and the condition of the pancreas. In 
other words, when a healthy pancreas underwent 
sphincterotomy for recurrent pancreatitis or SOD, 
it is more likely it develops post-procedure pancre-
atitis because of the larger amount of normal 
parenchyma suitable for injury. Conversely, paren-
chymal hypotrophy, fibrosis, and scarring charac-
terizing chronic pancreatitis offer the same 
protection against flogistic reaction. A recent large 
retrospective study showed 12.6% of post-ERCP 
pancreatitis of patient with SOD compared with 
2.6% of patient with structural pathology [31].

Other adverse events are bleeding (about 
1–2%), perforation (1%), and, rarely, cholangitis. 
Overall, adverse events rate range about 10–15%. 
However, when reading studies results should be 
considered that, in the majority of cases, pancre-
atic sphincterotomy is followed by several other 
interventions and is often difficult to understand 
which one is the responsible of pancreatitis onset.

The most common late adverse event is 
sphincterotomy stenosis. In the study of Kozarek 
et  al., 56 patients underwent sphincterotomy, 
mainly for chronic pancreatitis [4]. Papillary ste-
nosis occurred in 14% of cases. In patients with 
SOD, a higher rate of long-term endoscopic rein-
tervention (about 40%) has been observed [31].

15.5	 �Minor Papilla 
Sphincterotomy

Minor papilla sphincterotomy is one of the most 
difficult procedures in pancreatobiliary endos-
copy and requires a significant degree of techni-
cal expertise. In referral centers, deep cannulation 
is obtained in 86–93% of cases, independently to 
the used technique [32, 33]. Minor papilla sphinc-
terotomy was demonstrated to be effective for the 
treatment of recurrent pancreatitis in patients 
with pancreas divisum [34, 35]. Moreover, a 
recent study showed a reduction of pancreatitis 
episodes after minor papilla sphincterotomy in 
patients with pancreas divisum and santorinicele 
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(a cystic dilation of the distal portion of the dor-
sal duct) [36]. Furthermore, the minor papilla can 
be used as gateway when pancreatic therapy can-
not be performed through the major papilla (e.g., 
in cases of ventral duct obstruction with domi-
nant dorsal duct) [37].

Patient preparation tips and recommendations 
are the same as for the major papilla.

15.5.1	 �Minor Papilla Identification

The first challenge in minor papilla approach is 
its localization. Indeed, its size and position can 
be extremely variable, and a longitudinal fold (as 
generally observed in the major papilla) is absent. 
Usually, the size is about 5 mm and it is located 
10–20 mm proximally and 5–10 mm anterior to 
the major papilla (Fig. 15.2). In other words, it 
should be searched in the above and right area 
than the major papilla. Generally, a long way 
position of the scope is preferable. This position 
can be achieved in two ways: by pushing the 
scope starting from the short way standard posi-
tion or “in an antegrade way” by pushing the 
scope from the duodenal bulb to the second por-

tion of the duodenum. In case of redundant folds, 
it should be necessary to lift the wall or displace 
the folds by using a sphincterotome or cannula, 
exploring all the surface of the region suspected 
to contain the accessory papilla.

To spray an amount of methylene blue on the 
duodenal mucosa may be useful to identify the 
papilla because it may highlight thin raised areas 
and frond-like mucosa [38].

Another technique to identify the minor 
papilla in difficult cases is the intravenous admin-
istration of secretin at a dose of 0.2 μg/kg (maxi-
mum of 16  μg). The stimulation of pancreatic 
secretion results in a dilation of the papilla’s ori-
fice with a visible flow of pancreatic juice into the 
duodenum (Video 15.2). It has been reported that 
secretin injection and the subsequent enlarge-
ment of the papilla’s orifice can simplify cannu-
lation as well [39].

As alternative to secretin that is expensive and 
not everywhere available, duodenal irrigation 
with acid solution (45  mL of 0.1  mol HCl) 
increased rate of dorsal duct cannulation in a 
small, randomized trial [40].

Finally, as rescue technique, an EUS-guided 
injection of contrast and methylene blue inside 
the pancreatic duct has been reported [41].

15.5.2	 �Dorsal Duct Cannulation

After identification of the minor papilla, a stable 
position of the scope must be obtained. The 
minor papilla is generally approached in a long 
way position in order to face the papilla and dor-
sal duct in a frontal axis (Fig. 15.3). This position 
helps to avoid wrong attempts of cannulation, 
which usually fail and induce papillary edema. 
Rarely, depending on the patient duodenum anat-
omy and papilla position, a very short position 
may be adequate.

A standard 0.035-in. guidewired or an ultrata-
pered (4.4 Fr) 0.025-in. guidewired sphincterotome 
can be used. It must be kept in mind that first 
attempts of cannulation have the higher likelihood 
of success. Endoscopist must be very gentle while 
juxtaposing the sphincterotome to the papilla’s 
orifice to prevent mucosal trauma and oozing. 

Fig. 15.2  The minor papilla (arrow) is generally located 
1–2 cm proximally and 0.5–1 cm on the right to the major 
papilla (arrowhead)
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The minor papilla is very weak, and repeated can-
nulation attempts could alter its normal appear-
ance and trigger sphincter’s spasm, precluding the 
cannulation success. With this in mind, many 
expert endoscopists set the tip of the wire few 
millimeters outside of the sphincterotome trying 
to insert the tip of the wire into the papilla’s ori-
fice, without touching the papilla with the cath-
eter. Then, while the endoscopist calibrates 
rotational movements of the duodenoscope axis 
or wheels, the wire is gently pushed to achieve 
deep cannulation (Video 15.2).

Differently, some other expert endoscopists 
prefer to inject a little quantity of contrast 
medium to define the anatomy and the axis of the 
Santorini duct prior to attempt deep cannulation 
with the guidewire, with the purpose to fluoro-
scopically direct the tip of the sphincterotome in 
the direction of the duct. From this point of view, 
we would underline the relevance of an accurate 
study of MRCP images by the endoscopist to 
check the pancreatic duct morphology.

In difficult cases, secretin administration can 
improve success rate as demonstrated in a ran-
domized crossover trial [39]. In two large series, 
administration of secretin was utilized in 17–35% 
of cases [33, 42]. Moreover, a rendezvous proce-
dure under EUS guidance has been proposed by 
inserting a guidewire into the pancreatic duct at 

the level of the pancreas body and pushes it 
through the minor papilla [43].

15.5.3	 �Pull-Type Sphincterotomy

Principles involved in sphincterotomy techniques 
are the same of those explained for the major 
papilla.	 When deep cannulation of the dorsal 
duct is achieved, a pull-type sphincterotome is 
inserted over the guidewire, and incision is per-
formed in the 12 to 1 o’clock position. The length 
of the incision is generally about 5  mm but is 
strictly depending on patient anatomy. For the 
minor papilla, it is generally observed that the 
infundibulum became clearly visible only after 
deep cannulation, revealing the boundary for the 
sphincterotomy (Video 15.3).

15.5.4	 �Needle-Knife Sphincterotomy

As described for the major papilla, this technique 
is preceded by the insertion of a plastic stent. Then, 
incision is made with the knife over the stent.

15.5.5	 �Wire-Assisted Sphincterotomy

This technique is reserved for those cases where 
a deep cannulation is achieved with the guide-
wire, but the pull sphincterotome cannot be 
passed because of a stenotic orifice. Therefore, a 
knife is passed over or alongside the wire and the 
incision is made following the direction of the 
wire. After an initial cut with a needle-knife 
sphincterotome, the incision can be completed 
with a pull-type sphincterotome. Maple et  al. 
[33] recently investigated this procedure in 32 
patients. Authors found a higher percentage of 
post-ERCP pancreatitis when the wire-assisted 
sphincterotomy was performed compared with 
the pull-type (16% vs. 8%). Moreover, in our 
experience when a guidewire (even 0.021 in.) 
was deep inserted in the pancreatic duct, an ultra-
tapered pull-type sphincterotomy was always 
possible to pass the papilla. In our opinion this 
procedure should be considered as a rescue tech-
nique for isolated cases.

Fig. 15.3  The duodenoscope in long way position allows 
to face the minor papilla and the pancreatic dorsal duct 
with a straight axis
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15.5.6	 �Precut Sphincterotomy

It consists in a freehand needle-knife incision of 
the minor papilla to obtain succeeding cannula-
tion. This procedure remains highly risky and 
must be performed only by expert endoscopist 
after a wise evaluation of the risk/benefit ratio.

15.5.7	 �Post-sphincterotomy Plastic 
Stent Placement

As well as for the major papilla, insertion of a 
plastic stent is always indicated after minor 
papilla sphincterotomy to reduce the risk of pan-
creatitis. With this purpose, the stent should be 
removed after few days to avoid stent-related 
ductal changes. The size (usually 5 or 7Fr) and 
the length of the stent depend on ductal caliber 
and morphology.

15.5.8	 �Complications

Post-ERCP pancreatitis is the most common 
adverse event following minor papilla sphincter-
otomy with a rate ranging from 8 to 12% [44, 45]. 
Bleeding is more frequently reported immedi-
ately after sphincterotomy whether clinically sig-
nificant hemorrhage is rare (<2%). The incidence 
of perforation does not differ to the major papilla 
and is <1%. Overall adverse event rates were 
similar in those undergoing needle-knife and 
pull-type sphincterotome [45].
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Biliary Stones Extraction

Andrea Tringali

16.1	 �Introduction: “Difficult” 
Biliary Stones

The majority of common bile duct (CBD) stones 
can be considered “not difficult” since it can be 
removed with Fogarty balloon and/or Dormia 
basket following endoscopic sphincterotomy [1, 
2]. When stone clearance of the biliary system is 
not possible with standard devices (balloon, 
basket), these stones are termed as “difficult,” 
and further techniques are required (endoscopic 
papillary large balloon dilatation—EPLBD—
mechanical lithotripsy, intraductal electrohy-
draulic/laser lithotripsy, or extracorporeal shock 
wave lithotripsy) [1].

“Difficult” biliary stones occur in 10–15% of 
the cases [3] and are usually large in diameter 
(>1.5  cm) and multiple (>5). Also stone shape 
(barrel-like), anatomical features of the bile ducts 

(strictures, narrowing, angulation), and location 
(cystic duct, intrahepatic) can make stones 
removal challenging. Altered anatomy increases 
ERCP difficulty but not the procedure of stones 
extraction itself.

16.2	 �Bile Ducts Anatomy 
and Biliary Stones

Anatomical factors and stone location can affect 
the success in bile duct stones removal by ERCP.

16.2.1	 �Narrowing of the Distal 
Common Bile Duct

Extraction of CBD stones through the so-called 
“stemware-shaped” CBD [4] (Fig. 16.1a) requires 
mechanical lithotripsy (Fig. 16.1b) in 38% of the 
cases and conversion to a second-line procedure 
(PTC, temporary stenting, cholangioscopy, or 
surgery) in 58% of the cases, according to a ret-
rospective series of 34 cases.

The absence of dilatation of the lower bile duct 
(DLBD) (diameter of the lower part of the extra-
hepatic bile duct <10 mm and its length > 10 mm, 
as measured by cholangiography) is another chal-
lenging anatomy when CBD stones extraction is 
attempted. EPLBD obtained stone clearance in all 
the 57 cases without DLBD included in a retro-
spective study [5]. When comparing EPLBD in 
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patients with and without DLBD, significant more 
time and more ERCP sessions were necessary to 
obtain stone clearance without DLBD, but the 
incidence of complications and the stone recur-
rence rate did not differ [5].

Discrepancy between stones diameter and the 
size of the distal common bile duct/sphincterot-
omy can be evaluated by the passage of an extrac-
tion balloon inflated at a fixed diameter.

16.2.2	 �Bile Duct Angulation

Kim et al. [6] prospectively evaluated risk factors 
for a difficult removal of CBD stones in 102 

patients (46% with stones diameter ≥15  mm). 
Technical difficulty in CBD stones extraction 
were graded according to the number of attempts 
needed to completely clean the bile ducts by bal-
loon or basket (easy, 1–2 attempts; moderately 
difficult, 3–8 attempts; difficult, > 8 attempts; 
failed, stones incompletely removed). A shorter 
length of the distal CBD arm (≤36  mm) and a 
more acute distal CBD angulation (≤135°) were 
found to be significant independent contributors 
to technical difficulty in the multivariate analysis. 
In such situations the sigmoid feature of the com-
mon bile duct makes handling of the devices 
challenging, and the possibility to pull the stone 
in the correct axis is limited.

a b

Fig. 16.1  A case of “stemware-shaped” bile duct diag-
nosed by magnetic resonance cholangiography; mismatch 
between distal bile duct (arrow) and stones diameter 

(arrowhead) is seen (a). Mechanical lithotripsy (b) is 
needed to fragment the stone
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16.2.3	 �Cystic Duct Stones

Cystic duct stones are usually impacted into the 
spiral valves of Heister; negotiating the cystic 
duct (usually not dilated) is challenging also by 
angled-tip, fully hydrophilic guidewires; grasp-
ing the stone, even if small, can be difficult due to 
the limited space.

16.2.4	 �Intrahepatic Stones

Stones located in the peripheral biliary ducts are 
difficult to remove especially if above a stricture 
or into an angled duct like the right posterior 
(segments VI–VII). Good-quality fluoroscopy is 
essential to negotiate intrahepatic ducts with an 
angled-tip fully hydrophilic guidewire which can 
be used to advance 5 French tapered devices (bal-
loon or baskets over the wire).

16.3	 �Biliary Stones Extraction: 
Technical Points

16.3.1	 �The Sphincterotomy

A complete sphincterotomy (Video 16.1) is the 
first step to remove bile duct stones and to easily 
advance devices into the biliary ducts. The length 
of the sphincterotomy needs to be tailored 
according to the anatomy of the papillary infun-
dibulum, which has different extension from 
papilla to papilla. For that reason the possibility 
to extract bile duct stones without prior fragmen-
tation by lithotripsy needs to be evaluated accord-
ing to the available extension of the 
sphincterotomy.

16.3.2	 �The Axis and the Traction

Endoscopic removal of bile duct stones needs a 
careful evaluation of the technique used to “pull” 
or “push” out the stones.

When pulling a balloon or a basket through 
the working channel the duodenoscope, the trac-
tion is not parallel to the axis of the bile duct, 

resulting in a breakdown strength through the 
angled part of the duodenoscope (Fig. 16.2).

Pushing out the stones can result in a more 
effective approach, especially to remove difficult 
bile duct stones. The endoscope is pushed and 
torqued clockwise (Video 16.2) providing the 
traction strength directly to the tip of the endo-
scope with an axis parallel to the bile duct 
(Fig. 16.3).

16.3.3	 �Fogarty Balloon or Dormia 
Basket?

Balloons and baskets resulted equally effective 
for stones ≤10 mm according to two randomized 
trials [7, 8].

Fig. 16.2  Pulling a catheter through the working channel 
of the endoscope results in a breakdown strength through 
the angled part of the duodenoscope
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Fogarty balloons are inflated with air to avoid 
trauma to the bile ducts; air is compressed while 
the balloon is retracted over a stone and the 
resulting traction is eccentric (Fig.  16.4) and 
weak.

Dormia basket can grasp the stone, and the 
traction is transmitted in the middle of the stone 
(Fig.  16.5), making extraction very effective. 
Baskets are made of different materials (steel and 
nitinol). Nitinol has two main properties, mem-
ory shape (Fig. 16.6) and radial force (Fig. 16.7); 
these characteristics permit to firmly catch the 
stone. On the other hand, nitinol baskets are 

stiffer than others and some endoscopists con-
sider them potentially traumatic. No studies com-
pared different models of Dormia baskets.

The choice between balloon and baskets 
depends mainly from preference of the operator.

16.3.4	 �“Soft” and “Hard” Stones

Biliary stones have different consistency. 
Radiopaque stones are rare, but when encoun-
tered need to be considered extremely hard. In 
general bile duct stones migrated from the gall-
bladder are “hard,” while recurrent bile duct 
stones are usually “soft.” Dormia baskets of dif-
ferent size (Fig.  16.8) can be easily advanced 
over the wire to test stone consistency. To avoid 
entrapment of the basket over the stone, a small 
basket (i.e., 10 × 5 mm, 15 × 10 mm) can be used 
to scratch the stone and obtain a reduction in size 
before using a bigger basket to complete the 
extraction.

Fig. 16.3  Pushing and torquing clockwise the endoscope 
results in an effective transmission of the force to the tip 
of the endoscope

Fig. 16.4  The Fogarty balloon is compressed near the 
stone (yellow line) and the traction is applied on the side 
of the stone (arrow)
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Fig. 16.5  The Dormia basket applies the traction in the 
middle of the stone (arrow)

Fig. 16.6  Nitinol basket has memory shape (right), while stainless steel are easily deformed (left)

Fig. 16.7  Nitinol basket has radial force facilitating cap-
ture of the stone (right); stainless steel has a lower radial 
force (left)
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16.3.5	 �Endoscopic Papillary Large 
Balloon Dilatation (EPLBD) 
and Mechanical Lithotripsy: 
When and How

EPLBD is a “large” (12–20 mm) dilatation of the 
ampulla (Fig.  16.9) after a complete or limited 
sphincterotomy. The technique was described in 
2003 [9] and significantly reduced the need for 
the more complex mechanical lithotripsy [10, 
11]. Balloon diameter is tailored according to 
bile duct diameter, and the balloon is slowly 

inflated until waist disappearance and is deflated 
1 min later [10].

EPLBD is considered safe also in the presence 
of a periampullary diverticulum (Fig.  16.10) 
without increased complications [10].

Preferably EPLBD follows a limited sphinc-
terotomy but can be performed also without 
sphincterotomy in patients with coagulopathy 
without increased risk of pancreatitis or bleed-
ing [10].

The role of mechanical lithotripsy is today 
limited to the minority of stones that cannot be 

Fig. 16.8  Different 
sizes of nitinol Dormia 
baskets that can be 
advanced over the wire

a b

Fig. 16.9  Endoscopic papillary large balloon dilatation (a) results in a wide access to the bile duct (b)
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extracted after EPLBD.  Through the channel 
mechanical lithotripsy with dedicated Dormia 
baskets is effective (Figs.  16.1b and 16.11); 
handling of the stiff metal sheath and extraction 
of fragments are nevertheless facilitated by 
EPLBD. The main concern for mechanical lith-
otripsy are complications (trapped basket, trac-
tion wire fracture, duct perforation) which are 
rare [12], but difficult to manage.

In case of failed stones extraction after 
EPLBD, cholangioscopy-assisted lithotripsy is 
considered today a first-line choice with a low 
complications rate, despite the high costs.

Extracorporeal shock wave lithotripsy is less 
used today due to logistic problem (need for 
repeated ERCPs) and to the diffusion of cholan-
gioscopy, which give the possibility to perform 
lithotripsy (laser/EHL) during the same ERCP 
procedure.
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Intraductal Lithotripsy

Jörg G. Albert and Jan Peveling-Oberhag

17.1	 �Introduction

Intraductal lithotripsy is based on oral or percuta-
neous endoscopic access to the bile duct system. 
It is required in those cases in which the intra-
ductal stone may not be removed by means of 
‘simple’ ERCP. Laser lithotripsy (LL) and elec-
trohydraulic lithotripsy (EHL) require cholan-
gioscopy technique, as visualization of the stone 
is needed to guarantee effective destruction and 
to avoid damage to the bile duct wall. Stone 
destruction during ERCP can alternatively be 
achieved by mechanical lithotripsy using a metal 
basket which is consecutively closed to crush the 
stone.

Other alternatives, such as extracorporeal 
stone wave lithotripsy (ESWL), are less often 
used for destruction of incarcerated bile duct 
stones.

17.2	 �Mechanical Lithotripsy

Demling et  al. introduced mechanical litho-
tripsy in 1982 using a basket, which is placed 
around the stone, and consecutively a metal 
sheath is advanced to forcefully close the basket 
and crush the stone [1]. Lithotripter baskets can 
be introduced into the bile duct with or without 
guide wire. The method is readily available as 
no cholangioscopy is required. However, in very 
hard stones, the basket wires may break or the 
wires may detach from the handle getting the 
basket stuck in the bile duct. In the latter case, 
emergency mechanical lithotripsy is required. 
Here, detached wires are connected to an emer-
gency mechanical lithotripter to finally crush 
the stone. If this method fails, cholangioscopic 
methods as mentioned below or surgery is 
required to save the day. Impacted stones, stone 
diameter of >30  mm, and stone-to-bile duct 
diameter ratio >1 are associated with failure of 
mechanical lithotripsy [2]. Further features of 
“difficult biliary stones” besides stone size 
include altered patient anatomy, multiple stones, 
location in the intrahepatic or cystic duct, and 
barrel shape. Up to 10% of bile duct stones can-
not be removed by standard techniques includ-
ing mechanical lithotripsy [2, 3].
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17.3	 �Cholangioscopy-Guided 
Lithotripsy

The primary advantage of cholangioscopy is the 
direct visualization of the biliary tree [4, 5]. It is 
mainly used to investigate indeterminate pancre-
aticobiliary strictures and manage difficult-to-
treat stones (Figs.  17.1 and 17.2). The typical 
access for cholangioscopy is peroral but can also 
be transhepatic after a percutaneous transhepatic 
bile duct drainage has been established. Peroral 
access can be used either for retrograde or direct 
cholangioscopy. Generally, cholangioscopy has 
undergone a fast evolution in the last 10  years. 
Mother-baby scope systems requiring two sepa-
rate operators have been taken over by single-
operator cholangioscopy (SOC) systems. 
Especially the recent development of one-time-
use catheter-based cholangioscopy with digital 
imaging (Spyglass Direct Visualization DS 
Boston Scientific) has made cholangioscopy 
available for a wide spectrum of users. The sec-
ond access way is direct antegrade cholangios-
copy with the use of an ultraslim endoscope. 
Retrograde SOC clearly has the advantage of 
improved user-friendliness as the technique 
largely resembles the typical procedure of instru-
ment insertion during ERCP.  However, direct 
cholangioscopy is able to use the existing endos-
copy processor and the ultraslim endoscope can 
be hygienically reprocessed. Also, to date, optical 
resolution is superior, and a larger working chan-
nel allows for greater flexibility, has superior suc-
tion, and conserves introduced tools. A comparison 
of both techniques when used for stone extraction 
is listed in Table 17.1.

17.4	 �Cholangioscopy-Guided 
Laser Lithotripsy and 
Electrohydraulic Lithotripsy

17.4.1	 �Technical Background 

Stone removal using conventional methods, such 
as sphincterotomy and/or papillary balloon dila-
tation combined with a balloon retrieval catheter, 
basket catheter, or a mechanical lithotripter, are 
unsuccessful in 10–15% of cases [6, 7]. Part of 
the failure rate is due to the patient anatomy with 
difficult access to the papilla. The other part 
results from stone factors, such as large 
(>15 mm), multiple (>3), intrahepatic duct/cystic 
duct, barrel-shaped, or impacted stones. 

EHL: Disintegration of calculi by a shock 
wave that results from an electric discharge. 
The probe is advanced to the stone through 

the working channel of an endoscope 
(CAVE: The EHL probe is very fragile and 
can be damaged by an acute angle of the 
cholangioscope). The position is monitored 
via direct endoscopic view and via X-ray. A 
controlled, very fast electric discharge cen-
tered at the tip of the EHL probe generates 
plasma sparks under water, which produce 
high-frequency hydraulic pressure waves. 
The hydraulic energy is absorbed by the 
bile duct stones and leads to their destruc-
tion. The effect is intensified under irriga-
tion with electrolyte-containing fluids, 
such as normal saline instead of water.

LL: Disintegration of calculi by a 
shock wave that results from so-called 
nonlinear optical effects induced by laser 
light focused to a high power density 
(>100 billion W/cm2). Pulsed dye lasers 
emit energy at a particular wavelength, 
which is delivered to the stone by optical 
fibers resulting in wave-mediated frag-
mentation. Different laser types are used 
such as pulsed solid-state lasers, e.g., 
yttrium aluminum garnet (Nd:YAG) or 
holmium:YAG, or pulsed dye lasers such 
as ash lamp-pulsed dye (coumarin), flash 
lamp-pulsed dye (rhodamine) with auto-
matic stone recognition system, or fre-
quency-doubled double-pulse Nd:YAG 
(FREDDY) system. More recently, 
holmium:YAG lasers have become the 
preferred option both in the United States 
and throughout Europe in the setting of 
cholangioscopic lithotripsy as they pro-
duce smaller stone fragments.
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a

d

b

c

Plastic stent in CBD
CBDS

Cholangioscope

Fig. 17.1  Incarcerated stones of the distal common bile 
duct that could not be removed by conventional ERCP in 
a 49-year-old male patient. (a) Diverse attempts to remove 
the stone were not successful, and a plastic stent was 
placed to allow bile duct flow. (b) There were several 
stones incarcerated in the distal CBD. (c) With use of per-

oral retrograde cholangioscopy, intraductal EHL was per-
formed …. (d) … and the stones were fragmented. (e) The 
EHL probe is placed on the stone. (f) … and the fragments 
after activating the EHL are visualized. (g) Finally, a fully 
covered metal stent (cSEMS) was placed for 6–8 weeks to 
allow for a completed healing of the inflamed CBD
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EHL-Probe

Covered SEMS

Fragmented CBDS

Fig. 17.1  (continued)
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a b

c d

CBDS

Cholangioscope

CBDS

Fragmented CBDS

EHL-Probe

Fig. 17.2  Multiple stones of the distal common bile duct 
that could not be removed by mechanical lithotripsy in a 
78-year-old male patient. (a) Several common bile duct 
stones up to 2 cm diameter. (b) Application of peroral ret-
rograde cholangioscopy (Spyglass DS Boston Scientific). 

(c) Intraductal stones were visualized…. (d) … and the 
stones were fragmented using EHL. (e) The resulting mul-
tiple small stone fragments escape naturally through the 
papillotomy site

Cholangioscopic-guided lithotripsy is the method 
of choice to treat such “difficult stones.”

Brewer Gutierrez et  al. investigated the effi-
cacy and safety of digital SOC with EHL and LL 
in an international, multicenter study of patients 
with difficult biliary stones [8]. The authors per-
formed a retrospective analysis including 407 

patients. Three hundred and six patients under-
went EHL and 101 (24.8%) underwent LL. The 
mean procedure time was longer in the EHL 
group (73.9 min) than in the LL group (49.9 min; 
P < 0.001). The technical success rate was 97.3%. 
Adverse events occurred in 3.7% patients and the 
stone was incompletely removed from 6.6% of 
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patients. Adverse events consisted of mainly 
cholangitis and abdominal pain and one patient 
with bile duct perforation. Five percent of patients 
require additional treatment with surgery and/or 
extracorporeal shock wave lithotripsy to clear the 
duct.

Buxbaum et al. performed a randomized trial 
comparing cholangioscopy-guided LL using a 
holmium laser system with conventional therapy 
of large bile duct stones [9]. Patients with bile 

duct stones >1 cm in diameter were randomized 
in a 2:1 ratio to cholangioscopy-guided LL ver-
sus conventional therapy only. The primary end-
point was endoscopic clearance of the stones. 
Endoscopic clearance was achieved in 93% 
treated with LL and 67% treated with conven-
tional therapy only (P = 0.009). Mean procedure 
time was longer in the LL group (120.7 vs. 
81.2 min, P = 0.0008). Adverse events were simi-
lar in the two treatment groups (OR, 0.8; 95% CI, 
0.1–5.0). EHL and LL are compared in Table 17.2.

17.5	 �General Tips and Tricks 
for Successful Lithotripsy

Antibiotic prophylaxis is recommended for all 
endoscopic lithotripsy procedures to avoid chol-
angitis as well as pulmonary infections through 
silent aspiration as procedure times are long and 
a deep level of sedation is usually needed.

Endoscopic papillary large balloon dilatation 
generally improves conventional biliary stone 
clearance [10, 11]. Also for cholangioscopy the 
accessibility of the bile duct for the cholangio-
scope is markedly improved. Therefore, endo-
scopic papillary large balloon dilatation can be 
recommended for lithotripsy.

When aiming to capture the stone for basket 
mechanical lithotripsy, it is advisable to open the 
basket below the stone. The success rate to catch 
the stone is decreased by 33% when the basket is 
opened above the target [12].

For mechanical lithotripsy it is very important 
to avoid sharp angles between the endoscope and 
the bile duct before advancing the metal sheath of 
the lithotripter, as strong forces apply and bile 

e

Fragmented CBDS

Fig. 17.2  (continued)

Table 17.1  Comparison of retrograde and antegrade 
access way for cholangioscopic lithotripsy

Retrograde 
cholangioscopy

Direct 
cholangioscopy

User-friendliness/
easy insertion

++ −

Optical 
resolution

− +

Diameter of 
working channel

− +

Costs of probe/
endoscope

− −

Costing of 
generator

− n/a

Table 17.2  Comparison of EHL and LL for cholangio-
scopic lithotripsy

EHL LL
Environment Fluid submersion
Technical 
background

High-energy shock 
wave

Laser light

Diameter of probe 0.66–1.1 mm 0.5–
1.0 mm

Costs of probe (+) (+)
Costs of generator + +++
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duct as well as the duodenal wall can be 
damaged.

EHL and LL probes are very thin and rather 
fragile. It is important to relax the duodenoscopic 
angle and the Albarrán lever when advancing the 
probe into the bile duct.

17.6	 �Conclusion

The majority of bile duct stones can be destructed 
and removed using conventional ERCP tech-
niques. Mechanical lithotripsy is easy to use and 
readily available but may fail with impacted 
stones, stone diameter of >30 mm, and stone-to-
bile duct diameter ratio >1. Cholangioscopic-
guided EHL or LL can be used for such “difficult 
stones.” EHL and LL are usually not available in 
small endoscopic centers. It is therefore recom-
mended to refer patients with the abovemen-
tioned criteria to high-volume endoscopic centers 
after biliary stenting.
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Biliary and Pancreatic ESWL

Lorenzo Dioscoridi, Francesco Pugliese, 
Edoardo Forti, Alberto Tringali, Marcello Cintolo, 
Giulia Bonato, and Massimiliano Mutignani

18.1	 �General Principles About 
ESWL

ESWL is based on the principle of shock 
wave energy [1]. Whenever energy is abruptly 
released in an enclosed space, shock waves are 
generated. The passage of these shock waves 
through substances of different acoustic imped-
ance generates compressive stress on the bound-
ary surface. This stress eventually overcomes the 
tensile strength of the object (in the present case, 
biliary and pancreatic calculi), and the anterior 
surface of the calculi crumbles as a result. The 
shock waves cross to the posterior surface of 
the calculi and some of them are reflected back 
and cause further fragmentation. Modern litho-
tripsy machines consist of the following basic 
components:

	1.	 Shock wave generator
The first-generation lithotripters utilized 

electrohydraulic energy or piezoelectric crys-
tals for shock wave generation. The newer 
third-generation lithotripter utilizes the prin-

ciple of electromagnetic shock wave genera-
tion from an electromagnetic coil. These 
shock waves are focused on a target (calculi) 
using an acoustic lens or cylindrical reflector.

	2.	 Focusing system
Shock waves are focused to the focal point 

or target in the body. This focal path is coni-
cal in shape and all the waves are concentrated 
at the apex of the cone, which is called the 
focal point. During ESWL, the focal point 
targets the calculi. Targeted focusing reduces 
collateral tissue damage and minimizes the 
complications.

	3.	 Localization
Localization of the calculi is basically done 

by fluoroscopy or ultrasound. All the newer 
lithotripters are equipped with both these 
facilities.

	4.	 Coupling device
The generated shock waves are transmitted 

through a coupling device to the skin surface 
and then through the body tissue to the calculi. 
The first lithotripters used a “water bath” for 
this purpose. The newer machines use a small 
water-filled cushion covered with a silicone 
membrane to transmit the shock waves to the 
patient’s skin.

When shock waves traverse the stone, cavi-
tation occurs at the surface, and the changes in 
acoustic impedance release compressive and 
tensile forces, resulting in fragmentation.
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In our experience, we use a third-genera-
tion lithotripter (Siemens) equipped with elec-
tromagnetic coil, a cylindrical reflector, both 
fluoroscopy and ultrasound, and a water-filled 
cushion as coupling device.

18.2	 �Technical Principles of ESWL

Here, we describe the main steps to basically per-
form pancreatic and biliary ESWL:

	1.	 The patient must remain fasten from 6  h 
before the procedure. He lies down in supine 
or prone position with complete monitoring 
of vital parameters (minimal required are 
oxygen saturation and cardiac frequency). 
ECG monitoring does not interfere with the 
procedure (check the electrodes’ position 
before the beginning). O2 therapy and correct 
placement of eventual nose-biliary/pancre-
atic drains must be checked before starting 
the procedure. A urinary cathetering is not 
mandatory. A peripheral venous access must 
be in site before the beginning of the 
procedure.

	2.	 A baseline X-ray is always performed to 
check if the stones are radiologically visible, 
to localize them, and to check the position of 
eventual nose-biliary/pancreatic drains. If 
they are not visible, firstly the XR projection 
has to be varied (sometimes they can be on 
the same plane of the vertebral column); sec-
ondly iodine contrast medium could be 
injected through the nose-biliary/pancreatic 
drain to indirectly localize the stones (minus 
findings). Ultrasound localization can be 
alternatively used. The patient’s position 
must be modified according to the best view 
of the calculi (sustaining devices can be 
placed to fix the patient’s position). From 
now on, patient’s position must not be modi-
fied and the patient must remain firm with 
regular breathing.

	3.	 The stones are punctated to obtain the limited 
field of ESWL action. The more in the center 
of the field they are, the more effective the 
ESWL will be. Punctature is better performed 

in two projections (frontal and lateral) to max-
imize the ESWL action. Ultrasound punctua-
tion can also be used: it let to obtain a more 
precise and direct ESWL action than XR 
punctuation.

	4.	 The therapeutic position is reached at this 
point: the coupling device descends automati-
cally to the patient anterior abdominal wall. It 
is important to put water gel on the cushion to 
improve the signal power. A last fluoroscopic 
check can be done before starting the proce-
dure. From now on, only the area of shock 
wave action can be studied.

	5.	 We begin the procedure starting with a low 
energy (0.1  J) that automatically increases 
till 1 J in a period of 250 shock waves. We 
start conscient sedation at this time (the first 
steps are not painful at all) using intravenous 
midazolam and meperidine. We adjust the 
sedation according to the grade of discom-
fort of the patient. A referral image from 
point 2 could help to adjust the therapeutical 
position at the beginning and during the 
procedure.

	6.	 During ESWL, the results of our action can be 
checked by fluoroscopy or ultrasounds. In our 
experience, this check is performed every 
1000 W. We gradually increase the energy of 
ESWL trying to reach the maximum potence 
(around 4.5 J) in the first 1000 W according to 
the stones’ dimension and the patient’s dis-
comfort. Moreover, if a nose-biliary/pancre-
atic drain is present, sterile saline solution 
injection during all the session would improve 
the shock wave action. Consider that saline 
solution injection usually worsens the patient’s 
discomfort.

	7.	 At the end of the procedure, the machine is 
put in the rest position. A post-procedural XR 
or ultrasound is always performed. Sometimes 
a small skin excoriation is visible.

	8.	 The patient generally returns to the ward 
and starts a light diet 3–4  h after the 
procedure.

In our experience (around 30 patients per 
year), we performed from one to three sessions 
of ESWL, on consecutive days or at a medium 
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interval of 1 week depending on the symptoms 
presented by the patient. We suggest to concen-
trate on a single stone for each session. In our 
center, ERCP is generally performed before 
ESWL to perform sphincterotomy and/or posi-
tion a nose-pancreatic/biliary drain (Figs. 18.1, 
18.2, 18.3, and 18.4).

18.3	 �Specific Issues on Pancreatic 
ESWL

It is mainly used in case of chronic calcified pan-
creatitis (CCP).

CCP is a disease of varied etiology that is asso-
ciated with the development of pancreatic ductal 
calculi, which result in upstream hypertension, 
increased parenchymal pressure, and ischemia 
[2]. Pain is the dominant feature of both alco-
holic and nonalcoholic CCP [3]. Decompression 
of the duct by clearing the stones leads to relief 
of pain in many patients. Small pancreatic duct 

Fig. 18.1  Multiple intrahepatic biliary stones after hepat-
icojejunostomy. The patient underwent three consecutive 
ESWL sessions (5000 W, 4 J, 90 W for each session) and 
a subsequent ERC to remove all the fragmented stones

Fig. 18.2  Huge stones of the common bile duct after 
total gastrectomy. The patient underwent three consecu-
tive sessions of ESWL (5000 W, 4,5 J, 90 W for each ses-
sion), and the fragmented stones were pushed out using 
the percutaneous access

Fig. 18.3  An example of biliary stones directly visible at 
fluoroscopy. The patient underwent three consecutive ses-
sions of ESWL (5000 W, 4,5 J, 90 W for each session). 
However, the fragmentation was minimal and the multiple 
attempts of ERCP failed. The patient was sent to surgery
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(PD) stones can be extracted by the routine tech-
nique of endoscopic pancreatic sphincterotomy 
and basketing [3]. Stones >5 mm in diameter are 
often impacted in the main pancreatic duct and 
require fragmentation to facilitate their expulsion 
[4]. ESWL has been successfully used at many 
centers for fragmentation of large PD calculi fol-
lowed by spontaneous or endoscopic clearance 
with resultant relief in pain [2–5].

ESWL is indicated in all patients of CCP with 
large PD calculi (>5 mm) that are not amenable 
to routine endotherapy—where pain is the pre-
dominant symptom [4–7]. The aim is to break 
the calculi to fragments of ≤3 mm, so that they 
can be removed by subsequent endoscopic retro-
grade cholangiopancreatography (ERCP) [2–7]. 
Calculi in the head and body are targeted during 
ESWL. The procedure is safe and effective also 
in pediatric patients [3].

ESWL is not indicated in patients with exten-
sive calculi in the head, body, and tail of the pan-
creas or in patients with isolated calculi in the 
tail area because increased chance of collateral 
damage to the spleen is high [4]. Patients with 
multiple stricture, head mass, pancreatic ascites, 

or pseudocysts are not treated by ESWL [6, 7]. 
Cholangitis or coagulopathy due to biliary stric-
ture is treated before subjecting the patient to 
ESWL [2, 3].

Fragmentation of PD calculi using ESWL 
allows for natural passage of calculi and facili-
tates in endoscopic removal of stones [8]. Few 
studies suggest to use intravenous secretin admin-
istration during ESWL to improve the subsequent 
endoscopic clearance [7, 8]. Furthermore, reduc-
tion of pain and improvement of exocrine and 
endocrine function have been observed after the 
use of ESWL [6–8]. Effect of ESWL on quality 
of life improvement was assessed in recent stud-
ies [4–8]. All these studies showed an improved 
quality of life (defined as subjective apprecia-
tion of feeling better per patient) with the use of 
ESWL [4–8]. Improved endocrine function with 
the use of ESWL in CCP has been assessed by 
the amount of antidiabetic medications used or 
by comparing the number of patients with diabe-
tes before and after the ESWL management [6–
8]. Improvement of exocrine function has been 
assessed by monitoring the weight of the patient 
or steatorrhea before and after ESWL [7–9].

a b

Fig. 18.4  Pancreatic stones obstructing the main pancre-
atic duct in chronic pancreatitis. This obstruction caused 
upper abdominal pain (badly controlled by maximal anta-
lgic therapy) and onset of steatorrhea. The patient under-
went one session of ESWL (5000  W, 4,5  J, 90  W) and 

subsequent ERCP. (a) Before ESWL; (b) after ESWL. At 
the subsequent ERCP, the fragmented stones appeared to 
be expelled (a previous ERCP, almost 2 years before, was 
performed with pancreatic sphincterotomy)
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A mean of three sessions is indicated for 
pancreatic ESWL [9, 10]. ERCP is not always 
associated [6–11]. On one side, it can be per-
formed before ESWL to do pancreatic sphinc-
terotomy or to positionate a pancreatic plastic 
stent/nose-pancreatic stent with the distal edge 
ahead of the stone. On the other side, it can 
be performed after ESWL to clear completely 
the duct and/or to insert a plastic/metallic 
stent in case of associated stricture or ESWL 
insuccess.

There is ambiguity regarding the use of 
ESWL alone versus ESWL combined with 
endoscopic procedures to manage the patients 
with CCP. There was only one randomized con-
trolled trial performed by Dumonceau et al. [11] 
comparing the percentage of patients with pain 
relapse in both the groups. It concluded that com-
bining ESWL with systematic endoscopy added 
to the cost of patient care without improving the 
pancreatic pain outcome.

Pancreatic ESWL has been relatively a safe 
procedure. Although it had no contribution to 
mortality, it was associated with post-ESWL pan-
creatitis in 4.2% [12–15]. The mostly described 

one is pancreatitis of different grades [15]. Some 
studies recommend the use of intrarectal indo-
methacin suppository before ESWL to reduce 
this risk. Other described complications are 
hepatic hematoma [12], splenic rupture [13], and 
abscess [14].

The number of patients requiring surgery for 
CCP has reduced as a result of ESWL therapy [8, 
10, 16–18]. Based on the aforementioned results 
and prior studies, ESWL is a safe and effective 
way of managing CCP. It should specifically be 
indicated when the PD calculi size is greater than 
5 mm, in the presence of PD strictures, impacted 
PD calculi, and failure of endoscopic methods of 
PD stone extraction.

Pancreatic ESWL was performed also to assist 
the removal of pancreatic calcified entrapped 
stents [9].

Many controlled studies confirm the good 
results of pancreatic ESWL in CCP for stone 
clearance, main pancreatic duct drainage, 
and pain relief especially in patients in whom 
stones were removed completely at initial ther-
apy [2–12, 16–21] (Figs. 18.5, 18.6, 18.7, 18.8, 
and 18.9).

a b

Fig. 18.5  A 10 mm pancreatic stone in chronic pancre-
atitis. At a first ERCP, pancreatic sphincterotomy and 
plastic pancreatic stenting were performed. One session 
of ESWL (5000 W, 4,5 J, 90 W) was subsequently per-
formed. (a) The stone before ESWL showed integrated 

circumferential calcification; (b) after ESWL, the circum-
ferential calcification was broken. At the second ERCP, 
the stone was easily fragmented due to a reduction of 
consistency
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Fig. 18.6  An example of fluoroscopic view of pancreatic 
stone during ESWL.  We recommend to perform XR 
check at certain interval during the session

Fig. 18.7  Multiple pancreatic stones in chronic pancre-
atitis. Only the ones along the main pancreatic duct must 
be targeted by ESWL. The peripheral ones are not respon-
sible for symptoms

a b

Fig. 18.8  Two pancreatic stones obstructing the main 
pancreatic duct in chronic pancreatitis. The first session of 
ESWL was focused on one of them (5000 W, 4,5 J, 90 W). 
This guaranteed the fragmentation of this one. (a) Before 

ESWL; (b) after ESWL. The patient underwent a second 
ESWL session and a subsequent ERCP with a complete 
clearance of the main pancreatic duct
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18.4	 �Specific Tools on Biliary 
ESWL

It is generally indicated for difficult CBD stones 
and includes large stones (>15 mm diameter) and 
impacted stones in patients with narrow distal 
CBD and/or difficult anatomy [22–25].

Large stones can either be fragmented or the 
CBD passage dilated to facilitate extraction. 
Fragmentation of large CBD stones can be car-
ried out.

ESWL is indicated in all patients with large 
CBD calculi that are not extractable by routine 
techniques of sphincterotomy followed by basket 
or balloon trawl [22, 23]. It is especially useful 
for patients with post-cholecystectomy retained 
stones, isolated or primary CBD stones, and in 
those who refuse or are unfit for surgery [24]. 
Acute cholangitis and coagulopathy are relative 
contraindications and ESWL can be performed 

once these conditions are treated. Biliary ESWL 
was proposed also for gallbladder stones and 
compared with laparoscopic cholecystectomy: 
however, the risks of the procedure are not justi-
fied by the high risk of recurrence if the gallblad-
der was not surgically asported [25].

Biliary ESWL is generally less diffuse than 
pancreatic one. It was first used to treat bile duct 
stones in 1985, after its success and safety in 
treating renal calculi had been well established. 
Sauerbruch et al. [22] demonstrated the efficacy 
of ESWL in achieving common bile duct stone 
disintegration in more than 90% of patients with 
minimal side effects. Tandan et al. [23] reported 
excellent results using this method for intra-
hepatic bile duct stone after choledochal cyst 
resection; this was the first report showing the 
effectiveness of ESWL on biliary stones after 
choledochal cyst surgery. Intrahepatic bile ducts 
were filled with debris in that case, because of the 

a b

Fig. 18.9  A 6  mm pancreatic stone incuneated in the 
Santorini duct of a pancreas divisum. (a) the stone at the 
beginning of the ESWL session (3500 W, 3,5 J, 90 W); (b) 

at the end of the ESWL, the stone appeared to be com-
pletely destroyed
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occlusion of the biliodigestive anastomosis by 
impacted stones. In another report, Binmoeller 
et  al. [24] were not successful in using ESWL 
because they were unable to maintain focus on 
the intrahepatic duct stones, as the shock waves 
caused them to move. They concluded that this 
approach is useful only in special cases, e.g., 
cases of impacted intrahepatic bile duct stones or 
immobile stones, such as ureteral calculi. Tandan 
et al. [23] recommended at least five sessions for 
the complete clearance of bile ducts.

When stones are located in the bile duct, a 
nasobiliary catheter is usually needed for con-
trast administration [22–28]. The major drawback 
of ESWL is the time-consuming process which 
requires one or more sessions of treatment, the 
insertion of a nasobiliary catheter in the interval 
and repeated endoscopic retrograde cholangiog-
raphy (ERC) for fragment extraction. Complete 
clearance rate of common duct stones following 
ESWL ranges between 83% and 93% [28–31]. 
The majority of patients will require endoscopic 
extraction of the bile duct stone fragments fol-
lowing ESWL, although approximately 6–10% 
of stones may subsequently pass spontaneously 
following treatment [28–30]. Following ESWL, 
patients subsequently undergo ERC in which 
residual stone fragments are extracted using bas-
kets. ESWL was effective in the clearance of 
stones in 80–90% in the available series [22–31]. 
Complications are observed in 30–40% of patients. 
Biliary colic is the most common complication; 
biliary obstruction or pancreatitis is developed in 
about 5% of patients. Moreover, ESWL for cho-
ledocholithiasis is associated with short-term mor-
bidity in about 14% of patients, including pain, 
hemobilia, cholangitis, sepsis, hematomas, pan-
creatitis, hematuria, and paralytic ileus.

A high success rate, negligible complications, 
and noninvasive nature of the procedure make 
ESWL a useful tool for removing large CBD stones.

18.5	 �Conclusions

In summary, ESWL is a safe and efficacious treat-
ment modality in managing CCP patients with 
MPD stones >5  mm who did not get adequate 

pain relief with conservative management. It dem-
onstrates significant pain relief, improved quality 
of life, and pancreatic ductal clearance. It can be 
used alone or in addition to endoscopic therapies 
to improve the drainage from PD.  It has a rela-
tively safe side effect profile. The ESWL might 
improve exocrine function of the pancreas mani-
fested by either constant or increased body weight 
in majority of the patients. Endocrine function is 
not significantly different before and after the 
ESWL management in patients with CCP.

A high success rate with low complication 
rate makes ESWL a useful tool also for removing 
large and/or difficult CBD stones (>15  mm) in 
specific cases.
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Biliary Stenting

Edoardo Forti, Giulia Bonato, 
and Massimiliano Mutignani

19.1	 �Introduction

Biliary stenting is one of the most valuable and versa-
tile tools for managing pancreato-biliary disorders. 
Plastic endoprosthesis has been firstly described in 
1979 for palliative treatment of obstructive jaundice 
[1]. Since then, technological advancement led to 
the development of various types of biliary stents, 
with higher performance, and their use in clinical 
practice has been progressively increasing.

Main indications for biliary stenting include 
malignant and benign biliary obstruction and 
postsurgical biliary leaks; in selected cases, stent 
insertion can be effective in bleeding control of 
hemobilia from iatrogenic trauma, portal hyper-
tensive biliopathy, and post-ERCP perforations, 
and it can have an ancillary role in difficult com-
mon bile duct stone management [2].

19.2	 �Plastic Stents

Plastic stents (PS) are widely used in cases of 
biliary obstruction of either malignant or benign 
etiology, due to their availability, ease to use, and 

low cost. Unfortunately, these devices show 
much lower patency times as compared with self-
expandable metal stents, due to the smaller inner 
diameter which facilitates the formation of bili-
ary sludge and bacterial biofilm.

Plastic stents are usually made of polyethyl-
ene or polytetrafluoroethylene (PTFE or Teflon). 
Although pilot studies on in  vitro models sug-
gested a superiority of Teflon over polyethylene, 
multiple RCT did not find significant differences 
among PTFE and polyethylene in terms of stent 
patency [3, 4] and ease of implantation [5]. 
Plastic stents must be radiopaque: it allows to 
correctly place the PS under fluoroscopy and 
check the presence and location of the stent dur-
ing the follow-up. Many lengths, caliber, and 
shapes are currently available: size can vary 
between 3 Fr and 11.5 Fr in caliber (being the 3Fr 
and the 5Fr mostly used for the pancreatic duct) 
and from 5 to 15  cm in length. Stents can be 
straight, softly curved, or with single/double pig-
tail configuration. Every feature has been devel-
oped with a specific purpose: for example, in 
cases of tight strictures, a gently curved design 
and a tapered tip potentially facilitate stent inser-
tion. Pigtails and flaps are systems created in 
order to minimize the risk of migration, but, to 
date, there are no evidences supporting differ-
ences in migration rate among different shapes or 
stent designs [6]. The only factor significantly 
associated with longer patency times seems to be 
a wider diameter (i.e., 10Fr). In our experience, 
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however, pigtail design shows shorter patency 
time and should be reserved for fluid collection 
and intrahepatic biliary stone treatment.

19.3	 �Self-Expandable Metal 
Stents

Self-expandable metal stents have been devel-
oped in the late 1980s [7, 8]. At first their use 
was described for palliation of malignant stric-
tures, but now they find indication in a variety of 
benign conditions as well. SEMSs are made of a 
metal wire shaped into a cylindrical mesh, and 
this design is responsible for the main property 
of those devices: self-expansion after deploy-
ment. This feature allows much higher diameters 
as compared with plastic stents, thus enhanc-
ing consistently patency rates and times. Two 
mechanical properties are crucial in determin-
ing the stent’s behavior in the bile duct, namely, 
radial force and axial force [9]. Radial force is the 
expansive force opposed to the stricture compres-
sion; a high radial force improves patency and 
guarantees a better adherence to the duct wall, 
thus reducing the risk of migration. Axial force 
is responsible for the attitude of restraightening 
of a SEMS when it is bent; this physical property 
needs to be as low as possible since it is inversely 
related to flexibility. If too strong, axial force 
could lead to excessive compression to adjacent 
structures such as the main pancreatic duct, thus 
increasing the risk of pancreatitis [9].

Many shapes and sizes are available: diameter 
can vary from 6 to 10 mm and length from 40 to 
120 mm; in exceptional cases, stents 20 mm in 
diameter can be used off-label. In terms of wire-
weaving methods for SEMS, the wire is braided 
as a wire crossover structure or is cut by laser 
(also known as lasercut stents), the latter result-
ing in more difficulties during removal, if the 
SEMS is uncovered. Currently, SEMSs are usu-
ally made of nitinol or Platinol, the former being 
a combination of nickel plus titanium while the 
latter a combination of platinum and titanium; 
stainless steel has almost been abandoned for its 
lower elasticity, higher occlusion rate, and shorter 
time to occlusion [10, 11]. SEMS can be covered 

with polyurethane or silicone; this feature has 
been developed in order to reduce the risk of stent 
occlusion. Indeed, in the last two decades, many 
studies revealed a high need of re-intervention 
with uncovered stents, mainly for stent occlusion 
due to the inward growth of tumor or tissue 
hyperplasia through the mesh. Membrane cover 
has been proven to reduce the burden of such 
complication [12]; in addition, it allows stent 
removal. On the other hand, stent migration is 
much more frequent for covered SEMS, as shown 
by a wide body of evidence. In order to minimize 
the risk of migration, partially covered metal 
stents with both extremities uncovered as anti-
migration systems have been developed, although 
data on their outcomes in comparison with fully 
covered metal stents are sparse. Uncovered 
SEMS still finds indication in palliative treatment 
of malignant biliary obstruction, especially in 
case of long intrahepatic strictures, when risk of 
occluding secondary bile ducts is high.

Technique:
•	 Preliminary stricture assessment: preliminary 

evaluation with second-level imaging of the 
biliary tree (i.e., MRI or CT scan) can be use-
ful in order to establish length and width of the 
stricture, as well as the number and type of the 
involved ducts. This step is necessary to 
choose the appropriate strategy, to employ 
stents as short as possible, thus reducing bile 
stasis and avoiding premature stent occlusion 
(Fig. 19.1); moreover, in intrahepatic stenting, 
excessive length of the prosthesis could result 
in the occlusion of side branches (Figs. 19.2 
and 19.3). In some cases of malignant hilar 
obstruction with severe stricture of one or 
more hepatic ducts, it may be wiser to avoid 
injection of contrast medium into the intrahe-
patic biliary tree in order to avert secondary 
cholangitis. In such cases one can inject 
contrast medium only in the distal portion of 
the main biliary duct.

•	 Guidewire insertion: deep cannulation of the 
biliary duct with a wire is necessary to guide 
the delivery system in place. There are several 
different guidewires available for this purpose. 
Wires can be straight-tipped or angle-tipped. 
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Partially and fully hydrophilic wires are both 
widely used, and the choice between the two 
depends on the endoscopist’s preference. In 
our experience fully hydrophilic wires, 
although much more difficult to handle, 
increase significantly successful cannulation in 
challenging cases; angled-tip wires can be cru-
cial when selective cannulation of intrahepatic 
ducts is needed. Stiff wires should usually be 
preferred because too “floppy” wires often turn 

out to be unable to overpass the stricture or, 
alternatively, they do not confer enough axial 
force (strength) to the delivery system during 
the stent insertion phase. On the other hand, 
floppy wires can be useful to cannulate angled 
strictures or intrahepatic ducts. Thus, endosco-
pists can take advantage of multiple wires dur-
ing a single procedure, for example, starting 
with a straight, stiff wire while cannulating the 
papilla; then switching to a more flexible, 
angled wire for complex or kinked strictures; 
and then switching back to a more stable wire 
once the stent needs to be inserted.

With regard to wire diameter, 0.035 in. is 
usually the optimal diameter in biliary stent-
ing. Nevertheless, in very selected cases of 
tight strictures, thinner wires such as 0.025 in. 
or even 0.018 in. can be considered.

•	 Endoscopic sphincterotomy: the role of endo-
scopic biliary sphincterotomy (ES) prior to 
biliary stent’s placement is still debated. This 
procedure is routinely performed by most 
endoscopists since it is thought to facilitate 
deployment of biliary stent and, potentially, 
lower the risk of post-endoscopic retro-
grade cholangiopancreatography pancreatitis 
(PEP). On the other hand, sphincterotomy 
increases procedure duration and implies 
some well-known risks such as bleeding 
and perforation. Many studies aimed to 
assess this issue, with heterogeneous results 
[13–15]. A meta-analysis by Cui on biliary 

Bile flow

Bile flow

Bile stasis around the stent No bile stasis
around the stent

Fig. 19.1  Stents should be as short as possible, in order to reduce bile stasis and avoid premature stent occlusion

Fig. 19.2  Uncovered SEMS length is also crucial in 
intrahepatic stenting; excessive length of the stent could 
cause occlusion of side branches of the biliary tree by both 
hyperplastic tissue (in red) and biliary sludge/stones (in 
yellow)
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stenting for malignant obstruction reported 
a significantly lower incidence of PEP but 
higher incidence of post-procedural bleed-
ing if sphincterotomy was performed, while 
technical success in stent insertion was not 
influenced by sphincterotomy [13]. However, 
the two main factors affecting risk of pancre-
atitis following biliary stenting seem to be the 
clinical scenario (pancreatic cancer vs. other 
indications) and the type of stent used (plas-
tic versus SEMS). ES brings actual benefits 
in cases of biliary obstruction, both benign 
and malignant, if the main pancreatic duct is 
not involved; indeed, ES decreases the risk 
of PEP by reducing tension at the pancre-
atic duct orifice [14, 15]. In our view, when 
a SEMS is placed trans-papillary, sometimes 
ES can be insufficient to prevent compres-
sion on the main pancreatic duct which 
can be responsible for delayed abdominal 
pain (usually 12–24  h after ERCP or when 

restarting feeding); such event can be effec-
tively treated by inserting a plastic stent in 
the main pancreatic duct.

In contrast, no differences were noticed in 
biliary obstruction from pancreatic cancer 
when the main pancreatic duct is invaded by 
the tumor; in such an event, there is little risk 
of pancreatitis, and ES can be avoided.

•	 Stent insertion: plastic stents are loaded on 
a guide catheter, over the guidewire, and 
then pushed with the pusher catheter. Guide 
catheter size depends on stent’s diameter: 
usually, 8.5Fr stents are loaded over 5Fr 
catheter, 10 or 11.5 Fr over 6Fr catheter. 
This is particularly useful for tight strictures 
as the guide catheter facilitates stent intro-
duction through the stenosis by reducing the 
gap between stricture’s and stent’s diameter. 
Self-expandable metal stent is mounted on 
an inner catheter and constrained by an 
outer catheter. This delivery system is 

Fig. 19.3  Worsening effect on a hilar neoplastic stricture due to too long uncovered SEMS, 3 months after insertion. 
On the left side, draw to simplify the anatomy of the biliary tree
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loaded over the guidewire and pushed up 
into the bile duct.

In this phase, the endoscope’s tip must be 
oriented perpendicularly to the main biliary 
duct in order to increase the force to pushing 
up the stent (Fig. 19.4). Then, the operator will 
push the prosthesis across the stricture and will 
release it with its middle part across the stric-
ture in order to guarantee a good balance 
between the forces that push it upward and the 
forces that push it downward, thus minimizing 
the risk of displacement. Two techniques can 
be useful to effectively push the stent:

–– Standard technique: pushing directly the 
catheter with the right hand.

–– Arising the elevator in order to firmly fix 
the catheter and then applying pressure on 
the duodenoscope by pulling it in the back-
ward and rightward direction. This variant 
confers more strength and can be employed 
when the standard technique fails, for 
example, in cases of severe strictures of the 
main bile duct.

In cases of unsuccessful attempt to overpass 
the stricture with the delivery set or the stent 
itself, it may be necessary to dilate the stricture 
in order to permit stent’s insertion. Dilation 
modalities include mechanical dilation (e.g., 
using a dilation catheter) and pneumatic dilation 
(e.g., using balloon dilation catheter); such tech-
niques are similarly effective, although the latter 
brings a higher risk of tissue trauma and injury. 
For further details on this topic, see chapter on 
stricture dilation. In very exceptional cases, such 
as extremely hard strictures, some off-label tech-
niques have been successfully performed by our 
team, such as dilation using the Soehendra 
mechanical lithotriptor (® Cook Medical) or the 
electrocautery of the stricture’s tissue using a 
Cystotome (® Cook medical). However, data 
about safety and efficacy of such methods are 
still lacking.
•	 Stent releasing: this step is slightly different 

for plastic stent and metal stent.
–– For plastic stent the releasing phase con-

sists of two distinct steps: first, withdraw 
the guide catheter while holding the push-

a b

Fig. 19.4  (a) During stent insertion, endoscope’s tip must be oriented perpendicularly to the common biliary duct (b) 
in order to increase the force to pushing up the stent
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ing catheter in order to keep the stent in 
place; then, withdraw the pushing cath-
eter (if the two catheters were removed 
simultaneously, stent may be accidentally 
displaced).

–– Release of self-expandable metal stents is 
done as follows: open partially the delivery 
set in order to release the proximal edge of 
the SEMS. Slightly retrieve the delivery set 
under fluoroscopy till the stricture has been 
engaged. When the stent is warped by the 
stricture with the proximal portion very 
adjacent to the stricture, the releasing pro-
cess can be completed.

19.4	 �Multiple Biliary Stenting

Special considerations are required for multiple 
biliary stenting with either self-expandable metal 
stents or plastic stents.

Multiple SEMS insertion: this technique may 
be required in cases of benign or malignant 
strictures with intrahepatic or hilar involve-
ment. In such situations, a careful preemptive 
evaluation is crucial to decide which ducts need 
to be stented. The most important trick to facili-
tate deployment of subsequent SEMSs is to 
firstly position all the guidewires into the ducts 
that need to be stented and, after that, start stent 
insertion from the most tight stricture or the 
most angled duct, which could result unap-
proachable later (Fig. 19.5). While inserting the 
first stent, the operator must maintain the other 
guidewires in the correct position by holding 
them. After deploying the first SEMS, all the 
subsequent steps need to be carried out quickly 
because the progressive dilation of the stent 
may obstruct the insertion of the subsequent 
ones (Fig. 19.6).

Multiple plastic stenting (MPS): endoscopic 
placement of multiple plastic stents has become 
a widely accepted procedure for treating postop-
erative biliary strictures and benign pancreatic 
strictures [16]. This procedure involves four 
steps: (1) evaluate stricture’s caliber by 

mechanical dilation; (2) insert a 5Fr or 6Fr 
guide catheter over a wire; (3) stent and deploy 
plastic stent; (4) repeat step 2 and 3 inserting as 
many stents as possible according to the tight-
ness of the stricture. When multiple plastic 
stents need to be inserted side by side, endosco-
pists should keep in mind that some stents show 
tendency to crush when the second stent is 
inserted, mainly because of excessive friction 
between the two devices. This event can only be 
prevented by choosing, in this setting, stents 
with low frictional force.

Subsequent ERCP and placement of an 
increasing number of stents will be scheduled, 
usually every 3 months. Placement of new stents 
can be achieved in two ways: the firstly described 
technique involves removal of all the stents and 
placement of a greater number of new stents. The 
latter, proposed in order to decrease costs and 
procedural time, has been called the “dirty” tech-
nique, and it consists in inserting new stents leav-
ing the former in place: even if the older ones 
may be predictably occluded, the new ones 
should compensate for them and allow a normal 
bile flow.

1st

2nd

3rd

4th

Fig. 19.5  First, position all the guidewires into the ducts 
that need to be stented, and, after that, start stent insertion 
from the most tight stricture or the most angled duct, 
which could result unapproachable later as indicated by 
the numbers in the image
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Usually this approach requires multiple ses-
sions to reach an adequate number of stents, but 
it has a major benefit allowing a gradual dila-
tion of the stricture, thus leading to excellent 
long-term efficacy and lower recurrence rates 
(Fig. 19.7).

At the time of stents’ removal, PS can be pulled 
out all together using a polypectomy snare. For 
this maneuver we suggest to pull tight the polyp-
ectomy catheter in order to bend the proximal end 
of the stent, thus decreasing the risk of injury dur-
ing the retrieval through the pylorus.

Fig. 19.6  Use of 
multiple self-expandable 
metal stents for 
palliative management 
of a malignant hilar 
stricture
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a b

c d

Fig. 19.7  Postoperative biliary stricture (a) treated with multiple sessions of multiple plastic stent insertion (b, c) led 
to complete resolution of the stricture (d)
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Endoscopic Papillectomy

Laura Bernardoni, Stefano Francesco Crinò, 
and Armando Gabbrielli

Neoplasms of the ampulla of Vater account for 
only 0.5% of all gastrointestinal malignancies. 
Although ampullary carcinomas are rare neo-
plasms, they occur more frequently in the ampul-
lary region than elsewhere in the small intestine. 
The cancer of the ampulla is a rare disease with 
an incidence of less than 1 per 100,000; in 
autopsy series, ampullary neoplasms are seen in 
0.06–0.21% of the general population [1]. 
Ampullary adenoma is an uncommon pathology 
in general population, most frequent in the set-
ting of familial adenomatous polyposis (FAP).

FAP syndrome is a high penetrance autosomal 
dominant disease defined by numerous adenoma-
tous polyps of the gastrointestinal mucosa, with 
an incidence of approximately 1 in 7000 to 1 in 
30,000 births, characterized by mutation of APC 
gene. The duodenum is the second most common 
site for the adenomatous polyps of FAP to arise, 
and it occurs in 30–70% of patients with 
FAP.  Duodenal/periampullary carcinoma is the 
second leading cause of death in patients with 

FAP, after colorectal cancer, with the lifetime risk 
of development of duodenal malignancy similar 
to that of colorectal carcinoma at approximately 
100%. Duodenal adenomas of FAP most com-
monly arise in the second and third (vertical and 
horizontal) parts of the duodenum [2].

Ampullary adenoma follows adenoma-to-
carcinoma sequence, similar to colorectal can-
cer, so early diagnosis and endoscopic therapy 
are mandatory in premalignant staging. In FAP 
patients the adenoma-to-carcinoma sequence is 
slower, so endoscopic or surgical removal is 
unnecessary for the adenoma, and in asymptom-
atic FAP patients with a small lesion, surveil-
lance of the ampulloma with biopsies is 
reasonable [3, 4].

20.1	 �Clinical Features

Ampullary lesions can be symptomatic or asymp-
tomatic, found incidentally during upper endos-
copy or an imaging test.

Obstructive jaundice is the most common pre-
senting symptom of ampullary cancer (85%), 
caused by compression of the distal bile duct by 
the tumor. In benign neoplasms jaundice is inter-
mittent. Gallstones are present in one-third of 
patients, which may lead to misdiagnosis. 
Presence of jaundice is associated with advanced 
stage of disease and increased risk of tumor 
recurrence after resection [5]. Other common 
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symptoms include weight loss, fatigue, and 
abdominal pain which are present in more than 
half of patients. Acute pancreatitis is less fre-
quent, but ampullary cancer should be ruled out 
in this case. Up to one-third of patients have 
chronic, frequently occult, gastrointestinal blood 
loss, but occasionally frank bleeding may occur. 
Rarely, large lesions may produce gastric outlet 
obstruction [1].

20.2	 �Classification and Staging

The ampulla of Vater represents the common 
junction of the distal common bile duct and the 
main pancreatic duct of Wirsung as it enters 
into the second portion of the duodenum. It is 
surrounded by smooth muscle fibers known as 
the sphincter of Oddi. The smooth muscle 
fibers are interspersed with glandular tissue 
which secretes directly into the ampulla [6]. 
Cancers can arise from anywhere along the 
ampulla of Vater and are therefore at risk for 
direct extension into the sphincter of Oddi, 
duodenum, and/or pancreas. The variable 3D 
pattern of spread and nonuniform histopatho-
logic grossing practices make the proper stag-
ing of ampullary carcinoma, especially with 
regard to the T category of the tumor, node, 
and metastasis (TNM) system, particularly 
challenging [7] (Table 20.1).

Three distinct categories of carcinomas are 
recognized, after the correlation of gross and 
microscopic features:

	1.	 Intra-ampullary neoplasms, characterized by 
a prominent intraluminal growth of the prein-
vasive neoplasms, which frequently protrude 
into the duodenal lumen from a patulous ori-
fice of the papilla of Vater.

	2.	 Periampullary, with prominent exophytic, 
ulcerous-vegetating components on the duo-
denal surface of the ampulla. The ulcerating 
part frequently corresponds to the invasive 
component, whereas the vegetating part repre-
sents the preinvasive component.

	3.	 Mixed exophytic and mixed ulcerated 
lesions [1].

20.3	 �Indication of Endoscopic 
Papillectomy

The indications for endoscopic papillectomy 
(EP) are based on features that can predict a com-
plete tumor removal, while minimizing compli-
cations related to the procedure. Currently the 
indications are not fully established and are far 
from a consensus.

The main criteria for EP include the lesion 
size (up to 5 cm) and no evidence of intraductal 
tumor growth or malignancy in endoscopic find-
ings, such as ulceration, spontaneous bleeding, 

Table 20.1  Comparison of the seventh and eighth edi-
tions of the AJCC/UICC classification and staging sys-
tems for ampullary carcinoma

Seventh edition Eighth edition
T
T1 Limited to ampulla 

or sphincter of 
Oddi

T1a Limited to sphincter of 
Oddi

T1b Invasion into the 
duodenal submucosa

T2 Invasion into the 
duodenal wall

T2 Invasion into the 
duodenal muscularis 
propria

T3 Invasion into the 
pancreas

T3a Invasion into the 
pancreas ≤ 0.5 cm

T3b Invasion into the 
pancreas > 0.5 cm or 
duodenal subserosa

T4 Invasion into 
peripancreatic soft 
tissue or other 
adjacent organs

T4 Involvement of celiac 
or superior mesenteric 
artery

N
N0 No lymph node 

involvement
N0 No lymph node 

involvement
N1 Lymph node 

involvement
N1 Metastasis in 1–3 

lymph nodes
N2 Metastasis in ≥ 4 

lymph nodes
AJCC stage
IA T1, N0, M0 IA T1a, N0, M0
IB T2, N0, M0 IB T1b–2, N0, M0
IIA T3, N0, M0 IIA T3a, N0, M0
IIB T1–3, N1, M0 IIB T3b, N0, M0
III T4, any N, M0 IIIA T1a–T3, N1, M0

IIIB Any T, N2, M0
T4, any N, M0

IV Any T, any N, M1 IV Any T, any N, M1
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and friability [8]. However, the indications for EP 
are expanding. For example, the endoscopic 
piecemeal resection technique is used to remove 
tumors that can’t be removed “en bloc” and pro-
vided increasing resections, when properly per-
formed. The ductal invasion extending less than 
1 cm does not seem to be an absolute contraindi-
cation for endoscopic papillectomy, because the 
tumor can be exposed by endoscopic maneuvers, 
such as the use of an extractor balloon into the 
lumen, and thus it can be completely resected 
with a polypectomy snare [9]. The cancer arising 
within an adenoma without invasion of the duo-
denal muscularis propria and pancreas, or com-
mon bile duct and main pancreatic duct, is liable 
to resection by endoscopic papillectomy. 
However, in some situations, endoscopic papil-
lectomy can be used as a macrobiopsy procedure 
for a simple local tumoral staging, if the resection 
margins are compromised [10].

In patients with ampullary adenoma 
(T1-N0-M0 for TNM classification), EP can be a 
therapeutic option in appropriately selected 
patients.

In patients affected by ampullary adenocarci-
noma must be considered surgical resection or only 
palliative therapy must be considered in joundice 
patients affected by ampullary adenocarcinoma.

20.4	 �Staging

Papillectomy represented the resection of ade-
noma of the papilla, limited to the mucosa and 
submucosa of the duodenal wall, tissue around 
the bile duct, and the pancreatic duct orifices.

Papillectomy cannot remove tissue inside 
common bile duct or pancreatic duct for a long 
stretch, so staging of adenoma before papillec-
tomy is very important. Abdominal MRI, EUS, 
or intraductal US (IDUS) can be useful for dem-
onstrate invasion of common bile duct and pan-
creatic duct, to exclude pancreatic abnormalities 
(such as pancreas divisum) or metastatic lymph 
node [11]. Ductal dilation is significant predictor 
of malignancy in ampullary adenoma [12].

EUS has been shown to be superior to CT, 
magnetic resonance imaging, or transabdominal 

US for tumor staging. Magnetic resonance imag-
ing has been found to be superior to EUS for 
nodal staging for these patients.

It is uncertain whether all patients with ampul-
lary adenomas should undergo EUS before ther-
apy. Some experts propose that lesions <1 cm in 
diameter or those that do not have obvious signs 
of malignancy (ulceration, induration, bleeding) 
do not require US evaluation before endoscopic 
removal. If available, EUS examination should be 
considered for larger lesions or those with fea-
tures concerning for malignancy before endo-
scopic or surgical resection is performed [13]. 
IDUS (intraductal ultrasound) is superior to EUS 
for tumor visualization, but for intricate use and 
increased risk, clinical utility is unclear. IDUS 
may be better than EUS for detailed imaging of 
the anatomy of the ampulla of Vater because it has 
a higher ultrasound frequency and obtains images 
in a perpendicular direction to the duct. In a 
recently published study of 48 patients with 
ampullary tumors, EUS and IDUS showed the 
same (85%) overall diagnostic accuracy. The 
diagnosis of foci of adenocarcinoma or focal inva-
sion of the duodenal wall layer presented difficul-
ties with both modalities. If the clinical suspect 
for invasive cancer is low (asymptomatic patient 
without biliary and pancreatic duct dilation at 
MRI and endoscopic benign appearance), EUS 
don’t impact the endoscopic papillectomy [14].

Endoscopic inspection with a side-viewing 
endoscope is essential to distinguish different 
causes of prominent ampulla. Endoscopic fea-
tures of noncancerous lesions include regular 
margins, absence of ulceration, spontaneous 
bleeding, and soft consistency (Fig. 20.1).

Histopathologic diagnosis of benign adenoma 
by endoscopic biopsy is recommended before 
papillectomy to confirm the diagnosis of ade-
noma; forceps biopsies have high sensitivity 
(>90%) to confirm the presence of adenoma but a 
lower sensitivity and accuracy for grade of dys-
plasia/adenocarcinoma [15]. During biopsy it is 
safer to avoid pancreatic or bile duct orifice to 
reduce the possibility of acute pancreatitis or 
cholangitis.

Diagnostic (adenoma and carcinoma diagno-
sis) rates for ampullary biopsies of 45–80% have 
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been reported, with false-negative results in 
16–60% of patients with carcinoma. The rate of 
false-negative biopsies may be minimized by 
sampling within 10 days after sphincterotomy or 
obtaining at least 6 biopsy specimens. Biopsy of 
flat lesions that involve more than onefold can 
result in submucosal fibrosis, potentially imped-
ing subsequent endoscopic resection. Orienting 
the forceps parallel to the folds while taking the 
tissue gently from between the folds may 
decrease the risk of subsequent fibrosis [13].

Evaluation of the papilla with new techniques 
such as NBI is still not standardized, but NBI can 
be usefull for enhancement of tumor margin of 
the duodenal papilla [16].

20.5	 �Techniques

Binmoeller et  al. [17] in 1993 was the first to 
report endoscopic resection with curative intent. 
The principal concerns to date regarding endo-
scopic ampullectomy are the difficulty of resect-
ing a lesion in the proximal duodenum at the 
junction of the biliary and pancreatic duct orifices 

compared with a simple polypectomy, incom-
plete removal of the lesion, post-procedure com-
plications, and insufficient treatment of tumors 
with undetected malignant foci or intraductal 
invasion.

Techniques of endoscopic removal of ampul-
lary adenomas remain not standardized because 
of the small number of formal investigations of 
this practice (Table  20.2). The term ampullec-
tomy refers to removal of the entire ampulla of 
Vater and is a surgical term for procedures that 
require surgical reimplantation of the distal com-
mon bile duct and pancreatic duct within the duo-
denal wall. Technically, when endoscopic 
resection of lesions at the major papilla are per-
formed, only tissue from the papilla can be 
removed endoscopically, and thus the term papil-
lectomy is more appropriate than the term ampul-
lectomy, although the two often are used 
interchangeably in the literature.

Complete en bloc excision of the entire neo-
plasm should be the goal with conventional 
papillary adenomas. To this end complete pap-
illectomy to the plane of the duodenal wall 
should always be considered to minimize recur-

a b

Fig. 20.1  Neoplasia of the papilla. (a) A little ampulloma inside the papilla. (b) A big ampulloma that involves major 
papilla

L. Bernardoni et al.



227

rence. For lesions with extrapapillary exten-
sion, the goal should be to remove the lesion in 
as few pieces as safely possible, and again the 
papilla itself should be excised as one. En bloc 
resection has many advantages including more 
accurate histological assessment and negligible 
recurrence. It should be remembered that endo-
scopic ampullectomy is an advanced therapeu-
tic intervention and that the endoscopist must 
have sufficient training and expertise to under-
take the procedure. Repeat intervention for par-
tially resected lesions is often difficult with an 
increased risk due to submucosal fibrosis and 
disruption of the underlying anatomy [18].

Endoscopic papillectomy should be per-
formed in the X-ray room with patient in prone 
position and with anesthesiologist assistance 
for deep sedation; before start of procedure, 
intravenous antiperistaltic agent is used to 
reduce the possibility of distal migration of 
resected adenoma. Carbon dioxide insufflation 
can be an advantage in the event of duodenal 
perforation [19].

Whether or not submucosal injection should 
be used to lift ampullary tumors during endo-
scopic snare papillectomy is still unclear.

Fluids injected into the submucosa have 
included saline solution, epinephrine, and vis-
cous materials such as hydroxypropyl methylcel-
lulose. Volumes of injected fluid are not 
standardized and vary widely among published 
studies. It is important to note that ampullary 
lesions are tethered down by the biliary and pan-
creatic ducts and may not lift with submucosal 
injection. In addition, the surrounding normal 
mucosa that does lift may form a sort of “mush-
room” around the ampullary adenoma. This 
“mushroom” may partially depress the central 
aspect of the tumor, which may preclude adequate 
snare placement and complete excision. Some 
authors have not used submucosal injection, and 
currently there are insufficient data to conclude 
that this is a mandatory step in the procedure [13].

A prospective multicenter study concluded 
that although the recurrence rate was similar 
between the simple snare papillectomy group and 
submucosal injection papillectomy group, sub-
mucosal injection papillectomy group showed no 
advantage over simple snare papillectomy group 
in terms of achieving complete resection or 
decreasing the frequency of post-papillectomy 
adverse events, such as bleeding [20].

Another group indicated that submucosal 
injection before endoscopic papillectomy of 
ampullary tumor was related to more frequent 
residual tumor and shorter recurrence-free sur-
vival and did not reduce post-procedural adverse 
events [21].

Preresection sphincterotomy is not indicated 
because it adds a supplemental risk of bleeding or 
perforation, can modify anatomy of the adenoma 
and duodenal wall, and makes histopathological 

Table 20.2  Steps of endoscopic papillectomy

Inspection Inspect the ampulla for firmness, 
ulceration, induration, and 
friability

Cannulation of 
pancreatic and 
biliary ducts

Use sphincterotome and 
hydrophilic guide wire to
• � Assess for intraductal invasion 

or stricturing
• � Injection with epinephrine/

saline solution reserved for flat 
periampullary lesions

Resection • � Grasp adenomatous tissue at the 
base with polypectomy snare

• � Apply 45–60 W blended 
electrosurgical current 
(ERBE setting)

• � Perform piecemeal resection for 
lesions unamenable to en bloc 
resection (often 
>2 cm) (another point) Mind 
that the sample can progress 
and be lost distally

Ablation Adjunctive therapy for residual 
tumor with APC (setting of 
45–60 J)

Stenting Place 5–7 Fr stent into the 
pancreatic duct
• � Place a biliary stent in poorly 

draining ducts despite 
sphincterotomy

Sphincterotomy • � Pancreatic sphincterotomy is 
not mandatory

• � Biliary sphincterotomy 
performed either routinely or in 
the absence of free bile flow

Final observation Observe the site for evidence of 
bleeding. If present, inject 1:10,000 
epinephrine or use clip if you see 
bleeding vessel
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evaluation difficult. In case of jaundice, we sug-
gest that the patient should be treated directly by 
a papillectomy or insertion of biliary stent, to 
reduce the risk of fibrosis of biliary 
sphincterotomy.

Conventional snares ranging from 10 to 
27  mm of diameter are usually used. The ade-
noma together with the papilla is grasped and 
excised snaring the tumor from the cephalic to 
the caudal side: the snare apex is placed at the 
superior margin of the ampulloma and slowly 
opens, while the snare goes out to the endoscope. 
For this reason oval and soft snare has a better 
conformation to perform papillectomy. Spiral 
snares can firmly grasp flat lesion compared with 
the single-wire snare. A gentle movement of the 
snare with the elevator can assess the mobility of 
tumor and the absence of deep invasion of the 
duodenal wall.

After a satisfactory catching of adenoma with 
snare, electrosurgical current is used to cut the 
papilla. There is no established consensus regard-
ing power and the mode of electrosurgical cur-
rent used for papillectomy [22]. Pure cutting 
current can avoid edema caused by coagulation 
reducing the incidence of post-procedure pancre-
atitis (Video 20.1).

En bloc resection is fundamental for treat-
ment of tumor and correct staging, to establish 
the presence of neoplastic cells in lateral or deep 
margin of resection. If the size of the lesion 
could not allow en bloc resection, we prefer to 
start the resection from the papilla and then 
remove the remaining adenoma with piecemeal 
technique such as a duodenal polyp during the 
same session.

If a small remnant lesion is suspected, we can 
remove it with small snare, biopsy forceps, or 
adjunct thermal ablation with APC because it 
does not cause a deep damage to the duodenal 
wall. APC ablation can control immediate bleed-
ing, prevent post-procedural bleeding, or ablate 
suspected microscopic remnant tumor [23].

The ductal invasion less than 1 cm is not an 
absolute contraindication for papillectomy 
because the tumor can be exposed by endoscopic 
maneuvers such as the use of extractor balloon 
and it can be completely resected with snare.

To recover surgical specimen, we can use the 
snare or the suction trap.

Surgical specimen of the papilla should be 
sent for histological examination in fresco; in 
piecemeal resection other pieces could be sent in 
formalin.

After resection, detection of pancreatic orifice 
is mandatory because placement of pancreatic 
stent can reduce the risk of acute pancreatitis 
after papillectomy (do not forget that the pan-
creas is completely normal and very reactive), 
allow to perform local hemostatic therapy for 
post-procedural bleeding, and reduce the fibrotic 
stenosis of the duct. Pancreatic stent of different 
diameters or length is used according to the duct 
morphology (5, 7, or 10  F, length 5  cm). In 
patients with pancreas divisum, pancreatic stent-
ing is not indicated (Fig. 20.2).

A recent meta-analysis showed that prophy-
lactic pancreatic stenting after pancreatic sphinc-
terotomy decreased the odds of post-procedure 
pancreatitis (OR, 0.71; 95% CI, 0.36–1.40; 
p = 0.325) as well as late papillary stenosis (OR, 
0.35; 95% CI, 0.07–1.75; p = 0.200; I 2 = 0%) 
and increased the odds of bleeding (OR, 1.32; 
95% CI, 0.50–3.46; p = 0.572; I 2 = 0%) and per-
foration (OR, 2.25; 95% CI, 0.33–15.50; 
p = 0.412; I 2 = 0%) but not significantly [24]. 
Chang et al. investigated the efficacy of prophy-
lactic pancreatic stent placement for preventing 
post-procedure pancreatitis in patients undergo-
ing endoscopic papillectomy; there was no differ-
ence in the development of post-procedure 
pancreatitis between the stent group and the no 
stent group (6/54, 10.5% and 2/28, 7.14%, 
respectively; p = 1.00). These data suggest that 
routine prophylactic pancreatic duct stent place-
ment in all patients undergoing endoscopic papil-
lectomy may not be necessary and large-scale 
prospective studies are required to identify the 
subgroup of patients who would benefit [25].

A hydrophilic guide wire should be used gen-
tly to obtain deep cannulation of the pancreatic 
duct. The pancreatic orifice should be searched at 
5 o’clock.

Pancreatic duct identification after resection 
may be facilitated by injecting methylene blue 
into the pancreatic duct before resection, and this 
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a b

c d

e f

Fig. 20.2  Endoscopic papillectomy steps. (a, b) 
Ampullary neoplasm view with duodenoscope of the 
proximal part and of entire ampullary neoplasm. (c) Base 
of resection after cutting neoplasm with main pancreatic 
duct orifice in the center. (d–g) Biliary and pancreatic 

stent insertion after resection. (h, i) Specimen of ampulla 
after resection with evidence of main pancreatic duct. (j, 
k) Specimen after coloring with ink to evaluate deep mar-
gin and orientation of specimen
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could decrease the risk for post-procedure pan-
creatitis [26].

Pancreatic sphincterotomy could be per-
formed alone or associated with pancreatic stent 
insertion [27].

Cannulation of common bile duct after papil-
lectomy is not a debate because cholangitis is a 
rare complication of papillectomy. Bile orifice 
should be searched at 11 o’clock, near the apex of 
papillectomy. If bile duct clearance of contrast 
medium is slow, biliary sphincterotomy and/or 
biliary stent insertion (10  Fr, 5–7  cm) is 
indicated.

After resection patient keeps fasting for 24 h, 
so new therapeutic endoscopy is possible in case 
of early complications (Video 20.2).

20.6	 �Complications

In published series the most common complica-
tions after endoscopic papillectomy are bleeding 
(0–25%) and pancreatitis (0–25%). Less com-
monly reported complications include perfora-

tion, cholangitis, and stenosis of the pancreatic or 
biliary orifice. Procedure-related mortality after 
papillectomy has been reported but is rare, occur-
ring in 2 of 706 reported cases (0.3%) [28] 
(Table 20.3).

Acute bleeding can usually be managed by 
typical endoscopic hemostatic techniques. If 
bleeding after papillectomy is suspected, duode-
noscope is mandatory for therapeutic endos-
copy. If bleeding occurs, the presence of 

g h

j k

i

Fig. 20.2  (continued)

Table 20.3  Complication of papillectomy

Complications
Reported 
rate (%) Measure to reduce risk

Acute 
pancreatitis

4–20 Pancreatic stenting
Rectal indomethacin

Bleeding 2–30 Submucosal epinephrine 
injection

Perforation 0–4 Assess mobility
Cholangitis 1–2 Biliary stent
Papillary 
stenosis

1–2 Post-resection biliary 
and/or pancreatic 
sphincterotomy
Biliary and pancreatic 
stent
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pancreatic and biliary stent makes the therapeu-
tic endoscopy safer for potential damage of 
hemostatic accessories like clip, coagulation 
forceps, APC, and Hemospray on the ducts 
(Video 20.3). In the absence of stent after papil-
lectomy, ERCP in the X-ray room is indicated to 
stop bleeding and guarantee the patency of pan-
creatic and bile duct. Clots often cause cholan-
gitis, so cholangiogram and clot removal from 
common bile duct with Fogarty balloon are 
mandatory; in these cases biliary plastic stent 
insertion is indicated.

Whenever possible, placement of a prophylac-
tic pancreatic duct stent is recommended to 
reduce the incidence and severity of post-
papillectomy pancreatitis.

A careful inspection of the resection defect 
must always be undertaken to assess for areas of 
deep resection. Endoscopic features are less reli-
able at determining deep resection than in other 
sites, and so a high clinical index of suspicion 
must be maintained during post-procedural clini-
cal assessment. The absence of free intraperito-
neal or subdiaphragmatic air on plain X-rays at 
the end of the procedure does not exclude perfo-
ration which is usually retroperitoneal. Ongoing 
pain should prompt radiological assessment and, 
if required, surgical review. Computed tomogra-
phy (preferably with oral contrast) is more sensi-
tive and is required if symptoms continue. 
Multidisciplinary management between medical 
and surgical teams is necessary to achieve the 
best possible clinical outcome. Not all cases of 
perforation require surgical intervention, and 

select cases may be managed with gut rest and 
intravenous antibiotics [29].

After receiving the final report on histological 
findings of the resected tumor, the need for fur-
ther treatment can be determinate.

A high-grade dysplasia or carcinoma in situ 
recommended additional surgery. However close 
follow-up with periodic endoscopy with biopsies 
may be sufficient in cases of focal high-grade 
dysplasia or carcinoma in situ which was removed 
completely when the patient was unfit for surgery 
or refuses surgery. In patients with positive resec-
tion margin related to low-grade dysplasia, fur-
ther endoscopic resection or adjunct thermal 
ablation can be applied. APC, a no-contact ther-
mal ablation mode, is safer for the treatment of 
residual adenoma.

In case of persistent intraductal growth 
(Fig. 20.3), biliary or pancreatic duct, intraductal 
radiofrequency ablation (RFA) can be used for 
treatment and eradication of dysplasia. In these 
circumstances a biliary fully covered metal stent 
insertion is indicated after the treatment 
(Fig. 20.4).

Treatment success was achieved in 92% if 
RFA is associated to other procedures; the rate of 
neoplasia eradication after one single RFA ses-
sion was obtained in 70% of patients.

A short duration of the RFA application (30 s) 
and a limitation in the power used (10 W) should 
be selected as the settings of choice because the 
treatment is delivered over the ampullary orifice, 
thus making the risk of pancreatitis very high. 
Because of these considerations, both diclofenac 

Fig. 20.3  Common bile duct invasion at EUS. (a) Ampullary neoplasm grows inside common bile duct for 8 mm. 
(b–c) Echogenic material inside biliary tract takes contrast rapresenting ampulloma endoductal ingrowth 
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100 mg suppository and pancreatic stent place-
ment should be recommended in these patients. 
Adverse events of RFA range from 40 to 43% 
(ductal strictures are more frequent complica-
tions; retroduodenal abscess, mild pancreatitis, 
and self-limited bleeding are signaled in litera-
ture). Endoscopic follow up is mandatory every 3 
months in the first year to confirm complete abla-
tion or to identify disease recurrence [30, 31].

20.7	 �Surveillance

Recurrence rates reported in literature after papil-
lectomy ranged from 2 to 33% [32].

Risk factors for recurrence include FAP and 
lesions with high-grade dysplasia; size has not 
been definitively linked to increased likelihood of 
recurrence [33]. Technical factors also are likely 
important including incomplete excision and lack 

a b

dc

Fig. 20.4  (a) Radiological view of ampulloma in-growth inside distal part of common bile duct. (b–d) Introduction of 
radiofrequency catheter in common bile duct. (e) Fully covered metal stent insertion in common bile duct
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of use of thermal ablation for any residual tissue, 
although there are no standardized guidelines for 
post-papillectomy surveillance [34]. A complete 
endoscopic resection is defined as the absence of 
endoscopically visible and histologically proven 
residual adenoma.

After papillectomy, first scheduled follow-up 
endoscopy is at 3 months to remove pancreatic 
and/or biliary stent and to check for any adenoma 
residuals. If there is a residual, this is generally 
diminutive and easily excised (or ablated if exci-
sion is not possible) (Fig. 20.5).

In cases with complete resection of ampullary 
adenoma, follow-up endoscopy with ERCP and 
multiple biopsies is recommended at 3, 6, and 
12 months after resection and then at yearly inter-
vals for 5 years on obtaining a negative biopsy 
[35]. In cases of incomplete excision, or those in 
which thermal ablation is performed, endoscopic 
examination should be performed every 
1–3  months until complete resection is proven. 
Cases in which resection shows that patients have 
focal cancer in the main adenoma or carcinoma 
in situ can be followed with cautious routine 
endoscopic surveillance [36]. However, cases 
with incomplete resection of cancer should be 
considered for radical surgery because of the risk 
of lymph node metastasis.
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Ductoscopy

Manuel Pagitz and Jörg G. Albert

With the introduction of high-resolution endos-
copy, the previous standard, i.e. radiography, 
took the back seat in diagnosing gastrointestinal 
disease, and gastroscopy replaced gastrography, 
while small bowel enterography was progres-
sively substituted by small bowel endoscopy tech-
niques. However, ductography is still the mainstay 
of visualizing endoscopic interventions in bil-
iopancreatic disease, and ductoscopy is used as 
an auxiliary technique in indeterminate findings. 
However, it might be possible that ductography 
is replaced by ductoscopy of the biliopancreatic 
system at some point of time in the near future.

The advantage of cholangioscopy lies within 
the possibilities to take biopsies under direct 
endoscopic vision, to perform intraductal treat-
ment, e.g. laser lithotripsy, electro-hydraulic 
lithotripsy (EHL), laser tumour ablation and 
argon plasma coagulation (APC), and to apply 
cholangioscopy-guided virtual histology. With 
improved technology and better safety profiles, 
indications for performing biliopancreatic duc-
toscopy are widened.

21.1	 �History and Technical 
Background

Anterograde ductoscopy requires establishing a 
percutaneous channel that enables the endoscope 
to pass. First attempts of anterograde (percuta-
neous) cholangioscopy were made in the 1970s 
using fibrescopes that had been designed for 
bronchoscopy or urological examinations.

Retrograde ductoscopy has either been real-
ized by using miniature endoscopes that are 
advanced over the working channel of a conven-
tional duodenoscope (“mother/baby” cholangios-
copy) or by directly approaching and intubating 
the papilla with an ultra-slim endoscope. Peroral 
(or retrograde) cholangioscopy (POC) was intro-
duced into clinical practice in 1976, with using 
a mother/baby approach. A year later, the first 
cholangioscopy using a routine forward-viewing 
endoscope was reported. Yet a broader imple-
mentation into the clinical routine was limited 
by technical issues as well as a high demand of 
time and skill of the endoscopist. These limita-
tions have gradually been overcome since. Poor 
image quality of fibre endoscopes significantly 
improved after introduction of video endo-
scopes and digital techniques. Image enhance-
ment techniques such as narrowband imaging 
were implemented into video cholangioscopes. 
Miniaturization of the optics and light chan-
nel left space over for air and water irrigation 
channels as well as instrumentation channels for 
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interventional use. The number of investigators 
in mother/baby techniques was optimized by 
introducing single-operator mother/baby scopes, 
like, e.g. the SpyGlass® system introduced in 
2005 [1], Fig. 21.1.

21.1.1	 �Technical Details

Modern endoscopes for ductoscopy come from 
a broad range of manufacturers who offer differ-
ent solutions with varying technical details. In 
summary, the most important technical aspects to 
consider are:

•	 Direct retrograde cholangioscopy vs. mother/
baby system

•	 Outer diameter and working channel 
diameter

•	 One or two investigators required
•	 Imaging quality: fibre optic, digitally 

enhanced, video endoscopy
•	 Irrigation capability vs. gas insufflation

Endoscopes for direct retrograde access are 
handicapped by the anatomical conditions: the 
endoscope might recoil within the stomach, and 
passing the small calibre endoscope through the 
pylorus might be difficult [2, 3]. More challeng-
ing still might be to overcome the angulation in 
the duodenum, thereby turning the endoscope to 
a cranial direction for the advancement into the 
biliary orifice. Using conventional ultra-slim gas-
troscopes for this purpose requires appropriate 
anatomic conditions as well as a versed investi-

gator and often auxiliary tools (i.e. anchoring bal-
loon) to assist in intubating the Vaterian papilla. 
Furthermore, manoeuvring in the duct is more 
difficult due to reduced stiffness and insufficient 
shoring in the duodenum (and can require the 
use of a balloon too). Ultra-slim gastroscopes are 
not dedicated for cholangioscopy, and they are 
experimentally used for this purpose. New inven-
tions like the prototype CHF-Y0010 (Olympus 
Tokio, Japan) try to reduce these shortcomings 
with a more stiff construction of the body of the 
endoscope, an ultrashort tip of the endoscope 
and a dual deflection ability of the tip within one 
plane for better duodenal shoring [4].

Biliary access is alleviated with a mother/baby 
system: the angulation in the duodenum and the 
twisting of the endoscope in the stomach are cor-
rected by the position of the mother endoscope. 
However, the outer diameter is important, and 
the “baby” has to fit into the “mother’s” working 
channel. A current example of a reusable cholan-
gioscope for mother-baby application is the CHF 
B 290 (Olympus Tokio, Japan).

Working channel diameter is crucial when 
interventions are required. Special miniaturized 
equipment is necessary for some systems with 
small working channels (like EHL probes, etc.). 
For biopsy forceps smaller working channels can 
correlate with smaller biopsy samples.

In clinical routine the necessity of a second 
versed investigator is a relevant time and cost 
issue. The mother/baby systems usually require 
two investigators. An example for a modifica-
tion removing the need of a second investiga-
tor is the SpyGlass® system where the “baby” 

a b c

Fig. 21.1  (a) Fibre-optic imaging of the common bile duct. (b) Digitally enhanced imaging. (c) Video endoscope
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scope is secured at the “mother” scope so that 
an experienced investigator can use one hand to 
hold the “mother” and the other hand to handle 
the “baby” or vice versa.

Varying optical methods deliver varying 
imaging qualities. Fibre-optic scopes are quite 
fragile and offer very limited imaging qualities. 
Electronic scopes enhance and modify optic 
information and can therefore greatly increase 
imaging quality depending on various factors like 
positioning of the video chip, software specifica-
tions, image processor and quality of the neces-
sary separate light source.

Another technical issue in direct regard to 
miniaturization is the irrigation capacity. Most 
fibre- or electronic scopes lack a separate irri-
gation system resulting in decreased clarity. 
Systems like SpyGlass® or SAMBA as well as 
conventional ultra-slim gastroscopes offer dedi-
cated irrigation and aspiration channels. The 
prototype CHF-Y0010, for example, allows irri-
gation of saline or CO2.

Other technical aspects like field of view, 
imaging enhancements (e.g. narrowband imag-
ing) or length play a secondary role. Table 21.1 
delineates currently available cholangioscopes 
and their specifications.

21.2	 �Current Indications 
for Biliary Ductoscopy

•	 To clarify aetiology of indeterminate biliary 
stricture or lesion

•	 To treat large bile duct stones or to exclude 
residual stones in large diameter CBD

•	 To facilitate the access of excluded/obstructed 
bile duct segments

•	 To remove foreign body from the CBD like 
recovering dislocated biliary stents (“rescue” 
indication) Fig. 21.2.

21.2.1	 �Indeterminate Biliary 
Strictures

If preliminary diagnostics (CT, E/MRCP, labo-
ratory tests, etc.) do not resolve the aetiology 

of biliary stricture, the character of the obstruc-
tion (“indeterminate biliary stricture”) might 
be clarified by cholangioscopy. Visual criteria 
to differentiate between malignant and benign 
lesions are not yet standardized. However, in 
line with experience of other endoscopic diag-
nostics (not only in the intestine but including 
bronchoscopy and urological endoscopy), some 
criteria are highly suggestive for malignancy. 
This can include aberrant tumour vessels, pro-
duction of mucus or suspect papillary or nodu-
lar structures. Image enhancement techniques 
can be used (like chromocholangioscopy or 
with some endoscopes light-enhancing imag-
ing, such as narrowband imaging) but have as 
of now quite limited experience and are also not 
standardized yet.

Therefore histological procession is necessary 
for a definite diagnosis. While standard ERCP 
can produce histologic results (using cytology 
brushings or fluoroscopically guided forceps 
biopsy), cholangioscopy enables visually con-
trolled tissue sampling (in addition to the visual 
clinical impression of the lesion). Keep in mind 
that smaller forceps produce smaller samples 
which can lead to false-negative results.

Furthermore, cholangioscopy can help to dif-
ferentiate between different aetiologies of post-
transplant strictures in liver-transplant patients. 
Especially using image enhancement strategies, 
differentiation between ischemic lesions, ulcers 
and scar tissue is improved [5].

21.2.2	 �Bile Duct Stones

In diagnosis of biliary stones, sonography is our 
leading method of diagnostic. Yet external sonog-
raphy is often impaired due to meteorism or other 
conditions decreasing image quality. In distal 
biliary duct stones, endosonography can provide 
the diagnosis, but still small stones can elude the 
diagnostics. For intervention an ERCP is usually 
performed. Large stones can elude fluoroscopic 
detection when totally obstructing a duct near 
a furcation and therefore blocking the contrast 
agent without a clue of an interruption of the 
duct. In patients suffering of primary sclerosing 
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cholangitis, for example, the co-morbid strictures 
can lead to a significant under-detection of biliary 
stones.

Cholangioscopy is able to reveal missed 
stones, and in special situations where clinical 
aspects suggest a stone disease but other diagnos-
tics fail to reveal them, cholangioscopy should be 
performed according to risk-benefit evaluation.

The more common use of cholangioscopy in 
biliary stones, however, is the fragmentation of 
large or incarcerated duct stones especially after 
conventional approaches failed. Two methods 
are available: electro-hydraulic lithotripsy (EHL) 
or laser lithotripsy. EHL requires irrigation of 
water (sterile saline); the laser probe is usually 
thinner and easier to use in intrahepatic stones. 
Performed by an experienced investigator, suc-
cess rates are high even in a single session; severe 
adverse events are rare.

21.2.3	 �Other Indications 
for Cholangioscopy

There are a lot of further situation where chol-
angioscopy can improve treatment, yet these set-
tings are less common than the above-mentioned. 
They include evaluation of the distal bile duct 
in neoplasms of the papilla, evaluation of cystic 
biliary lesions, ablative therapies for intraductal 
neoplasms (argon plasma coagulation, brachy-
therapy, Nd:YAG laser ablation, etc.), evaluation 
of haemobilia and “rescue” therapies, e.g. for 
proximally dislocated stents, adverse events after 
transarterial chemoembolization.

21.3	 �Indications 
for Pancreatoscopy

•	 To disintegrate symptomatic pancreatic stones
•	 To evaluate the extent and localization of 

IPMN prior to surgery
•	 To clarify aetiology of indeterminate pancre-

atic stricture

Methods and specifications in pancreatoscopy 
are the same as in cholangioscopy. Yet years 
of experience with ERCP showed the potential 
severe adverse events when manipulating near 
the pancreas. Pancreatitis is not an uncommon 
adverse event, and severe necrotic pancreatitis is 
associated with relevant morbidity and mortality. 
Therefore indication for pancreatoscopy is more 
restrictive than for cholangioscopy. The ductus 
wirsungianus has to be dilated for a secure pan-
creatoscopy (Fig. 21.3).

21.4	 �Retrograde Cholangioscopy

21.4.1	 �Sphincter Management

In most cases sphincterotomy is needed prior to 
ductoscopy as most scopes are too large to pass 
the sphincter of Oddi. Ultra-slim fibrescopes can 
sometimes be inserted (usually wire-guided) 
without sphincterotomy, but with good non-
invasive diagnostics available purely diagnostic 
cholangioscopy without interventional intention 
(including aiming for a biopsy) is not often 
intended. Most commonly during a preliminary 

Fig. 21.2  Interventions at direct retrograde cholangios-
copy: Taking biopsies with a conventional biopsy forceps, 
argon plasma coagulation of a mucin-producing tumour 

of the intrahepatic bile ducts, electro-hydraulic lithotripsy, 
stone extraction with a stone removal basket (from left to 
right)

21  Ductoscopy
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ERCP, a wide sphincterotomy is provided. 
Sometimes sphincteroplasty using papillary bal-
loon dilatation is used exclusively or in addition 
to sphincterotomy. In some cases it can be help-
ful to place a stiff guidewire far into the biliary 
system during ERCP.

21.4.2	 �Cannulation 
and Manoeuvrability

Using mother/baby systems, cannulation is a stan-
dard procedure while performing ERCP.  Using 
direct scopes can lead to challenges in papillary 
cannulation and impaired feed inside the ducts. 
One issue is the correct placement of antegrade 
optics regarding the papilla of Vater. Insufficient 
stiffness and looping of the endoscope in the 
stomach or duodenum can sometimes cause the 

attempted ductoscopy to technically fail. Using 
overtubes or balloons can reduce looping and 
increase rates of cannulation (compared to free 
cannulation technique) and effectiveness of intra-
ductal manoeuvrability.

Using an anchor balloon, over the preliminary 
applied guidewire, the balloon catheter is inserted 
into an intrahepatic duct (or near a stricture) and 
inflated acting as an anchor, so that the cholan-
gioscope can be more easily inserted. Drawback 
of the anchor balloon is the necessity to remove 
it through the working channel if an intervention 
is to be performed, therefore risking dislocation 
of the endoscope.

Using a balloon-assisted overtube—as in 
regular single- or double-balloon enteroscopy—
prevents the formation of loops and can some-
times lead to a better positioning in front of the 
papilla.

a b

d e

c

Fig. 21.3  Pancreatoscopy. (a) Hemosuccus pancreaticus 
in a 89-year-old female patient. Retrograde pancreatos-
copy reveals normal pancreatic duct at the level of the 
pancreatic head. (b) Villous tissue proliferation with some 
bleeding from a central vessel is visualized. (c) A biopsy 

forceps is used to obtain histopathological analysis of the 
tissue. (d) Argon plasma coagulation of the bleeding site 
with successful termination of the bleeding from the pan-
creatic duct. (e) The bleeding was stopped and did not 
return with a follow-up of almost 2 years after the event
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21.4.3	 �Safety

Ductoscopy with diagnostic and therapeutic 
intention is generally safe. Risk of cholangitis is 
increased. Some severe adverse events happen 
during the preliminary ERCP where complica-
tions such as bleeding or perforation can occur. 
The required and usually larger sphincterotomy 
aggravates this risk. Bleeding and perforation due 
to ductoscopy itself are uncommon. Interventions 
like EHL can increase the risk.

As mentioned before, each ERCP has a risk 
of causing pancreatitis. A larger cholangioscope 
and a smaller sphincterotomy can increase risk 
for acute pancreatitis.

Risk rate of infection, especially cholangitis 
after cholangioscopy, differs greatly between the 
authors but is reported as up to 14%. Especially, 
patients with PSC are at an increased risk for 
acute or chronic infection due to the larger 
sphincterotomy. A peri-interventional antibiotic 
therapy is recommended.

As with other upper endoscopic investiga-
tions, there is a theoretical risk of aspiration 
pneumonia, especially when larger amounts of 
saline irrigation are used.

Air embolisms as a fatal complication have 
been reported for various endoscopic procedures 
(esophagogastroduodenoscopy, colonoscopy, 
ERCP, EUS, etc.) as well as in cholangioscopy. 
It was assumed that using CO2 insufflation 
eliminates the risk of air embolisms [6]. CO2 is 
significantly better soluble in blood than nitro-
gen and thereby better tolerated, yet clinically 
serious embolic outcomes have been described 
using CO2 during direct peroral cholangios-
copy [7]. One aspect seems to be the fact that 
especially some gastroscopes have a continuous 
baseline CO2 insufflation that leads to higher 
applied volumes of gas. Some authors recom-
mend using only saline solution at a possible 
cost of image quality.

21.4.4	 �Limitations

Retrograde cholangioscopy is subject to a few 
limitations, especially anatomic circumstances 

whether inherent (e.g. pancreas divisum, intra-
mural diverticula, etc.) or acquired (post-surgery 
situs, juxtapapillary diverticula, etc.) hindering 
cannulation of the papilla.

Furthermore a minimal diameter of the bile 
ducts is required in order to manoeuvre the chol-
angioscope. High-grade stenosis can hinder pas-
sage to proximal regions.

Even more than in ERCP, at least one experi-
enced investigator is needed (two in case of two-
operator systems); therefore issues of time and 
cost limit the use of retrograde cholangioscopy 
further. Newer technologies however decrease 
that limitation a bit especially regarding optimi-
zation of single-operator systems.

21.5	 �Anterograde (Percutaneous) 
Cholangioscopy

Whenever retrograde access is hampered but 
cholangioscopy indicated, the percutaneous 
access route may be the optimal alternative. 
Using continuous cross-sectional imaging (e.g. 
ultrasound or CT), the intrahepatic bile ducts 
are located and punctured with a tiny hollow 
needle (Fig.  21.4). Contrast agent is injected 
as soon as a safe intraductal access is accom-
plished and cholangiography realized. For 
cholangioscopy, several sessions of PTC (per-
cutaneous transhepatic cholangiography) are 
required to stepwise increase the diameter of 
the access. Conventional Seldinger technique 
is used to dilate the access tract and to insert 
the appropriate catheter. With accomplish-
ing an outer diameter of about 16 or 18 Fr, a 
5  mm endoscope can fit through the channel. 
Therefore, a sheath introducer with an adequate 
inner diameter of at least 5  mm is introduced 
into the hepatic parenchyma over the wire 
and the cholangioscope advanced through the 
sheath after removing the wire.

Anterograde cholangioscopy usually 
shows—due to the short route and direct access 
of the CBD—good manoeuvrability and feed. 
However, the inversion of the endoscope for 
arriving at bile ducts of other segments may 
be cumbersome or impossible. Combining 
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anterograde cholangioscopy with conventional 
peroral endoscopy can lead to rendezvous 
techniques to overcome difficult anatomic 
structures (e.g. positioning a guidewire antero-
grade through the papilla and internalizing a 
drainage).

Anterograde cholangioscopy can be per-
formed without much discomfort. Local anaes-
thesia is sufficient; usually no systemic sedation 
is needed. Therefore very old, frail or moribund 

patients may benefit from a primary anterograde 
access rather than undergoing peroral endoscopy.

21.5.1	 �Limitations

Anterograde approaches are also limited: intrahe-
patic ducts have to be large enough for the scope 
to fit, ascites leads to high-risk puncture, and mul-
tifocal stenoses can prevent further advancement.

a

c d

b

Fig. 21.4  (a) Percutaneous transhepatic cholangiogra-
phy in a patient with a hilar tumour obstruction of the 
intrahepatic bile ducts. (b) Anterograde percutaneous 
cholangioscopy coming from the right liver. (c) 

Endoscopic image from a video cholangioscope for 
anterograde percutaneous cholangioscopy. Water submer-
sion technique. (d) Tumour obstruction of the proximal 
CBD in the same patient

M. Pagitz and J. G. Albert
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21.5.2	 �Safety of Anterograde 
Cholangioscopy

Due to route of access, possible risks of antero-
grade and retrograde cholangioscopy differ in 
regard to transhepatic puncture versus peroral 
endoscopy and sphincterotomy. Percutaneous 
transhepatic cholangiography itself is a low-risk 
procedure but with higher complication rates 
than conventional ERCP (possibly selection bias 
occurs). Possible risks of PTC include acute bleed-
ing (haemobilia, possibly life -threatening in arte-
riobiliary fistulas, hemoperitoneum, hematoma), 
infections (abscess, peritonitis, cholangitis, sep-
sis), intestinal perforation or pneumothorax.
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Intraductal Ablation Techniques

Brian C. Brauer

22.1	 �Introduction

Biliary and pancreatic malignancies often present 
with biliary obstruction. While surgical resection 
affords the only opportunity for cure, a majority 
presents with advanced unresectable disease [1, 
2]. Chemotherapy and/or chemoradiation has 
been the mainstay of therapy for most of these 
tumors. In recent years, intraductal ablation tech-
niques have been introduced. These techniques 
provide adjunctive therapy to standard of care, 
may have a role in select patients who are not 
surgically resectable, and may provide some ben-
efit in select patients. Radiofrequency ablation 
(RFA), photodynamic therapy (PDT), and argon 
plasma coagulation (APC) will be described in 
more detail in this chapter.

22.2	 �Radiofrequency Ablation

While radiofrequency ablation sounds like a 
highly technical term, it is actually used daily in 
the endoscopy practice. Standard electrosurgery 
generators used in the endoscopy practice and in 
surgery are considered radiofrequency ablation, 
which refers to the use of alternating current at 
high frequencies, usually greater than 100 kHz. 
The application of radiofrequency ablation for 
malignant tumors has been used for over 
20  years via the surgical and percutaneous 
routes, primarily for liver malignancies. Heat 
generated by the high frequency of alternating 
current results in coagulative necrosis of tissue 
around the probe [3].

In recent years, a RFA probe has been devel-
oped for over-the-wire intraductal ablation dur-
ing ERCP (Habib™ EndoHPB, EMcision/
Boston Scientific, Marlborough, MA). The 
catheter is an 8  Fr catheter 180  cm long with 
two electrodes at the tip measuring 8 mm each 
in length and will accommodate a guidewire up 
to 0.035″ in diameter (Fig. 22.1a, b). The cath-
eter requires a proprietary cable to connect to 
an electrosurgical unit but utilizes existing elec-
trosurgical units. Recommended settings are a 
bipolar power of 7–10 W for a maximum dura-
tion of 90  s. Many electrosurgical generators 
can be programmed to automatically deliver 
7–10 W for the duration of 90 s (Fig. 22.2). The 
manufacturer should be contacted for program 
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settings for specific electrosurgical units and to 
ensure the correct adapter cable is utilized. A 
power setting of 7–8  W is recommended for 
intrahepatic strictures upstream of the bifurca-
tion, while a power of 10  W is recommended 
for strictures within the extrahepatic duct 

downstream of the bifurcation. Technique var-
ies among experts, and many treat all areas at 
10 W. RFA is indicated for treatment of biliary 
and pancreatic tumors prior to stent insertion 
and to clear occluded metal stents.

A second manufacturer, STARmed, 
Gyeonggi-do, South Korea, has the ELRA™ 
probe available in Europe and Asia, with antici-
pated availability in the USA soon. It is a 7 Fr by 
175  cm long catheter, with available electrode 
exposure lengths of 11, 18, 22, and 33  mm. 
Unlike the Habib, it requires the use of a propri-
etary generator.

The technique for RFA use is quite straight-
forward. The technique described applies to the 
Habib catheter as it is the only catheter available 
in the USA at the time of submission. Standard 
ERCP biliary access is obtained and a 0.035″ 
guidewire is advanced across the stricture. A 
working channel at least 3.2 mm in diameter is 
required for passage of the catheter. A noncon-
ductive hydrophilic tip wire is recommended. 
Smaller diameter wires may be used, but a 0.035″ 
wire is optimal given the stiffness of the catheter. 
Dilation is not recommended, but small diameter 
dilation can be performed if the stricture is too 
tight to allow easy catheter passage. A good test 
is passage of an extraction balloon catheter: if the 
extraction balloon passes easily, then passage of 
the 8  Fr RFA catheter should be successful. A 
biliary sphincterotomy is not absolutely required 
but will ease passage of the 8 Fr catheter across 
the papilla and minimize trauma to the pancreatic 
orifice.

The generator should be prepared and an 
appropriate adaptor cable should be connected. 
The RFA catheter is then removed from the pack-
age and the dispensing coil is removed. The cath-
eter is then passed over the guidewire and placed 
fluoroscopically into proper position. If treating 
more than one area, the upstream portion is 
treated first, proceeding sequentially along the 
length of the stricture . The catheter is placed 
with the target area to be treated between the two 
electrodes (Fig. 22.3, Video 22.1). The catheter is 
then connected to the adapter cable, and bipolar 
current is applied at a maximum of 10 W for a 

a

b

Fig. 22.1  (a) Habib biliary catheter as supplied in dis-
pensing coil. (b) Close-up of tip showing two radiopaque 
bands

Fig. 22.2  Preprogrammed settings on an Erbe VIO 300D 
electrosurgical generator (Erbe USA, Marietta, GA, USA)
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maximum duration of 90 s for extrahepatic stric-
tures and 7–8 W for intrahepatic strictures. The 
catheter should remain in this location for 1 min 
after treatment to allow cooling and can then be 
withdrawn. If more than one area is to be treated, 
the catheter is withdrawn by 2  cm along the 
length of the stricture, and subsequent treatments 
are applied in the exact same manner.

Following treatment, the duct should be swept 
with a balloon catheter to remove any debris. 
Stenting should be performed if a stent is not 
already in place. For strictures within a metallic 
stent, placement of additional stent(s) is per-
formed at the discretion of the endoscopist; one 
author suggests placement of a stent within the 
metallic stent if less than 80% of tumor burden is 
eradicated [4–6] based on cholangiography fol-
lowing ablation and balloon sweep.

RFA is well tolerated overall. Common side 
effects include abdominal pain, mild bleeding, 
and pancreatitis [4, 5]. Improved stent patency 
has been shown in some studies, and one small 
study showed improved survival in pancreatic 
cancer patients [7]. Therapy may be repeated, 
especially for clearing occluded metal stents. No 
specific guidelines or recommendations exist.

22.3	 �Photodynamic Therapy

Photodynamic therapy is a more technically and 
logistically complex procedure involving intra-
venous injection of a photosensitizer followed 
by endoscopic laser application. The photosensi-
tizer is retained by malignant cells. Laser activa-
tion results in release of toxic oxygen radicals 
which result in apoptosis and tumor necrosis. 
The only FDA-approved photosensitizer is por-
fimer sodium (Photofrin®, Pinnacle Biologics, 
Bannockburn IL). In Europe, temoporfin or 
meta-tetrahydroxyphenylchlorin (Foscan®) is 
the primary photosensitizer. Porfimer sodium is 
not FDA approved for the use in cholangiocarci-
noma or other pancreaticobiliary malignancies, 
so PDT of the bile duct is an off-label use. The 
photosensitizer is injected 48  h prior to laser 
therapy.

The target lesion is treated with red laser light 
that is then delivered at 630 nm with a dose of 
180–200  J/cm2, fluence of 0.250  W/cm2 for 
450–750 s [8]. The most commonly used laser in 
the USA is the Diomed diode laser (Diomed, 
Andover, MA) paired with a 3.0-m-length fiber 
with a 2.5 cm diffuser (Pioneer Optics, Windsor 
Locks, CT) which also has fluoroscopically visi-
ble marker. Other lengths of catheters are also 
available and vary depending on location and 
manufacturer. PDT is usually delivered via chol-
angioscopy but may be delivered through cathe-
ter without the use of cholangioscopy.

Porfimer sodium is administered 2 mg/kg IV 
48 h prior to planned PDT. To perform PDT, the 
affected segments are accessed via ERCP and 
dilated adequately to traverse with a 10 Fr chol-
angioscope. The target lesion is then accessed 
with a cholangioscope or fluoroscopically 
(Fig. 22.4a). The guidewire is exchanged for the 
cholangioscope, and the margins of the tumor are 
documented. If more than one diffuser length is 
available, the size that most closely corresponds 
with the length of the lesion should be chosen. 
Once the target area to be treated is determined, 
the guidewire is withdrawn and the diffuser fiber 
placed through the cholangioscope channel and 
positioned within the target lesion. Laser energy 
is then applied at 180–200 J/cm2 at a fluence of 

Fig. 22.3  RFA catheter within occluded stent
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0.025 W/cm2 for 450–750 s. It is recommended 
that no more than three segments be treated in 
one session [5]. Stenting is required following 
PDT as there is a high risk of cholangitis due to 
edema created by the therapy. Prophylactic anti-
biotics should be administered for 5–7 days fol-
lowing treatment of hilar strictures.

Application of PDT can also be performed 
without the use of cholangioscopy. Its application 
requires defining the target lesion with fluoros-
copy. An ERCP cannula is then used to deliver 
the diffuser fiber. Multiple catheters can be used, 

but steerable tip cannulas work well to direct the 
fiber into the target lesion. Fluoroscopic markers 
allow for placement of the diffuser within the tar-
get lesion (Fig. 22.4b, c).

The main side effect of PDT is phototoxicity. 
Strict avoidance of sun exposure is required for 
4–6 weeks following PDT. Photosensitive reac-
tions can occur in noncompliant patients. 
Although a detailed review of outcomes of abla-
tive therapies is beyond the scope of this chapter, 
studies have demonstrated an increase in median 
survival and quality of life [5].

a b

c

Fig. 22.4  (a) Malignant-appearing stricture of common bile duct. (b) Radiopaque markers of PDT diffuser fiber at the 
level of the stricture using fluoroscopic guidance. (c) Cholangiogram posttreatment
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22.4	 �Argon Plasma Coagulation 
(APC)

Argon plasma coagulation (APC) involves the 
passage of high-frequency alternating current 
through an argon gas medium. While argon is 
usually inert, at higher energies, the gas will ion-
ize and conduct electricity. The ionized argon 
creates a plasma which can transit current with-
out direct contact to the tissue. APC is not FDA 
approved for the use in the bile duct. Its use there-
fore is off-label.

Several electrosurgical unit manufacturers 
make APC systems. The settings vary between 
manufacturers, and as APC is not approved in the 
bile duct, no standardized settings exist. APC 
should be reserved for inoperable biliary tumors 
with poor alternatives to APC available.

We reported the use of APC in a refractory 
intraductal papillary biliary neoplasm, in which 
the patient kept having bouts of cholangitis due 
to intense mucin production. Even with stents in 
place, the stents would occlude and result in chol-
angitis. It was decided to perform APC to curb 
the recurrent bouts of cholangitis. Using a stan-
dard diagnostic gastroscope, the markedly dilated 
bile duct was directly intubated. Irrigation with 
1% N-acetylcysteine was performed. Argon 
plasma coagulation was then performed at 
15–25  W.  The patient underwent two ablation 
sessions which was well tolerated but expired 
from complications of underlying cirrhosis 
1 month later [9]. Other reports of APC using an 
ultraslim gastroscope for ablation of biliary 
tumors have been reported [10].

Most APC catheters are on the order of 7 Fr in 
diameter, and therefore require a 2.8 mm work-
ing channel. A standard diagnostic gastroscope or 
larger is required to accommodate the catheter. A 
small diameter probe is available measuring 
4.5 Fr that can be accommodated in a pediatric 
diameter endoscope with a working channel of 
2.2 mm (APC™ probe, OD 1.5 mm, Erbe USA, 
Marietta, GA). APC cannot be performed through 
mother-daughter cholangioscopy systems or 
catheter-based systems due to the small working 
channel of 1.0–1.2 mm. Any configuration cath-
eter can be used, but a circumferential fire probe 

works well in this setting as it will transmit cur-
rent to the area closest to the probe, obviating the 
need for precise catheter orientation (Fig. 22.5).

When performing direct cholangioscopy with 
a gastroscope, it is imperative to use saline or car-
bon dioxide insufflation, as reports of air embo-
lism have been reported during ERCP [11]. 
Insufflation directly within the duct increases the 
chance of translocation of air into the vascular 
bed. A biliary sphincterotomy is required for pas-
sage of these larger diameter scopes, unless the 
papilla is patulous such as in the setting of intra-
ductal papillary mucinous neoplasm.

Prophylactic antibiotics should be adminis-
tered prior to direct cholangioscopy, and we 
recommend oral antibiotics for 5–7  days 
post-procedure.

22.5	 �Summary

Intraductal ablation technologies offer a pallia-
tive alternative or adjunct therapy in patients with 
unresectable biliary neoplasms and malignant 
biliary strictures. RFA is FDA approved; PDT 
and APC are not FDA approved. PDT, despite not 
being FDA approved, has data to support its 
endoscopic use dating back to the early 2000s. 
APC has much more limited data and should be 
reserved for select cases where RFA or PDT are 
not available or contraindicated. When using any 
technology off-label, it is important to disclose to 
the patient that it is an off-label use and to thor-
oughly discuss risks, benefits, and alternatives.

All ablative technologies are considered 
adjunct therapies to standard of care and are not a 
substitute for conventional therapies such as sur-
gical resection, chemotherapy, and radiation 
therapy. A careful discussion with other providers 

Fig. 22.5  Circumferential fire APC catheter
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and a multidisciplinary approach are key to pro-
viding the best care for the patient and allowing 
the best outcomes with ablative technologies. 
Oncology clinical trials have very strict inclusion 
and exclusion criteria, and ensuring adjunctive 
therapies do not interfere with other treatment 
plans is vital. Likewise, it is important to have the 
support of surgeons in borderline resectable 
patients who may become surgical candidates 
after appropriate response to therapy.

Although intraductal ablation options are lim-
ited at this time, it is likely that improved tech-
nologies will be available in the future.
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Stent Removal (Plastic and Metal)

Feng Li, Prabhleen Chahal, 
and Manuel Perez-Miranda

23.1	 �Indications for Removal

Removal of biliary stents becomes necessary with 
resolution of benign disease or stent malfunction. 
Benign indications such as choledocholithiasis 
or bile leaks may require stent placement, but 
stents should be removed at the end of therapy 
or resolution of disease. Conditions leading to 
stent malfunction can include intimal hyperpla-
sia, stenosis of proximal portion, tumor ingrowth, 
sludge, migration, and malposition. Malfunction 
of biliary stents leads to complications such 
as recurrent obstruction, cholangitis requiring 
removal, or replacement for decompression of 
the bile duct.

In a prospective study of plastic biliary 
stents (PBS) in distal biliary malignant obstruc-
tion, PBS patency averaged 68  days (range 
32–175  days) [1]. Another study comparing 
patency rates of two types of PBS in malignant 
obstruction demonstrated a median patency 
of 133 (95% CI 92, 174) to 181 (95% CI 59, 
303) days [2]. On average 70% of PBS will be 
occluded by 6 months [1, 2].

A large meta-analysis of patients with malig-
nant biliary obstruction demonstrated that com-

pared to PBS, self-expandable metal stents 
(SEMS) had lower occlusion rate, less therapeu-
tic failure, less need for reintervention, and lower 
cholangitis incidence [3]. A systematic review 
article evaluating stent placement for benign 
extrahepatic biliary strictures demonstrated mean 
patency duration of covered SEMS ranging from 
20 to 35 months (range 7–57 months) [4].

In general, uncovered SEMS should only 
be placed in patients with malignancy where 
retrieval is not anticipated given the difficulty in 
removal.

23.2	 �Removal Techniques 
of Biliary Stents

Removal of PBS and covered SEMS is usually 
uncomplicated. Rates of successful removal of 
PBS and covered SEMS range from 95 to 100% 
[5, 6]. On the other hand, uncovered SEMS are 
much more difficult to remove compared to cov-
ered SEMS.

Certain factors can make removal of stents 
more difficult. Proximal migration of a PBS can 
make stent retrieval more challenging. For exam-
ple, migration upstream above a stenosis, migra-
tion into a deep biliary branch, and impaction of 
the stent into the bile duct wall may complicate 
removal. Despite these challenges, success rates 
of endoscopic removal of proximally migrated 
PBS still exceed 70% [6].
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Factors contributing to difficult removal of 
SEMS include:

•	 Stent type: Uncovered SEMS are much more 
difficult to remove compared to covered 
SEMS and in certain cases may be unable to 
be removed endoscopically. Surgical removal 
may be necessary in these cases to avoid fur-
ther complications such as bowel/ductal per-
foration or enteric fistulas [7].

•	 Duration of placement: In a case series of 19 
patients undergoing SEMS removal, a longer 
duration of stent placement was associated 
with failure of stent removal [5].

•	 Tissue ingrowth: Tumors or tissue may grow 
into the lumen of uncovered stents, leading to 
obstruction of the stent but also leading to the 
stent becoming embedded. This is typically 
seen in uncovered SEMS and not covered 
SEMS, although in partially covered SEMS, 
tissue ingrowth may also be seen in the uncov-
ered portions. Tissue ingrowth embeds the stent 
and this may preclude removal of the stent.

Standard method for stent removal: The 
standard method of removal of PBS and covered 
SEMS involves advancing a side-viewing duode-
noscope to the second portion of the duodenum. 
The distal end of the stent is grasped with a pol-
ypectomy snare or foreign body forceps (such as 
a raptor grasper or rat-tooth forceps). After the 
stent is grasped, it can be removed by pulling 
through the working channel of the duodeno-
scope, or the duodenoscope itself can be pulled 
out of the patient to remove the stent.

23.3	 �Removal of Proximally 
Migrated Stents

In the event of proximal migration, removal of 
biliary stents can be more complicated, requiring 
other techniques:

•	 The indirect grasping technique has been 
described for removal of proximally migrated 
stents. A grasping device, such as a forceps, is 
advanced through the papilla into the bile duct 

and is used to grasp the distal end of the stent 
(typically under fluoroscopic guidance), 
allowing the stent to be pulled distally into the 
duodenum.

•	 The lasso technique involves cannulation of 
the bile duct with a wire either within the stent 
lumen [8] or alongside the stent [9]. A polyp-
ectomy snare is then advanced over the wire 
into the duct to grasp the stent, which is then 
pulled out over the wire. This advantage of 
this technique is that it preserves access to the 
bile duct after removal of the stent although 
care should be taken to maintain wire access 
to the duct when the stent is being pulled.

•	 The Soehendra stent retriever is a metal wire-
guided spiral device. It is advanced over the 
wire and screwed into the distal end of the bili-
ary stent. Once attached to the stent, it can be 
pulled out over the wire [10]. Various sizes of 
retrieval devices are used for stents ranging in 
size from 5 Fr, 7 Fr, 8.5 Fr, 10 Fr, to 11.5 Fr [11].

•	 Fogarty balloons or dilation balloons have 
been used for extraction of both PBS and cov-
ered SEMS.  For removal of PBS 10  Fr or 
higher in diameter, a 4  mm dilating balloon 
can be inserted into the stent over the guide-
wire, inflated, and then pulled out of the duct 
with the stent, leaving the wire in place [12]. 
The balloon may also be advanced over a wire 
that is alongside the PBS and a similar tech-
nique used to drag the stent out. For removal 
of covered SEMS, a similar technique can be 
applied.

•	 Stent in stent technique: Tumor ingrowth can 
preclude removal of an uncovered metal stent. 
Adapting a technique for removal of embed-
ded esophageal stents [13], a covered metal 
biliary stent can be placed within an uncov-
ered metal biliary stent that needs to be 
removed. The covered metal stent induces 
pressure necrosis of the ingrown tissue, allow-
ing both stents to be removed. In prior case 
reports, the covered stent was left in place for 
2–4 weeks prior to attempting removal of both 
stents [14, 15].

Distal migration of a SEMS can lead to impac-
tion on the contralateral duodenal wall. This can 
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cause complications including stent obstruction 
(leading to jaundice and cholangitis), bleeding, 
or even duodenal perforation. APC may be used 
to cut the stent, allowing the remaining portion to 
be more easily removed from the bile duct. Ideal 
settings for APC for this indication are not stan-
dardized but a voltage of 60–80 W and flow of 
1.5 L/min has been reported in the literature [5]. 
In a case series of eight patients undergoing stent 
trimming by APC, all were successful, and no 
complications other than one case of self-limited 
bleeding requiring transfusion was reported [5].

Endoscopic removal of uncovered SEMS is 
challenging. Standard methods, such as with a 
snare or rat-tooth forceps, may be unsuccessful 
[16]. Techniques to remove uncovered SEMS 
have been described in case reports. In some 
cases, uncovered SEMS were removed piecemeal 
using a hot biopsy forceps [16] or an endoscopic 
suture cutting device [17] to break apart individ-
ual wires of the stent which are then able to be 
removed piecemeal. In cases where the uncov-
ered stent had migrated distally and impacted 
on the duodenal wall, APC was used to cut stent 
shorter, and a snare was able to be used to extract 
the remaining portion of the stent [16].

23.4	 �Complications from Stent 
Removal

Complications from stent removal are rare but 
can include bleeding [16], pancreatitis [18], and 
abdominal pain [19].

23.5	 �Indications for Removal 
of Pancreatic Stents

Pancreatic stents are typically placed in the man-
agement of benign diseases such as strictures or 
stones in the setting of chronic pancreatitis and 
therefore need to be removed following comple-
tion of therapy. Because pancreatic stents are 
smaller in caliber compared to biliary stents, 
they should be removed or replaced sooner. 
Indications for removal include stent occlusion 
or migration.

Almost all pancreatic stents placed for chronic 
pancreatitis will be occluded by 3 months [20]. 
Stent migration may also occur, both proximally 
and distally, necessitating removal if proximally 
migrated. Stents placed for prophylaxis of post-
ERCP pancreatitis only have a single external 
flange and are designed to migrate out of the 
pancreatic duct spontaneously, which occurs 
in approximately 88% of patients by 30  days 
[21]. It is recommended to check an abdominal 
X-ray to confirm migration out of the pancreatic 
duct 7–10 days after placement and endoscopic 
removal if still not migrated by 14 days [21].

Covered SEMS may also be placed into the 
pancreatic duct and are recommended to be 
replaced at 2–3  month intervals. A prospective 
study evaluating fully covered SEMS for chronic 
pancreatitis-associated pancreatic duct strictures 
in 32 patients demonstrated no stent-induced 
pancreatitis or migration, and follow-up ERCP at 
3 months demonstrated resolution of stricture on 
pancreatogram [22].

23.6	 �Removal Techniques 
of Pancreatic Stents

The standard removal techniques with snare or 
foreign body forceps that are used for removal of 
biliary stents can also be applied to removal of 
pancreatic stents.

23.7	 �Removal of Migrated 
Pancreatic Stents

Proximal migration of a stent into the pancreatic 
duct can be very challenging to manage, some-
times requiring surgery for removal. Successful 
endoscopic removal of proximally migrated pan-
creatic stents is approximately 78% in case series 
[23]. In the majority of reports, stent removal 
was successful with either a basket to capture 
the stent or a balloon inflated proximally and 
dragging the stent outward. The lasso technique 
(described above), in which a snare is advanced 
up a wire that is placed through or alongside the 
stent, may also be adapted to this situation. While 
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these techniques are similar to those used in the 
removal of biliary stents, more care needs to be 
taken with removal of pancreatic stents due to the 
smaller caliber of the pancreatic duct.

With newly mother-daughter scope systems 
such as the SpyGlass system (Boston Scientific), 
direct visualization of the bile duct or pancreatic 
can be achieved. Once the stent is visualized, a 
SpyForceps (Boston Scientific) can be used to 
grasp the stent and remove it [24]. Alternatively, 
the SpyGlass can be used to allow for wire cannu-
lation of the migrated stent and then this can allow 
for removal of the stent using other tools such 
as the Soehendra stent retriever [25]. Once wire 
access is achieved, other techniques such as the 
lasso technique described above may also be used.

23.8	 �Complications of Pancreatic 
Stent Removal

Complications from endoscopic removal of pan-
creatic duct stents are rare including pancreatic 
duct disruption, stent fragmentation, and pan-
creatitis [23]. These may occur in up to 4% of 
patients in a case series of 33 patients. Another 
series describing removal of retained pancreatic 
duct stents showed a post-ERCP pancreatitis rate 
of approximately 3% [26].

23.9	 �Conclusion

While removal of biliary and pancreatic duct 
stents is typically uncomplicated, certain situa-
tions (such as proximal migration) may neces-
sitate nonstandard techniques for success. It is 
important for the endoscopist to be familiar with 
the indications, techniques, and risks of stent 
removal.
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ERCP in Altered Anatomy

Stefanos M. Dokas

24.1	 �Surgical Reconstruction

Postoperative anatomy, in biliopancreatic access 
terms, can be divided in to three major groups. 
The first group comprises postoperative anatomy 
featuring an intact papilla for both biliary and 
pancreatic orifices (Table 24.1), the second group 
involves postoperative reconstructions with bilio-
jejunal and pancreaticojejunal anastomoses and 
includes all forms of pancreatoduodenectomy 
(Table 24.2), and the third group is a mixed group 
where an intact, native papilla for pancreatic 
access coexists with biliojejunal anastomosis 
(Table 24.3).

24.2	 �Increased Incidence 
of Biliopancreatic Disease 
Requiring ERCP

Roux-en-Y anastomosis is probably the main 
surgical reconstruction used to connect the bilio-
pancreatic system to the intestine, with an affer-
ent jejunal limb. The afferent limb may be short 
(~50 cm) or long (>100 cm), and the papilla may 
or may not be preserved. This kind of reconstruc-
tion gives rise to a wide variety of postoperative 
anatomy of the biliary and the pancreatic ducts.

The short limb Roux reconstruction is usually 
employed during partial or total gastrectomy and 
preserves the papilla. After pancreaticoduode-
nectomy, the papilla is not preserved, and two 
separate anastomoses (biliary and pancreatic) are 
created. After liver transplantation the papilla is 
preserved only for the pancreatic orifice, and a 
biliojejunal anastomosis is created. Long limb 
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Table 24.1  Postoperative reconstruction with 
native papilla for both ducts

Esophagectomy with gastric pull-up
Sleeve gastrectomy
Billroth I and Billroth II reconstruction
Roux-en-Y gastrojejunostomy and 
esophagojejunostomy
Roux-en-Y gastric bypass (RYGB) for obesity
Biliopancreatic diversion

Table 24.3  Biliojejunal anastomosis with native papilla 
for pancreatic access

Roux-en-Y hepaticojejunostomy
Roux-en-Y liver transplantation

Table 24.2  Postoperative reconstruction with biliojeju-
nal/pancreaticojejunal anastomosis

Pancreaticoduodenectomy (Whipple’s procedure), both 
classic and pylorus preserving
Choledochoduodenostomy

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-42569-2_24&domain=pdf
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Roux anastomosis is used to induce malabsorp-
tion when performed in the context of bariatric 
operations and features an intact papilla.

Stricture of the postoperative biliary or pan-
creatic anastomosis is a common long-term com-
plication requiring intervention [1]. Rapid weight 
loss after bariatric surgery, on the other hand, 
predisposes to gallstone formation, and interven-
tion is required to treat common bile duct stones 
[2]. Moreover, RYGB may create a predisposi-
tion for primary common bile duct formation as 
noted in one study [3]. Indeed, the need for bilio-
pancreatic interventions in post-gastrectomy 
patients is relatively high. Although percutaneous 
or surgical methods can be employed to treat 
such conditions, the endoscopic approach is less 
invasive and more appealing.

24.3	 �Preparation for ERCP

Prior to ERCP certain essential  prerequisites 
should be addressed. ERCP in altered anatomy is 
technically demanding [4] and carries signifi-
cantly more risks compared to ERCP in native 
anatomy. In particular, the risk of small bowel 
perforation is higher, while all other potential 
post-ERCP complications remain unchanged. At 
the same time, the need for endoscopic re-
intervention in altered anatomy should be set at 
a  minimum. Therefore,  referring candidates for 

ERCP at high-volume centers is probably the 
best thing to do if local experience in advanced 
ERCP is limited.

A thorough review of each patient history  is 
crucial. Indication for ERCP should be absolute 
and interventions best avoided in obscure/gray 
zone cases. Patients and family should also be 
aware of possible risks, and a signed informed 
consent form is a sine qua non, as in every ERCP.

A review of the surgical reconstruction in each 
patient is mandatory. If the surgical report is at 
hand, it will certainly assist in understanding and 
recognizing anatomical landmarks during the 
procedure. Discussion with the surgeon who 
operated the patient or other surgical colleagues 
may help if there are still unclear issues.

Scope selection is of pivotal role, as wrong 
endoscope choice leads to time waste and adds 
frustration to the endoscopist and the team. A 
scout endoscopy with a standard diagnostic gas-
troscope before ERCP may help identify postop-
erative anatomy and should be performed 
whenever the surgical report is missing. An 
assessment of the length and mobility of the 
intestine is performed at the same time; this may 
critically influence the selection of the scope. A 
rough guide to endoscope selection for com-
monly encountered postoperative rearrangements 
is found in Table 24.4.

ERCP under general anesthesia should be pre-
ferred over conscious sedation to achieve the best 

Table 24.4  Endoscope selection according to postoperative anatomy (DAE - device assisted enteroscopy)

Postoperative anatomy Recommended Endoscope
Billroth I, sleeve gastrectomy, esophagectomy with gastric pull-up, 
Choledochoduodenostomy

Duodenoscope

Billroth II Duodenoscope
Forward-viewing scope (gastro−/colonoscope) 
with transparent cap
DAE

Whipple’s procedure Forward-viewing scope (gastro−/colonoscope) 
with transparent cap
Duodenoscope (in short limb rearrangement)
DAE

Roux-en-Y gastrectomy/RYGB DAE
Colonoscope
EUS guided, direct or indirect methods
Via gastrostomy methods
Laparoscopy-assisted ERCP w. duodenoscope

Biliopancreatic diversion Laparoscopy-assisted ERCP w. duodenoscope
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operative conditions and accommodate pro-
longed procedure time which is expected in these 
cases. CO2 insufflation should be the rule, as in 
every ERCP.  Finally, specific endoscopes, spe-
cialized catheters, and equipment required for the 
scheduled intervention should be readily avail-
able in the ERCP suite.

24.4	 �Reaching the Papilla and/or 
Ductal Anastomosis

ERCP after Billroth I reconstruction, choledo-
choduodenostomy, sleeve gastrectomy, or esoph-
agectomy with gastric pull-up is performed with 
the standard duodenoscope. Especially for 
Billroth I, but also for esophagectomy, the duode-
noscope may not be as stable as in normal anat-
omy; nevertheless, the intervention is usually 
carried out with similar success rate. A semi-long 
or long position of the duodenoscope may pro-
vide extra stability when needed [5].

In Billroth II anatomy, the procedure should 
be performed with a duodenoscope as a first 
choice instrument. The usually short afferent 
limb and the elevator are the main reasons for 
this. The elevator helps with cannulation and all 
subsequent interventions (Fig.  24.1). Yet this 
comes at a price, as the risk of perforation is sig-

nificantly elevated when compared with forward-
viewing endoscopes such as gastroscopes or 
pediatric colonoscopes. A careful assessment of 
published studies, though, reveals a declining 
trend regarding perforations over the years, 
reaching less than 2% in recent studies. This may 
reflect higher skill acquisition and/or increased 
familiarity with the procedure [6–9].

The afferent loop may be at the lesser (anti-
peristaltic) or the greater curvature (isoperistal-
tic) of the stomach, and there is no sure way of 
predicting the correct limb. The anastomosis is a 
preferred site of perforation, and the afferent loop 
may be hard to intubate, especially if it is stitched 
on top of the gastric suture as a protective mea-
sure, thus creating a very acute and fixed angle. 
Peristalsis of the afferent loop moves toward the 
lens, and bilious fluid is present when biliary 
obstruction is absent. When the afferent loop is 
intubated, the scope crosses the spine soon after 
exiting the stomach under fluoroscopy. 
Conversely, if the scope is seen heading toward 
the left lower quadrant, the efferent loop is intu-
bated. Sometimes, an extra anastomosis is 
encountered. The Braun anastomosis is a side to 
side jejunojejunal anastomosis fairly close to the 
stomach. The rationale behind it is to decrease 
the bile reflux in the stomach and prevent alkaline 
gastritis. The presence of this anastomosis some-
times disorients the endoscopist. The correct 
limb is the one with abundant bile and peristalsis 
moving toward the lens, while fluoroscopically a 
course toward the right upper quadrant is fol-
lowed. Air in a blind stump at the right hypo-
chondrium during fluoroscopy is another sign of 
the correct direction. Contrast injection through a 
catheter may also help identify the duodenal 
stump. The distance from the stomach to the 
papilla is shorter in the retrocolic and longer in 
the antecolic rearrangement. Successful papilla 
identification in Billroth II anatomy with a duo-
denoscope is reported in a range from 62.5% [10] 
to 100% [11]. In real life, the truth lies in between 
[9, 12].

Straight-viewing endoscopes equipped with 
transparent cap provide better viewing when 
negotiating acute bends and stability in front of 
the papilla. Moreover, manipulation of the papilla 

Fig. 24.1  Native papilla in Billroth II anatomy. Straight 
(diagnostic) catheter exiting duodenoscope

24  ERCP in Altered Anatomy
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with the cap during cannulation improves posi-
tion and increases cannulation rates [10, 13, 14]. 
In any case, manual compression of the abdomen 
whenever there is sharp angulation or loop for-
mation may assist in scope advancement. 
Scouting the anatomy with a gastroscope prior to 
using a duodenoscope is another alternative. 
Upon reaching the papilla, a guidewire is left in 
place, and the duodenoscope is inserted along-
side or over the wire. This helps identifying the 
afferent loop and monitoring progress fluoro-
scopically [15].

In a recent systematic review, the success rates 
of afferent loop intubation and selective cannula-
tion rate for each type of endoscope were duode-
noscope 98.2% and 95.3%, forward-viewing 
endoscopes 97.4% and 95.2%, and balloon-
assisted enteroscopes 95.4% and 97.5%, respec-
tively. The rate of bowel perforation was slightly 
higher in side-viewing endoscopy (3.6%) and bal-
loon-assisted enteroscopy (4.1%) compared with 
forward-viewing endoscopy (1.7%) [16]. If the 
papilla cannot be reached with the duodenoscope, 
the gastroscope, or the pediatric colonoscope, 
enteroscopy techniques is the next logical step.

In Whipple’s procedure, the second portion of 
the duodenum including the head of the pancreas 
is removed, so there is no papilla. In the classic 
Whipple, there is an end to side gastrojejunostomy 
(similar to Billroth II), whereas in the pylorus-
preserving variation, the jejunostomy is performed 
right after the pylorus. Both biliary and pancreatic 
ducts are anastomosed to the jejunum rendering 
cannulation much easier. Since there is no particu-
lar  need for the elevator, it seems wiser  to start 
with a straight-viewing scope such a pediatric/
adult colonoscope or even a gastroscope. A trans-
parent cap helps in navigating through the intes-
tine. Pneumobilia, in a patent hepaticojejunostomy, 
is also a valuable guide during scope insertion. 
Alternatively, the biliary anastomosis may  be 
reached with the therapeutic duodenoscope as well 
as with deep enteroscopy techniques.

The pancreatic anastomosis is usually at the very 
end of the blind stump, whereas the biliary anasto-
mosis is located a few centimeters proximally. 
Variations may exist as sometimes the pancreatic 
anastomosis is done in an end to side manner and is 

located before the blind stump but always after the 
biliary anastomosis. Rarely, the two anastomoses 
are performed on separate Roux limbs. When the 
two hepatic ducts are separately anastomosed, one 
encounters two biliary openings.

The size of the anastomosis in relation to the 
size of the bile duct determines the degree of 
fibrosis and the need for dilation, especially if 
there are stones present. The pancreatic anasto-
mosis is quite difficult to locate and cannulate 
[17]. Flat tissue around it is a clue of vicinity. 
Secretin injection along with methylene blue 
spraying for identification may be used as done 
for the minor papilla. All cannulations are per-
formed with straight catheters.

The Roux rearrangement (Fig.  24.2), be it 
after gastrectomy or RYGB, is the most difficult 
to tackle. This is due to the long distance to tra-
verse before reaching the papilla. Given the fact 
that distance from mouth to stomach is around 
40 cm, the distance of the Roux limb is at least 
50–70 cm and many times longer, and finally the 
length of the biliopancreatic limb is another 
50 cm or more, one understands that reaching the 
papilla requires at least 150 cm of shaft without 
looping. With the duodenoscope it is almost 
impossible to accomplish the task. The only 
exception is after total gastrectomy where dis-
tances are shortened, and often a duodenoscope 
can traverse the distance. ERCP can be performed 

Fig. 24.2  Endoscopic view of a side to side Roux anasto-
mosis. Anastomosis line, alimentary, Roux, and blind 
limb marked on image. The blind loop is absent in end to 
side reconstruction
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with the help of various long forward-viewing 
endoscopes or more complex procedures either 
transluminally or transmurally depending on the 
postoperative anatomy.

The pediatric colonoscope is usually the first 
choice although success in reaching the papilla is 
low. If available, the best option is to use enteros-
copy techniques. All deep enteroscopy tech-
niques are referred to under the general term 
device-assisted enteroscopy (DAE) and, in the 
case of ERCP, device-assisted ERCP (DAERCP) 
and will be addressed to subsequently. 
Cannulation and interventions are performed as 
in Billroth II anatomy.

Should intraluminal efforts prove fruitless, 
transmural interventions may be employed, usu-
ally, but not restricted to Roux-en-Y gastric 
bypass. These approaches are either EUS guided 
or surgically assisted. EUS-guided techniques 
may be applied directly, to decompress the desired 
duct with EUS-guided transmural stents, or indi-
rectly to allow access to the papilla after creating 
an anastomosis usually between the remnant and 
the excluded stomach after RYGB. Laparoscopy-
assisted options apply here as well.

ERCP after biliopancreatic diversion is possi-
ble only with laparoscopy-assisted techniques.

24.5	 �Device-Assisted ERCP, 
DAERCP

Especially for Roux-en-Y gastrectomy, but also 
in post-Billroth II or post-Whipple’s, whenever 
duodenoscopes and traditional front-viewing 
endoscopes fail to reach the papilla, mostly due 
to distance issues, DAE has provided endosco-
pists with a valuable and safe alternative. Latest 
advances in enteroscopy include wireless small 
bowel capsule endoscopy (SBCE) which is a 
strictly diagnostic procedure and double-balloon 
(DBE), single-balloon (SBE), and spiral enteros-
copy (SPE) which all offer the possibility to per-
form various interventions.

Mainly DBE (Fujinon) and SBE (Olympus) 
but also SPE have been used to traverse the small 
bowel with intent to perform ERCP.  Properties 
and capabilities of each system are reviewed else-

where [18, 19]. Both SBE and DBE are highly 
effective methods in reaching the papilla in surgi-
cally altered anatomy. Many studies have shown 
this. Standard, long enteroscopes used for 
balloon-assisted small bowel endoscopy require 
customized, long catheters and wires for endo-
therapy, and the market availability for these 
catheters is low. Shorter (~150 cm) enteroscopes 
that can accommodate standard ERCP catheters 
are commercially available from both manufac-
turers. These models are equipped with a 3.2 mm 
working channel through which most endother-
apy is possible with standard length catheters. 
Long enteroscopes are superior to short entero-
scopes in reaching the papilla in case of Roux 
reconstruction without gastrectomy or in perito-
neal dissemination [20]. Successfully reaching 
the papilla with DBE is reported ranging from 75 
to 97.1% in Roux-en-Y gastrectomy series [21–
24]. The success in reaching the papilla in 
Billroth II or post-Whipple’s anatomy is even 
higher [25]. Conversely, in long Roux rearrange-
ment (RYGB), the success in reaching the papilla 
is significantly lower, at the range of 71%, as 
shown from a large multicentric study including 
all forms of DAE specifically in RYGB [23].

Single-balloon enteroscopy has similar effec-
tiveness in reaching the papilla. Local availability 
and expertise are the main determinants in scope 
choice [23, 25–27].

Spiral endoscopy with the Spirus overtube is 
no longer commercially available. The Olympus 
Corporation after acquiring the Spirus overtube 
has developed its own dedicated system with a 
built-in motorized system called PowerSpiral. 
This system is commercially available since early 
2019 and studies are underway. ERCP in surgi-
cally altered anatomy with the Spirus overtube 
has been attempted with success, but a limited 
number of studies have been published [28, 29].

24.6	 �EUS-Guided Methods

As mentioned earlier, EUS-guided techniques 
may be applied directly to relieve ductal obstruc-
tion or indirectly to facilitate scope passage to the 
duodenum.

24  ERCP in Altered Anatomy
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EUS-guided hepaticoentero-/gastrostomy is 
equally successful, in terms of biliary drainage, 
compared with percutaneous transhepatic drain-
age, but superior in terms of post-procedural pain 
and need for re-interventions [30]. The method has 
application both in malignant and benign obstruc-
tion not only to achieve decompression but also to 
provide definitive therapy in benign disease [31] 
although further studies are necessary. EUS-
guided therapy may be performed transgastrically, 
directly at the pancreatic duct to treat stenosis of 
the pancreaticojejunostomy with good success 
rate and accepted complications [32, 33].

Specifically in RYGB, EUS-guided gastrogas-
trostomy is a valuable adjunct in performing 
ERCP.  The technique consists of several steps 
with intent to create a gastrogastrostomy between 
the small gastric pouch and the excluded stom-
ach. Through the gastrogastrostomy, a duodeno-
scope is passed and a standard ERCP is 
performed. Initially, the excluded stomach is 
identified with a linear echoendoscope and punc-
tured with a 19-gauge EUS needle. Contrast 
injection confirms the intragastric position of the 
needle. Afterward more water with contrast and 
CO2 are injected to distend the gastric cavity, and 
a long guidewire is coiled inside the excluded 
stomach. The tract is then dilated with a 6 mm 
balloon. Finally, a short lumen-apposing metal 
stent (LAMS) is inserted to secure the connec-
tion. The stent is dilated to 18 mm to permit the 
passage of a duodenoscope to perform ERCP as 
in native anatomy [34]. The stent may be retrieved 
several weeks later, and the fistula can be sutured 
with endoscopic suturing. This last step may pose 
difficulties as the working space inside the small 
gastric pouch is very confined. More studies are 
needed before adopting this technique.

24.7	 �Alternatives in RYGB/ ERCP 
via Gastrostomy

The creation of a Russell-type gastrostomy by EUS 
guidance [35, 36] or after reaching the excluded 
stomach with enteroscopy techniques [37], and 
subsequent exchange for an esophageal stent, 
allows the performance of standard ERCP with a 

duodenoscope through the stent, after balloon dila-
tion. All the above steps are performed in the same 
session. At the end, the stent is again exchanged for 
a gastrostomy tube. Similarly, a surgical gastros-
tomy may be dilated after maturation to allow the 
insertion of a conventional duodenoscope, although 
this procedure is time-consuming and not suited for 
interventions in a timely manner [38].

24.8	 �Laparoscopy-Assisted ERCP

Laparoscopy-assisted ERCP may be attempted in 
all long limb Roux reconstructions, when less 
invasive methods to reach the papilla have failed. 
Furthermore, it is the only way of performing 
ERCP after biliopancreatic diversion [39, 40]. It 
may be the best choice whenever there is an indi-
cation for concomitant cholecystectomy [3]. In 
RYGB, the excluded stomach is punctured and a 
15  mm trocar is inserted and secured. Through 
the trocar, a standard therapeutic duodenoscope 
is passed and ERCP may be carried out as in 
native anatomy. In non-bariatric Roux recon-
structions, including biliopancreatic diversion, 
laparoscopy-assisted ERCP may be performed 
with a duodenoscope through a trocar inserted in 
a jejunal loop close to the papilla. ERCP is per-
formed in an inverted fashion, as in all caudally 
approached papillae.

24.9	 �Cannulation, 
Sphincterotomy, and Other 
Interventions

Whenever the papilla is approached orally (Billroth 
I, sleeve gastrectomy, transgastric ERCP in 
RYGB), cannulation and sphincterotomy are per-
formed the same way as in native anatomy. 
Whenever the papilla is approached caudally, as in 
all other surgical rearrangements described above, 
all anatomic formations are seen from the opposite 
position. This means that the bile duct is at the 5–6 
o’clock direction and the pancreatic duct toward 
the 7 o’clock position. The presence of the elevator 
on the duodenoscope, in every case, facilitates 
cannulation and further interventions.
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Cannulation of the desired duct is best 
achieved with a straight (diagnostic) catheter 
pointing at the direction of the duct (Fig. 24.3a). 
The exit point of the working channel varies in 
the front-viewing scopes used for papillary 
access in altered anatomy. Rotation of the shaft of 
the endoscope helps adjusting for better align-
ment toward the desired duct. One can use the 
wire-guided cannulation method which has been 
shown to reduce the incidence of post-ERCP 
pancreatitis, at least in native anatomy, or instead 
try with the classic injection first method in order 
to understand the anatomy and advance the cath-
eter accordingly so as to achieve deep cannula-
tion. The selected catheter may be manually 
reshaped to point to a more favorable direction. 
In the absence of papilla, the ductal anastomosis 
is cannulated with a diagnostic catheter.

Rotatable catheters or sphincterotomes may 
prove very helpful in cannulation. The advantage 
of a rotatable sphincterotome is obviously that a 
single instrument is used both for cannulation and 
sphincterotomy. The pancreatic guidewire tech-
nique can also be applied if the pancreatic duct is 
repeatedly entered. Finally, needle knife pre-cut-
ting (in skilled hands) when all other techniques 
fail and/or percutaneous transhepatic rendezvous 
are other options for cannulating the bile duct.

Sphincterotomy is done in the direction of the 
duct. Several methods have been described in the 
literature. Besides the rotatable sphincterotome, a 
variety of modified sphincterotomes (S-shaped, 
shark fin, sigmoid type) have been used, and 
many are commercially available (Fig.  24.3b). 
Needle knife sphincterotomy over a plastic bili-
ary stent is another popular and safe way of per-

a b

c d

Fig. 24.3  Billroth II ERCP with a diagnostic gastro-
scope. (a) Cannulation with a straight catheter. (b) 
Endoscopic sphincterotomy with a Billroth II sphinctero-

tome over the wire. (c) Large balloon papillary dilation 
after a small sphincterotomy. (d) Opening of the papilla 
after the dilation, dark stone visible inside the duct

24  ERCP in Altered Anatomy
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forming sphincterotomy, always cutting above 
the stent without deeper injury. Finally, a small 
sphincterotomy followed by large balloon dila-
tion of the papilla is probably the safest approach 
especially when dealing with large biliary stones 
(Figs. 24.3c, d and 24.4).

Specialized, longer cannulas and sphinctero-
tomes are necessary if DAERCP with long shaft 
enteroscope is to be performed. The usual wires 
are not long enough for wire exchange, so dedi-

cated 600-cm-long wires should be available for 
wire exchange. If not available, water-assisted 
wire exchange of a 450-cm-long, fully hydro-
philic, wire may be attempted. Metal stent inser-
tion is impossible through the working channel of 
long shaft enteroscope. Stent insertion, over a 
stiff wire, through the overtube, after scope with-
drawal may be an alternative in this situation. 
Monitoring is solely radiological of course. Stone 
extraction is done the same way as in standard 

a b

c d

Fig. 24.4  ERCP with a diagnostic gastroscope – fluoros-
copy from Fig. 24.3. (a) Initial injection inside the com-
mon bile duct. Cuboid stone close to the papilla and 
classic Billroth II position of the scope. (b) 

Cholangiogram—wire inside the bile duct. (c) Large bal-
loon papillary dilation (plain water, no contrast). (d) 
Inflated balloon above the stone prior to extraction
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ERCP. Longer stone extraction balloons and dor-
mia baskets are necessary for long shaft 
enteroscopes.

24.10	 �Adverse Events

ERCP is the endoscopic intervention associated 
with the highest risk for complications. The usual 
complications include post-ERCP acute pancre-
atitis, hemorrhage, cholangitis, and perforation. 
In the surgically altered anatomy realm, perfora-
tions are the most frequently encountered com-
plications. Perforations usually occur at the 
anastomoses or in any other site as a result of 
excess force applied at any fixed, angulated loop. 
Forward-viewing instruments are safer to navi-
gate with when compared with duodenoscopes, 
resulting in fewer perforations. Care should be 
taken not to induce barotrauma when using 
balloon-assisted enteroscopy. The isolated loop 
between the duodenal stump and the inflated bal-
loon should not be overinflated even with CO2 
insufflation [41].

24.11	 �Conclusion

ERCP in surgically altered anatomy is a chal-
lenging procedure. Clear understanding of the 
postoperative anatomy, careful planning of the 
intervention  in terms of scope and accessory 
selection, and thinking ahead of possible hurdles 
are essential for a successful outcome. Skilled, 
high-volume endoscopists are best suited for 
these cases. Experience and familiarity with deep 
enteroscopy techniques and EUS are essential in 
order to achieve the highest success rates. 
Surgical assistance may be needed in certain 
cases to complete the planned treatment.
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Abbreviations

CT	 Computed tomography
ERC	 Endoscopic retrograde cholangiogra-

phy
ERCP	 Endoscopic retrograde cholangio-

pancreatography
ESGE	 European Society of Gastrointestinal 

Endoscopy
EUS-CD	 Endoscopic ultrasound cholangiod-

rainage
MRCP	 Magnetic resonance cholangiopan-

creatography
MRI	 Magnetic resonance imaging
PTCD	 Percutaneous transhepatic cholan-

giodrainage
US	 Percutaneous ultrasound

25.1	 �Introduction

Percutaneous transhepatic cholangiography and 
cholangiodrainage (PTCD) offers an alternative 
access route to the bile duct system to endoscopic 
retrograde cholangiography (ERC) by creating a 
percutaneous bile fistula. In comparison to endo-

scopic retrograde cholangiography (ERC), PTCD 
is an antegrade drainage method that follows the 
bile flow direction, establishing a non-anatomical 
entry to the bile duct system. Historically, PTC 
was initiated in the 1960s and predates introduc-
tion of ERC in the mid-1970s. Worldwide, PTC 
is applied at variable frequency; some interven-
tionalists prefer it over ERC, e.g. in some parts of 
Asia; however most often PTCD is regarded as a 
second-line alternative to ERC in many situa-
tions. Indications for PTC include impossibility 
of an endoscopic intervention in obstructive bile 
duct disease, e.g. in bowel obstruction, or previ-
ously failed endoscopic intervention.

Rendezvous techniques are used as a salvage 
technique after failed ERC or anticipating a com-
plex intervention that might not be resolved by 
sole ERC. The reason for PTC-endoscopic ren-
dezvous might be limited accessibility of the bile 
duct system by ERC, i.e. failed bile duct cannula-
tion or failing to traverse a bile duct stricture, or 
difficulty to approach the biliary orifice in post-
operative altered anatomy. A main advantage of 
PTC over ERCP is the opportunity to drain 
obstructed bile duct segments externally, even if 
the obstructing stricture is not passed by the 
draining catheter, as PTC uses a percutaneous 
antegrade access route, Table 25.1.

There are some basic differences in compar-
ing PTCD vs. ERC (Table 25.2).
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25.2	 �Technique of PTCD

Percutaneous transhepatic biliary drainage can be 
differentiated as an external drainage, external/
internal drainage or internal drainage, depending 
on the outcome of the procedure, the type of cath-
eter and its position within the biliary tree 
(Fig. 25.1). In case that the catheter may not pass 
the obstruction site, it is placed with the tip in an 
intrahepatic or an extrahepatic bile duct above the 
site of obstruction (Fig. 25.1a). External drainage 
may offer advantages over internal drainage, since 
the pressure gradient for drainage from the intra-
hepatic ducts to an external system may be greater 

Table 25.1  Comparison of biliary access techniques

ERC PTC EUS-CD
Access route Anatomic Non-anatomic Non-

anatomic
Access distance Long 

(>1 m)
Short (<1 m) Long 

(>1 m)
Complexity High Intermediate High
Complication rate <10% Ca. 10% >10%
External drainage 
possible

No Yes No

Success rate 90–95% 95% (often 
after failed 
ERC)

70–80%

ERCP endoscopic retrograde cholangiography, PTC per-
cutaneous transhepatic cholangiography, EUS-CD endo-
scopic ultrasound cholangiodrainage

Table 25.2  Differences of PTCD vs. ERCP in therapy of bile duct obstruction

PTCD ERC
Access route Limited selection of access route (‘from branch to 

trunk’)
Selection of bile duct branch potentially 
feasible (‘from trunk to branches’)

Repeating 
interventions

Easy to repeat interventions as soon as biliary access is 
established by percutaneous interventions

Repeated interventions are easy to 
perform as long as endoscopic approach 
to the biliary orifice is easy and bile duct 
access/papillotomy is done

Risk of establishing biliary access is higher than sequential 
interventions, and abandoning the external-internal 
catheter for internal drainage signifies de novo risk profile 
in case of necessity of recurrent bile duct access

Surgically 
altered anatomy

No limitation Access complicated

Complication 
rate

Morbidity (major complications) ca. 5%
Mortality ca. 2%

Morbidity (minor + major 
complications) <10%
Mortality <1%

a b c

Fig. 25.1  External drainage (a), external-internal drainage (b) and internal drainage (c) by PTCD. (Adapted from: 
Percutaneous transhepatic biliary drainage in the management of biliary obstruction. Author links open overlay panel 
Philip J. Weyman M. D., Ronald G. Evens M.D. Current Problems in Diagnostic Radiology. Volume 11, Issue 3, May–
June 1982, Pages 4-55. https://doi.org/10.1016/0363-0188(82)90018-4)

J. G. Albert
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than the gradient for drainage into the intestine, 
and external drainage volumes can also be moni-
tored easily. Sometimes decompression by exter-
nal drainage may result in an improved outcome 
of difficult to navigate bile duct strictures in a sec-
ond attempt. Its main disadvantage is the risk of 
dislodgement and the loss of nutrients: hyponatre-
mia and dehydration can occur in patients with 
inadequate oral or intravenous replacement, and 
the loss of bile salts may result in malabsorption 
and wasting in the long term.

In most instances, external drainage is 
regarded a temporarily solution, and following 
decompression of the intrahepatic bile duct sys-
tem, internalization of the catheter might be 
achieved in a second interventional session.

If an external-internal drainage situation is 
achieved (Fig. 25.1b), the catheter is placed into 
the intestine percutaneously, with the catheter 
side holes located above and below the obstruc-
tion site. While maintaining access to the biliary 
tree, the outflow of bile in to the intestines is re-
established. Risk of dislodgement of the catheter 
is minimized as the catheter is sufficiently long to 
sustain a stable position.

An internal stent may be placed via the PTCD 
to bridge the obstructing lesion with removing 
the percutaneous catheter immediately after 
releasing the perfectly placed stent, thereby aban-
doning the external access (Fig. 25.1c). Internal 
drainage is attractive because all external cathe-
ters are removed and has cosmetic and psycho-
logical advantages for the patient. However, as 
soon as stents are occluded, additional interven-
tions are required. Removal of all externally 
placed devices is possible in case that a free bile 
flow into the intestines has been established. 
Otherwise a biliary fistula with bile leakage into 
the peritoneal space can occur.

25.3	 �Patient Preparation

Attention to any pre-interventional diagnostic 
test available increases the probability of a suc-
cessful intervention, and the therapeutic planning 
is based on a thorough visualization of the bile 
duct system by imaging. The clotting time should 
be sufficient, i.e. the platelet count should be 

greater than 75 × 109/L and the INR below 1.8. 
Cholangitis needs immediate antibiotic treat-
ment, and in patients without previous evidence 
of cholangitis, we routinely use a broad-spectrum 
antibiotic such as ampicillin or ceftriaxone as a 
prophylactic treatment. A pre-procedure visit at 
the patient’s bedside to discuss the risks and ben-
efits of PTBD is an integral part of patient 
preparation.

25.4	 �Procedure of PTCD

Before starting the procedure, the therapeutic aim 
is planned based on cross-sectional imaging find-
ings, i.e. percutaneous ultrasound (US) and/or 
CT/MRI and, ideally, MRCP.  We prefer sono-
graphically guided PTCD, with a continuous 
free-hand sonography guidance until puncturing 
a peripheric bile duct is attained. Any PTC proce-
dure is performed under sterile conditions. The 
standard position is the midaxillary line approach 
for PTC; alternative puncture routes are chosen 
according to the anatomical situation and the 
location of the obstructing lesion or any treat-
ment envisaged. Prior to PTC, the right lateral 
costophrenic angle should be localized in deep 
inspiration and the skin marked at this point to 
avoid transpleural fistulae. When PTCD is well 
planned, injection of contrast may be minimized, 
and a small amount of contrast medium is suffi-
cient to opacify the intrahepatic ducts, without 
performing a complete diagnostic examination. 
This is particularly important in patients with 
pre-existing cholangitis or sepsis, as overdisten-
tion of the ducts can aggravate sepsis.

25.5	 �PTCD-ERCP Rendezvous

Non-surgical treatment of biliary obstruction was 
formerly a domain of percutaneous drainage [1, 
2]. Only later, after replacing most indications for 
biliary drainage by endoscopic technique, it was 
identified to assist endoscopic access in impeded 
transpapillary intubation [3]. Naturally, PTCD-
ERC rendezvous procedures require to master 
both endoscopic and percutaneous techniques. A 
firm grasp of the anatomy and pathology of the 
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biliary tract, the necessary background of the 
interventional procedures and materials used and 
the willingness to function as part of a therapeu-
tic team are mandatory for a successful interven-
tion. Before any intervention, a diagnostic 
non-invasive clarification of the nature and the 
anatomic level of the bile duct obstruction are 
executed, e.g. MRCP, percutaneous ultrasonogra-
phy and/or cross-sectional imaging.

Endoscopic rendezvous includes all proce-
dures with antegrade introduction of a guidewire 
that might be caught by advancing it transpapil-
lary to the duodenum. A combination of PTC and 
endoscopy, EUS-CD and intraoperative cholan-
giography plus endoscopic rendezvous have been 
reported [4, 5].

For PTCD-ERCP rendezvous, after punctur-
ing a peripheric intrahepatic bile duct, a (hydro-
philic) guidewire is advanced to the duodenum 
through a guiding catheter. The guidewire 
should feature a length of at least 100  cm. 
Hereupon, ERCP is performed. The guidewire, 
visualized in the duodenum, is grasped with a 
polypectomy snare and pulled retrograde 
through the accessory channel of the duodeno-
scope. A double lumen papillotome is then 

advanced over the guidewire, positioned at the 
papilla, and the sphincterotomy may be com-
pleted or any stent advanced transpapillary 
through the endoscope. The procedure is con-
sidered successful if biliary tract obstruction 
was completely resolved.

25.6	 �Indication for PTCD-ERCP 
Rendezvous

In case that sole endoscopic intervention failed or 
it might be foreseen that single-stage intervention 
might not be feasible, percutaneous access offers 
an alternative to enable repeated interventions 
and to combine percutaneous and endoscopic 
treatment modalities.

Rendezvous procedures might improve suc-
cess rates of biliary drainage in unsuccessful 
ERCP (Fig. 25.2). In patients with superinfected 
bilioma in combination with distal bile duct 
obstruction, a combined draining of bile and bili-
oma by establishing a PTCD through the bilioma 
is most helpful and may also bridge and dilate the 
stricture site. Therefore, PTCD-ERC rendezvous 
within the bilioma is a valuable option: the percu-

a b c

d e f

Fig. 25.2  (a, b, c) Anastomotic stricture in a patient with 
end-to-side choledocho-choledochal anastomosis after 
liver transplantation and with small biliary septic liver 
abscesses. (a) MRCP with delineation of the stricture. 
ERCP failed in repeated interventions (b, c) for eccentric 
anastomotic stricture. (d, e, f) After percutaneous access 

of the biliary tract, the guidewire was easily advanced into 
the duodenum and grabbed by the endoscope that had 
been placed at the duodenum, and a stent was advanced 
transpapillary across the stricture by way of endoscopy. 
The percutaneously placed catheter and guidewire were 
removed within the same session
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taneously introduced guidewire may be caught 
by a snare or basket that has been transpapillary 
advanced into the bilioma through the duodeno-
scope. Thereby, a percutaneous, transhepatic, 
trans-bilioma biliary drainage could be estab-
lished (Fig. 25.3) [4].

In patients with difficult to treat malignant or 
benign disease, PTCD might offer safe biliary 
drainage between repeating interventions. 
Combination of endoscopic and percutaneous 
interventions might help to achieve successful 
treatment (Fig. 25.4). In a large series, among a 

total of 812 patients, rendezvous was performed 
in 47 (6%), 31 (66%) of whom were diagnosed 
with complete transection of the bile duct 
(Amsterdam type D/Strasberg type E injury). 
The primary success rate of rendezvous was 
94% [6]. In multisegmental obstruction in exten-
sive hilar cholangiocarcinoma, complete drain-
age of the biliary tree is often not possible or 
practical. In these cases the configuration of the 
obstruction may guide the drainage plan, i.e. 
imaging such as MRCP should be performed 
before ERCP.

a b

c d

Fig. 25.3  (a) Infected bilioma in a patient with ischemic-
type bile duct strictures. By percutaneous endoscopic ren-
dezvous within the bilioma/abscess, a percutaneous 
transhepatic trans-bilioma biliary drainage could be estab-

lished. (b) Over the course of several months, the bilioma 
was shrinking. (c) Finally, the bilioma was completely 
restored. (d) The PTCD could finally be removed after the 
bile duct stricture has resolved
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Fig. 25.4  (a) Grossly enlarged common bile duct at fluo-
roscopy (large arrows) before accessing the bile duct sys-
tem in an 85-year-old patient with two episodes of biliary 
pancreatitis. Comorbidities included Billroth II surgery 
and choledochotomy with a stricture of the CBD (small 
arrow), obesity  and lung fibrosis with long-term oxygen 
supply. (b) First, percutaneous biliary access was estab-
lished to prevent any further pancreatitis and to maintain 

bile drainage in subsequent interventions. (c) (i and ii) 
Stone removal was achieved by a combined percutaneous 
and transpapillary approach within a rendezvous proce-
dure. (d) (i and ii) The large proximally located CBD 
stones were fragmented with electro-hydraulic lithotripsy 
under cholangioscopic surveillance. (e) Finally, all stones 
and stone fragments were cleared and the percutaneous 
drainage catheter could be abandoned

a

c

d

b
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In sum, ERC-PTC rendezvous is a complex pro-
cedure to resolve difficult to treat bile duct obstruc-
tion and/or infection [7]. With a tailored approach, 
the interventionalists are able to drain externally or 
internally and may excellently treat infected bili-
oma with downstream bile duct obstruction. A dedi-
cated team is required therefore.
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EUS Diagnostic Puncture

Paolo Giorgio Arcidiacono and Livia Archibugi

EUS diagnostic puncture or EUS-guided tissue 
acquisition (EUS-TA) has been performed for the 
first time in the early 1990s, by Prof. Peter 
Vilmann [1] being the pioneer on this technique, 
and has greatly evolved throughout these past 
years, with the development of new techniques 
and devices. This helped raise the sensitivity and 
specificity of this procedure, being nowadays 
85–89% and 96–99%, respectively, for pancre-
atic lesions [2–4]. It is currently performed as a 
routine procedure for outpatients and is being 
increasingly used as it is able to give an accurate 
diagnosis with a very low risk of side effects.

EUS-TA is performed with linear scopes, as 
radial ones, depending on the device, either do 
not have a working channel or the different orien-
tation of the probe in regard to working channel 
hampers the safe visualization of the tract needle 
during the biopsy.

26.1	 �Indications

In order to correctly and safely perform the pro-
cedure, the first thing to think of is the indication. 
Although risk of complications for EUS diagnos-
tic puncture is relatively low (about 0.2–2%) [5], 
we are performing an invasive procedure, and the 
benefit we’ll get from the EUS diagnostic punc-
ture has to outreach the risk of complications.

Main indications to perform an EUS diagnos-
tic puncture are either to confirm a suspected 
neoplasia and determine its nature (e.g., punctur-
ing a pancreatic cyst) or its staging (e.g., punctur-
ing a suspected node), or for a differential 
diagnosis between a benign and a malignant neo-
plasia, or to assess the presence of an infection 
(e.g., in a walled-off pancreatic necrosis).

26.1.1  �What Can I Puncture?

Ideally, anything inside the gastrointestinal wall 
or bronchial wall or close enough to it that is 
reachable with a needle passing through the 
scope for example, mediastinal masses or pulmo-
nary lesions; abdominal organs like the pancreas, 
the liver, the bile duct, and the gallbladder; less 
frequently, left adrenal gland lesions or splenic 
lesions or suspected peritoneal carcinomatosis; 
other lesions through the rectal wall; or even asci-
tes in case of small volumes not easily reached 
percutaneously.
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EUS-TA is considered better than transab-
dominal US-guided or CT-guided biopsies as 
there is less tissue to go through and therefore a 
lower risk of complications and seeding [6].

Based on ESGE guidelines from 2017 [6] on 
EUS sampling, in case of:

–– Pancreatic solid lesions, we should perform 
EUS-TA as first-line procedure when a patho-
logical diagnosis is required. In case of 
metastatic disease, a percutaneous approach 
on the metastasis is recommended.

–– High suspicion of malignant disease with a 
first negative or inconclusive result, we should 
either re-evaluate the slides or repeat EUS-TA 
or go to surgery.

–– Pancreatic cystic lesions ≤10 mm, we do not 
require EUS-TA, unless high-risk stigmata are 
present.

–– Pancreatic cystic lesions ≥10 mm, we should 
perform EUS-FNA to perform biochemical 
analyses of the fluid with dosage of amylase 
and carcinoembryonic antigen (CEA) and 
cytopathological examination in case the diag-
nosis will change the management of the 
patient. In these cases, in the occurrence of a 
small volume of the cyst, the priority goes to 
the dosage of intracystic CEA.  In cases of 
very low amount of liquid, it is suggested to 
puncture the wall and perform an analysis for 
KRAS mutation.

–– Indeterminate biliary strictures, we can 
perform EUS-FNA as an alternative or in 
combination with ERCP sampling. It is never-
theless still debated whether, in case of unre-
sectable biliary malignancy amenable of liver 
transplantation, this can be considered a safe 
technique. In fact, in case of liver transplanta-
tion, the immunosuppressive therapy could 
lead to a high risk of spread of an eventual 
seeding [7].

–– Esophageal cancer, we should perform FNA 
for the evaluation of regional lymph nodes in 
T1/T2 adenocarcinoma and distant nodes sus-
pected for metastasis or left liver lesions or 
peritoneal carcinomatosis.

–– Lymphadenopathy of unknown origin, we 
should perform FNA in case no superficial 

lymphadenopathy is revealed and easily 
accessible and in case sampling will affect the 
patient management.

–– Solid liver masses that are suspected for 
being metastasis, we should perform FNA if 
this will change patient’s management only if 
the lesion is not or poorly percutaneously 
accessible or if it has already been sampled 
percutaneously with inconclusive results or in 
case of lesions not previously visualized dur-
ing cross-sectional imaging.

–– Ampullary lesions, we can consider perform-
ing EUS sampling.

–– Subepithelial lesions, we can perform EUS 
sampling in case a bite-on-bite biopsy has not 
retrieved a diagnosis only, in case of asymp-
tomatic hypoechoic lesions ≥2  cm in the 
stomach if surveillance is considered, or when 
we are considering targeted therapy for a sus-
pected GIST, when we suspect a carcinoma, 
neuroendocrine tumor, lymphoma, or intra-
mural metastasis. There is no indication to 
perform EUS sampling in case of necessary 
surgery for symptomatic lesions, <2  cm 
lesions of the stomach or esophagus, pathog-
nomonic EUS appearance of duplication cyst 
or lipoma, patient not candidate for a treat-
ment, or esophageal subepithelial cysts.

–– Diffuse esophageal/gastric/rectal wall 
thickening, after standard biopsies have failed 
to retrieve a diagnosis, we should perform 
EUS sampling aiming at a core biopsy, with 
flow cytometry performed in case of suspected 
GI lymphoma.

26.2	 �Contraindications

In terms of safety, strictly depending also on the 
experience of the operator and balancing the risks 
and benefits of the procedure, EUS-TA is usually 
contraindicated in case of:

–– Coagulopathy with INR >1.5 or platelet count 
<50,000/mmc, although no reliable data on 
the topic exist, these are reasonable rules used 
in common clinical practice for invasive tech-
niques at higher risk of bleeding.
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–– Antithrombotic therapy as referred by the 
British Society of Gastroenterology and 
ESGE guidelines [8], with anticoagulants 
and P2Y12 receptor antagonists, which 
should be stopped with adequate advance. 
Acetylsalicylic acid (ASS) does not need to 
be discontinued.

–– For lesions of the adrenal gland, a pheochro-
mocytoma needs to be  excluded  before per-
forming EUS-TA.  In fact, in case of a 
pheochromocytoma, with performing a punc-
ture  there is a high risk of abrupt release of 
catecholamine that can put the patient in seri-
ous danger. 

–– Pancreatic lesion (especially cystic lesions) 
situated >10  mm from the transducer [9], 
although this is strictly dependent on the oper-
ator’s experience.

Again, contraindications are not absolute and 
strictly depend on the need of the diagnosis and 
the experience of the operator and have to be 
clearly discussed with the patients.

26.3	 �Starting the Exam

In general, it is advisable to first perform a com-
plete evaluation of all the explorable abdominal 
and/or thoracic organs, evaluate the lesion closely 
and from different positions, and leave the punc-
ture as the final part of the exam. This is mostly 
for two reasons:

	1.	 You might decide that the puncture is not nec-
essary anymore (e.g., when the diagnosis is 
clear enough just by looking at the lesion or 
when something else arises from the evalua-
tion of abdominal organs).

	2.	 When you puncture a lesion, you might:
–– Alter the ability of evaluating that lesion 

(e.g., if you aspirate the fluid from a cyst 
you will alter its dimension and might alter 
the echogenicity of the lesion, e.g., causing 
a bleeding into the cyst lumen or the for-
mation of a hematoma in the gastrointesti-
nal wall)

–– Cause a complication that will require an 
abrupt interruption of the exam and therefore 
prevent you from completing the examination.

26.4	 �Scope Positioning 
to Perform Puncture

The right position of the scope is crucial in order 
to perform a proper puncture. Once identified the 
lesion we intend to puncture, we need to study 
the best position to puncture it. The aim has to be:

–– Puncture it from the closest position (the less 
tissue to go through, the less probable a com-
plication will happen)—so, e.g., a pancreatic 
lesion of the head might be punctured from 
the duodenal bulb or the second portion of the 
duodenum.

–– Find the most stable position: remember that 
you are exploring a body with a tube inserted 
in a hollow organ and that the human body is 
made mostly of soft tissue not perfectly stable; 
if you push against a wall with a needle, either 
your needle goes through the wall or your 
scope will be pushed away from the wall and 
you might not reach the lesion. If you have to 
puncture a pancreatic mass, remember that the 
stomach has a big lumen, a thicker wall to be 
penetrated, and wall layers able to slide one 
onto each other; also the stomach wall is more 
mobile compared to the duodenum. Therefore, 
from the stomach, the puncture might be less 
easily performed, while the second portion of 
the duodenum, with its thinner walls and more 
fixed position, can offer a preferable access to 
the lesion. On the other hand, the second por-
tion of the duodenum, especially during the 
retraction of the scope and if no balloon or 
rigid scope is used, might be a less stable 
position.

–– Avoid vessels as much as possible: this will 
reduce the risk of bleeding and the risk of hav-
ing a bloody sampling.

–– Avoid, if possible, pancreatic and bile ducts: 
this will reduce the risk of post-procedural 
pancreatitis and cholangitis.
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Passing the needle through the operating 
channel, you have to keep in mind that the torsion 
of the scope might limit the passage of the nee-
dle; this could be more frequent in case of small 
working channel instruments or with big size 
needs that are more rigid and therefore could 
block in the distal part of the working channel. 
Therefore, it is sometimes better to maintain the 
proper position of the scope with the handles 
blocked only after the passage of the needle 
sheath inside the operating channel and the 
anchorage of the needle handle onto the scope. 
On the other hand, this should be balanced with 
the fact that in particularly difficult positions, it is 
better to pass the needle with the handles blocked 
in order to maintain the position (Fig. 26.1).

26.5	 �Puncturing: How to Perform 
It Step-by-Step

	 1.	 Remember to explore everything before per-
forming the EUS-TA; don’t go straight to the 
lesion to puncture it.

	 2.	 Identify the target lesion and move the endo-
scope until the lesion is in the center of the 
image.

	 3.	 Antibiotic prophylaxis: if you are going to 
sample a cystic lesion → fluoroquinolones or 
beta-lactam; if you are going to sample a 

solid mass or a lymph node, no antibiotic is 
needed [5].

	 4.	 Find the best position (see tips mentioned 
previously in the Scope Positioning to 
Perform Puncture paragraph).

	 5.	 Use the color Doppler to check for vessels.
	 6.	 Remove the valve at the entrance of the 

scope working channel.
	 7.	 Have somebody pass you the needle (make 

sure the needle is in position 0 in order to avoid 
having the needle tip uncovered, which might 
damage the working channel of the scope).

	 8.	 Pass the needle sheath inside the working 
channel of the scope, and, once it is all in, 
tighten the needle handle onto the entrance 
of the scope working channel (another 
important issue is to lock the protection cath-
eter at 0 position in order to have the possi-
bility to easy lock the needle to the luer lock 
of the working channel).

	 9.	 Check again the scope position, and identify 
again the target lesion: focusing on the nee-
dle might have moved the scope and have 
you lost the proper position.

	10.	 Once the position is found, block the up-
down/left-right handles on the scope.

	11.	 Release half-way the elevator.
	12.	 Untighten the sheath handle, and advance it 

until you see it against the GI wall in the 
ultrasonographic view.

	13.	 Move the elevator and the scope so that the 
elevator is in the most closed way possible 
but still centering the lesion. Why so? The 
more closed the elevator, the wider the angle 
between the scope and the needle and, there-
fore, the more stable the puncture will be.

	14.	 Based on the type of needle you are using 
you might need to retract the stylet for a few 
mm (in case you are using the stylet) to 
uncover the sharp part of the needle.

	15.	 Untighten the needle blockage handle, and 
slowly advance the needle making sure it’s 
under ultrasonographic view. If not, gently turn 
the scope on both sides until you clearly see the 
needle. You must always keep the needle under 
sonographic view for the whole EUS-TA in 
order to evaluate how deep you are going and 
that you are clearly centering the lesion.

Fig. 26.1  Vessels around a lesion. Color Doppler identi-
fies vessels near the target lesion, especially those in the 
tract of the needle toward the target lesion. A pulsative 
Doppler helps differentiating an artery (high speed, pulsa-
tive/spiky flow) from a vein (low speed, Doppler with 
waves, no spikes)
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	16.	 Where to aim? For cystic lesions aim at the 
center; for solid lesions you can either aim at 
the center or, as some might suggest, aim at 
some more peripheral part of the lesion 
where there is less chance to encounter 
necrosis.

	17.	 Advance the needle until you reach what you 
were aiming: since you have to go through a 
gastrointestinal wall made of many different 
layers comprehending also a muscular layer, 
this passage might need some fast, firm, and 
determined stroke to take advantage of the 
sharp part of the needle.

	18.	 Advance the stylet inside the needle so that 
the tissue of the gastrointestinal wall that has 
been cut and got inside the needle is actually 
pushed outside the needle (in case you are 
using the stylet): in this way you’ll allow 
more “space” for the tissue of the lesion you 
are aiming at.

	19.	 At this point:
–– In case of use of syringe negative pres-

sure: ask your assistant to completely 
remove the stylet, and apply the syringe 
(once the vacuum inside of it it’s been 
created).

–– In case of use of “slow-pull technique”: 
ask your assistant, while you advance and 
retract the needle, to slowly retract the 
stylet until this is almost all out of the 
needle (see later for which one to use).

	20.	 When puncturing a solid lesion, movement 
of the needle inside and outside the lesion 
has to be fast and firm when getting in, slow 
when getting out.

	21.	 How many times you have to move the nee-
dle in and out inside the lesion depends on 
the operator experience (usually 15–20).

	22.	 Once done with the movement of the first 
passage, firmly retract the needle to the “0” 
position, and tighten up the handle to block 
it.

	23.	 Untighten the needle handle from the scope 
working channel and have your assistant 
remove the needle from the scope.

	24.	 To express the sampling from the needle, 
either flush with air or saline or reinsert the 
stylet inside the needle.

26.6	 �Choosing the Needle

Compared to just a few years ago, nowadays 
many types of needles are quickly becoming 
available. They differ in:

–– Size (19, 20, 22, or 25 gauge).
–– Shape of the tip → this is what changes 

between an FNA and FNB needle. FNB nee-
dles have a special cutting tip or side slot 
made to cut the tissue and preserve the 
architecture of the lesion. The ability of 
evaluating the architecture is, in fact, what 
distinguishes a cytological examination 
from a histological examination. All other 
needles with no special tip are considered 
FNA needles.

–– Visibility in ultrasound: some needles are 
designed with dimples or other features on the 
distal part to increase echogenicity.

–– Flexibility: new needles in nitinol are less stiff 
and give the possibility to use 19G needles 
more easily.

Is there one recommended needle? The answer 
is not really; it really depends on your experience 
and the availability of a high-quality 
cytopathology department at your center. Yet, 
guidelines [5] give us some suggestions based on 
what we are going to puncture:

•	 Pancreatic or other solid masses and lymph 
nodes → 22G or 25G, either FNA or FNB.

•	 Core tissue specimen → 19G FNA or FNB 
needles or 22G FNB.

•	 Pancreatic cystic lesions (with no solid com-
ponent) → 19G or 22G, empty the cyst with a 
single pass.

•	 Pancreatic cystic lesions (with solid compo-
nent) → sample the solid component just like 
other solid lesions.

•	 Suspected autoimmune pancreatitis → 19G 
FNB.

Although a large-caliber needle might be 
more attractive as it provides a specimen with a 
more conserved architecture and therefore suit-
able for histological examination and the first 
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thought is “large-caliber needle = bigger speci-
men = better diagnosis,” we need to keep in mind 
two things:

–– Large-caliber needles are more stiff. When the 
scope is in the duodenum, the passage of a 
large-caliber needle through the working chan-
nel can be difficult and can damage the scope.

–– FNB is more useful for gastrointestinal sub-
epithelial lesions, while is not necessary for 
other solid lesions.

–– An FNB needle can provide material with a 
preserved architecture, but if our aim is to 
have more cells because we aim at a DNA 
evaluation (see paragraph Future Perspectives 
in EUS Diagnostic Punctures), FNA needles 
seem to retrieve a larger amount of DNA com-
pared to histological slides (Figs. 26.2, 26.3, 
and 26.4).

26.7	 �Additional Tips and Tricks 
to Get More and Higher-
Quality Material

•	 For solid masses and LNs, current guidelines 
suggest the use suction with a 10 mL syringe, 
although new studies are showing the benefits 
of using a slow-pull technique [10].

•	 Neutralize residual negative pressure before 
withdrawing the needle from the lesion clos-
ing the stopcock of the syringe and removing 
the syringe from the needle handle.

•	 The use of the stylet is suggested or even 
mandatory (depending on the type of needle) 
when performing FNB, while for FNA there 
is no clear indication whether to keep the sty-
let in or not, but it depends on the operator’s 
preference.

•	 “Wet suction”: pre-flushing the needle with 
saline in order to replace the air inside with 
a liquid that is less compressible and there-
fore more able to transmit the negative pres-
sure from one side of the needle (syringe or 
stylet) to the tip. This seems to improve sam-
ple adequacy.

•	 “Stylet slow-pull”: consists in the slow 
removal of the stylet (speed of removal not 
standardized) which creates a minimal nega-
tive pressure inside the needle. It’s estimated 
that this creates a 5% of the force generated 
with the syringe. It is still debatable whether 
this technique is better compared to the stan-
dard technique with the syringe.

•	 Whether to leave the stylet in while perform-
ing the sampling depends on the endosonogra-
pher’s preference; in fact, the potential 
advantages are to prevent clogs or contamina-
tion with GI cells or easier and controlled 
expressing from the needle, but potential dis-
advantages are the risk to damage the needle 

Fig. 26.2  Example of FNB needle. (Copyright of Boston 
Scientific)

Locking knob of the sheath Locking knob of the needle Handle of the needle
StyletSheath

12 023 345678

Fig. 26.3  Parts of the needle. (Copyright of Boston Scientific)
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during stylet manipulation, to increase needle 
stiffness, and to increase procedure time.

•	 “Fanning” the needle throughout the lesion for 
solid lesions and LNs: this means to change 
the direction of the back-and-forth movement 
during the same pass, progressively closing or 
opening the elevator (Fig. 26.3). This allows, 
for each pass, to target multiple areas within 
the same lesion.

•	 “ROSE”: rapid on-site cytological evaluation 
consists in a rapid evaluation of the adequacy of 
tissue sample by a technician or a cytopatholo-
gist, with a first diagnostic orientation of the 
acquired tissue rapidly evaluated at the micro-
scope. From a recent survey, this is available 
only in about half of European centers as it is 
more expensive and it is not clear yet whether 
this increases diagnostic accuracy or not. From 
guidelines it is generally suggested that if:
–– ROSE is available → stop when the cytopa-

thologist/technique is satisfied.
–– ROSE is unavailable → 3–4 passes with 

FNA needle or 2–3 with FNB.
•	 Have a good communication with the cytopa-

thology department in order to share useful 
information about your diagnostic hypothesis. 
This will help the pathologists to be guided in 
some direction or another and perform a more 
accurate diagnosis.

•	 For cystic lesions, if you are an experienced 
endosonographer and already in the past the 

cytological evaluation was poor, one addi-
tional tip could be to try to “scratch” the oppo-
site wall with the needle while performing 
EUS-TA or try to perform a biopsy of the cys-
tic wall with FNB needles; be aware that this 
technique might increase the risk of bleeding 
(Fig. 26.5).

26.8	 �Cytopathology

26.8.1  �Cytology or Histology?

This depends on the suspected diagnosis (pancre-
atic adenocarcinoma vs neuroendocrine tumor; 
GIST, etc.) and on the availability of ROSE or 
expert pathologist at your center.

This topic is extensively discussed in Part VII.

a b

c d

Fig. 26.4  Types of needle varying based on the “tip”: (a) 
Chiba (e.g., Boston Scientific SlimLine). (b) Franseen 
(e.g., Boston Scientific Aquire). (c) Westcott (e.g., Cook 

Medical ProCore). (d) ForkTip (e.g., Medtronic 
SharkCore). (Copyright of Boston Scientific, Cook 
Medical and Medtronic)

Fig. 26.5  Fanning technique
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26.9	 �Markers in Pancreatic Cystic 
Fluid

The main purpose of cyst fluid evaluation is the 
differential diagnosis between pancreatic cystic 
lesions.

As reported before, in a cyst fluid, main analy-
ses to be performed are amylase, CEA, and cyto-
logical evaluation.

Amylase level can exclude pancreatic pseudo-
cysts (amylase <250  U/L) with a sensitivity of 
0.44 and a specificity of 0.98, but cannot differ-
entiate between other non-mucinous and muci-
nous cysts [9].

CEA level of ≥192  ng/ml can distinguish 
mucinous from non-mucinous cysts with a 
sensitivity of 52–78% and a specificity of 
63–91% [9].

Currently, although used in some trials, 
there is no sufficient evidence to support the 
use of other tumoral markers such as Ca 19.9, 
Ca 125, Ca 72.4, Ca 15.3, or others [9]. An 
interesting and inexpensive marker to distin-
guish mucinous vs non-mucinous cysts seems 
to be the dosage of glucose in the cyst fluid, as 
lower levels of glucose are associated to muci-
nous cysts [11].

DNA markers such as mutation in GNAS and 
KRAS evaluated with next-generation sequenc-
ing (NGS) seem promising in identifying muci-
nous cysts [12]. Other interesting diagnostic 
molecular markers seem to be TP53, SMAD4, 
and CDKN2 [13].

Compared to what was thought in the past, 
differential diagnosis between mucinous cystic 
neoplasms (MCN) and IPMN based on CEA, 
amylase levels, and/or cytopathology is not 
possible.

Differential diagnosis between the cystic 
lesions of the pancreas has to be established com-
bining cyst morphology, cystic fluid markers, and 
cytology.

26.10	 �Complications

Complications are explained in detail in Part IV.

26.11	 �What to Remember After 
the Puncture

•	 Observe the patients: performing an EUS 
diagnostic puncture means the patient under-
went an invasive procedure with risk of com-
plications which occur mostly in the first 
hours after the procedure; currently there is no 
standard post-procedural management of the 
patient undergoing EUS-TA, and this strictly 
depends on local protocols.

•	 If you punctured a cyst and aspirated the 
whole fluid emptying the cyst, don’t be sur-
prised if the cyst is smaller at next follow-up 
exam.

26.12	 �Future Perspectives in EUS 
Diagnostic Punctures

EUS is becoming a leading technique in the eval-
uation and tissue acquisition of many different 
organs for its ability to reach sites that were not 
thought to be easily reached unless with invasive 
techniques at high risk of complications. Great 
interest is now given to the discovery of new 
devices to increase EUS-TA diagnostic yield, and 
in the upcoming future, new techniques will be 
included in the routine practice. So let’s see what 
the future holds for us.

26.12.1  �Confocal Laser 
Endomicroscopy (CLE)

It is a technique developed in the early 2000, 
based on tissue illumination with a low-power 
laser with subsequent detection of the fluores-
cence of light reflected from the tissue through 
a pinhole. It was firstly adopted for the evalua-
tion of gastrointestinal mucosa and later, with 
the development of new devices, also for biliary 
and pancreatic tissue. It is now mostly adopted 
for the evaluation of pancreatic cystic neo-
plasms, where a through-the-needle probe is 
passed through a 19G needle inside a cystic 
lesion, in order to evaluate the wall of the cyst. 
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This gives high-resolution images with great 
magnification that are almost comparable to an 
in  vivo microscopy analysis of the cyst and 
helps differentiate the nature of the cyst. 
Although it has been adopted for many years 
now, data on this technique are still lacking, 
mostly for its high cost.

26.12.2  �Microbiopsy Forceps

Moray micro forceps (US Endoscopy, Mentor, 
Ohio, USA) can be passed through a 19G work-
ing channel and allow, with a jaw opening width 
of 4.3  mm, to perform a biopsy of the cyst wall 
with a subsequent histological evaluation. It is 
also being tested in solid pancreatic lesions with 
success, but the experience on both cystic and 
solid lesion is still scarce, but new interesting 
studies on the topic are on the way.

26.12.3  �Cytology Brush

This device is a brush designed to go through a 
19G EUS needle, introduced in the market only 
few years ago. The EchoBrush (ECHO-19-CB; 
Cook Medical, Bloomington, Ind) allowed direct 
sampling of cystic pancreatic epithelium under 
EUS guidance and could therefore increase diag-
nostic accuracy in the differential diagnosis of 
pancreatic cystic neoplasms. The rate of compli-
cations due to the use of this device was although 
high, and, therefore, its utility has not been inves-
tigated further more (Fig. 26.6).

26.12.4  �Fine Needle Vein Puncture

This technique allows to evaluate circulating 
tumor cells (CTCs) and free-circulating tumor 
DNA/RNA in the bloodstream (portal vein) in 
order to perform a “liquid biopsy.” CTCs and 
tumor DNA/RNA enter the bloodstream early 
during the course of the disease and this tech-
nique can help with an early detection and moni-
toring of cancer therapy, also aiding in an early 
identification of mutations that confer resistance 
to therapy. It is carried out with a 19G needle 
reaching the portal vein transhepatically, where 
you can find higher levels of pancreatic adeno-
carcinoma cells compared to peripheral blood 
samples.

In general, for cancer therapy, there is high 
expectation on tumor genotyping and molecular 
profiling in order to plan a “personalized medi-
cine.” One example for pancreatic cancer is the 
evaluation of somatic BRCA mutations which 
seem to identify a group of patients who 
responds, as for patients carrying a germline 
BRCA mutation, better to platinum-based 
chemotherapy.

In conclusion, EUS diagnostic puncture is 
nowadays a routine technique that retrieves cru-
cial information for patient’s management.

In order to perform it properly, there are many 
steps that need to be followed and that we hope to 
have exhaustively explained in the chapter.

The field is in constant expansion, but there is 
still a lot to do: we still need to know which tech-
nique or needle is the best to obtain an accurate 
diagnosis; we need to understand if and how the 

a b

Fig. 26.6  (a) Confocal laser endomicroscopy; (b) Moray micro forceps. (Copyright of Springer and US Endoscopy)
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new devices and technologies presented above 
will help us get useful information and in which 
context we should use them, etc. Hopefully, all 
the questions will be answered with the help of 
the new endosonographer colleagues who are 
being properly prepared reading this book.
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Ancillary Diagnostic Techniques 
in EUS

Anna Cominardi and Pietro Fusaroli

27.1	 �EUS Elastography

Endoscopic ultrasound (EUS) elastography is a 
diagnostic imaging technique based on the mea-
surement of tissue elasticity (hardness); it has a 
fundamental role in the diagnosis and manage-
ment of biliopancreatic diseases.

It was introduced in the 1990s and now repre-
sents an important tool for a correct characterisa-
tion of pancreatic lesions and abdominal and 
mediastinal lymph nodes.

Two different elastography techniques have 
been developed and are still part of daily clinical 
practice: strain and shear wave [1].

The former is a qualitative method based on 
the evaluation of tissue response to an external or 
internal force (strain is usually generated by 
manual compression or cardiovascular pulsa-
tion), based on the principle that stiffer tissue is 
less deformed under compression than softer tis-
sue. Subsequently, tissue deformations within a 
region of interest (ROI) are compared with each 
other, and the resultant strains are visualised on 
the B-mode image as different colours, which 
demonstrate the different stiffness of the 
ROI. This technique cannot evaluate the quantity 
of tissue stiffness, but it can help in identifying 

malignant lesions because they appear harder 
than the adjacent tissue.

In brief, strain technique analyses tissue stiff-
ness by a colour-based qualitative and semi-
quantitative method: it translates, by assigning a 
different colour to different grades of tissue 
deformation after compression, the different elas-
ticity values to a colour scale from dark blue to 
cyan, green, yellow and red. This colour scale 
overlays the conventional greyscale EUS image. 
The red-green-blue colour map describes stiffer 
areas as blue and the softer ones as green or red 
[2] (Figs. 27.1 and 27.2).

Another qualitative method is a five-step score 
method based on the description of the main pat-
tern of the lesion, which can be described as 
homogenously hard, heterogeneously hard, 
mixed, heterogeneously soft or homogeneously 
soft [3].

Qualitative methods can be performed by 
using both radial and linear echoendoscopes. The 
pressure generated by the probe and its variations 
created by vessels pulsation are usually enough 
to obtain accurate images. It is usually accepted 
that the target lesion should represent 25–50% of 
the ROI [4] and the ROI should consist in 50% of 
lesion and 50% of surrounding tissue [5].

The semi-quantitative method is achieved in 
two different ways: by strain histograms or strain 
ratio analysis. The strain histogram, which 
expresses on X-axis elasticity value and on Y-axis 
number of pixels, might be created by new 
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ultrasound machines, and it is a mean value of 
elasticity strains in a selected region of interest 
[6]. Alternatively, the strain ratio is the ratio of 
the mean strain between different ROI [7, 8].

Shear wave elastography has a correlation 
with tissue elasticity, and it can objectively 
express tissue hardness by calculating Young’s 

modulus. In this technique, acoustic radiation 
force impulse is used to excite shear waves. 
However, as it is not available in EUS, we will 
not further cover this technique for the purpose of 
the present chapter.

EUS elastography is intended to perform dif-
ferential diagnosis throughout different tissue 

Fig. 27.1  Pancreatic head adenocarcinoma. Comparison 
between the B-mode image (left) and elastography (right), 
which shows the blue-coloured malignant lesion. This 

characteristic is due to the presence of harder tissue in cor-
respondence of the neoplastic area

Fig. 27.2  Neuroendocrine tumour (NET) of the pan-
creas, with a moderate differentiation (G2). Comparison 
between the B-mode image (left) and elastography (right). 

This lesion shows a heterogeneous blue/green pattern, 
representing areas of necrosis inside the tumour
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stiffness, just considering that malignant lesions 
appear harder than benign ones.

EUS elastography can be employed in differ-
ential diagnosis of solid pancreatic lesions, 
lymph nodes and left liver lesions. Pancreatic 
cysts are seen as an artefact and should not be 
studied with this technique.

The pancreas is composed of soft tissue, 
which appears homogenously green at EUS 
elastography. In the presence of malignancies, 
this pattern is replaced by stiffer tissue (harder 
than surrounding pancreatic tissue), which can 
be visualised as heterogeneous blue lesions. 
This increased tissue stiffness is due to the pres-
ence of fibrosis, necrosis and desmoplasia. 
Nevertheless, there is no evidence of the exis-
tence of a correlation between tumour stiffness 
and tumour grade.

Giovannini et  al. [9] proposed a five score 
classification for EUS elastography of the pan-
creas based on the colour patterns of lesions: 1 
(green) represents homogenous soft normal pan-
creatic tissue, 2 (green, yellow and red) shows 
soft heterogonous fibrotic tissue, and 3, 4 and 5 
(mostly blue) scores stand for hard malignant tis-
sue. This classification showed an accuracy of 
89.2% and a sensitivity of 92.3% to differentiate 
benign from malignant pancreatic lesions [10].

EUS elastography allows differentiating pan-
creatic adenocarcinoma from inflammatory 
masses and neuroendocrine tumours (sensitivity 
and specificity 100–96% and 100–88%, respec-
tively) [1]; while carcinomas appear blue, inflam-
matory masses have mixed colourations (green, 
yellow and low-intensity blue).

EUS elastography might guide clinical man-
agement when EUS-guided tissue sampling is 
negative or inconclusive, although it cannot be 
considered a replacement for tissue sampling. 
Moreover, it might improve the accuracy of fine-
needle aspiration/biopsy by helping in the choice 
of the target area to aspirate.

In patients with high suspicion of malignan-
cies and negative tissue sampling, a combination 
of EUS elastography and contrast-enhanced 
colour Doppler ultrasound should be performed 
in compliance with the fact that malignant lesions 
appear usually hypovascular on colour Doppler 

ultrasound and hypo-enhancing on contrast-
enhanced ultrasound [11].

In addition, EUS elastography may increase 
EUS-guided tissue sampling accuracy in nodal 
staging; it can discriminate from malignant and 
non-malignant lymph nodes by the qualitative 
method, because malignant lymph nodes appear 
harder than benign ones. The latter show homo-
geneous deformation (yellow-green pattern), 
while malignant lymph nodes usually have blue 
hard pattern.

Giovannini et al. [9] showed 100% sensitivity 
and 50% specificity for this technique in the dif-
ferential analysis of lymph nodes and a meta-
analysis 88 and 85%, respectively [12]. Janssen 
et  al. [13] showed an accuracy up to 86% for 
malignant lymph nodes and to 88% for benign 
ones. However, the accuracy of this technique 
depends on the appropriate selection of the target 
lymph node to study.

The limitations of EUS elastography are 
inherent to its subjective nature of an operator-
dependent technique (one of its major bias con-
sists on ROI selection by the operator). 
Furthermore, its depth of penetration is limited, 
and the strain value might be affected by vessels, 
bones, cyst presence and an excessive pressure 
applied by the endosonographer.

27.2	 �Contrast-Enhanced EUS

Kato et al. first reported the use of contrast agents 
in EUS for the study of pancreatic masses [14] in 
1995; they infused carbon dioxide gas in the 
superior mesenteric artery through a catheter. 
This technique had the limitation that can be car-
ried out only during angiography examinations.

The subsequent development of ultrasound 
contrast agents composed of microbubbles for 
intravenous use allowed the widespread diffusion 
of contrast-enhanced EUS.

Ultrasound contrast agents are composed of 
2–5 micrometres microbubbles, which are 
infused through a peripheral vein; when passing 
under the ultrasonic probe, they backscatter the 
ultrasound signal and oscillate in response to 
sound pressure without exiting vessel wall.

27  Ancillary Diagnostic Techniques in EUS



292

First-generation ultrasound contrast agents 
consisted of microbubbles of air covered by 
galactose and palmitic acid (Levovist; Bayer 
Schering Pharma, Berlin, Germany) [15]. 
However, Levovist needs high acoustic power to 
oscillate or break its microbubbles; thus it is not 
suitable for EUS that is equipped with a small 
transducer, which generates too low signals.

On the other hand, second-generation ultra-
sound agents are composed of microbubbles of 
gas (other than air) that oscillated and break 
under a lower acoustic power [16, 17]. These 
include SonoVue (Bracco SpA, Milan, Italy), 
Sonazoid (Daiichi-Sankyo, Tokyo, Japan; GE 
Healthcare Milwaukee, WI, USA) and Definity 
(Lantheus Medical Imaging, Billerica, MA, 
USA) [18].

Contrast-enhanced EUS is represented by 
CE-power Doppler EUS (CED-EUS) and CE 
harmonic EUS (CH-EUS).

CED-EUS is based on the principle that 
ultrasound contrast agent can increase the sensi-

tivity of colour and power Doppler imaging 
because it can induce phase shift (pseudoDop-
pler signals), which enhances Doppler signals 
from vessels [17].

Conversely, CH-EUS is based on its capacity 
to depict the second harmonic component, which 
relies on direct visualisation of microbubbles 
themselves and not of blood flow (as Doppler 
imaging) [19]. It allows to visualise microvessels 
as well as parenchymal perfusion and to analyse 
the vascularisation by the measurement of time-
course echogenicity [18]. A recent study showed 
that overall accuracy for determination of malig-
nancies using CH-EUS was 86%; it increased to 
92% when it was combined with EUS elastogra-
phy [20].

The introduction of CH-EUS has further 
improved EUS efficacy to characterise pancreatic 
lesions because it allows an accurate study of 
vascularisation and it performs high-resolution 
images of the pancreas (Figs.  27.3, 27.4, and 
27.5). CH-EUS can be employed for Tumour, 

a

b

Fig. 27.3  Comparison between a benign and a malignant 
lymph node. (a) B-mode image and CH-EUS image of a 
benign lymph node (green arrow) which appears homoge-

neously enhanced. (b) B-mode image and CH-EUS image 
of a hypoenhanced malignant lymph node (green arrow)
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Node, Metastasis Cancer (TNM) staging system 
of pancreatic and biliary carcinomas, and it had 
been shown that CH-EUS could improve the 
diagnostic accuracy of preoperative T-staging of 
pancreatobiliary malignancies [21] (Figs.  27.6 
and 27.7). Moreover, the overall accuracy of 
CH-EUS was higher than accuracy of standard 
harmonic EUS without contrast enhancement 
(92% and 69%, respectively) [21].

Pancreatic adenocarcinoma appears as 
hypoechoic at EUS standard imaging, while it 
appears hypoenhancing using CH-EUS. A meta-

analysis showed that the pooled sensitivity of 
contrast-enhanced EUS (including both CED-
EUS and CH-EUS) for the differential diagnosis 
of pancreatic adenocarcinomas was 94%, while 
the specificity was 89%. It also reported hypoen-
hanced lesions as accurate predictor of carcino-
mas [22].

Furthermore, CH-EUS sensitivity and speci-
ficity (91% and 94%, respectively) for the diag-
nosis of pancreatic adenocarcinoma were 
reported to be higher than computed tomography 
(CT) (71% and 92%, respectively) [23].

Fig. 27.4  Neuroendocrine tumour (NET) of the pan-
creas, with moderate differentiation (G2). Comparison 
between the B-mode (left) and CH-EUS (right), which 

shows hyperenhanced tumour interspersed with non-
enhanced areas corresponding to necrosis

Fig. 27.5  Insulinoma. Comparison between B-mode (left) and CH-EUS (right). The tumour (green arrow) appears 
homogenously hyperenhanced
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In particular, CH-EUS demonstrated a 
greater accuracy for the diagnosis of ductal pan-
creatic carcinomas ≤2  cm than CT, 89–95% 
sensitivity and 64–89% specificity for the iden-
tification of hypovascularity as a sign of ductal 
carcinomas [18, 22].

The differentiation between carcinomas, auto-
immune pancreatitis and neuroendocrine tumours 
can also be shown by the elaboration of time-
intensity curve during CH-EUS, which reveals 
the values of maximum intensity, accumulated 
intensity during observation, intensity reduction 
rate and the ratio between the uptake inside the 

mass and the uptake of the surrounding paren-
chyma [18].

The employment of both EUS elastography 
and CH-EUS ensures a higher accuracy in the 
study of biliopancreatic lesions and strength-
ens the results of fine-needle aspiration biopsy 
[24, 25] (Fig. 27.8).

The above-mentioned characteristics and its 
improvements of diagnostic and clinical out-
comes make CH-EUS a valid additional tool 
for the differential diagnosis of biliopancreatic 
lesions that merits being included in routine 
use [24].

Fig. 27.6  Hepatic metastasis. Comparison between B-mode (left) and CH-EUS hypoenhanced image (on the right) of 
a hepatic metastasis (green arrow)

Fig. 27.7  CH-EUS-guided fine-needle aspiration of the previous hepatic metastasis
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27.3	 �Endoscopic Ultrasound-
Guided Needle-Based 
Confocal Laser 
Endomicroscopy

Confocal laser endomicroscopy (CLE) is a 
contrast-based method, which enables in  vivo 
microscopic imaging during EUS as it allows the 
visualisation of mucosal layer at a subcellular 
level of resolution. In other words, it provides 
in vivo histological images or “virtual biopsies”.

The contrast agent is infused intravenously 
(usually fluorescein) or topically applied through 
a spray catheter (usually acriflavine), and then, a 
defined wavelength laser beam (usually blue 
laser light with a wavelength of 488  nm) is 
focused towards the target lesion; the recaptured 
signal is displayed as “optical biopsies” in the 
horizontal plane [26].

CLE can be performed using dedicated endo-
scopes (Pentax, Tokyo, Japan, herein termed 

eCLE) or with probe-based systems (herein 
termed pCLE) capable of passage through the 
accessory channel of most endoscopes (Cellvizio, 
Mauna Kea Technologies, Paris, France) [27]. 
Moreover, Mauna Kea Technologies (MKT) has 
developed high-resolution probe for CLE that 
can pass through the accessory channel of any 
endoscope [25].

Recently, a novel microprobe that can pass 
through a 19-gauge EUS-FNA needle has been 
introduced [28]; thus real-time endomicroscopic 
information with a needle-based CLE approach 
(nCLE) can be achieved. Confocal methods allow 
evaluating pancreatic malignancies and lymph 
nodes before EUS-guided tissue sampling in 
order to assess preliminarily the diagnosis of 
malignancy.

Konda et al. [29] managed a pilot study about 
the application of needle-based confocal laser 
endomicroscopy under endosonographic guid-
ance for pancreatic cystic neoplasms; their 

a

b

Fig. 27.8  Comparison between elastography (on the top) and CH-EUS (on the bottom) of pancreatic ductal adenocar-
cinoma. Elastography (a) shows a typical neoplastic blue pattern, while in CH-EUS (b) the pancreatic adenocarcinoma 
appears hypo-enhanced
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preliminary data showed high nCLE specificity 
and low sensitivity in detecting this disease, and 
they suggested that this technique required fur-
ther evaluation. INSPECT study showed that 
CLE may increase the detection of pancreatic 
cystic lesions and aid their management algo-
rithm [30].

This was confirmed by DETECT study, which 
affirmed that the combination of dual through-
the-needle imaging (cystoscopy and nCLE) of 
pancreatic cysts appears to have strong concor-
dance with the clinical diagnosis of pancreatic 
cystic lesions (Fig. 27.9) [31].

Since the low negative predictive value of 
fine-needle aspiration biopsy and the absence of 
rapid on-site evaluation technique (ROSE) in 
many institutions, nCLE, in addition of CH-EUS, 
could be a useful tool for the differential diagno-
sis of solid pancreatic masses by providing an 
in  vivo cellular assessment, especially since 
Giovannini et al. [32] in 2016 proposed CLE cri-
teria for the diagnosis of pancreatic adenocarci-
noma (dark cell aggregates, irregular vessels with 
leakages of fluorescein), chronic pancreatitis 
(residual regular glandular pancreatic structures) 
and NET (black cell aggregates surrounded by 
vessels and fibrotic areas).

In conclusion, nCLE has shown to be a valu-
able supplementary technique for EUS by pro-
viding additional information for the study of 

pancreatic lesions, but its widespread is limited 
by its cost and learning curve [33].
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EUS-Guided Transenteric 
Pancreatic Duct Drainage

M. Giovannini

The development of interventional endoscopic 
ultrasound (EUS) has provided better access to 
the pancreatic region. Just as pancreatic fluid col-
lections, such as pseudocysts, can be successfully 
drained from the stomach or duodenum through 
endoscopic cyst enterostomy or cyst gastrostomy, 
the same technique could be used to access a 
dilated pancreatic duct in cases where the duct 
cannot be drained by conventional ERCP because 
of complete obstruction.

Main indications of EUS-guided pancreatic 
duct drainage are stenosis of pancreatico-jejunal 
or pancreaticogastric anastomosis after Whipple 
resection, which induce recurrent acute pancre-
atitis, main pancreatic duct stenosis due to 
chronic pancreatitis, post-acute pancreatitis, or 
post-pancreatic trauma after failure of ERCP. The 
pain associated with chronic pancreatitis (CP) is 
caused, at least in part, by ductal hypertension. 
Both surgical and endoscopic treatments can 
relieve pain by improving ductal drainage. 
Endoscopic drainage requires transpapillary 
access to the pancreatic duct during ERCP. EUS-
guided pancreaticogastro- or bulbostomy offers 
an alternative to surgery. Despite the advances in 
endoscopy, EUS-guided pancreatic duct drain-
age remains a technically challenging procedure. 

Technical success rates are greater than 70%; 
however, the average rate of adverse events is 
nearly 20%, which increases to 55% when stent 
migration is included. Until recently, a signifi-
cant difficulty with this technique was the 
absence of dedicated devices.

28.1	 �Technical Considerations

By using a linear interventional EUS scope, the 
dilated MPD was well visualized. EUS-guided 
pancreatic duct drainage was then performed 
under combined fluoroscopic and ultrasound 
guidance, with the tip of the echoendoscope posi-
tioned such that the inflated balloon was in the 
duodenal bulb while the accessory channel 
remained in the antrum. A 19G needle was 
inserted transgastrically, or through the bulbus, 
into the proximal pancreatic duct, and contrast 
medium was injected. Opacification demon-
strated a pancreaticography. A straight or angu-
lated guidewire (0.025 or 0.035  in.) was 
introduced into the needle; at this time of the pro-
cedure, two scenarios are possible.

Option 1: The guidewire passes the stenosis, 
penetrates the papilla, and travels into the duo-
denum. A rendezvous technique should be per-
formed by exchanging the EUS scope for a 
duodenoscope, and “classic” pancreatic endo-
therapy could be performed. This technique 
should be the first choice when the anatomy of 
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the patient is intact because the complication 
rate is very low (Fig. 28.1).

Option 2: The guidewire does not pass the ste-
nosis, or the patient has had a previous surgery 
(Whipple or gastrectomy). The needle is 
exchanged over a guidewire (0.025 or 0.035 in.) 
for a 6.5F or 8F diathermic sheath (Cysto-Gastro 
set, EndoFlex, Voerde, Germany), which is then 
used to enlarge the channel between the stomach 
and the main pancreatic duct. The sheath is intro-
duced using a cutting current. After the exchange 
over the guidewire (rigid 0.025 or 0.035 in. diam-
eter), a 7F, 7-cm-long pancreaticogastric stent is 
positioned (Fig.  28.2). This stent will be 
exchanged for two 7F or one 8.5F stent 1 or 
2  months after the first procedure (Fig.  28.3). 
This technique was first reported in a study on 
EUS-guided pancreaticogastrostomy by François 
et al. [1]. Other authors reported different tech-
niques. Although the first steps are similar to the 
puncture of the main pancreatic duct (pancrea-

tography and guidewire insertion), they [2, 3] 
used a balloon dilation instead the cystostome as 

Fig. 28.1  Rendezvous technique on pancreaticogastrostomy/stenosis of a Wirsung gastronomy anastomosis after 
Whipple resection for benign cystic lesion of the head of the pancreas

Fig. 28.2  Pancreatico-bulbostomy/chronic pancreatitis 
with thigh stenosis of the MPD in the head of the pan-
creas, failure of ERCP

M. Giovannini
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reported in the PRINCEPS study [1] and also in 
the paper of Tessier et al. [4].

Discussion should be focused on the preven-
tive role of pancreatic juice leakage using the dia-
thermic technique compared to the balloon 
dilation. In our experience, peripancreatic collec-
tion occurred more frequently when a balloon 
dilation was used compared to a diathermic cath-
eter that prevents the creation of fibrosis around 
the puncturing tract, causing a leak of pancreatic 
juice.

The results of the series [2–8] of patients pub-
lished do not recommend the use of a wider EUS-
guided pancreatic duct drainage (Table  28.1), 
which in any case should be restricted to tertiary 
centers specializing in biliopancreatic therapy 
with a pain relief of 70%. However, the compli-
cation rate is still high, around 15%, and includes 
bleeding, pancreatic collection, and perforation. 
Nevertheless, the possibility of draining the main 

pancreatic duct into the digestive tract through an 
endoscopically created fistula, with patency 
maintained by stent placement, might be interest-
ing as an alternative drainage method without the 
complication of stent occlusion that is associated 
with transpapillary drainage.

The first large series of EUS-guided pancre-
atic duct drainage was published by Tessier et al. 
[4] on 36 patients. Indications were chronic pan-
creatitis with complete obstruction (secondary to 
a tight stenosis, a stone, or main pancreatic duct 
rupture), inaccessible papilla or impossible 
cannulation (n = 20), anastomotic stenosis after a 
Whipple procedure (n = 12), complete main pan-
creatic duct rupture after acute pancreatitis (AP), 
or trauma (n  =  4). EUS-guided pancreaticogas-
trostomy or bulbostomy was unsuccessful in 
three patients; one was lost to follow-up. Major 
complications occurred in two patients and 
included one hematoma and one severe acute 

Fig. 28.3  Pancreaticogastrostomy: stenosis of the Wirsung jejunostomy after Whipple surgery for a pancreatic NET of 
the head of the pancreas

28  EUS-Guided Transenteric Pancreatic Duct Drainage
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pancreatitis. The median follow-up was 
14.5  months (range, 4–55  months). Pain relief 
was complete or partial in 25 patients (69%, 
intention to treat). Eight patients treated had no 
improvement of their symptoms (four were sub-
sequently diagnosed with cancer). Stent dysfunc-
tion occurred in 20 patients (55%) and required a 
total of 29 repeat endoscopies.

Fuji et  al. [3] reported his experience in 45 
patients, where 37 underwent failed ERCP and 
29 had surgically altered anatomy. The median 
follow-up after initial EUS-guided intervention 
was 23 months. Two patients underwent EUS for 
stent removal, and EUS-guided pancreatic duct 
stent placement was attempted in 43 patients. 
Technical success was achieved in 32/43 (74%) 
with antegrade (n  =  18) or retrograde (n  =  14) 
stent insertion. Serious adverse events occurred 
in three patients (6%). Patients underwent a 
median of two (range 1–6) follow-up procedures 
for revision or removal of stents, without compli-
cations. Complete symptom resolution occurred 
in 24/29 (83%) while stents were in place, with 
non-dilated ducts in 6 patients. Stents were 
removed in 23 patients, who were then followed 
up for an additional median of 32 months; 4 had 
recurrent symptoms. Among the 11 failed cases, 
most had persistent symptoms or required 
surgery.

A larger study was reported by Will et al. [9]. 
This study enrolled 94 patients who underwent 
EUS-guided pancreatography and subsequent 

placement of a drain. In total, 94 patients under-
went 111 interventions using one of three differ-
ent approaches: (1) EUS endoscopic retrograde 
drainage with a rendezvous technique, (2) EUS-
guided drainage of the pancreatic duct, and (3) 
EUS-guided, internal, anterograde drainage of 
the pancreatic duct. The technical success rate 
was 100%, achieving puncture of the pancreatic 
duct including pancreatography. In patients 
requiring drainage, the initial drain placement 
was successful in 47/83 patients (56.6%). Of 
these, 26 patients underwent transgastric/trans-
bulbar positioning of a stent for retrograde drain-
age; plastic prostheses were used in 11 and metal 
stents in 12. A ring drain (anterograde internal 
drainage) was placed in 3 of these 26 patients due 
to anastomotic stenosis after a previous surgical 
intervention. The remaining 21 patients with suc-
cessful drain placement received transpapillary 
drains using the rendezvous technique; the major-
ity (n = 19) received plastic prostheses, and only 
2 received metal stents (covered self-expanding 
metal stents). Clinical success, as indicated by 
reduced or an absence of further pain after the 
EUS-guided intervention, was achieved in 68/83 
patients (81.9%), including several who improved 
without drainage, but with manipulation of the 
access route.

In 2015, Fujii-Lau and Levy [10] summarized 
the current literature on EUS-guided PD drain-
age, reviewing the published experience of 222 
patients. Including both the antegrade and ren-

Table 28.1  Studies on EUS-guided pancreaticogastrostomy

Authors
Number of 
Patients % Success (%) % Complication (%) Follow –up (months)

Tessier
GIE, 2007

36 70 11 16.5

Kahaleh
GIE, 2007

13 92 16 14

Barkay
GIE, 2010

21 48 2 13

Ergun
Endoscopy, 2011

20 90 10 37

Fuji
GIE,2013

45 74 6 32

Will
WJG, 2015

94 81.9 8 28

Oh D
GIE, 2016

25 100 20 5
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dezvous techniques, technical success was 
achieved in 170/222 patients (76.6%). A similar 
review by Itoi et al. [11] in 2013 reported a tech-
nical success rate of >70% in 75 patients using 
the antegrade technique and a range of success 
rates from 25 to 100% in 52 patients using the 
rendezvous technique.

Oh et al. [12] reported in 2016 the use of a pan-
creatic metallic stent (FCSEMS). Twenty-five 
consecutive patients with painful obstructive pan-
creatitis underwent EUS-guided MPD with a 
FCSEMS after failed ERCP.  EUS-guided MPD 
was successful in all 25 patients (technical success 
rate, 100%), and symptoms improved in all 
patients (clinical success rate, 100%). EUS-guided 
pancreaticogastrostomy (n = 23), pancreaticoduo-
denostomy (n  =  1), and pancreaticojejunostomy 
(n = 1) were performed. Pain scores improved sig-
nificantly after FCSEMS placement (p = 0.001). 
Early mild-grade adverse events occurred in five 
patients (20%), four with self-limited abdominal 
pain, and one with minor bleeding. No other 
adverse events related to FCSEMS were observed 
during the follow-up period, including stent migra-
tion, stent clogging, pancreatic sepsis, and stent-
induced ductal stricture. Mean stent patency 
duration was 126.9 days during the mean follow-
up period (221.1 days).

Recently, an international, multicenter, retro-
spective study on the safety and efficacy of EUS-
PDI after failed ERP was published [13]. Eighty 
patients who underwent EUS-guided pancreatic 
duct drainage at four academic centers in three 
countries were analyzed. Technical success was 
achieved in 89% and clinical success in 81% of 
patients. The success rate in this study was higher 
than previously reported, which is likely due to 
increased operator experience and improvements 
in endoscopic equipment. The transpapillary or 
trans-anastomotic approaches to stent placement 
via rendezvous wire access seemed to be the 
more successful technique, with a trend toward 
an increased likelihood of complete symptom 
resolution after adjusting for sex, diagnosis, anat-
omy, prior failed ERCP, and technical success, 
but that was not statistically significant. 
Immediate adverse events (<24  h) occurred in 
20% of patients, with 15% experiencing major 

complications (6 patients with post-ERCP pan-
creatitis, 4 who developed pancreatic fluid col-
lections, 1 with a main pancreatic duct leak, and 
1 with an intestinal perforation. Delayed adverse 
events (>24 h) occurred in 11% of patients (all of 
whom also had immediate adverse events—2 
pancreatitis, 1 main pancreatic duct leak, and 4 
abscesses treated with antibiotics). The method 
of approach (anterograde vs. rendezvous) was 
not a predictor of immediate or delayed adverse 
events, however this could have been due to the 
small sample size.

While EUS-guided pancreatic duct drainage 
has been shown to be effective, it appears to be 
limited by its high rates of complications. 
However there have been no comparative studies 
between EUS-guided pancreatic duct drainage 
and ERCP.  A recent international, multicenter, 
retrospective study [14] was performed to com-
pare these two modalities in terms of technical 
success, clinical success, and adverse events rates 
in patients with post-Whipple anatomy. Sixty-six 
patients underwent 75 procedures (40 EUS-
guided pancreatic duct drainage and 35 ERCP). 
Technical success of EUS-guided pancreatic duct 
drainage was 92.5% compared with 20% in the 
ERCP group (odds ratio [OR], 49.3; p < 0.001). 
Clinical success was achieved in 87.5% of EUS-
guided pancreatic duct drainage procedures com-
pared with 23.1% in the ERCP group (OR, 23.3; 
p  <  0.001). However, adverse events occurred 
more commonly in the EUS-guided pancreatic 
duct drainage group (35% vs. 2.9%, p < 0.001).

28.2	 �Clinical Algorithm

ERP should remain a first-line treatment, even in 
patients with surgically altered anatomy, based 
on its superior safety profile. This is especially 
true considering the low case volume of EUS-
guided pancreatic duct drainage being performed, 
even at experienced, expert centers. Regarding 
the three techniques, the rendezvous technique 
[7] should be used initially because the complica-
tion rate is very low, and EUS-guided pancreatico-
bulbostomy is recommended for MPD stenosis in 
the head of the pancreas because the EUS scope 
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position is stable. EUS-guided pancreaticogas-
trostomy should be utilized when the patient’s 
anatomy is altered (Whipple or gastrectomy) and 
mainly in case of stenosis of Wirsung jejunos-
tomy anastomosis. However, this technique is the 
most difficult with a high prevalence of compli-
cations due to the instability of the EUS scope 
into the stomach [6].

28.3	 �Conclusion

Considering the major limitations in alternative 
treatment options after failed ERCP, EUS-guided 
pancreatic duct drainage has the potential to 
become standard of care by avoiding more inva-
sive and involved surgical interventions. 
Therapeutic EUS as pancreaticogastrostomy and 
EUS-guided biliary drainage currently represents 
an alternative to surgery or percutaneous biliary 
drainage when ERCP fails or is impossible due to 
previous surgery, such as gastrectomy or Whipple 
resection. Although data has demonstrated that 
the procedure can be safe and effective, EUS-
guided PD drainage remains one of the most 
technically challenging therapeutic EUS inter-
ventions, as evidenced by the multiple consider-
ations on device selection and the risk of severe 
complications [15]. Therefore, I advocate that 
this procedure should only be performed in 
appropriately selected patients by experienced 
endoscopists trained in both EUS and ERP with 
well-trained surgical backup available.
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EUS-Assisted Ablation Techniques

Silvia Carrara and Milena Di Leo

29.1	 �Introduction

Endoscopic ultrasound (EUS) is a very fascinat-
ing technique that allows the complete explora-
tion of structures adjacent to gastrointestinal 
lumen with a unique ability to reach the pancre-
atic parenchyma in a very minimally invasive 
real-time way. The technique was introduced in 
the early 1980s after animal and human studies 
[1], as a diagnostic modality. After that, the 
advent of the curved linear array echoendo-
scopes added operative features to EUS. Thanks 
to the longitudinal plane scanning, similar to that 
of the transabdominal ultrasound, it is possible 
to follow under real-time view a needle or any 
other kind of accessories coming out from the 
working channel of the echoendoscope. This 
concept was at the basis of the born of the opera-
tive EUS: if you can reach a lesion or an ana-
tomical structure with a needle, you can also 
bring a device inside  it, like a stent, a probe or 
drugs, exploring new horizons of the therapeutic 
EUS.

Interventional EUS is increasingly used to 
treat pancreatic and biliary diseases. Coeliac 
plexus neurolysis, drainage of pancreatic fluid 
collections, obstructive malignant biliary drain-
age after failed ERCP, gallbladder drainage in 
high-risk surgical candidates, enterostomies, 
EUS-ERCP rendezvous and haemostatic treat-
ments are the most explored uses of operative 
EUS [2–5]. This expanding role has been possi-
ble because new accessories completely dedi-
cated to EUS have been recently developed, and 
most of them can be placed with solely endo-
sonographic control, even without fluoroscopic 
imaging [6].

EUS is also used for fiducial placement to tar-
get precise stereotactic body radiotherapy in gas-
trointestinal malignancies, such as oesophageal/
gastro-oesophageal junction cancer, pancreatic 
cancer and rectal cancer [7, 8].

Therapeutic EUS could be applied to treat 
pancreatic disease such as pancreatic cystic 
lesions, neuroendocrine tumours (NET) and pan-
creatic adenocarcinoma [9].

The ideal effect of an ablative technique 
should be to homogeneously destroy the entire 
tumour in a wide enough area to cover the target 
lesion and with “surgical margins” (0.5–1  cm) 
without damaging the surrounding tissues. This 
belief, of course, is extremely optimistic, because 
the complete destruction of a tumour, especially 
the pancreatic cancer, with only one technique is 
overly hopeful. In order to reach the best possible 
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outcome, the ablation techniques should be com-
bined with other therapies.

Different ablative techniques have been pro-
posed under EUS guidance, and they could be 
divided in two groups according to the mecha-
nism of action. One group includes techniques 
acting directly on the lesion (direct mode), as 
monopolar or bipolar radiofrequency ablation 
(RFA), cryothermablation (HTP), photodynamic 
therapy (PDT), neodymium-doped yttrium alu-
minium garnet (Nd: YAG) laser ablation and eth-
anol injection. The second group encloses 
modality acting with an effect that is mediated by 
a series of events, such as the delivery of antitu-
moural drugs, local immunotherapy with cytoim-
plant and injection of modified viruses [9–11].

This chapter will present the indications and 
technical features of the most important ablative 
techniques and the future perspectives.

29.2	 �Indications

29.2.1	 �Pancreatic Adenocarcinoma

Pancreatic ductal adenocarcinoma (PDAC) is the 
fourth leading cause of cancer-related death in 
the USA, with a growing up incidence [12, 13]. 
Despite the progressive improvement of diagnos-
tic methods and therapies, survival rate has not 
been substantially improved during the past 
30 years, with a 5-year survival rate of 7.7%, for 
all stages combined [12]. At the time of diagno-
sis, about 40% of patients have a locally advanced 
tumour in which resection is not feasible because 
of local invasion [14]. An autopsy series identi-
fied 30% of patients with pancreatic cancer who 
died because of locally destructive disease, with-
out evidence of distant progression.

According to National Comprehensive Cancer 
Network (NCCN) Guidelines [15], PDAC is 
defined as unresectable when it is locally 
advanced according to vascular involvement and 
there is absence of metastasis. The NCCN 
Guidelines underline the difference between bor-
derline resectable PDAC and locally advanced 
unresectable PDAC.  The second one shows at 

least one of the following characters: (1) arterial 
involvement: a contact with superior mesenteric 
artery or coeliac artery >180° or a contact with 
first jejunal superior mesenteric artery branch or, 
for body and tail PDAC, tumour contact with the 
coeliac artery and aortic involvement and (2) 
venous contact, unreconstructible superior mes-
enteric vein/portal vein due to tumour involve-
ment or occlusion (by tumour or bland thrombus) 
or for head/uncinate process PDAC, a contact 
with most proximal draining jejunal branch into 
superior mesenteric vein.

In the presence of one of these characteristics, 
surgery becomes ineffective and may be danger-
ous for the patient. Moreover, the surgeon’s deci-
sion on PDAC resectability has to be based not 
only on anatomic criteria but also on the biologi-
cal behaviour of PDAC, since knowledge is 
growing on the genomic pattern of cancer inva-
sion and metastases.

EUS plays an important role in the diagnosis 
and staging of PDAC. In locally advanced PDAC, 
EUS has also been proposed as a therapeutic tech-
nique in a multimodality approach where the gas-
troenterologist joins the oncology team in the 
treatment of the patients. This context, with patients 
enrolled in clinical trials approved by ethics com-
mittee, could be the ideal setting for a local treat-
ment as EUS-guided ablation in addition to 
standard oncological treatments. Clinical guide-
lines, such as those of the Italian Association of 
Medical Oncology (AIOM) [16], formulated spe-
cific statements on local ablative treatment of pan-
creatic cancer (under EUS guidance, 
transabdominal ultrasound guidance or during 
open surgery), and they concluded that this kind of 
treatments should be performed only in specialized 
centres and in patients enrolled in clinical trials.

29.2.2	 �Pancreatic Neuroendocrine 
Tumours

Pancreatic neuroendocrine tumours (PNETs) are 
rare pancreatic neoplasms, accounting for less 
than 3% of pancreatic masses [17, 18]. In the last 
two decades, the incidence of PNET of all sizes 
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has increased [19]. In particular, the incidence of 
PNETs smaller than 2  cm has remarkably 
increased, and the small size does not preclude 
malignant behaviour [20]. They can be classified 
according to their features: (1) hormone produc-
tion (functioning/non-functioning), (2) clinical 
setting (sporadic/inherited syndromes) and (3) 
Ki-67 labelling index (three types of grading).

The treatment strategy for PNETs depends on 
some characteristics of the tumours, in particular 
the staging, the grading and the production of 
hormones with hormone-related syndromes. 
There is a wide heterogeneity in the biological 
behaviour of PNETs; therefore their therapeutic 
management includes conservative follow-up 
and surgery, but also systemic therapy (soma-
tostatin analogues, chemotherapy, peptide recep-
tor radionuclide therapy).

EUS could be used in the different steps of diag-
nostic and therapeutic workup of PNETs. It has a 
diagnostic role and its specificity is very high in 
functional PNETs, like insulinoma, when conven-
tional imaging fails to localize the lesion [21, 22]. 
EUS-guided biopsy is helpful to confirm diagnosis 
giving cytological and/or histological samples, and 
at the same time, it is an accurate method for the 
grading of pNETs based on Ki-67 labelling index 
evaluation [23, 24]. Moreover, EUS-guided fine-
needle injection can be used to tattoo small pancre-
atic lesions with India ink to make easier the 
intraoperative identification during surgery [25].

Small functioning PNETs should be a possi-
ble application of EUS-guided ablative tech-
niques as ethanol injection or RFA [26, 27]. In 
particular, ENETS guidelines [28] suggested the 
use of endoscopic or percutaneous ablative ther-
apy in patients with resectable insulinoma non-fit 
for surgery, although surgical approach remains 
the standard cure.

29.2.3	 �Pancreatic Cystic Lesions

Pancreatic cysts are incidentally discovered in up 
to 15% of patients undergoing cross-sectional 
imaging studies [29]. Mucinous cystic neoplasms 
carry variable malignant potential [30]. EUS and 

EUS-guided biopsy is one of the tools in diagnos-
tic flow chart of pancreatic cystic lesions to clas-
sify the cyst, to collect cystic fluid and to evaluate 
worrisome features [31–33].

The incidence of mucinous cysts and their 
malignancy increase with age. In the setting of 
elderly patients with malignant cystic lesions 
unfit for surgery, the EUS-guided ablation may 
be an optional therapeutic tool. The revised 
Fukuoka guidelines [32] identified as possible 
candidate for EUS-guided ablation with ethanol 
or ethanol followed by paclitaxel patients with 
unilocular/oligolocular cysts more than 2  cm 
large and without communication with the main 
pancreatic duct. These patients generally had 
refused surgery or were high-risk surgical candi-
dates. At the same time, the guidelines under-
lined some concerning issues about this 
procedure, such as complications, standardiza-
tion of technical aspects and post-operative sur-
veillance. Moreover, in IPMN patients, pancreatic 
adenocarcinoma could also occur in sites other 
than cystic lesions [34]. So, the authors stated 
that further studies are needed, in particular about 
techniques, materials, long-term outcomes and 
adequacy of this procedure, and concluded that 
“At present, EUS-guided ablation cannot be rec-
ommended for patients with BD-IPMN outside 
of a closely monitored research protocol” [32].

29.2.4	 �Extra-Pancreatic Indications

EUS-guided ablative techniques could also be 
applied to extra-pancreatic diseases, in particu-
lar in the liver, following the idea that if it is 
possible to puncture a mass with a needle, it 
would also be possible to insert a device to 
ablate it. Few case reports described EUS-
guided ablation of hepatocellular carcinoma 
using different ablative techniques [35–37]. One 
retrospective case series described EUS guid-
ance and percutaneous ethanol lavage therapy 
for huge hepatic cysts [38].

Other studies reported EUS-guided alcohol 
ablation of metastatic pelvic lymph nodes [39] 
and of left adrenal gland metastasis [40].
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29.3	 �Ablative Techniques

The present paragraph will examine the EUS-
guided ablative techniques with most data in 
human studies.

According to the mechanism of action, EUS-
guided ablative techniques could be categorized 
as direct mode techniques and indirect mode 
techniques. The direct mode techniques act 
through a locoregional effect, while, in the indi-
rect modes, the antitumoural effect is mediated 
by a series of events such as the delivery of anti-
tumoural drugs, local immunotherapy with cyto-
implant and injection of modified viruses [9–11]. 
The direct ablation mode not only effectively 
kills the tumoural cells (as a first direct way) but 
also acts in an indirect way, by releasing tumour 
antigens that can provoke an immune response 
and stimulate the inflammatory response.

Surrounding to the area of necrosis destroyed by 
local injury, a peripheral zone with a sublethal 
injury appears. In this area, oxidative stress and 
inflammation lead to an indirect antitumoural sys-
temic effects.

The histological appearance of an ablated tis-
sue presents different areas that can be easily rec-
ognized: (1) a central zone of coagulative necrosis 
with amorphous material and cellular debris; (2) a 
surrounding peripheral zone with a sublethal 
injury that attracts inflammatory cells, with granu-
lation tissue and new blood vessels; and (3) a 
healthy, surrounding, non-ablated zone.

The advantages of loco-regional ablative tech-
niques, compared to surgical approach, are lower 
rates of morbidity, less collateral damages to sur-
rounding tissues, shorter hospital stay and overall 
lower costs. Table  29.1 summarizes the main 
human studies with hybrid probe and RFA.

29.3.1	 �Radiofrequency Ablation

29.3.1.1	 �Mechanism of Action
The radiofrequency ablation (RFA) direct effect 
is based on high local temperatures, generated by 
high-frequency alternating current, that induce 
coagulative necrosis of the tissue with an irre-
versible cellular damage [41]. Besides thermal 

damage, RFA seems to act also with an indirect 
immune-modulative effect.

The hyperthermal damage created by the deliv-
ery of high energies results in a destruction of the 
tumour microenvironment, loss of cell membrane 
integrity and subcellular injuries, especially in 
cancer cells that are more heat-sensitive when 
compared to normal tissue [42, 43].

The volume of necrotic tissue is correlated to 
temperature and to application time. To produce 
irreversible cell damage, it takes 4–5  min at 
50–55  °C.  At temperatures between 60 and 
100  °C, there is immediate tissue coagulation. 
Above 100 °C, tissues vaporize. Therefore, tem-
peratures between 50 and 100  °C are ideal for 
RFA, while higher temperatures are less effective 
because of tissue vaporization and carbonization 
[41] that increase tissue impedance [43] and 
reduce the tissue electrical conduction.

RFA can be applied percutaneously, intra-
operatively or endoscopically. In the latter, two 
methods are currently available: ERCP-guided 
and EUS-guided ablation. The two endoscopic 
techniques have different aims. The ERCP-
guided RFA is used for malignant biliary obstruc-
tion, and it has a palliative intent in cases of 
cholangiocarcinoma [44]. Otherwise, EUS-
guided RFA has been proposed as a curative 
method for pancreatic lesions as PDAC, PNETs 
or pancreatic cystic neoplasms, in a multimodal-
ity approach or as a single treatment in case of 
patients unfit for any other therapy.

RFA has been widely used in the treatment of 
different kinds of solid tumours (hepatocellular 
carcinoma, renal cancer, etc.), but its application 
in the treatment of pancreatic lesions has always 
been regarded with reluctance by clinicians, for 
the fear of adverse events in such a thermo-
sensitive organ like the pancreas and for the fear 
of injury to adjacent structures (e.g. the GI tract, 
major vessels and biliary ducts) [39]. The first 
RFA experiences during open surgery reported 
high rates of morbidity and mortality, but they 
helped the clinicians to understand that the iatro-
genic injuries might be limited by applying some 
technical precautions, such as the reduction of 
the ablation temperature (<90  °C), the mainte-
nance of a safety margin from major vessels or 
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Fig. 29.1  The EUSRA 
system. (STARmed, 
Goyang, South Korea. 
Photograph owned by 
STARmed)

from the duodenum (which can also be irrigated 
by cold saline) and the use of a step-up approach 
in case of large lesions [45–48]. Due to the retro-
peritoneal position of the pancreas, EUS-guided 
RFA could be the better choice when compared 
to transabdominal or surgical approach because 
EUS is able to guide a real-time procedure into a 
deeply located target such as the pancreas which 
is difficult to visualize and to reach by a percuta-
neous approach. However, the complex anatomy 
of surrounding structures and the need for devel-
opment of EUS-specific RFA probes make the 
procedure more challenging than expected [49].

Two different kinds of RFA technology are 
currently available: monopolar and bipolar. The 
second one ensures a better control, because 
energy delivering is confined between the two 
electrodes with potentially less injury to the sur-
rounding tissues, but with the trade-off of less 
efficiency overall [50].

Three ablation devices specifically designed 
for EUS are currently available:

	1.	 The EUS-RFA System (STARmed, Goyang, 
South Korea) consists of a 18G needle with a 
monopolar RFA electrode and a VIVA RF 
generator (STARmed, Korea). The active 
electrode tips are manufactured with various 
lengths: 0.5 cm, 1 cm, 1.5 cm and 2 cm. The 
device is perfused internally with circulating 
chilled saline solution that cools the system 
during the ablation (Fig. 29.1).

	2.	 The Habib EUS-RFA monopolar probe (EMcision 
Ltd., London, UK) is a 1 Fr wire (0.33 mm), with 
a working length of 190 cm, that can be connected 
to RITA (RITA Medical Systems Inc., Fremont, 
CA). The catheter is passed through a 19 G stan-
dard EUS needle (Fig. 29.2).

	3.	 The HybridTherm bipolar flexible probe 
(ERBE Elektromedizin, Tübingen, Germany) 
is a 14G probe that combines bipolar RFA 
with cryotechnology. It has an external pro-
tective tube with a diameter of 3.2  mm (an 
endoscope with a working channel diameter 
of at least 3). 7 mm is recommended. It is used 
in conjunction with the VIO 300 D electrosur-
gical unit and with the ERBECRYO 3 cryo-
surgical unit (Fig. 29.3).

Fig. 29.2  Habib EUS monopolar RFA probe. (EMcision 
Ltd., London, UK, marketed by Boston Scientific. 
Photograph owned by Boston Scientific)
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29.3.1.2	 �Clinical Data
The first application of RFA in normal porcine 
pancreas was described by Goldberg in 1999 
[51]. A modified 19-gauge Vilmann-type needle 
(GIP/Medi-Globe, Grassau, Germany) was used 
to treat 13 pigs. No major complications were 
observed (one focal pancreatitis, three gastric 
burns). This first study demonstrated the feasi-
bility and safety of the EUS-guided RFA in por-
cine pancreas, and it was followed by other 
similar animal studies with other types of RFA 
probes; from the umbrella-shaped monopolar 
electrode used by Varadarajulu et al. in the por-
cine liver [52] to the new Habib EUS-RFA cath-
eter through the needle (EMcision, London, 
UK) and 18G EUS-RA RF electrode (STARmed, 
Goyang, Korea), very similar to EUS biopsy 
needle. These latter two probes were used also 
in clinical trials in patients with pancreatic 
lesions.

Nowadays, 14 studies described RFA [27, 
53–65] application to human disease, 9 of them 
using Habib probes. A total of 63 patients were 
treated using RFA: 19 with PNETs, 29 with 
PDAC, 11 with cystic neoplasms and 4 with pan-
creatic metastasis from other organs. Only one 
major event (a pancreatitis) was reported. 
However, further studies are needed to improve 
the technique, to understand the clinical applica-
tion and to prevent/treat adverse events.

The EUS-guided RFA could be used in differ-
ent areas and in multiple sessions in order to have 
a better control of ablated area.

Wang et  al. [53] used EUS-guided RFA 
through a 22 G needle to treat patients with stage 
III pancreatic cancers. The current was delivered 
at 10–15 W for 2 min, and multiple ablations were 
performed when needed, according to the size of 
tumour. The authors reported a mean reduction in 
tumour size of 13.94% and a significant reduction 
in CA19-9, without any complications.

Song et al. [59] performed RFA in six patients 
with unresectable pancreatic cancer. They used 
the EUSRA 18G electrode with a length of 
10 mm, applied for 10 s to deliver 20–50 W abla-
tion power. Depending on tumour size, the proce-
dure was repeated to sufficiently cover the tumour.

The procedure was successfully performed in 
100% of the patients without major complications.

Crino et al. [63] used the EUSRA 18G elec-
trode needle to treat seven patients with locally 
advanced pancreatic cancer and one patient with 
renal cancer metastasis to the pancreas. A 5 or 
10 mm exposed tip was chosen according to the 
size of the tumour. All procedures were started 
with a preset radiofrequency power of 30 W, and 
the application time ranged from 15 to 95 s. EUS-
RFA was feasible in the patients and an ablated 
area inside the tumour was achieved in all treated 
patients. No major complications were observed. 
Three patients experienced mild abdominal pain 
after the procedure, which was managed conser-
vatively with anti-inflammatory drugs.

RFA has also been described to treat pancre-
atic cystic neoplasms and neuroendocrine 
tumours (Fig. 29.4).

Fig. 29.3  HybridTherm 
bipolar flexible probe. 
(ERBE Elektromedizin, 
Tübingen, Germany. 
Photograph owned by 
ERBE)
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Pai et al. [55] performed a multicentre, pilot 
safety and feasibility study describing RFA in six 
patients with cystic lesions (four mucinous cysts, 
one intraductal papillary mucinous neoplasm and 
one microcystic adenoma) and two patients with 
neuroendocrine tumours. The ablation was per-
formed with a 1.2-mm Habib EUS-RFA catheter 
placed through a 19-G or a 22-G fine needle. 
EUS-RFA was successfully completed in 100% 
of cases, with a complete resolution in 2/6 
patients and a 50% size reduction in 3/6 patients 
with pancreatic cystic neoplasms. PNETs showed 
a change in vascularity with central necrosis after 
EUS-RFA. No major complications occurred.

A few case reports have been described with 
successful RFA of symptomatic insulinomas in 
patients unfit for surgery. In some cases, the 
patients underwent consecutive ablative treat-
ment with complete control of hypoglycaemic 
symptoms [55–58].

29.3.2	 �Cryothermablation

29.3.2.1	 �Mechanism of Action
The HybridTherm bipolar flexible probe has 
been developed by ERBE (Elektromedizin, 
Tübingen, Germany), and it combines a radiofre-
quency ablation with the cooling effect of a cryo-
genic gas such as CO2 [66].

The idea to develop a bipolar probe was sus-
tained by the fact that bipolar systems ablate with 

less collateral thermal damage than monopolar 
systems but with the trade-off of less efficiency 
overall [67, 68]. This is one of the reasons at the 
basis of the association of the cryotechnology to 
the RFA: to increase the effects of tissue destruc-
tion and to overcome the disadvantages of less 
efficacy.

Moreover, the procedure maintains the sys-
temic response described for RFA that it can 
hypothetically have therapeutic effect on distant 
metastasis, as showed in mouse with colon can-
cer [69] and mice with mammary adenocarci-
noma [70, 71].

The probe is similar to a 14G needle and it is 
easily recognizable under EUS guidance as a 
hyperechoic line.

Regarding pancreatic application, the first ani-
mal study performed on pigs [72] demonstrated 
the feasibility and safety of the EUS application 
of this technology, with a good risk profile with 
no mortality and one major complication (7%). 
In this study, two procedural aims were showed: 
the complications were related to the dose and 
the ablated area was correlated to the duration of 
application. Furthermore, histological evaluation 
was performed and described a sharp demarca-
tion between the ablated area and the surround-
ing pancreatic parenchyma with an inflammatory 
wall (granulation tissue with fibroblastic reac-
tion, new blood vessels and a remarkable number 
of lymphocytes and polymorphonucleated neu-
trophil granulocytes) between the necrotic cen-
tral area and the peripheral zone.

29.3.2.2	 �Clinical Data
One preliminary prospective human study [73] 
was performed enrolling consecutive patients with 
locally advanced pancreatic adenocarcinoma with 
no response after standard chemoradiotherapy and 
with no distant metastasis. The pilot study enrolled 
22 patients, but the procedure was performed in 16 
of them because in the remaining 6 the probe could 
not be advanced into the lesion for local tissue 
stiffness. The study confirmed the previous results 
in porcine model, in particular the feasibility of the 
procedure and the good risk profile. One limitation 
was the ability of the imaging techniques to distin-
guish the ablated area from inflammation and 

Fig. 29.4  The application of EUSRA in a small neuroen-
docrine tumour (size <1 cm). The probe is well recogniz-
able as a hyperechoic line inside the mass. A hyperechoic 
area slowly spread from the electrode tip and is clearly 
visualized at EUS scan. (Courtesy of Dr. Stefano 
Francesco Crinò)
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oedema. A CT scan was performed in all patients, 
but only in 6 of 16 it was possible to clearly define 
the tumour margins after ablation. So, other tech-
niques such as MRI and contrast-enhanced EUS 
should be investigated for this purpose.

Two prospective studies are ongoing 
[ClinicalTrials.gov Identifier: NCT02336672 and 
NCT03649035], and they aim to evaluate the 
clinical efficacy of the procedure in local advance 
pancreatic adenocarcinoma (Fig. 29.5).

29.3.3	 �Photodynamic Treatment

29.3.3.1	 �Mechanism of Action
Photodynamic therapy (PDT) produces tissue 
necrosis using a light with specific appropriate 
wavelength that modifies a noncytotoxic photo-
sensitizing agent administrated intravenously in a 
cytotoxic substance. When photosensitizer is 
activated, it interacts with oxygen to form reac-
tive oxygen species producing cell apoptosis. It is 
a well-established treatment for unresectable 
cholangiocarcinoma [74].

Theoretically, due to its well-structured vas-
cularization, the pancreatic parenchyma has an 
intense uptake of the photosensitizing agent, and 
it could be a good target for PDT. The applica-
tion of PDT for treatment of pancreatic neo-
plasms was first attempted into a porcine model 
[75–77]. These studies concluded that EUS-
guided PDT could be performed into pancreatic 
tail with low risk. However, the stiffness of the 

laser-light catheter, caused by the quartz optic 
fibre, limited the access to the head of the pan-
creas [77].

29.3.3.2	 �Clinical Data
One study [78] evaluated photodynamic therapy 
performed under EUS guidance, in four neoplastic 
patients: one pancreatic adenocarcinoma of the 
pancreatic tail and three with hepato-biliary 
tumour (two in the caudate lobe of the liver, one in 
the far distal bile duct). Patients received intrave-
nous chlorin e6 derivative, Photolon 
(Belmedpreparaty, Minsk, Republic of Belarus), a 
second-generation photosensitizer with short half-
life to minimize side effects. Photodynamic abla-
tion was performed using a novel flexible 
laser-light catheter (PhotoGlow, South Yarmouth, 
Massachusetts, USA), which overcomes the stiff-
ness of the previous probes. The laser probe has a 
quartz core with a diameter of 0.39 mm, polymer 
coating and cylindrical diffuser tip 1–2  cm long 
and is compatible with a 19-gauge EUS needle. A 
Luer Lock on the proximal hub of the FNA needle 
is used to attach the needle to the probe to avoid 
probe movements during the procedure. The study 
results reported no significant procedure-related 
adverse events and a stable tumour burden after a 
median follow-up of 5 months.

29.3.4	 �Neodymium-Doped  
Yttrium Aluminium Garnet 
Laser Ablation

29.3.4.1	 �Mechanism of Action
Laser ablation with neodymium-doped yttrium 
aluminium garnet (Nd:YAG) produces a necrosis 
of tissue using a light. The monochromatic light 
has a specific wavelength that interacts with tis-
sue by three phenomena: scattering, reflection 
and absorption [79]. The latter one is the most 
relevant because it is converted into heat and at 
the end produces cell death. The damage is 
dependent on both temperature and exposure 
time [80], but it is also influenced by light wave-
length, laser settings (laser power, laser energy 
and treatment time), physical properties of the 
tissue and the emission characteristics of the 
optical applicator [79].

Fig. 29.5  The application of the HybridTherm probe in a 
patient with locally advanced pancreatic adenocarcinoma. 
The probe is visible as a hyperechoic line inside the 
tumour. During the ablation EUS shows generation of 
bubbles, most likely representing the steam phase during 
the heating of biological tissue
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Nd:YAG laser ablation was described for 
hepatocellular carcinoma, liver metastases, 
colorectal cancer and others [79].

Application of Nd:YAG ablation to pancre-
atic parenchyma was firstly attempted into ani-
mal model. In 2010, Di Matteo et  al. [81] 
evaluated the procedure in vivo, performing the 
ablation into normal pancreatic parenchyma of 
eight pigs, with a good feasibility and no major 
complications. The same authors, in 2013, per-
formed an ex vivo study [82] on porcine pancre-
atic tissue, in order to establish the best laser 
setting of Nd:YAG lasers for pancreatic tissue 
ablation.

29.3.4.2	 �Clinical Data
The group of Di Matteo [83] reported the first 
case in which Nd:YAG laser treatment was 
applied to human pancreas. They treated a recur-
rent pancreatic NET in a patient who refused 
pancreatectomy. The patient was successfully 
treated with Nd:YAG laser ablation under EUS 
guidance and she had no recurrence at 1-year 
follow-up.

Recently, nine patients with stage IIb-III pan-
creatic adenocarcinoma were treated with 
Nd:YAG laser ablation under EUS guidance [84] 
by the same group. Di Matteo used a 1064-nm 
wavelength laser (Echolaser; Elesta s. r. l, 

Florence, Italy) with the insertion of a 300-mm 
optical fibre (Elesta s. r. l.) through a 22-gauge 
needle and different power settings. The fibre 
was clearly visible in the target lesion during the 
procedure, and the presence of a hyperechoic 
area progressively surrounding the tip of the fibre 
did not hamper the visualization of the needle 
(Fig. 29.6).

The procedure was completed in all patients 
and no adverse events were reported. Di Matteo 
and colleagues concluded that EUS-guided laser 
ablation was feasible, with a good profile risk for 
the treatment of pancreatic cancer.

29.3.5	 �Ethanol Injection

29.3.5.1	 �Mechanism of Action
Alcohol produces coagulative necrosis by caus-
ing cell membrane lysis, protein denaturation and 
vascular occlusion [85].

The advantages of ethanol are the low cost, the 
easy availability and the rapid ablative 
mechanism.

Percutaneous ethanol injection ablation is 
routinely used for the treatment of solid and 
cystic neoplasms in a variety of anatomic loca-
tions, as thyroid, kidney, liver and adrenal gland 
[86].

a b

Fig. 29.6  Nd:YAG laser ablation under EUS guidance. 
(a) The hyperechoic spot visible at 5 mm from the tip of 
the needle inside the tumour (red arrow). (b) At the end of 
the procedure, EUS showed a hyperechoic area along the 

path of the probe surrounded by non-homogeneous tissue 
with hyperechoic spots. (Courtesy of Dr. Francesco Di 
Matteo)
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In EUS, the ethanol injection is applied for 
EUS-guided coeliac plexus neurolysis to relieve 
pain in pancreatic cancer patients [87].

29.3.5.2	 �Clinical Data
Nowadays, EUS-guided ethanol injection has 
been used in case series for the treatment of pan-
creatic cystic neoplasms and pancreatic neuroen-
docrine tumours.

The mostly studied application is the ablation 
of pancreatic cystic neoplasms. Different studies 
concluded for a high success rate with an achieved 
cyst resolution in 33–78.6% of patients [88–95]. 
A recent meta-analysis and systemic review [96] 
reported that the pooled proportion of patients 
with complete cyst resolution was 56.20% (95% 
CI = 48.16–64.08) and partial cyst resolution was 
23.72% (95% CI  =  17.24–30.89) after EUS-
guided ethanol ablation. The pooled percentage 
of more frequent post-procedure complications 
was abdominal pain in 6.51% (95% CI = 3.12–
11.04) and pancreatitis in 3.90% (95% CI = 1.39–
7.60). However, the technique is not standardized, 
and different alcohol solutions with or without 
another chemotherapeutic agent were used.

The EUS-guided ethanol ablation for the treat-
ment of pancreatic adenocarcinoma was reported 
in one study [97]. The authors’ aim was to com-
pare the pain control, survival outcomes and 
safety profile of the combined approach of endo-
scopic ultrasound-guided tumour ethanol abla-
tion combined with coeliac plexus neurolysis 
versus coeliac plexus neurolysis alone in patients 
affected by not resectable pancreatic adenocarci-
noma. No severe treatment-related adverse events 
were reported, and the authors concluded that the 
combined treatment achieved better pain relief 
than coeliac plexus neurolysis alone. They 
reported also a higher median survival in patients 
with stage III treated with combining approach.

The last application of EUS-guided alcohol 
ablation for pancreatic disease is the ablation of 
pancreatic neuroendocrine tumours. Several case 
reports and case series are currently available 
regarding this topic [27, 98–114]. Overall 42 
patients were treated with alcohol ablation under 
EUS guidance: 29 insulinomas, 1 gastrinoma and 
12 non-functioning pNETs. Clinical remission 

rate ranged from 75 to 100%, while morphologi-
cal complete remission rate varied from 61.5 to 
100%. The procedure is feasible and easy. The 
most used needle calibre is the 22G, preferred to a 
19G with less manoeuvrability and to 20G CPN 
needle with more difficult ethanol injection con-
trol for its multiple side holes [49]. The most fre-
quent complication is acute mild pancreatitis. 
Other reported complications are abdominal pain, 
haemorrhage, infection and pancreatic duct injury.

Collectively, the preliminary studies suggest 
that ethanol ablation is relatively safe and feasi-
ble for clinical use in human pancreas. Therefore, 
EUS-guided ablation of pancreatic solid and cys-
tic tumours via ethanol injection is a minimally 
and safely invasive technique that can be pro-
posed for patients who refuse or are not eligible 
for surgery [85].

29.3.6	 �Chemotherapy Injection

29.3.6.1	 �Mechanism of Action
The technique is similar to EUS-guided alcohol 
ablation while different antitumoural agents are 
injected into pancreatic cancer aimed to cause 
either local or systemic biologic response. Some 
clinical studies were performed; however their 
value is hampered by small sample size and lack 
of control group.

29.3.6.2	 �Clinical Data

Chemotherapy
EUS-guided intratumoural injection of chemo-
therapy drugs aims to increase local drug concen-
tration avoiding the rising of systemic side 
effects. Pancreatic adenocarcinoma is theoreti-
cally a very good candidate for the procedure 
because it has a prominent desmoplastic response 
that can cause an inadequate penetration of che-
motherapy in tumour cell.

Levy and colleagues [115] have recently pub-
lished a prospective study aimed to evaluated 
EUS injection of gemcitabine in terms of toxicity 
and ability to downstage neoplasia and increase 
overall survival in patients affected by unresect-
able pancreatic adenocarcinoma. A total of 36 
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patients were enrolled and followed up for 
5 years (or until death). The procedure was safe 
and no adverse events were reported. Twenty per-
cent of patients with stage III PDAC (n = 4) had a 
downstaging and underwent an R0 resection. 
Median overall survival was 10.4 months.

Cytoimplant
One phase I study [116] evaluated feasibility and 
safety of allogeneic mixed lymphocyte culture 
(cytoimplant) delivered by a single EUS-guided 
fine-needle injection (FNI) in eight patients with 
unresectable pancreatic carcinoma. Patients did not 
experience procedure-related complications nei-
ther systemic toxicities. Median survival was 
13.2 months, and two patients had a partial response 
(>50% reduction in tumour size measured on imag-
ing) and one a minor response (<50%).

The subsequent randomized multicentre phase 
II/III study was aimed to evaluate conventional 
chemotherapy versus cytoimplant injection. The 
trial was prematurely terminated because the sur-
vival and tumour response rates were inferior in 
the group treated with cytoimplant [11].

Dendritic Cells (DCs)
Currently, four pilot trials [117–120] reported fea-
sibility, safety and clinical response of intratu-
moural EUS-guided injection of dendritic cells in 
pancreatic neoplasia of patients affected by unre-
sectable disease. Dendritic cell could help to 
develop an acquired immune response against 
neoplastic cell, because they are antigen-presenting 
cells, generating specific T-cell immunity.

The first study [118] enrolled seven patients 
and demonstrated that dendritic cell injections 
were well tolerated without clinical toxicity. It 
also reported a median survival of 9.9  months 
with one complete response (complete regression 
of all lesions lasting at least 1 month) and three 
partial remissions (>50% decrease of lesions last-
ing more than 1 month).

The second study [117] enrolled five patients 
that received intravenous and EUS-guided injec-
tion of OK-432-pulsed DCs into a tumour, 
followed by intravenous infusion of lymphokine-
activated killer cells stimulated with anti-CD3 
monoclonal antibody. The treatment was safe, 

and no serious treatment-related adverse events 
were reported. Moreover, one patient had a par-
tial remission, and two had long stable disease 
after 6 months of follow-up.

In a third study, Endo et al. [120] determined 
the feasibility and safety of preoperative EUS-
guided injection of immature DC with OK-432 in 
9 patients affected by resectable pancreatic ade-
nocarcinoma, compared with 15 patients who 
underwent surgery without injection. OK-432 
(Picibanil) is a lyophilized mixture of group A 
Streptococcus pyogenes with antineoplastic 
activity. The study results confirmed the safety of 
DC injection, without increased post-operative 
complications, but no significant differences in 
overall survival were reached.

The fourth one [119] added an intravenous 
adoptive activated T lymphocyte and gemcitabine 
in 15 enrolled patients. The median overall sur-
vival and progression-free survival of 15 patients 
were 12.0 months and 5.5 months, respectively. 
A total of 33 adverse events were recorded, in 
particular grade 3 adverse events occurred in four 
patients. However, two of them were more likely 
related to the gemcitabine administrated.

Adenovirus ONYX-015
It is a modified virus with deletion in the E1B 
gene. This modification leads a preferentially 
virus replication into neoplastic cell, causing 
cell death. It was injected in 21 patients with 
unresectable pancreatic adenocarcinoma in one 
phase I/II trial [121], plus intravenous gem-
citabine. The results showed two patients with 
partial regressions of the injected tumour, two 
with minor responses and six with stable dis-
ease. As adverse event, the study reported two 
patients with sepsis and two patients with duo-
denal perforations.

Tumour Necrosis Factor Alpha (TNF-α)
One phase I/II study [122] evaluated TNFerade 
Biologic (AdGVEGR.TNF.11D), a replication-
deficient adenoviral vector that expresses TNF-α 
inducible after chemotherapy and radiation. The 
virus was injected in 50 patients using EUS (27 
patients) or percutaneous guidance. They reported 
1 case with complete response, 3 patients with 
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partial responses and 12 patients with stable dis-
ease, with an overall median survival of 297 days. 
Three patients experienced dose-limiting toxici-
ties, with pancreatitis and cholangitis.

Unfortunately, the subsequent phase III 
study [123] concluded that TNFerade was safe 
but did not increase the survival in patients 
with LAPC. They randomized 304 patients to 
receive standard of care alone (90 patients) or 
standard of care alone plus TNFerade (187 
patients), with a median survival of 10.0 months 
for both groups and a median progression-free 
survival of 8.6 months and 7.0 months, respec-
tively. Moreover, the group treated with 
TNFerade had more side effects than the other 
arm.

BC-819
Hanna et  al. published a phase I/II trial [124] 
study about safety, tolerability, pharmacokinetics 
and preliminary efficacy of BC-819, a DNA plas-
mid, administered intratumourally in nine sub-
jects with unresectable non-metastatic pancreatic 
cancer. No adverse events were recorded. In two 
subjects, pancreatic tumours were downstaged 
and became surgically resectable, and in three 
subjects a partial response was described.

29.4	 �Future Perspectives

EUS-guided ablation techniques have a very 
promising rationale: they are aimed to achieve 
destruction of pancreatic masses using a minimal 
invasive and real-time imaging modality. They 
would be an alternative for surgery in patients 
unfit for surgery or a method for tumour down-
staging prior to resection in a context of multimo-
dality approach to pancreatic tumours.

Currently, for pancreatic cysts and PNETs, the 
technique could be proposed for patients who 
refuse or are unfit for surgery after a multidisci-
plinary consultation in a tertiary-level centre.

For pancreatic adenocarcinoma, next to local 
purpose, EUS-guided ablative techniques aim 
also to evoke a systemic response, stimulating the 
patient’s immune response against the neoplastic 
cells. This aspect is crucial for the control of met-

astatic cells that are an early event in the natural 
history of PDAC.

Data available show that EUS-guided ablative 
techniques are feasible and safe.

However, open questions need to be clarified. 
First of all, advantage in terms of increasing sur-
vival and/or quality of life is missing. Secondly, 
real clinical indications into a multidisciplinary 
approach should be elucidated. Large multicentre 
clinical trials with careful patient selection are 
mandatory to establish a standardized protocol 
for EUS-guided ablative therapies in pancreatic 
diseases. The research should also clarify human 
systemic effects of local ablation, focusing on 
immunological system that could add another 
dowel in the complex mechanisms of pancreatic 
adenocarcinoma.
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Intraductal US
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30.1	 �Introduction

Intraductal ultrasound (IDUS) is a 360° examina-
tion of the pancreatobiliary ducts using a thin-
caliber ultrasonic probe, yielding real-time, 
high-quality, cross-sectional images due to the 
use of high-frequency ultrasound, during endo-
scopic retrograde cholangiopancreatography 
(ERCP) (Fig.  30.1). It allows detailed, high-
resolution examination of the extrahepatic bile 
duct (BD), the main intrahepatic BDs, the main 
pancreatic duct (MPD), their contents, and peri-
ductal structures.

The high-frequency (12–20  MHz) US mini-
probes can be passed through the operative chan-
nel of the duodenoscope directly into the bile or 
pancreatic duct. Small caliber (6–8 F), flexibility, 
and excellent image quality produced by these 
catheters make them ideal for imaging a narrow 
ductal cavity, the walls, and the neighboring 
structures allowing for the evaluation of various 
biliopancreatic disorders.

IDUS operates at higher frequencies than 
standard EUS, leading to higher image resolu-
tion, optimized by the tubular anatomy of the 
pancreatic and BDs, filled of fluid and slightly 

larger in diameter than the probe itself. IDUS is 
often better than EUS in evaluating the distal bili-
ary system and surrounding structures (such as 
the right hepatic artery, the portal vein, and the 
hepatoduodenal ligament); but due to its limited 
depth of penetration (15–20 mm), image quality 
is very high within about 2-cm range of radius 
and cannot be useful for the examination of more 
distant tissues (e.g., distant lymph nodes and the 
proximal intrahepatic BDs).

The main limitations of IDUS include costs, 
limited durability of the probe, limited penetra-
tion depth, and difficulty in evaluating intrahe-
patic ducts. IDUS, either biliary or pancreatic, 
entails a low complication rate, including acute 
pancreatitis, such as for ERCP.

30.2	 �Technical Consideration

Since IDUS catheter has to be placed in the pan-
creatobiliary duct system, ductal cannulation is a 
prerequisite, and introduction of the miniprobe into 
the bile or pancreatic duct can be achieved by 
guidewire assistance (Fig. 30.2). The over-the-wire 
model has enabled insertion of the probe into the 
BD via the papilla without endoscopic sphincter-
otomy (EST) or balloon dilation. The outer diame-
ter of the miniprobe (range 2.0–3.1 mm) is designed 
to be inserted via the working channel of a standard 
endoscope with a diameter of 3.2 mm; the option to 
use a guidewire allows the insertion of the mini-
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probe into even tight strictures. Once the probe has 
been inserted into the target duct, positioning of the 
probe and location of scanning are grossly con-
firmed with the landmarks on the IDUS image. 
Fluoroscopy can also be used as an aid in localiz-
ing the position of the US transducer. EST is 
required in less than 20% of cases (almost never 
with a wire-guided probe). Image quality can be 
compromised in dilated duct due to the difficulty of 
maintaining the miniprobe in the center of the duct.

The probe can perform a 360° mechanical 
radial and/or a linear/helical scanning, perpen-
dicular to the direction of insertion, with a fre-
quency of 12–20  MHz. Some types of probes 
allow for the dual plane reconstruction (DPR) 
that is the acquisition of a helical ultrasound scan, 
displaying simultaneously linear as well as radial 

images and permitting in post-processing a fasci-
nating 3-D reconstruction of the image.

Pneumobilia is a common finding after EST or 
balloon sphincteroplasty and is an obstacle for 
IDUS to provide accurate cross-sectional imag-
ing of the biliary system, increasing the possibil-
ity of residual CBD stones after stone extraction. 
Flushing the BD with normal saline through an 
ERCP catheter placed alongside the probe can 
remove intraductal air bubbles and enables to 
perform IDUS simultaneously [1].

30.3	 �Normal Endosonographic 
Imaging

Due to its high frequency, the probe only allows 
visualization of the ductal wall and the immediate 
periductal vicinity (up to about 15–20 mm). IDUS 
cannot depict all the intrahepatic BDs due to its 
limited range of penetration. The normal BD 
appears as either two or three layers, similar to that 
seen during standard EUS.  Three layers (outer 
echogenic layer, middle hypoechoic layer, inner 
echogenic layer) could be visualized in the wall of 
both the normal extrahepatic BD (Fig. 30.3) and 
the normal MPD; in addition the pancreatic paren-
chyma showed a fine reticular pattern [2, 3].

The normal BD wall is 0.31–0.79 mm thick, 
with smooth inner and outer surfaces and homo-
geneous internal echoes. When visualized as a 

Fig. 30.1  IDUS miniprobe with guidewire, probe-
driving unit, endoscopic ultrasonic observation unit

Fig. 30.2  Guidewired 20 MH miniprobe entering a small 
papilla with EST
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two-layer structure, an internal hypoechoic 
layer is seen which represents the mucosa, mus-
cularis propria (fibromuscular layer), and 
fibrous layer of the subserosa. Occasionally, an 
interface echo is visualized between the bile and 
the inner hypoechoic layer. An outer hyper-
echoic layer represents the adipose layer of the 
subserosa, the serosa, and the interface echo 
between the serosa and surrounding organs. A 
third inner hyperechoic layer, representing an 
interface, will occasionally be identified. It may 
not be possible to differentiate the fibromuscu-
lar layer from the perimuscular connective tis-
sue in some patients in whom they appear as a 
single hypoechoic layer.

The endosonographic appearance of the MPD 
wall varies from a single hyperechoic layer 
(Figs. 30.4 and 30.5) to three layers. When three 
layers are present, the inner and outer layers are 
hyperechoic, with an intervening hypoechoic 
layer [2].

30.4	 �Biliary Tree: Indications

30.4.1	 �Choledocholithiasis

IDUS presents a high diagnostic yield for BD 
stones. In a prospective comparative study, the 
sensitivities of magnetic resonance cholangio-

pancreatography (MRCP), ERCP, and IDUS for 
identifying choledocholithiasis were 80.0%, 
90.0%, and 95.0%, respectively. IDUS can dif-
ferentiate stones (echogenic foci with acoustic 
shadowing) (Figs. 30.3 and 30.5) from air bub-
bles (echoic foci with reverberation artifacts) 
(Fig.  30.6) and biliary sludge (echogenic foci 
without acoustic shadowing), enabling visualiza-
tion of small BD stones or sludge missed on chol-
angiogram and MRCP [2, 4]. Therefore, it has 
been considered more effective than ERCP, 
abdominal CT, and MRI in the diagnosis of CBD 
stones. Especially, when a bile duct is 12 mm in 
diameter or greater, IDUS is recommended to 
detect or deny the presence of stones smaller than 
8 mm in diameter.

IDUS can be used to verify stone clearance 
after supposedly complete stone extraction at 
ERCP.  In a study of 70 examinations, IDUS 
revealed persistent stones in 40% of patients sup-
posed to be stone-free [5]; another study with 188 
patients with supposedly complete stone removal 
demonstrated less recurrence of stones in the 
group with IDUS after ERCP than in the group 
without IDUS (3.4% vs. 13.2%) [6].

IDUS can be also applied to suspected Mirizzi 
syndrome due to its high sensitivity in detecting a 
high echoic focus with acoustic shadowing out-
side of and just next to the common hepatic duct. 
When compared with EUS, IDUS and EUS are 

Fig. 30.3  Slightly dilated BD with normal three-layered 
wall and a stone with acoustic shadowing

Fig. 30.4  Miniprobe in a dilated MPD with single-
layered hyperechoic normal wall and a slightly dilated 
small branch duct
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both sensitive and accurate for diagnosis of bili-
ary stones and sludge. While EUS is less invasive 
and is mainly used in order to avoid useless 
ERCP, IDUS is used during ERCP with all the 
associated risks and complications.

30.4.2	 �Bile Duct Strictures

IDUS can help in differentiating malignant from 
benign biliary strictures, providing high-resolution 
cross-sectional images of the BD.  Many studies 
demonstrate that IDUS is more accurate than EUS, 
transpapillary biopsy, or brush cytology for identi-
fication of biliary malignancy. Compared with 
ERCP-guided tissue sampling, IDUS showed sig-
nificantly better sensitivity (87.5% vs. 62.5%, 
P = 0.05), specificity (90.6% vs. 53.1%, P < 0.001), 
and accuracy (90% vs. 55%, P < 0.001) in diag-
nosing malignancy [4, 7, 8].

Preservation of the normal-layered sono-
graphic appearance of the BD, homogeneous 
echo-rich masses with smooth margins, and 
absence of a mass lesion were considered diag-
nostic of a benign lesion. Some authors describe 
IDUS image of a benign stricture as a lesion that 
was hyperechoic and symmetric with intermedi-
ate echogenicity (Fig. 30.7) [9].

Features suggestive of malignancy are eccen-
tric wall thickening with an irregular surface 
(Fig. 30.8), disruption of the normal three-layer 
sonographic appearance, a papillary surface, a 
hypoechoic mass with irregular margins, hetero-
geneous echo-poor areas, and hypoechoic sessile 
mass with signs of adjacent tissue invasion. Other 
signs are presence of suspicious lymph nodes 
(enlarged, hypoechoic, round, and smooth bor-
dered) and evidence of vascular invasion. In addi-
tion, measurement of duct wall thickness at the 
stricture site by IDUS also appeared helpful to 
predict malignancy: a BD wall thickness of 7 mm 
or less at the stricture site without extrinsic com-
pression had a 100% negative predictive value for 
excluding malignancy, while a BD wall thickness 
>7 mm without extrinsic compression had a posi-
tive predictive value of 100% in diagnosing 
malignancy [3, 10].

IDUS can also be applied to help direct tissue 
acquisition: with fluoroscopy-guided forceps 
biopsy or brush cytology after identification of 
the location of suspected lesion by IDUS or 
placing IDUS probe alongside biopsy forceps in 
the bile duct to direct biopsy [11, 12]. In sus-
pected malignant biliary stricture, higher diag-
nostic yield has been obtained by IDUS-guided 
transpapillary biopsy compared to the fluoro-
scopically guided [11]. The sensitivity for diag-
nosis of malignancy seems to improve with a 

Fig. 30.5  Miniprobe in the MPD with single-layered 
hyperechoic normal wall and a small stone in the distal 
CBD

Fig. 30.6  Dilated CBD with normal wall and air bubbles 
(echoic foci with reverberation artifacts)
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combination of IDUS and other techniques for 
tissue acquisition.

30.4.3	 �Staging of Malignancy

In BD carcinomas IDUS detects early lesions, 
determines the longitudinal tumor extent, and 
identifies tumor extension into adjacent organs 
and major blood vessels with a diagnostic accu-
racy of nearly 100% [13]. An accurate evaluation 
of the extent of spread and the necessary margin 
of resection is important for planning surgery. 
IDUS can improve the accuracy of local tumor 
staging, identifying tumor invasion into the pan-
creatic parenchyma, portal vein, and right hepatic 
artery. T staging is carried out based on the cor-
relation of the tumor echo and layer structure of 
the BD wall.

IDUS cannot reliably distinguish T1 from T2 
tumors because the miniprobe is not able to 
depict the fibromuscular layer and the fibrous 
layer of the subserosa separately. However, it is 
possible to diagnose invasion of the adipose 
layer of the subserosa or the serosa of the BD 
wall, components of the hepatoduodenal liga-
ment such as the portal vein and the right/proper 
hepatic artery and pancreatic parenchyma. 
Cumulative accuracy of IDUS in T staging is 

reported to be 77.7%. Another study showed 
accuracy rate between 71 and 84% in staging T3 
to T1 biliary tumors [14]. IDUS is more accurate 
than EUS for T staging of hilar and extrahepatic 
BD carcinoma but has low accuracy in N staging 
due to limited ultrasound penetration depth out-
side of the hepatoduodenal ligament, prohibiting 
its use for M staging.

IDUS plays a role in the evaluation of BD 
wall thickening. It cannot reliably distinguish 
tumor spread from inflammation; however, ultra-
sound criteria may assist in making this distinc-
tion. A commonly used feature is based upon the 
observation that inflammation typically causes 
symmetrical wall thickening (Fig. 30.7), in con-
trast to cancer infiltration, which typically causes 
asymmetrical wall thickening (Fig.  30.8). BD 
stents, frequently required in patients with bili-
ary obstruction, may also lead to BD wall thick-
ening and overestimation of longitudinal tumor 
extension. As a result, IDUS should be per-
formed prior to or within a few days of biliary 
decompression [15].

A limitation is represented by previous his-
tory of BD surgery: in this case IDUS is not reli-
able in differentiating between surgical changes 
and BD cancer.

Fig. 30.7  Symmetric concentric echogenic thickening of 
the CBD wall: benign inflammatory stenosis

Fig. 30.8  Eccentric mass protruding in the dilated CBD 
few cm under the hepatic hilum: small cholangio
carcinoma
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30.4.4	 �Evaluation of Idiopathic Acute 
or Recurrent Pancreatitis

IDUS can be useful in the detection of suspicious 
BD stones in idiopathic acute pancreatitis and in 
the prevention of recurrence of acute biliary pan-
creatitis, thanks to its ability to detect small CBD 
stones (Figs.  30.2 and 30.4). EUS is currently 
recommended before ERCP to detect possible 
CBD stones or sludge, but when cholangiogram 
fails to detect CBD stones, especially when a 
spontaneous stone passage is suspected, IDUS 
can be helpful. As already told, IDUS can be used 
to confirm BD clearance right after stone extrac-
tion, reducing the recurrence rate of acute biliary 
pancreatitis, while this can be a difficult task for 
EUS, mainly due to the interference by air bub-
bles in the BD (Fig. 30.5) after EST or balloon 
dilation of the papilla. Pneumobilia can be a 
problem for diagnosis of residual BD stones also 
for IDUS, but some tricks can be helpful in this 
case, normal saline injection in the BD by means 
of an ERCP catheter inserted alongside the mini-
probe to eliminate the air bubbles or a balloon-
sheated catheter IDUS probe [1, 16].

30.4.5	 �Gallbladder Lesions

There are very small series in which IDUS has 
been claimed useful in evaluating the relatively 
rare cystic duct cancer, gallbladder cancer [14, 
17–19].

30.4.5.1	 �Ampulla
The significance of IDUS in the assessment of 
neoplasms of the papilla of Vater is increasing 
with the widespread performance of endoscopic 
papillectomy. The clinical problem is to accu-
rately stage ampullomas in order to choose the 
right treatment. Standard EUS cannot distinguish 
an adenoma from a T1 carcinoma. Furthermore 
not all T1 ampullomas are the same: T1 ampul-
lary adenocarcinomas limited to the sphincter of 
Oddi (d0  in the Japanese classification) carry 
almost no risk of lymph node metastases, while 
T1 adenocarcinomas that invade the sphincter 
(d1) carry a risk of 20–30% of nodal metastases. 
IDUS accurately visualizes the anatomy of the 

papilla and is the only procedure that reliably dif-
ferentiates the sphincter of Oddi’s muscle from 
the rest of the papilla. Oddi’s muscle is visualized 
as a thin (less than 1 mm) hypoechoic layer that 
surrounds the BD and the MPD. The pancreatic 
parenchyma shows a fine reticular pattern. 
Inferior vena cava and lymph nodes at the poste-
rior pancreatic head can also be seen. IDUS 
enables assessment of intraductal tumor exten-
sion along the bile/pancreatic duct terminals 
beyond the duodenal wall resulting superior to 
EUS in staging polypoid tumors of the major 
papilla: early cancer with infiltration limited to 
Oddi’s muscle can be evaluated accurately [9]. 
Limitations include difficulty in the evaluation of 
invasion of the pancreas. IDUS can be useful for 
diagnosing and assessing the size and extent of 
papillary tumors and for evaluation of surgical 
resection vs. endoscopic papillectomy. Indeed 
IDUS is able to identify very small lesions, unde-
tected by previous imaging. Echo attenuation due 
to the high frequency of miniprobe explains the 
lower accuracy in advanced stage tumors.

30.4.5.2	 �Pancreas
IDUS provides a high-resolution imaging of the 
pancreatic structures: the MPD is usually visual-
ized as a single hyperechoic band, surrounded by 
the reticular pattern of the normal pancreatic 
parenchyma (Figs. 30.4 and 30.5) [2].

Limitations in the use of IDUS for the study of 
the pancreas are the absence of tissue sampling 
and that the MPD is usually tortuous with a nar-
row lumen, making the insertion of the probe in 
the body and tail not always possible; further-
more, its low penetration depth prevents an accu-
rate staging of pancreatic cancer [7].

Nowadays the main indication for IDUS in 
pancreatic disorders is the preoperative assess-
ment of the extension of intraductal papillary 
mucinous neoplasms (IPMNs), in order to guide 
the extent of the surgical resection. The fact that 
the MPD tends to be dilated because of the hyper-
secretion of mucin, in IPMNs, makes the use of 
IDUS easier. In IPMNs a papillary mass is usu-
ally visualized, with irregular thickening of the 
wall of the duct [20].

In some old series pancreatic IDUS has been 
proposed to distinguish between benign and 
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malignant strictures of the MPD, to detect small 
pancreatic cancer, to differentiate benign from 
malignant IPMNs, to determine the nature of cys-
tic lesions, and occasionally to demonstrate com-
munication between the cyst and the MPD and 
mural nodules undetected by other diagnostic 
modalities [2, 7, 21, 22].

In a randomized prospective study evaluating 
40 patients that underwent surgical resection, 
IDUS was more accurate in the preoperative 
evaluation of tumor extent compared to other 
standard imaging modalities (85% vs. 50%) [20]. 
In another retrospective study, IDUS evaluated 
the lateral spreading of branch-duct IPMNs 
(detection of papillary protrusions in the MPD) 
in 24 patients before surgery, with a sensitivity, 
specificity, and accuracy of 92%, 91%, and 92%, 
respectively; this study also highlighted that the 
lateral spreading was associated with a dilation of 
the MPD ≥6 mm [23]. Nevertheless, the neces-
sity of cannulation of the MPD and the absence 
of tissue/fluid sampling make EUS (not IDUS) 
the recommended technique by the most recent 
guidelines in the management of IPMNs [24].

The differentiation of benign and malignant 
IPMNs was evaluated in a study from Hara et al., 
comparing the technique to EUS, peroral pancre-
atoscopy (POPS), and computed tomography: 
although IDUS had the highest accuracy, a fur-
ther differential diagnosis between carcinoma in 
situ and invasive carcinoma was considered 
impossible [21].

Few old reports from the 1990s evaluated the 
usefulness of IDUS in patients with chronic pan-
creatitis or with EUS-negative neuroendocrine 
tumors, but no further studies have been reported 
recently [9, 25].

30.5	 �Other Nonconventional 
Indications

30.5.1	 �Primary Sclerosing 
Cholangitis, IgG-4-Related 
Cholangitis

IgG4-related sclerosing cholangitis (IgG4-SC) 
shows various cholangiographic features similar 
to those of pancreatic cancer, primary SC (PSC), 

and cholangiocarcinoma. Findings that support 
IgG4-SC against cholangiocarcinoma are 
circular-symmetric wall thickening, smooth outer 
and inner margin, homogeneous internal echo in 
the stricture, and preservation of the three layers 
(so-called high-low-high pattern) at the stenotic 
area [26]. In most cases wall thickness spreads 
continuously from the intrapancreatic BD to the 
upper BD, and the BD wall is thicker than 0.8 mm 
in the non-stenotic area [27]. Findings in favor of 
cholangiocarcinoma are eccentric wall thicken-
ing, disruption of the bile duct wall layers, irregu-
lar luminal surface (Fig. 30.8), and a hypoechoic 
mass with irregular margins [26].

In patients with PSC, all layers of the BD are 
inflamed and the BD epithelium is severely dam-
aged. IDUS can show specific findings such as 
disappearance of three layers in the stricture with 
irregular inner margin and diverticulum-like out-
pouching. Heterogeneous internal echo, a 
circular-asymmetric wall thickness, and unclear 
outer margin are observed on IDUS more fre-
quent in PSC than in IgG4-SC [28].

30.5.2	 �Directed Endoscopic Biliary 
Procedures

In order to prevent ERCP complications (e.g., 
contrast injection-related ascending cholangitis, 
post-ERCP pancreatitis), recent studies evaluated 
the usefulness of IDUS instead of radiocontrast 
cholangiogram: in determining the length of 
plastic stents (measuring insertion length of the 
probe between major papilla and the lesions) and 
in stone removal (with IDUS confirming exis-
tence and clearance of stones) [12, 29, 30].

30.5.3	 �Portal Hypertensive 
Biliopathy

Portal hypertensive biliopathy is a BD wall 
abnormality secondary to portal hypertension; 
compression of periductal or intraductal varices 
is a rare cause of CBD stricture that can be recog-
nized by IDUS. Biliary varices typically present 
with multiple, hypoechoic structures in the duct 
wall or surrounding the bile duct [31, 32].
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30.6	 �Conclusions

IDUS is a relatively safe and sensitive diagnostic 
tool for various biliopancreatic diseases. Many of 
the proposed indications for IDUS have not yet 
been established, but promising roles for this 
technique could be the differential diagnosis of 
biliary and MPD strictures of unknown origin, 
mainly without associated masses on other imag-
ing modalities and the staging of ampullomas, 
mainly the differentiation between d0 and d1 car-
cinomas that have clear impact on the therapeutic 
decision. Staging of biliary malignancies, differ-
ential diagnosis between benign and malignant 
IPMNs, IDUS-guided target biopsies, the possi-
bility to confirm spontaneous stone passage dur-
ing ERCP and to establish a clean duct after stone 
extraction, and some IDUS-directed therapeutic 
biliary procedures in selected cases replacing 
radiocontrast cholangiograms are all appealing 
possible applications of this technique, but they 
warrant further evaluation mainly in comparison 
with competing modalities such as EUS ± FNA, 
peroral cholangioscopy and pancreatoscopy with 
microforceps biopsy, and intraductal probe-based 
confocal laser endomicroscopy (pCLE). In bili-
ary stenoses of indeterminate nature without 
mass, after failed normal diagnostic ERCP tech-
niques, we propose an all-in-one approach, with 
IDUS followed by peroral cholangioscopy with 
pCLE and then biopsies under direct visualiza-
tion with microforceps. ERCP forceps biopsies 
and brushing can of course be repeated in the 
same session.
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Post-ERCP Acute Pancreatitis

Bernd Kronenberger

31.1	 �Acute Post-ERCP Pancreatitis

Acute pancreatitis after ERCP (post-ERCP pan-
creatitis, PEP) occurs in 3–10% of patients [1, 2]. 
Most patients have a mild or moderate self-
limiting course of pancreatitis mainly character-
ized by abdominal pain radiating to the back 
lasting for 2–3 or 4–10  days, respectively [3]. 
Development of hemorrhagic pancreatitis, phleg-
mon, pseudocyst, or infection indicates severe 
PEP [4, 5]. Severe PEP may progress to organ 
failure [1].

31.2	 �Diagnosis

The diagnosis of PEP relies on the clinical pic-
ture, laboratory abnormalities following ERCP, 
and typical signs of pancreatitis in transabdomi-
nal ultrasound (US), computed tomography (CT), 
or magnetic resonance imaging (MRI). In a con-
sensus conference, PEP was defined as clinical 
pancreatitis with amylase at least three times the 
upper limit of normal (ULN) at more than 24 h 
after the procedure, requiring hospital admission 
or a prolongation of planned admission [3]. The 
Atlanta classification for acute pancreatitis may 

also be used for defining PEP; however, the clas-
sification was not primarily developed to define 
PEP [1, 2]. The Atlanta classification uses three 
criteria: (1) abdominal pain consistent with acute 
pancreatitis (acute onset of a persistent, severe, 
epigastric pain often radiating to the back), (2) 
serum lipase or amylase activity at least three 
times the ULN, and (3) characteristic findings of 
acute pancreatitis on contrast-enhanced CT, 
MRT, or US.  PEP is present when two of the 
three criteria are fulfilled [1, 2]. Both classifica-
tions can be used; however, the classifications 
were shown to have a poor correlation with each 
other [2].

The severity of PEP depends on the presence 
or absence of organ failure and of local or sys-
temic complications. Both classifications use dif-
ferent criteria for the definition of mild, moderate, 
and severe PEP.  The criteria are listed in 
Table 31.1.

31.3	 �Pathogenesis of PEP

PEP is a local and systemic inflammatory reaction 
due to pancreatic damage following manipulation 
at the papilla and the pancreatic duct. Mechanic 
and hydrostatic injury are regarded as major fac-
tors contributing to edema and sphincter spasm 
[5, 6]. Obstacle to the flow of pancreatic fluid and 
direct epithelial and acinar damage may cause a 
cascade of events leading to activation of pancre-
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atic proteolytic enzymes, autodigestion, and 
release of inflammatory cytokines [5–7]. Contrast 
material itself in the pancreatic duct is an indepen-
dent factor that can cause epithelial and acinar 
damage [5, 6]. Infections are also discussed in the 
pathogenesis of PEP [5].

31.4	 �Risk Factors

Risk factors for PEP were intensively studied. 
Several patient-related risk factors for PEP were 
identified including prior PEP, female sex, previ-
ous recurrent pancreatitis, suspected sphincter 
Oddi dysfunction, and normal serum bilirubin 
levels [5, 6]. Chronic pancreatitis has been dem-
onstrated to be protective against PEP [5]. 
Patients with biliary strictures have a higher risk 
for post-ERCP pancreatitis than patients with 

common bile duct stones (6.8% vs. 3.8%) [6]. 
Procedure-related risk factors are cannulation 
time ≥5–10  min, repetitive guidewire cannula-
tion, pancreatic injection, precut, pancreatic 
sphincterotomy, and endoscopic papillary large-
balloon dilatation of an intact sphincter [5, 6].

Precut is usually performed in cases of difficult 
biliary cannulation. Controversy exists whether 
precut as a procedure itself or the difficult biliary 
cannulation is the major cause of PEP. Early pre-
cut was shown to have a lower risk of PEP than 
several attempts with the standard technique indi-
cating that prolonged papillary manipulation and 
not precut is the major risk factor for PEP [2].

31.5	 �Prevention

31.5.1	 �Patient Selection

The most effective measure to reduce procedure-
related complications is to avoid unnecessary 
interventions. Due to the availability of 
less-invasive alternatives for diagnosis or bilio-
pancreatic diseases such as MRI/MRCP and 
endoscopic ultrasound (EUS), ERCP should not 
be performed for diagnostic purposes. Especially 
in patients with common bile duct stones, a thor-
ough evaluation before ERCP should be per-
formed. The diagnostic algorithms and measures 
are described in the respective chapter.

31.5.2	 �Pharmacological Prophylaxis

Pancreatitis is mainly caused by an inflammatory 
response. Attenuation of the inflammatory reac-
tion by nonsteroidal anti-inflammatory drugs 
may prevent PEP. Studies with conflicting results 
were published [8]; however, meta-analyses 
showed that rectal indomethacin or diclofenac 
administered before or after ERCP reduces the 
risk for PEP compared to placebo [9]. Therefore, 
routine pre-ERCP rectal administration of 
100 mg indomethacin or diclofenac can be rec-
ommended to reduce the risk of post-ERCP pan-
creatitis in all patients without contraindications 
[2, 9–11].

Table 31.1  Classification of post-ERCP pancreatitis

Consensus classification 
(Cotton et al. [3]) Atlanta classification [4]
Mild
(a) �Clinical pancreatitis
And
(b) �Amylase at least three 

times ULN at more than 
24 h after the procedure

And
(c) �Requiring admission or 

prolongation of planned 
admission to 2–3 days

Two of the following:
(a) �Pain consistent with 

acute pancreatitis
(b) �Amylase or lipase >3 

times ULN
(c) �Characteristic 

findings
And
No organ dysfunction or 
other adverse events

Moderate
Pancreatitis requiring 
hospitalization of 4–10 days

(a) �Transient organ 
failure <48 h

Or
(b) �Local or systemic 

adverse events 
without persistent 
organ failure

Severe
(a) �Hospitalization for more 

than 10 days
Or
(b) �Development of 

hemorrhagic 
pancreatitis, phlegmon, 
pseudocyst, or infection

Or
(c) �Need of percutaneous 

drainage or surgery

(a) �Persistent single or 
multiple organ failure 
>48 h

Or
(b) �Present or persistent 

systemic 
inflammatory 
response syndrome 
(SIRS)
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31.5.3	 �Periprocedural Fluid 
Replacement

Dehydration, hypotonic circulation, and shock sup-
port systemic inflammatory reactions and organ 
dysfunction such as pancreatitis. Therefore, fluid 
replacement with isotonic crystalloid solutions 
may prevent development of periprocedural pan-
creatitis. It has been shown that early replacement 
of complete electrolyte infusion before, during, and 
after ERCP reduces the rate of PEP [12, 13].

31.5.4	 �Guidewire Cannulation

Long cannulation time, several attempts for can-
nulation, precut, and injection of contrast mate-
rial increase the risk for PEP.  The guidewire 
cannulation technique reduces PEP, achieves 
higher rates of cannulation of the desired duct, 
and reduces the need for precut sphincterotomy 
[1, 2]. Thus, guidewire cannulation should be the 
standard approach to the naïve papilla.

31.5.5	 �Cannulation Attempts 
and Precut

To reduce trauma by manipulation of the papilla, 
the number of cannulation attempts should be as 
low as possible [2]. The risk of PEP seems to be 
lower in patients receiving early precut than in 
those with several attempts with the standard 
technique [2]. In patients with a bile duct dilated 
down to the papilla, needle-knife fistulotomy 
seems to be associated with a lower PEP risk than 
conventional precut and transpancreatic sphinc-
terotomy [2].

31.5.6	 �Pancreatic Duct Stents

Placement of pancreatic stents to reduce the risk 
for PEP is well supported by randomized-
controlled studies and meta-analyses [1, 2]. 
Therefore, placement of small prophylactic pan-
creatic stents e.g. 5-French over a guidewire in 
the pancreatic duct is strongly recommended in 

patients with high risk for post-ERCP pancreati-
tis [1, 2, 11]. Pancreatic stents should remain for 
at least 12–24 h and be removed not later than 
3–5 days [1, 2, 11].

31.6	 �Management

Management of PEP depends on the severity of 
pancreatitis [14]. In mild to moderate cases, fluid 
replacement and pain management are sufficient. 
In severe cases with hemodynamic instability, 
systemic reactions, and organ failure, intensive 
care management is necessary. Most important is 
sufficient fluid replacement and the preservation 
of hemodynamics. Antibiotic treatment is only 
necessary if cholangitis or infectious complica-
tions have occurred. Severe acute pancreatitis 
with necrosis in the pancreatic parenchyma or 
surrounding fat tissue may require percutaneous 
drainage, transgastric stenting, and endoscopic or 
surgical necrosectomy [15].
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32.1	 �ERCP-Related Bleeding

Endoscopic sphincterotomy is an endoscopic 
procedure with high hemorrhagic risk 
(Table 32.1). Bleeding during endoscopic sphinc-
terotomy is not uncommon. Usually this is a tran-
sient phenomenon which stops spontaneously 
within a few minutes without any specific treat-
ment. This is not considered an adverse event and 
has no impact on scheduled treatment. Clinically 
significant bleeding  occurs whenever  excessive 
blood impairs the delivery of scheduled treatment 
or manifests as melena, hematemesis, or hypovo-
lemic shock, thus requiring admission with or 
without transfusions or prolongation of hospital 
stay or further interventions such as endoscopic 
hemostasis, angiographic embolization, and sur-
gery. The incidence of significant bleeding after 
biliary sphincterotomy is less than 2% [1–3] 
although this figure was estimated a bit higher in 
the early days of ERCP [4]. The bleeding-related 
mortality rate is around 3.5% (CI 1.08–6.00) [1].

The severity of post-sphincterotomy bleed-
ing is graded as mild, moderate, severe, and 
fatal (Table 32.2) according to the drop of hemo-
globin, the need for transfusion, and/or further 
interventions. Delayed bleeding may occur any-

where between hours up to 7 or even 10 days 
postoperatively.

Endoscopic ampullectomy carries a high bleed-
ing risk. Post-ampullectomy bleeding has been 
reported to range between 2 and 30% [5]. Bleeding 
during or after ampullectomy is managed the same 
way as post-sphincterotomy bleeding.

32.2	 �EUS-Related Bleeding

Bleeding may complicate EUS interventions. Fine 
needle aspiration and treatment of pancreatic fluid 
collections are the procedures most frequently asso-
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Table 32.1  Risk stratification of endoscopic procedures 
based on the risk of haemorrhage [16]

High risk Low risk
Endoscopic polypectomy
ERCP with sphincterotomy
Sphincterotomy + large 
balloon papillary dilatation
Ampullectomy
Endoscopic mucosal resection 
or endoscopic submucosal 
dissection
Endoscopic dilatation of 
strictures in the upper or lower 
GI tract
Endoscopic therapy of varices
Percutaneous endoscopic 
gastrostomy
EUS with FNA
Esophageal, enteral, or 
colonic stenting

Diagnostic procedures 
± biopsy
Biliary or pancreatic 
stenting
Device-assisted 
enteroscopy without 
polypectomy
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ciated with hemorrhage. Intraprocedural bleeding 
may be observed in as much as 4% of cases, but it is 
usually mild and no intervention is needed. Bleeding 
may be evident as a small rim of fluid or a stable 
duodenal wall hematoma (Fig.  32.1) [6]. 
Extraluminal bleeding is rare and may complicate 
1.3% of EUS-FNA procedures [7] or up to 6% of 
EUS-FNA of pancreatic cystic lesions [8]. 
Compression of the bleeding site with the echoen-
doscope for a few minutes usually is enough to stop 
the bleeding. On the other hand, EUS-FNA for solid 
lesions seems safer in terms of hemorrhage [9].

Hemorrhage during or after EUS-guided treat-
ment of peripancreatic fluid collections, mainly 
walled-off necrosis, is not uncommon and can be 
massive [10, 11]. Bleeding may occur during the 
puncture [12] or later as a result of metal stent-
induced vessel erosion [10]. A recent study sug-
gested that placing a double pigtail stent through 
the lumen-apposing stent (LAMS) inserted for 
the treatment of peripancreatic fluid collection 
yielded significantly less adverse events; bleed-
ing was the most frequent adverse event [13]. 
Most bleeding cases are due to eroded pseudoan-
eurysms arising  either from the splenic or the 

gastroduodenal artery. Bleeding from the rim of 
the puncture may be controlled with dilating bal-
loon tamponade or with LAMS placement. 
Delayed bleeding may be controlled endoscopi-
cally through the LAMS or by means of 
interventional radiology [14].

32.3	 �Risk Factors - Preventive 
Measures

Risk factors definitely associated with increased 
bleeding incidence include coagulopathy, throm-
bocytopenia, acute cholangitis, initiation of antico-
agulants less than 3  days after ERCP, bleeding 
during ERCP, and operator with low case volume. 
Liver cirrhosis, renal insufficiency/dialysis, peri-
ampullary diverticula, dilated common bile duct 
(CBD), and needle-knife sphincterotomy are 
potentially associated with increased bleeding risk. 
On the other hand, the use of aspirin or nonsteroi-
dal anti-inflammatory drugs (NSAIDs), a wide 
sphincterotomy, extension of a previous sphincter-
otomy, and the presence of ampullary tumor do not 
increase the bleeding risk (Table 32.3).

It is now clear that there is no increased risk of 
hemorrhage after sphincterotomy in patients 
receiving aspirin or nonsteroidal anti-inflamma-
tory drugs (NSAIDs) [15]. It is not necessary to 
hold aspirin in order to perform endoscopic 
sphincterotomy or EUS-FNA. Ampullectomy, on 
the contrary, has a very high bleeding risk, and 
individual patient parameters should be taken 
into account before deciding whether to discon-
tinue aspirin or not. The risk of hemorrhage in 
patients treated with clopidogrel and other thi-
enopyridine agents is unclear, although current 
guidelines both from the ESGE and the ASGE 
clearly suggest that antiplatelets other than aspi-
rin should be discontinued for 5–7 days prior to 

Fig. 32.1  Bleeding after EUS-FNA (Kindly granted by 
M. Mutignani)

Table 32.2  Bleeding severity after endoscopic sphincterotomy [4] and further adapted from [50]

Mild Moderate Severe Fatal
Clinical (i.e., not just endoscopic) 
evidence of bleeding
Hemoglobin drop <3 g, without need 
for transfusion

Transfusion (4 units or 
less), no angiographic 
intervention or surgery

Transfusion
5 units or more or intervention 
(angiographic or surgical)

Death
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the procedure [16, 17]. On the other hand, a 
recent nationwide Japanese study which included 
61,000 patients concluded that endoscopic 
sphincterotomy is safe in patients receiving any 
single antiplatelet drug [18].

In case of dual antiplatelet therapy, consulta-
tion from the attending physician should be solic-
ited. Usually, aspirin is continued and the second 
antiplatelet agent is held depending on throm-
botic risk. Thrombotic risk is very high whenever 
both agents are stopped [19]. Sphincterotomy or 
other high-risk endoscopic procedure can be per-
formed 5–7 days after discontinuation of clopi-
dogrel or equivalent agent. Whenever the 
thrombotic risk is high, or in emergencies, bal-
loon sphincteroplasty following a small sphinc-
terotomy  or biliary stenting without 
sphincterotomy to relieve obstruction are valid 
alternatives [20–22].

In patients with thrombocytopenia, sphincter-
otomy may be performed after platelet transfu-
sion with a goal of platelet count above 50,000/
mm3. Coagulopathy from cirrhosis or other causes 
may be reversed with the use of fresh frozen 
plasma (FFP) and/or vitamin K in an emergency 
setting. Patients on hemodialysis are on particu-
larly high risk of post-sphincterotomy bleeding 
[15]. Improving platelet function with 1-desa-
mino-8d-arginine vasopressin (DDAVP) or estro-
gens and correction of anemia may help reduce 
bleeding risk in this particular group of patients.

Vitamin K antagonists, such as warfarin, 
should be stopped approximately 5 days prior to 
the procedure. Bridging therapy with low molecu-
lar weight heparin can be performed when indi-
cated. For emergencies, three options exist for 
warfarin reversal: the use of prothrombinase com-
plex concentrate, FFP transfusion, and vitamin K 
administration. Four-factor prothrombinase com-
plex concentrate delivers coagulation factors II, 

IX, X, and VII and can reverse the anticoagulation 
from vitamin K antagonists immediately. Fresh 
frozen plasma transfusion rapidly restores miss-
ing coagulation factors. Transfusion of six units of 
FFP is usually enough to achieve adequate coagu-
lation. Vitamin K increases the liver production of 
factors II, VII, XI, and X.  Sufficient factor VII 
levels can be reached 6  h after intravenously 
administered vitamin K (2 mg). Orally adminis-
tered vitamin K (5 mg) restores factor VII levels 
after 12 h [23, 24]. In any case, INR monitoring 
during pharmacologic manipulations with target 
≤1.5 ensures adequate coagulation. Reinitiating 
warfarin with the usual dose at the night of the 
procedure is suggested by current guidelines from 
both ESGE and ASGE [16, 17].

Unfractionated heparin may be reversed with 
protamine sulphate for emergencies; otherwise, 
for elective cases, bridging with low molecular 
weight heparin can be performed.

Direct oral anticoagulants were initially intro-
duced in 2009 and include the direct thrombin 
inhibitor dabigatran and the direct factor Xa 
inhibitors rivaroxaban, apixaban, and edoxaban. 
Dabigatran is metabolized and excreted from the 
kidneys. Discontinuation for 2–3 days is usually 
enough in patients with normal renal function. 
An antidote for dabigatran (idarucizumab) is 
available and can be used in case of life-
threatening bleeding. Rivaroxaban, apixaban, 
and edoxaban have to be discontinued for 
1–2 days before the procedure. Reinitiating direct 
oral anticoagulants is advised whenever adequate 
hemostasis is ensured.

The use of blended current from automated 
current delivery generators has been shown to 
reduce the risk of immediate but not delayed 
bleeding [20, 25, 26]. Uncontrolled or “zipper 
cut” may be prevented using the ENDOCUT 
mode [27]. Directing the cut at the arc between 

Table 32.3  Risk factors for hemorrhage after sphincterotomy [51]

Definite Maybe No
Coagulopathy
Anticoagulation <3 days after ES
Cholangitis before ERCP
Bleeding during ES
Low ERCP case volume

Cirrhosis
Dilated CBD
CBD stone
Periampullary diverticulum
Precut sphincterotomy

Aspirin or NSAIDs use
Ampullary tumor
Longer sphincterotomy
Extension of prior ES

32  Bleeding
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11 and 1 o’clock, where the density of vessels is 
low, reduces bleeding risk besides preventing 
perforations [28]. Bleeding during the 
intervention usually stops, but it is also a predis-
posing factor for delayed bleeding. If even minor 
bleeding or oozing persists by the end of the pro-
cedure, endoscopic hemostasis better be per-
formed before terminating the procedure.

32.4	 �Management

Intraprocedural bleeding is often encountered 
during ERCP. This is usually minor hemorrhage 
which stops spontaneously. The first thing to do 
when bleeding starts during sphincterotomy is to 
apply coagulating current via the sphincterotome 
wire at the top of the sphincterotomy and to con-
tinue cutting up to desired length, especially if the 
bleeding seems of arterial origin [29]. If bleeding 
persists or impairs the visibility and inhibits treat-
ment, further measures must be taken to arrest 
hemorrhage. The simplest and easiest method to 
achieve hemostasis is injecting diluted epineph-
rine with the usual concentration (1:10,000) at the 
edges and the apex of the sphincterotomy 
(Fig. 32.2a–c). A few milliliters of injected solu-
tion will usually stop the bleeding. The effective-
ness of injected epinephrine is very high, between 
96 and 100% [30, 31]. Care must be taken so that 
epinephrine is not injected into the pancreas. The 
aim is to create a submucosal bleb. The use of 
standard sclerotherapy needles through the duo-
denoscope may present with some difficulties. 
For a smooth injection procedure, the needle is 
first advanced to the edge of the sheath. The 
sheath is passed over the elevator with the elevator 
relaxed. When the sheath exits the working chan-
nel, the needle is pushed forward. Then the eleva-
tor can be raised to target the bleeding spot. It is 
best to maintain the sheath outside the working 
channel with the needle protruding while inject-
ing to various sites. If the needle is withdrawn into 
the sheath, readvancing may be difficult, or may 
damage the needle. This is due to sheath kinking 
from the elevator. A spring sheath stainless steel 
needle may overcome such difficulties when 
injecting through the duodenoscope.

Alternative hemostatic methods include tam-
ponade of the bleeding site with a stone retrieval 
balloon. The balloon is inserted into the bile duct 
and withdrawn while fully inflated without exit-
ing the duct so as to compress the tissue between 
the balloon and the tip of the endoscope. This 
compression is maintained for 3–5  min. 
Treatment may be complemented with other 
hemostatic methods for a more permanent result.

a

b

c

Fig. 32.2  (a) Late bleeding after EBS. (b) Late bleeding 
after EBS. (c) Prophylactic biliary stent insertion after 
adrenaline injection. (Kindly granted by M. Mutignani)
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If bleeding persists, coaptive monopolar or 
bipolar coagulation can be applied [32, 33]. 
When coagulation is applied, care should be 
taken so that the pancreatic orifice is protected 
and spared. The use of coagulating probes with 
injection ability is a good choice when bleeding 
is blocking the view, and a fast hemostasis is nec-
essary. Coagulating current may be applied 
through the tip of a polypectomy snare [34], 
through the tip of a closed Dormia basket via an 
electrosurgical pencil [29] or with the use of 

coagulating forceps [35]. Coaptive coagulation is 
also highly recommended for active arterial 
bleeding during ampullectomy [36]. Argon 
plasma coagulation (APC) has been used to treat 
successfully two cases of post-sphincterotomy 
bleeding more than 10 years ago [37].

Endoclips can also be used to treat post-
sphincterotomy bleeding (Figs.  32.3a, b and 
32.4a, b). Their deployment is challenging 
through the duodenoscope. Failed attempts are to 
be expected often [38, 39]. A recent study 

a

b

Fig. 32.3  (a) Acute bleeding after Endoscopic Sphincterotomy. (b) Clipping successfully controlled the bleeding. 
(Kindly granted by M. Mutignani)

32  Bleeding
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reported 100% control of post-sphincterotomy 
bleeding with endoclips deployed through a 
forward-viewing gastroscope equipped with a 
transparent hood [40].

Fully covered self-expanding metal stents 
(FCSEMS) have also been used to treat post-
biliary sphincterotomy bleeding. The deployment 
of a metal stent exerts a tamponade effect. The 
promising results from the first case series [41, 42] 
were confirmed by a larger retrospective cohort 
which included 23 patients treated with FCSEMS 
[43]. In all cases, bleeding stopped after the inser-
tion of the FCSEMS.  The stents were retrieved 
early (within 8 days) in one study [41] and later, 
between 8 and 12 weeks, in other studies [42, 43]. 
In order to avoid difficulties during removal, it 
seems reasonable to opt for early stent removal.

Hemostatic powder spray (TC-325; Cook 
Medical Inc., Winston-Salem, NC) is an inor-
ganic powder which achieves hemostasis by 
adhering to the bleeding site and promotes throm-
bus formation by concentrating and activating 
platelets and coagulation factors [44]. This sub-
stance is sprayed via a dedicated catheter onto the 
bleeding site. It has been used to treat post-
sphincterotomy bleeding, and a few case reports 
have been published [45, 46]. The treatment was 
successful in all published cases. Bile duct occlu-
sion from a blood clot was reported in one case 

[47], but this may potentially complicate any case 
of post-sphincterotomy bleeding.

The medical treatment of post-sphincterotomy 
bleeding is the same with upper gastrointestinal 
bleeding. It includes close monitoring, fluid 
replenishment, and hemodynamic support, cor-
rection of coagulopathy, and plasma and blood 
transfusion if needed.

There is no consensus on the type of endoscopic 
therapy used to treat post-sphincterotomy bleeding. 
Operator preference and familiarity with various 
hemostatic methods are definitely a major factor. 
The use of dual endoscopic treatment such as epi-
nephrine plus coagulation or clipping, like in the 
treatment of peptic ulcer bleeding, seems reason-
able, especially when brisk bleeding is encountered. 
Repeat endoscopy is usually offered in the case of 
recurrent bleeding. Alternative hemostatic methods 
should be applied during repeat endoscopy.

If repeated endotherapy is not successful, 
angiographic embolization can occlude the 
bleeding vessel efficiently in most cases [48], 
although literature data are scarce. Surgery is 
indicated for refractory cases. The incidence of 
surgical treatment of post-sphincterotomy hem-
orrhage is very low, below 0.1% [49].

It is important never to lose access to the bile 
duct. Maintaining a guidewire deeply into the 
bile duct during hemostasis is strongly advised. 

a b

Fig. 32.4  (a) Bleeding during needle knife papillotomy. (b) Clispping to control hemorrhage. (Kindly granted by M. 
Mutignani)
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Massive bleeding may result in intraductal clot 
formation which in turn may obstruct the bile 
duct. Maintaining ductal patency, preferably with 
a nasobiliary catheter, is wise, especially if there 
is fear of recurrent bleeding.

To summarize, keeping calm, maintaining 
ductal access/patency, and hemostasis either with 
adrenaline injection, coagulation with various 
methods, tamponade (balloon/FCSEMS), clip-
ping, or hemostatic powder spray are the steps to 
follow for a successful endoscopic management.

32.5	 �Conclusion

Bleeding may be immediate or delayed after 
endoscopic sphincterotomy or therapeutic 
EUS.  Patient- and operator-dependent risk fac-
tors contribute to the occurrence of bleeding. 
Proper patient preparation and endoscopic tech-
nique are key factors to minimize bleeding risk. 
Numerous endoscopic hemostatic methods are 
available in order to achieve durable hemostasis, 
but the optimal endoscopic hemostatic technique 
is not yet defined. Newer hemostatic modalities 
have enriched the armamentarium of the modern 
endoscopist.
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ABX	 Antibiotics
BS	 Biliary stent
C	 Conservative treatment
CBD	 Common bile duct
CR	 Case report
CS	 Case series
CT	 Computed tomography
E	 Endoscopy
EBL	 Endoscopic band ligation
ERCP	 Endoscopic retrograde cholangio-

pancreatography
FCSEMS	 Fully covered self-expandable metal 

stent
IV	 Intravenous
NBD	 Naso-biliary drainage

NBM	 Nil-by-mouth
NDT	 Naso-duodenal tube
NGT	 Nasogastric tube
NNR	 Number not reported
NR	 Not reported
OTSC	 Over-the-scope clip
PBS	 Plastic biliary stent
PCD	 Percutaneous drainage (surgical)
PTC	 Percutaneous transhepatic cholangi-

ography
R	 Retrospective
S	 Surgery
TTSC	 Through-the-scope clip

33.1	 �Epidemiology and Types 
of Perforation

In the last decades endoscopic retrograde cholan-
giopancreatography (ERCP) has evolved from 
diagnostic to a therapeutic procedure, leading to 
a higher risk of adverse events, morbidity, and 
mortality. The most common adverse events 
related to ERCP are post-ERCP pancreatitis 
(3–10%), cholangitis (0.5–3%), bleeding (0.3–
2%), and perforation [1].

Overall perforation rate during ERCP varies 
among the different series, ranging between 0.08 
and 2.2% [2, 3], with a pooled median incidence 
of one perforation each almost 200 procedures 
(0.47%).
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ERCP-related perforations are usually divided 
into four groups according to Stapfer’s 
classification [4]. This classification is based on 
anatomical criteria (Fig.  33.1): type 1 perfora-
tions (15–17%) include all injuries of the duode-
nal wall, type 2 perforations are the most common 
(60–65%) and are localized in the periampullary 
region, and type 3 perforations (13–20%) include 
biliary ductal injuries and leaks [5].

A rare case of Stapfer’s type 3 perforation is 
the injury of the glissonian capsule, with the risk 
to cause subcapsular hematoma [6, 7] and/or 
abscesses [8, 9]; mortality rate of this adverse 
event is near to 10% of patients and is crucial to 
recognize it promptly. Some case reports also 
reported gaseous embolisms [10].

Finally, types 4 are not properly considered 
perforations, because includes all cases in which 
after ERCP is possible to detect retroperitoneal 
free air at the abdomen CT scan. However, many 
studies demonstrated that the presence of retro-
peritoneal air after sphincterotomy, in absence of 
clinical and biochemical signs of alarm, should 
be considered of no clinical significance [11].

Howard et  al. proposed another classifica-
tion, less used, categorizing perforations into 

three groups on the basis of the type of injury: 
guidewire’s perforation of the duct (group I), 
periampullary perforation (group II), and duo-
denal perforation remote from the papilla 
(group III) [12].

33.2	 �Mechanisms of Perforation 
and Risk Factors

Type 1 perforations are usually caused by direct 
damage of the scope, type 2 perforations are 
commonly due to sphincterotomy, precut, or pap-
illary balloon dilation. Type 3 perforations are 
caused by guidewires or other devices used dur-
ing ERCP, such as Dormia’s basket to retrieve 
biliary stones or balloon dilation in case of biliary 
stricture [5]. The subglissonian injuries are 
mainly due to the peripheral intrahepatic damage 
by using long guidewires [13].

Many published data analyzed predictive fac-
tors for an increased risk of ERCP-related perfora-
tion [14, 15]; in a multivariate analysis, Cotton 
et  al. found that only the presence of surgically 
altered anatomy (Billroth II gastrectomy, Roux-
en-Y diversion, and Whipple procedure) is signifi-

Type 1 injury-
lateral duodenal

wall

Type 3 injury-
ductal injury

Type 2 injury-
injury at sphincter

of oddl

Fig. 33.1  Classification 
of ERCP-related 
perforations according 
to Stapfer et al.
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cantly correlated to risk of type 1 perforation [16]. 
Enns et al. showed that greater age, biliary balloon 
dilation, precut, sphincterotomy, and a longer 
duration of the procedure are all associated with a 
high risk of type 1 and 2 perforations [17]. The 
presence of a periampullary diverticula is usually 
considered a possible risk factor for ERCP-related 
complication and perforation; nevertheless a 
recent meta-analysis including 16 studies for a 
total of 2794 patients concluded that the presence 
of a periampullary diverticula is not related to an 
increased risk of complication during ERCP [18].

A detail of risk factors according to the differ-
ent types of perforation are summarized in the 
following table.

Risk factors for perforation
Type 1
 � Greater age
 � Altered anatomy (e.g., gastrectomy, 

pancreaticoduodenectomy)
 � Duodenal strictures
 � Periampullary diverticula
 � Longer duration of the procedure
Type 2
 � Greater age
 � Sphincterotomy
 � Precut
 � Oddi dysfunction
 � Dilated common bile duct
 � Periampullary diverticula
 � Longer duration of the procedure
 � Endoscopic papillary balloon dilation
Type 3
 � Dilation of biliary stricture
 � Guidewires

33.3	 �Diagnosis

The immediate recognition of an ERCP-related 
perforation is the key point to achieve a better 
outcome. Perforation during the procedure could 
be immediately suspected by endoscopy, in case 
of an evident mucosal breach, or by fluoroscopy, 
in case of onset of free peritoneal or retroperito-
neal air and/or extravasation of contrast medium 
(Fig.  33.2a, b). The availability of high-quality 
radiological images and the development of a 
good experience in interpreting the radiologic 

findings are highly recommended. The execution 
of an abdomen CT scan without contrast medium 
can confirm or exclude the perforation, some-
times detecting the exact site of the leak and 
showing the presence of abdominal free air and/
or fluid collections (Fig. 33.3a, b); the presence 
of peritoneal or retroperitoneal fluid collections 
at the CT scan could be an indication to urgent 
surgery. Among patients who do not need sur-
gery, in absence of clinical and biochemical signs 
of infection, it could be useful to repeat a CT scan 
3–5  days later, to check the reduction of the 
abdominal collections.

The diagnosis of subglissonian injury could 
be suspected during the procedure at the fluoros-
copy, if the guidewire’s tip seems to be deep in 
the peripheral ducts or even beyond the liver’s 
profile. The onset of fever, anemia, and/or 
abdominal pain in the post-procedural period 
should be considered as alarm sign, and an 
abdominal CT scan with contrast is strongly sug-
gested to exclude this adverse event.

Sometimes, diagnosis of perforation is delayed 
and can be suspected few hours after the proce-
dures for the onset of clinical signs and symp-
toms, such us abdominal pain, peritoneal 
irritation, and fever.

An important role for the diagnosis and moni-
toring of the clinical course is played by bio-
chemical tests: leukocytosis and increased CRP 
levels are almost always present and usually 
reach a peak in second-third day after the proce-
dure [19]. Moreover, levels of lactate and procal-
citonin are accurate markers of clinical severity, 
especially in case of presence of abdominal fluid 
collections and infection [20]. A rapid deteriora-
tion of clinical condition, a concomitant hypovo-
lemia, tachycardia, and worsening of liver and 
renal functions denote the onset of septic shock 
with poor prognosis.

Differential diagnosis with cholangitis is 
sometimes challenging, although the increase of 
aminotransferase, conjugated bilirubin, and cho-
lestasis index should orient the physician toward 
the diagnosis of post-ERCP cholangitis. Post-
ERCP pancreatitis is characterized usually by 
typical pain with the increased levels of amylase 
and lipase three times normal [21], although also 

33  ERCP-Related Perforations
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in case of type 1 perforation, with outflow of pan-
creatic juice into the peritoneal space, an increase 
of amylase and lipase could be observed. In these 
cases, only the abdominal CT scan could orient 
toward a correct diagnosis.

33.4	 �Prevention

An enteral self-expandable metal stent could be 
previously placed, in case of malignant duodenal 
stricture, to permit a safe and easier procedure, 
avoiding the wall lateral stress caused by the pas-
sage of the scope. In case of surgically altered 

anatomy, the learning curve and the experience 
are crucial [22], for this reason these patients 
should be referred to a tertiary center. A pediatric 
colonoscope should allow to reach the ampullary 
region using frontal view and with good standard 
of safety [23]. In surgically altered anatomy, 
especially in Billroth II reconstruction, the use of 
the fluoroscopy to follow the progression of the 
scope into the bowel and to assess the correct 
anatomy is recommended [24].

Generally, the use of precut is associated 
with high risk of perforation [25]; thus its appli-
cation should be carefully considered; in case of 
difficult common bile duct (CBD) cannulation, 

a b

Fig. 33.2  (a and b) Free air (a) and extravasation of medium contrast (b) at the fluoroscopy

a b

Fig. 33.3  (a and b) Presence of pararenal free air (a) and retroperitoneal extravasation of medium contrast (b) at the 
abdominal CT scan

A. Tringali et al.
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EUS-guided or percutaneous rendezvous is 
strongly suggested, in relation to the expertise 
of the center. In case of repeated cannulation of 
pancreatic duct, a trans-pancreatic papillary 
septotomy is a valid and safer option to guaran-
tee a cutting plan to accede to CBD [26]. To 
avoid subglissonian injuries, a careful use of the 
guidewires, especially the longer ones, is 
strongly recommended.

33.5	 �Therapy

33.5.1	 �Type 1 Perforations

33.5.1.1	 �Endoscopy
Duodenal lateral perforation, occurring in about 
0.18% of the procedures, is one of the most 
threatening complications during ERCP and is 
usually caused by the tip of the scope during the 
shortening maneuver. It consists of a full-
thickness laceration with the immediate flowing 
out of gastrointestinal fluids into the peritoneal 
cavity, although the duodenal perforation is not 
always easy to detect because of lateral view of 
duodenoscope [27].

A timely diagnosis and therapy are para-
mount; in fact an immediate recognition of the 
mucosal wound or the onset of free air on imag-
ing allows to try an early closure by endoscopy or 
an urgent surgical intervention [28].

The simply conservative approach, which con-
sists of a wait-and-see attitude, antibiotic therapy, 
and supportive measures, with no surgery or 
endoscopic treatment, in case of radiologic confir-
mation of perforation with extravasation of fluids, 

should be strongly discouraged because of the 
low success rate and high mortality, reaching a 
50% of cases in some small series [3].

Nowadays, several endoscopic devices are 
available to attempt the endoscopic closure of 
mucosal leaks. Most of the published data, although 
limited by the presence of only some case reports 
and short case series, showed promising technical 
and clinical results of endotherapy in this setting, 
without need for surgery and mortality [29].

In the event of perforation, we suggest using a 
frontal-view endoscope with large operative 
channel, to place a guidewire in the peritoneal 
cavity, which serves as guide to localize the per-
foration site and to make easier the OTSC place-
ment (Fig. 33.4a, b). Furthermore, we suggest, in 
case that the procedure has been carried out in air, 
to switch to CO2 insufflation to reduce the risk of 
complications.

After verifying the effectiveness of the endo-
scopic closure, by intraluminal injection of 
hydrosoluble contrast medium, the placement of 
a nose-jejunal tube is strongly suggested for the 
subsequent enteral nutrition distally to the per-
foration site. A wide review of the literature 
about surgical, endoscopic, and conservative 
treatment in type I perforations is synthesized in 
Table 33.1.

Here are the most used endoscopic devices:

–– Through-the-Scope (TTS) Clips: the use of 
these devices changes according to the size 
and the shape of the leak. For small leaks, it 
could be necessary to place some endoclips in 
order to bring the edges of the breach together 
[29], while for the greater leaks, it could be 

a b c

Fig. 33.4  (a, b, and c) Guidewire inserted into the duo-
denal perforation (a). An intraperitoneal view by facing 
the scope through the duodenal leak (b). Closure of the 

leak by the placement of an OTSC, with omentum trapped 
among the teeth of the clip (c)

33  ERCP-Related Perforations
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used as a mixed technique: by using a double-
channel scope, two or more clips are placed on 
the edges of the breach, clipping at the same 
time the snare of an endoloop; at the end of the 
procedure, endoloop is closed and the edges 
of the wound are brought together [30].

–– Over-the-Scope (OTS) Clips: this type of clip 
has to be mounted over the distal part of the 
scope and consists of a plastic cap with a 
large, super elastic, biocompatible Nitinol clip 
which, once released, compresses the tissue 
between its teeth (Fig. 33.4c). The role of the 
cap is to facilitate the suction of the tissues, 
including omentum, before releasing the clip 
[31]. Several types of forceps are available in 
order to bring the flaps of the leak together, 
during the suction; in some cases, the twin 
grasper forceps are very useful to approach 
two distant flaps, being able to staple sepa-
rately two different flaps of mucosa.

–– Apollo OverStitch®: a recent OTS device devel-
oped to permit endoscopic suturing in order to 
guarantee a safe and firm fistula closure [32]. 
This device, used also for bariatric surgery 
applications [33], has been employed in partic-
ular to solve postsurgical and endoscopic  
complications, although it needs expertise and 
training (Fig. 33.5).

–– Fibrin glue and other sealants: these sub-
stances are used, alone or mainly in associa-
tion with other techniques, to permit the 
closure of abdominal fistulas and leaks; how-
ever, their use in literature is episodic and the 
results in terms of long-term follow-up and 
outcomes are missing [34].

–– Another option, if endoscopic closure of the 
perforation fails, could be the “triple stenting 
technique” that is based on the placement of a 
large diameter fully covered SEMS (20–24 mm) 
through the scope in the duodenum with enough 
length to cover the perforation site. The first step 
is to perform a cholangiopancreatography with 
sphincterotomy to facilitate the localization of 
the biliopancreatic orifice at a later stage. After 
the placement of the enteral stent with trans-
stent duodenoscope it is possible, by using a 
straight guidewire, to cannulate CBD and pan-
creatic duct to allow the placement, through the 
mesh, of a FCSEMS of 8–10 mm in diameter 
and 4–6  cm long in the CBD and a 7–8.5 
Fr × 5–7 cm long plastic stent, in the pancreatic 
duct [35] (Fig. 33.6). Usually it is necessary to 
dilate the mesh of the enteral FCSEMS with a 
balloon to facilitate the stent placement. This 
procedure allows to close the perforation site 
and divert the pancreatic and biliary juice into 
the cover SEMS avoiding the fluid collected in 
the peritoneum. The stents were usually left in 
place for a period of 4–8 weeks.

In addition to endoscopic treatment, i.v. (intra-
venous) broad-spectrum antibiotic therapy 
should be started, together with i.v. PPI, paren-
teral nutrition, and other supportive cares.

33.5.1.2	 �Surgery
Until a few years ago, the unique therapeutic 
option consisted of urgent surgery; also in case of 
timely intervention, clinical outcomes in this set-
ting remain poor, with a long hospital stay and 
high morbidity and mortality [36]. Some recent 
studies reported high mortality rate associated 
with surgery, ranging in some series between 29 
and 47% [37, 38]. Surgical treatments consist of 
a primary surgical repair of the duodenal wall 
and peritoneal toilette (with or without the place-Fig. 33.5  Apollo OverStitch®

A. Tringali et al.
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ment of surgical drainages and T-tube), while 
other authors described the necessity to perform 
a gastrojejunostomy with pyloric exclusion to 
divert the gastroduodenal fluids from the perfo-
rated tract [4].

In this type of perforation, surgeons should 
not be focused on the detection of the perforation 
site because it is often difficult to localize.

Immediate surgery is mandatory in case of 
endoscopic failure; in fact a delay in surgery could 
dramatically affect the short- and long-term out-
comes, with higher morbidity and mortality, that 
could reach almost 50% of cases [27, 38].

Comparison of outcomes according to the 
treatment is obtained analyzing data from the 
studies collected in the review in Table 33.1 and 
is reported in Table 33.2.

33.5.2	 �Type 2 and 3 Perforations

Periampullary perforations (type 2) occur in 
0.25% of ERCPs, involve generally the papilla 
and the retroperitoneal space, and are mainly 
caused by sphincterotomy, precut, or endoscopic 

papillary balloon dilation, rarely by guidewire or 
other devices. In this setting the need for surgery 
is 21% of cases with an overall mortality of 9.4% 
of cases. Among patients requiring surgery, mor-
tality rises to 38%.

Ductal perforations (type 3) occur in about 
0.07% of ERCPs and are mainly generated by 
guidewires, pneumatic or mechanical dilation of 
the CBD, stent retrieval, and some other proce-
dure, like the placement of a biliary stent or the 
use of Dormia’s basket for stone removal. Surgery 
for type 3 perforation is required in 14% of cases, 
with a mortality rate lower than 1%.

A large review of the literature regarding type 
2 and 3 is synthesized in Table 33.3.

33.5.2.1	 �Conservative Treatment
These conditions are often treated conservatively, 
by the placement of nasogastric tube; administra-
tion of intravenous fluids; proton pump inhibitors; 
antibiotics, in some case somatostatin, especially 
in the past; and nil-by-mouth regimen, although 
sometimes this approach resulted in the need for 
percutaneous drainage and delay of surgery with 
higher risk of mortality, as reported in Table 33.3.

Table 33.2  Comparison of outcomes of type 1 perforations

Type of treatment N (%) Clinical success Mortality LoS (days)
Surgery 63/83 (76%) 47/63 (74.6%) 16/63 (25.4%) –
Endoscopy 12/83 (14.4%) 12/12 (100%) 0 (0%) –
Conservative 8/83 (9.6%) 2/8 (25%) 2 (25%) –
Overall – 61/83 (73.4%) 18/83 (21.6%) 20.9 ± 14.7

a b c

Fig. 33.6  Use of triple stenting for duodenal wall perforation: placement of the stents, seen at the fluoroscopy (a); bili-
ary stent through the mash of the enteral stent, seen at the endoscopy (b). The stents’ complex, after removal (c) [35]

33  ERCP-Related Perforations
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Therapy of subglissonian injuries is essen-
tially conservative, if the patient is hemodynami-
cally stable: i.v. fluids, antibiotics, and careful 
clinical observation are mandatory; embolization 
and surgery should be considered only for those 
patients who are unstable. A percutaneous drain-
age of the hematoma or the abscess could be also 
performed [39].

33.5.2.2	 �Endoscopy
In this case, an immediate recognition of the leak 
or the onset of retroperitoneal air (Fig. 33.2a, b) 
is diagnostic for perforation. To make the diagno-
sis during the same procedure allows to perform 
an early treatment placing a fully covered self-
expandable metal stent (FCSEMS) into the CBD.

European guidelines suggested performing 
abdominal CT scan to confirm the initial suspect 
of type 2 perforations.

The role of the FCSEMS in type 2 perfora-
tions is to compress the edge of the sphincterot-
omy, virtually closing the breach and avoiding 
the outflow of bile and secretions in the retroperi-
toneum (Fig. 33.7).

According to ESGE guidelines, the manage-
ment of the type 2 perforations suspected during 
ERCP is essentially conservative; in case of no 

contrast medium extravasation, only supportive 
measures should be considered, while in case of 
extravasation, a biliary stenting could be placed; 
nevertheless it is not specified what type of stent 
is recommended to be used.

Endoscopic treatment could be considered on 
a case-by-case basis if the presence of contrast 
medium extravasation is evident on imaging, in 
order to drain the biliary tree; surgery is sug-
gested in case of a great abdominal collection of 
medium contrast or signs of toxicity [40].

ASGE guidelines conversely highlighted the 
need to place immediately a FCSEMS, whereas 
feasible, if an intra-procedural diagnosis of per-
foration is made [1]. Although conservative man-
agement in type 2 and 3 perforations is generally 
considered appropriate, recent studies underline 
the importance of immediate FCSEMS place-
ment; even if a delayed diagnosis is made, then 
the placement of a fully covered metal stent 
seems to guarantee a good outcome, avoiding 
further outflows of duodenal fluids into the retro-
peritoneum. Immediate treatment with FCSEMS 
for Stapfer 2 and 3 perforations seems to be asso-
ciated with earlier postoperative feeding and 
shorter hospital stay [19]. Stent’s removal could 
be considered usually 1  month after the 
placement.

Technique of SEMS placement: consists of 
placement of guidewire of 0.035 in. in the com-
mon bile duct and inserts over the wire with the 
rapid exchange system a trans-papillary FCSEMS 
of 10 mm in diameter, 4 or 6 cm in length (see 
Chap. 19 for technique details).

In type 3 perforations, placement of a 
FCSEMS could directly cover the leak of the 
duct, but most of its function is to change intra-
ductal pressure in favor of the outflow of bile into 
the duodenal lumen.

In case of type 3 perforation due to a large 
papillary balloon dilation (≥10 mm), we suggest 
the placement of two FCSEMS side by side, to 
perfectly cover the perforation site.

33.5.2.3	 �Surgery
The presence of peritonitis makes the surgical 
option mandatory, according to European guide-
lines (ESGE).Fig. 33.7  FCSEMS placed into CBD

33  ERCP-Related Perforations
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A primary repair is feasible if the exact site of 
the leak is identified. In some cases, when the 
leak is larger and repairing is not possible, it 
could be necessary to perform a choledochojeju-
nostomy or a hepaticojejunostomy, with or with-
out gastrojejunostomy and pyloric exclusion.

Surgery in type 2 and 3 perforations should be 
considered for more severe cases, as clinical out-
comes seem to be scanty and mortality higher, if 
compared with endoscopic management (in 
Table  33.4 are analyzed data from the reviews 
collected in Table 33.3).

In all cases of retroperitoneal collection, an 
oblique lumbotomy could be performed com-
bined with 12th rib resection and extended ante-
riorly, if necessary [41]. This access allows a 
good exposure and debridement of the prerenal 
and retrorenal spaces, reaching the duodenum 
when necessary (Fig. 33.8).

33.5.3	 �Type 4 Perforations

This pathological entity should not be treated and 
is managed only by clinical observation; bio-

chemical tests could confirm the benignity of this 
condition.

33.6	 �Summary

	1.	 Timing in diagnosis of perforation is crucial to 
guarantee an immediate endoscopic treatment 
or an early surgical intervention.

	2.	 Symptoms, biochemical markers, and imag-
ing are accurate for guiding therapy.

	3.	 Endoscopic treatment depends on type of 
Stapfer perforations.

	4.	 Treatment of type 1 perforations is based on 
surgery, although an endoscopic closure with 
OTSC placement or other technique including 
triple stenting, followed by medical treatment, 
could be attempted.

	5.	 Type 2 and 3 perforations are basically based 
on immediate placement of FCSEMS, unlike 
the previous suggestion, that allows early 
refeeding and reduces hospitalization with 
benefit for the patients and cost saving.

	6.	 Surgery is indicated in case of onset of sign of 
peritoneal irritation or all retroperitoneal col-

a b

Fig. 33.8  Oblique lumbotomy

Table 33.4  Comparison of outcomes of type 2 perforations

Type of treatment N (%) Clinical success Mortality LoS (days)
Surgery 89/423 (21%) 69/117 (58.9%) 11/80 (13.7%) –
Endoscopy 97/530 (18.3%) 91/93 (97.8%) 0/81 (0%) –
Conservative 234/379 (61.7%) 248/276 (89.8%) 21/264 (7.9%) –
Overall – 408/486 (83.9%) 32/425 (7.5%) 20.3 ± 14.9

A. Tringali et al.
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lections and depends on leak size and clinical 
and imaging sign of infected collection that 
needs to perform an oblique lumbotomy.
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34.1	 �Infectious Adverse Events

Asymptomatic and transient bacteremia is com-
mon after both diagnostic and therapeutic ERCP, 
as well as other invasive procedures, being 
reported in 3–27% of patients. However, it is gen-
erally not relevant and antibiotic prophylaxis is 
not routinely recommended after ERCP [1, 2]. 
Endoscopy-related transmission of infections 
may occur when contaminated equipment is 
used, mainly during therapeutic procedures, with 
microorganisms diffusing into the bloodstream. 
Several studies have reported a high incidence of 
infections caused by multidrug-resistant (MDR) 
organisms in patients performing ERCPs, so that 
reprocessing procedures for duodenoscopes have 
been recently reviewed [3–5]. Therefore, these 
recommendations need to be accurately followed 
in clinical practice for prevention of infections. 
Cholangitis is the most common infectious 

adverse event associated with ERCP, but other 
infections may occur, including cholecystitis, 
cholangitic abscess, and endocarditis [4, 6].

34.1.1	 �Cholangitis

According to updated ESGE guidelines, acute 
cholangitis is considered one of the most important 
indications to emergency ERCP. However, cholan-
gitis itself is a potential complication of ERCP, fre-
quently occurring after the endoscopic procedure 
in up to 0.5–3% of patients [7–9]. On the other 
hand, delayed post-ERCP cholangitis is less fre-
quent and typically occurs as a consequence of bili-
ary stent—both plastic and metallic—occlusion in 
patients requiring long-term biliary drainage. From 
a clinical point of view, iatrogenic cholangitis is 
similar to other acute cholangitis, with classical 
symptomatic triad characterized by shivering fever, 
jaundice, and abdominal pain (Charcot triad), 
while hypotension or mental confusion occurs only 
in the most severe and life-threatening cases. 
According to the Tokyo Guidelines, acute cholan-
gitis can be diagnosed when one item for each of 
the following criteria is fulfilled: evidence of sys-
temic inflammation (fever or elevated white cell 
blood count), cholestasis (elevated bilirubin or 
transaminases), biliary dilation, or evidence of an 
etiology (stones, stricture, etc.) on imaging [2, 6].
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Several factors may increase the risk for post-
ERCP acute cholangitis, including either clinical 
or endoscopic-related parameters. Patients with 
incomplete biliary drainage, such as those with 
hilar cholangiocarcinoma, primary sclerosing 
cholangitis, or widespread metastatic liver dis-
ease, and those after  liver transplantation are at 
increased risk. Similarly, the combination of 
ERCP with percutaneous biliary drainage or 
stenting of malignant biliary stricture may favor 
the onset of this complication. For these reasons, 
current guidelines strongly recommend proper 
opacification and complete drainage of intra- and 
extrahepatic bile ducts as mainstay of each ERCP 
in order to reduce the risk of post-procedural 
cholangitis. Moreover, an appropriate noninva-
sive imaging evaluation (MRCP or CT scan) may 
create a preoperative “road map” resulting in use-
ful indication for the operator. Indeed, a previous 
assessment of biliary system may avoid excessive 
intraductal injection of contrast during cholan-
gioscopy. Moreover, the endoscopist may sched-
ule the proper therapeutic strategy, regarding the 
technique of cannulation, the number and the 
type stents needed, as well as other specific 
equipment. Besides biliary strictures, incomplete 
stone extraction or retained fragment after litho-
tripsy may increase the incidence of acute post-
ERCP cholangitis up to 10%, as reported by 
Chang et  al. [10]. For this reason, whenever 
imperfect biliary clearance is suspected and stone 
fragment may still be inside the common bile 
duct (up to 30% after lithotripsy), a biliary stent 
should be left in place, and endoscopic papillary 
large balloon dilation (EPLBD) should be per-
formed aiming to facilitate the extraction of large 
bile stones. It has been reported that EPLBD is 
associated with a lower risk of cholangitis com-
pared to mechanical lithotripsy (0% vs 13.3%, 
respectively) with similar results in terms of bili-
ary stone clearance (98% vs 91%, respectively). 
However, data of another randomized trial failed 
to confirm these results [4–6, 9].

Current guidelines discourage the routine anti-
biotic therapy before ERCP and recommend anti-
biotic prophylaxis only in those patients with liver 
transplantation or biliary diseases associated with 
high risk of incomplete biliary drainage (i.e., pri-
mary sclerosing cholangitis, hilar stricture). 

Antibiotics specific for enteric gram-negative 
bacteria and enterococci should be preferred, and 
therapy should be continued after the procedure 
when biliary drainage is incomplete [2, 5].

Up to 13% of patients who underwent biliary 
stenting may experience cholangitis as delayed 
adverse event when the stent occlusion occurs 
prior the scheduled removal or exchange. It has 
been found that only biliary stenting increases 
the risk of cholangitis, while pancreatic duct 
stenting is not associated with such complication. 
Stent, both plastic and metallic, may occlude 
because of several reasons, such as stone frag-
ment, biliary sludge, tumor or tissue overgrowth, 
food material, or stent migration.

Although many factors may play a role, the 
presence of cancer and placement of multiple bili-
ary stents were found to be the main risk factors 
for post-ERCP delayed cholangitis. Patients with 
inoperable pancreatic cancer or cholangiocarci-
noma usually require long-term biliary stenting as 
palliative treatment, and the risk of cholangitis, 
due to stent occlusion, is directly related to the 
length of patient survival [4]. In detail, up to 
40–60% of patients develop cholangitis within 
1  year from metallic stent placement, generally 
due to neoplastic ingrowth. However, self-
expandable metal stents (SEMSs) are associated 
with lower occlusion rate, less therapeutic failure, 
lower number of procedure, and lower incidence 
of cholangitis when compared to plastic stents 
[6–8]. On the other hand, plastic stents are easy to 
remove and replace (every 3 months) and are less 
expensive. Based on these observations, the 
choice of the most appropriate stent (plastic vs 
metal) is very important to reduce the risk of this 
complication. The choice should be based on sev-
eral aspects, such as the etiology and location of 
the stricture, the outcome of previous treatment, 
the skill of operator, and survival expectance [7].

34.1.2	 �Cholecystitis

Post-ERCP cholecystitis is a very uncommon 
complication (up to 0.5% of patients) presenting 
with fever, abdominal pain, leukocytosis, and 
positive Murphy’s sign. The clinical diagnosis 
should be confirmed by imaging technique, since 
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symptomatic pattern is very similar to that of 
cholangitis and misdiagnosis may occur [3].

Although no clear predictors of post-ERCP 
cholecystitis have been identified, gallbladder 
contamination with nonsterile contrast or cystic 
duct obstruction due to metallic stent placement 
may be potential risk factors. Indeed, deployment 
of fully covered metal stents at level of cystic 
duct orifice may increase the incidence of this 
complication up to 12%, and the risk further 
increased when the cystic duct is partially 
involved by the neoplastic stricture [7]. Whether 
uncovered metallic or plastic stents may reduce 
such a complication still remains controversial. 
However, the use of uncovered metal stent for the 
palliation of malignant biliary stricture involving 
the distal part of the biliary system is generally 
suggested, since the opened mesh of the stent 
does not obstruct the cystic duct [2, 9, 10].

Therapeutic management of post-ERCP cho-
lecystitis should include wide-spectrum antibiot-
ics, preferably specific against gram-negative 
organisms, as first-line therapy, while cholecys-
tectomy should be considered only for cholecys-
titis unresponsive to medical treatment. Moreover, 
in patients unfit for surgery because of severe 
comorbidities or inoperable biliary strictures, 
EUS-guided cholecystic drainage from the stom-
ach or duodenum could be a valid option. Finally, 
if the patient develops post-ERCP cholecystitis 
after a covered metal stent placecment, stent 
removal and replacement with uncovered stent 
could be considered [11–15].

34.1.3	 �Duodenoscope-Related 
Infections

An increased incidence of infections with MDR 
organisms associated with duodenoscope use has 
been recently highlighted. Differently from other 
endoscope-transmitted bacterial infections, 
where contamination is usually associated with 
breaches of standard reprocessing protocol, the 
use of duodenoscopes is associated with an 
increased risk due to presence of difficult-to-
clean parts of the instrument (i.e., elevator and its 
own cable, the cable channel itself, and nearby 
areas) [16–18]. In fact, a contamination by 

carbapenem-resistant Enterobacteriaceae in 
nearly 2% of duodenoscopes and several cases of 
post-ERCP Pseudomonas and Klebsiella infec-
tions have been described despite a regularly per-
formed reprocessing of instrument. On the 
contrary, no viral, fungal, or parasitic infection 
has been reported in association with the use of 
duodenoscopes [2, 7, 19–23].

Each endoscope with an elevator channel, 
both duodenoscopes and linear-array echoendo-
scopes, requires high effective reprocessing, 
according to current guidelines (ESGE-ESGENA 
2018) [18]. Moreover, according to FDA, further 
measures should be applied, including microbial 
assessment every month or following 60 proce-
dures. In case of confirmed contamination or 
when endoscopes are used in patients with known 
MDR infection, opportune measures of disinfec-
tion need to be accurately followed. In case of 
transmission of a MDR infection, blood sample 
culture should be performed in order to choose 
the most appropriate therapy [5, 24, 25].

34.2	 �Hepatic Hematoma

Hepatic hematoma (HH) is a rare, but potentially 
severe adverse event following ERCP caused by 
an injury to the intrahepatic biliary ducts or ves-
sels. In most cases this complication occurs as 
parenchymatous damage during a deep cannula-
tion with the guidewire [3, 7, 10]. In patients with 
choledocholithiasis, HH may occur also due to 
intrahepatic injury related to the traction applied 
with the balloon during stone extraction. HH is 
predominantly found in the right hepatic lobe 
(95.1%) and rarely in the left or in both lobes. A 
recent systematic review of all published cases 
estimated an overall incidence of 0.15%. 
However, the real incidence may be underesti-
mated since this complication may develop with-
out symptoms [4].

Clinical presentation usually includes acute 
onset of abdominal pain within 48 h after the pro-
cedure, while anemia, hypotension, and fever are 
less common symptoms, and they may suggest a 
more severe condition. When HH is suspected, an 
imaging  exam such as abdominal ultrasonogra-
phy, CT scan, or magnetic resonance should be 
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performed to confirm the diagnosis and rule out 
other complications with similar clinical presen-
tation [26–29]. Laboratory tests are not specific 
for HH, although a decrease in the hemoglobin 
level may occur.

Therapeutic management should be tailored 
according to the general conditions of the patient, 
and multidisciplinary approach is mandatory [2, 
4, 30]. In hemodynamically stable patients with a 
limited and noncompressive hematomas, a con-
servative management with intravenous fluids 
and broad-spectrum prophylactic antibiotics is 
recommended. On the other hand, surgical or 
minimally invasive radiological approach should 
be reserved in case of general condition deterio-
ration, hemodynamically instability, or presence 
of hepatic abscess unresponsive to medical ther-
apy. Outcome depends on the clinical presenta-
tion and need for invasive therapies. A sudden 
rupture represents a life-threatening complica-
tion with high risk of mortality due to hypovole-
mic shock [3, 31].

34.3	 �Hepatic Abscess

Hepatic abscess is a very rare but life-threatening 
complication of ERCP with high risk of mortal-
ity. It is defined as a capsulated, suppurative col-
lection within the liver parenchyma which may 
be infected by several types of microorganisms 
such as bacteria, fungi, or parasites [2]. The com-
mon risk factors for pyogenic liver abscess (PLA) 
are underlying biliary tract abnormalities, age 
>50  years, malignancy, diabetes, and interven-
tional biliary or hepatic procedures. Indeed, 
endoscopic sphincterotomy (ES) creates a con-
nection between intestinal lumen and biliary tree 
facilitating the spread to the liver of bowel 
microbes and, in particular conditions, the forma-
tion of liver abscess [13, 32, 33]. A recent cohort 
study from Taiwan compared the risk for pyo-
genic liver abscess (PLA) in patients undergoing 
ERCP with or without endoscopic sphincterot-
omy followed up for 5  years. Interestingly, the 
overall incidence of PLA was significantly higher 
when ES was performed (4.20 vs 0.94 per 1000 
person-years) with an adjusted hazard ratio of 

4.50 (95% CI 3.38–6.58). Although higher in the 
first year, the risk remained significantly 
increased over the next 4–5 years of follow-up [4, 
7].

The most common presenting symptoms of 
liver abscess are fever and right-upper abdominal 
pain, nausea, and vomiting, while jaundice is 
very rare. Blood examinations usually reveal 
neutrophilic leukocytosis, abnormal liver tests, 
low serum albumin, and, infrequently, clotting 
impairment. Although diagnostic in half cases, 
blood cultures should be performed when a PLA 
is suspected. Abdominal CT scan and ultrasound 
are the main diagnostic tools, allowing drainage 
of the lesion as well. MRI has a very high sensi-
tivity for small abscess, but it is not recommended 
as first diagnostic examination [34, 35].

Broad-spectrum antibiotic therapy is the 
mainstay of treatment and should be started 
empirically when the diagnosis of liver abscess is 
suspected. Antibiotic therapy could be tailored 
following a successful bacterial culture. Such 
therapy is successful in the majority of patients 
with liver abscesses <3  cm in diameter [36]. 
Abscess drainage is another therapeutic approach 
whose timing should be evaluated on response to 
previous antibiotic therapies or general condition 
of the patient [37]. Urgent drainage is needed 
only when hemodynamic instability with shock 
or multi-organ dysfunction occurs [38]. 
According to its size, location, and complexity, 
PLA can be drained with needle aspiration (most 
commonly under radiographic guidance), place-
ment of an indwelling catheter (most commonly 
under radiographic guidance), open or laparo-
scopic surgical drainage, surgical resection of the 
abscess, or endoscopic drainage [39–42].

34.4	 �Stent-Related Complication

Placement of biliary stent adverse events is usu-
ally associated with the deployment of metallic 
metal stent. Early complications are rare and 
include hemorrhage, pancreatitis, stent mis-
placement, perforation, and injury to the CBD or 
main pancreatic duct [2, 3]. On the other hand, 
chronic stent-related complications are more 
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common and include stent obstruction (25–35% 
of patients), migration (up to 6% of subjects), 
and infections such as cholangitis, liver abscess, 
or sepsis. Displacement of stents may occur 
proximally into the biliary tree, typically in 
patients with malignant stenosis, or distally into 
the gut with the risk of bowel perforation [14]. 
Jaundice, cholangitis, pancreatitis, or perfora-
tion may develop as consequence of stent migra-
tion, requiring stent removal. Several techniques 
of extraction have been described, including the 
use of specific stent retrieval devices, forceps, 
snares, or balloons. Pancreatic duct stenting may 
rarely cause ductal irregularity, side branch dila-
tion, and stricture formation, mimicking radio-
logical features associated with chronic 
pancreatitis [21, 23].

34.5	 �Splenic Injury

Splenic injury is a very rare and potentially life-
threatening complication of ERCP, including 
subcapsular hematoma, peri-splenic hematoma, 
laceration, rupture, avulsion of splenic vessels, or 
avulsion of spleen from the capsule. The inci-
dence of this complication is unknown, and a 
recent systematic review described data of 24 
cases [43, 44]. Although etiology remains 
unclear, it has been hypothesized that traction 
applied on the spleen, during the procedure, may 
induce damage and consequent spleen infraction. 
For this reason, patients with abdominal adhe-
sions due to previous major abdominal surgery or 
subjects with calcification and fibrosis of spleno-
colic and gastrosplenic ligaments, due to chronic 
pancreatitis, may be at high risk for splenic injury 
during ERCP [2–4]. However, the technique used 
during the ERCP may itself predispose to this 
adverse event due to pressure and the torsion of 
the instrument on the greater curvature and, con-
sequently on the splenic hilum, during access to 
duodenum or papilla cannulation.

Patients with splenic injury usually complain 
of abdominal pain immediately after the proce-
dure, and, in case of severe splenic damage, 
hemodynamic instability and acute anemia may 
occur. As for other post-ERCP complications 

characterized by severe abdominal pain, diagno-
sis of splenic injury should be confirmed with a 
radiological exam such as abdominal ultrasonog-
raphy or CT scan [43].

The therapeutic management should be tai-
lored on the severity of splenic damage and may 
include a conservative approach, angiographic 
embolization of splenic artery, or splenectomy in 
case of hemodynamic instability.

34.6	 �Cardiopulmonary Adverse 
Events

Cardiopulmonary adverse events occurring dur-
ing ERCP are usually related to procedural seda-
tion/anesthesia and include hypoxia, 
hypotension, cardiac dysrhythmia, and aspira-
tion. If transient hypoxia and hypotension are 
excluded, the incidence of clinically relevant 
cardiopulmonary complication ranges from 
0.07% up to 2.4%, but the risk increases in 
elderly and debilitated patients. In the last years, 
along with the increase in complexity of endo-
scopic procedures, the use of sedation changed 
[1, 5, 31, 45]. In fact, ERCP, as well as other 
advanced endoscopic procedures, requires lon-
ger and deeper sedation than ambulatory endos-
copy. Therefore, the presence of an 
anesthesiologist in the endoscopic room is usu-
ally recommended. Moreover, a proper pre-
procedural examination should be always 
performed to assess the anesthesiological risk, 
and the endoscopic room for ERCPs needs to be 
properly equipped for emergency (i.e., ventilator 
system, intubation equipment, defibrillator). 
Several systematic reviews have reported that, 
unless of severe comorbidities, ERCP can be 
performed safely without intubation in the 
majority of patients, even in case of propofol-
based anesthesia. In randomized trials, patients 
undergoing ERCP with propofol sedation had 
similar mortality rate or incidence of serious car-
diopulmonary adverse events compared to tradi-
tional medications. On the contrary, 
propofol-based anesthesia was associated with 
shorter recovery times and better sedation with 
higher level of amnesia [6, 8, 10].
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34.6.1	 �Air Embolism

Air embolism is a very rare but potentially fatal 
complication of ERCP. The incidence is unknown 
because it is a very uncommon adverse event, only 
26 cases being reported in the literature. Air embo-
lism may occur when traumatic injury or inflam-
mation of the bile ducts, contrast administration, 
insufflation, rubbing of the endoscope, and ERCP 
accessories allow the passage of air directly into 
the vascular system. Patients with past history of 
surgery, previous extraction of large bile stones, or 
placement of metal stents, as well as those under-
going cholangioscopy or endoscopic necrosec-
tomy, are at increased risk for this complication. 
However, use of CO2 insufflation during ERCPs 
and the use of water for the distension of biliary 
ducts during cholangioscopy reduce the risk [46].

Unexpected onset of severe hypotension and 
hypoxia or sudden impairment of neurological 
status, during or immediately after the endo-
scopic procedure, typically occur in case of sys-
temic air embolism. Whenever such complication 
is suspected, the endoscopic procedure must be 
immediately stopped in order to allow rapid 
endotracheal intubation and ventilation [3, 5]. 
Then, the patient should be positioned in the 
Trendelenburg and left lateral decubitus to reduce 
the amount of air arriving to the brain. Once 
hemodynamically stable, a total body CT scan 
and a transthoracic echocardiogram should be 
performed to confirm the diagnosis of systemic 
air embolism [47, 48].
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EUS Complications

Ilaria Tarantino and Michele Amata

35.1	 �Introduction

In recent years, endoscopic ultrasound (EUS) has 
established itself as a complete and innovative 
technology in the endoscopy. In the diagnostic 
and, more recently, the operative setting, EUS 
has permitted a high accuracy in GI cancer stag-
ing, with its own mini-invasive approach, even if 
this technique remains skill- demanding. This 
chapter focuses on the adverse events (AEs) 
associated with the main applications of EUS: 
diagnostic, EUS fine-needle aspiration (FNA), 
and EUS fine-needle injection procedures.

35.2	 �Complications of  
Diagnostic EUS

Historically, EUS started as a diagnostic proce-
dure for the diagnosis of GI diseases and was per-
formed mainly with radial echoendoscopes. 
Today, diagnostic EUS is currently being per-
formed with either radial or linear echoendo-
scope (Fig.  35.1). EUS is a safe and efficient 
procedure in expert hands, but it shares the risks 
and adverse effects of the other endoscopic pro-

cedures, such as cardiovascular events, unwel-
come effects of conscious and deeper sedation, 
and allergic reactions to medications.

Though rare, the main complications in 
diagnostic EUS are perforation, bleeding, and 
infections. The incidence of GI perforation 
ranged from 0 to 0.4% in prospective series. 
Perforation is probably more common with 
upper gastrointestinal (UGI) EUS than with 
EGD, even if there is scant evidence in the lit-
erature [1]. This risk is mostly secondary to the 
echoendoscope design, which combines oblique 
or side-viewing optics with a relatively long 
rigid tip that extends well beyond the optical 
lens. In fact, the currently available echoendo-
scopes, both radial and linear, have an ultra-
sound (US) transducer located at the tip, making 
the distal part of the scope less flexible and 
stiffer than standard ones. In addition, the EUS 
optical lens have an oblique viewing and is 
located 1–2 cm proximally from the tip. In such 
way, the echoendoscope insertion and advance-
ment of the instruments, especially across the 
bends, are semi-blind maneuvers, and the risk 
of perforation can increase, especially in areas 
of angulation (oropharynx or apex of duodenal 
bulb), stenosis (esophageal cancer), or a blind 
lumen (pharyngeal or esophageal diverticula). 
This complication is more common in the early 
phase of EUS training or when skilled endo-
sonographers use new equipment with different 
designs and lengths of the tip [2].
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Esophageal intubation with the echoendo-
scope is a partially blind maneuver, and cervical 
perforation is an extremely rare collateral effect 
as evaluated in a prospective large series study 
[3]. In a US survey with 43,852 cases, the inci-
dence of perforation was 0.03% (16 patients, 
with 1 death) [4]. An accurate anamnesis for the 
detection of potential risk factors, like older age 
(>65 years), history of difficult intubation, cervi-
cal spine kyphosis, and swallowing disease, may 
help to recognize high-risk patients and help in 
reducing the incidence.

Esophageal cancer and esophageal strictures 
are both associated with increased incidence of 
esophageal perforation. Approximately 15–40% 
of esophageal cancer cases are stenosing tumor, 
and the stricture often restricts the passage of the 
scopes, limiting the EUS staging assessment. 
Some authors have proposed the dilatation of the 
lumen, increasing the accuracy of EUS for T and 
N staging for traversable versus non-traversable 
tumors (81% vs. 28% and 86% vs. 72%, respec-
tively) [5]. In the other hands, dilation of the 
stricture carries high risk of perforation in up to 
one out of four cases [6], even if distant lymph-
adenopathy (M1a tumor staging) is only possibly 
diagnosed in 10–40% of patients who require this 
technique [7]. Though past studies have reported 
different perforation rates (higher than 24%) fol-

lowing esophageal dilation, more recent studies 
have found this practice to be safe thanks to the 
technology innovations in stiffness and caliber 
size of endoscopes and operator consciousness of 
the AEs in hazardous hydropneumatic dilatation. 
For patients with circumferential stenosis, judi-
cious stepwise dilation is undertaken to a maxi-
mum of 15 mm, even more if a sequential 1-mm 
stepwise bougienage is applied [7]. Dilation has 
allowed immediate passage of the echoendo-
scope beyond the tumor in 75–85% of cases, but 
extreme caution is necessary also when a simple 
semi-circumferential infiltration is present. 
Alternative modalities are also known, such as 
choosing mini-probes, thinner and softer but with 
limited US depth penetration [8], and the EBUS 
device, which is much more flexible and slim 
(6.9 mm in diameter), providing a complete stag-
ing evaluation and allowing FNA sampling of 
celiac nodes or liver lesions [9].

35.3	 �Complications of EUS-FNA

FNA is the most common EUS intervention per-
formed to obtain tissue from solid masses and 
nodes or to aspirate liquid from cystic lesions. 
The EUS-FNA morbidity has a range between 0 
and 2.5% in prospective series, with 0.04% 

a bFig. 35.1  Focus on the 
tip of a radial (a) and 
linear (b) echoendoscope. 
Red circular line, optical 
lens with oblique or side 
view; red dashed line, US 
transducer

I. Tarantino and M. Amata



379

incidence of death (1 case reported in 2486 
patients) [10]. The main frequent complications 
are infection, bleeding, and acute pancreatitis. 
Moreover, a needle with a larger caliber does not 
seem to be associated with a higher complication 
risk. As described in two randomized control tri-
als (RCTs) comparing needles of different sizes 
(22G vs. 25G and 19G vs. 25G), the authors did 
not find significant differences in complications 
[11, 12]. In another study, the number of needle 
passes was not associated with increased risk of 
complications [13]. On the other hand, operator 
experience may play a role as an important risk 
factor because, as shown in the literature, the 
highest frequencies of complications were 
observed in the first phase of training or in the 
early period of endoscopic experience [14].

35.3.1	 �Infection

The infection rate after EUS-FNA, including 
FNA of rectal and perirectal lesions, is generally 
low, with a similar incidence compared to upper 
GI endoscopy or diagnostic EUS. The bacteremia 
following EUS-FNA in rare cases develops as 
clinical illness or septic status. According to the 
latest guidelines, prophylactic antibiotics are not 
recommended for EUS-FNA in solid lesions or 
lymph nodes, also for the prevention of infective 
endocarditis in the patients with cardiac risk fac-
tors. Indeed, sepsis has been reported after EUS-
FNA of cystic lesions (pancreatic or mediastinal 
ones), and, in fact, prophylactic infusion of anti-
biotics is mandatory in these cases. Wiersema 
et al. reported a significantly higher incidence of 
complications for EUS-FNA of pancreatic fluid 
collections than for pancreatic solid lesions (3/22 
[14%] vs. 2/452 [0.5%], respectively; P < 0.001) 
[15]. In the studies evaluated for the latest ESGE 
guidelines, the antibiotic prophylaxis was admin-
istered before EUS-FNA of pancreatic fluid col-
lections, but nevertheless the overall morbidity 
remained higher than for solid masses (5/210 
[2.4%] vs. 10/1386 [0.7%], respectively) [10].
Therefore, the cystic character of the lesion is 
considered a risk factor for complications, both 
of infection and bleeding.

35.3.2	 �Pancreatitis

Pancreatitis can occur after EUS-FNA of both 
solid and pancreatic cystic lesions (PCL), with a 
low incidence (range of 0.26% in a large multi-
center study and 2% in a prospective small study) 
[10]. Iatrogenic pancreatitis following EUS-FNA 
is generally mild and self-limiting, but severe 
scenarios with fatal complications have been 
reported [16]. The median time of hospitalization 
for pancreatitis treatment is 3  days (range 
1–21  days). The injury of normal intervening 
parenchyma of the pancreas during EUS-FNA or 
the damage of pancreatic ducts develops local 
complications, with activation of an inflamma-
tory process. Limiting the number of needle 
passes in order to minimize the amount of “nor-
mal” pancreatic parenchyma that must be tra-
versed and avoiding the pancreatic duct during 
EUS-FNA procedures are all safe tricks that all 
operators must use in their practice [6]. A known 
history of recent pancreatitis, size tumors 
≤20 mm in diameter, and puncture of a benign 
pancreatic lesion, especially pancreatic neuroen-
docrine tumors (PNET), are factors that may pre-
dispose to post-EUS-FNA pancreatitis of solid 
lesions, but a significant relationship has still not 
been shown [17].

35.3.3	 �Hemorrhage

Clinically significant bleeding has been reported, 
though it is a very rare condition, with an inci-
dence between 0 and 0.5% as reported in large 
prospective series [18]. Significant hemorrhage 
can be manifest if a large vessel is punctured or 
in cases of bleeding disorder. Indeed, self-lim-
ited intra-procedural bleeding with no clinical 
consequence is much more common. The risk of 
bleeding is related mainly to the performance 
and quality of FNA and may generate an extra-
luminal (expanding echo-poor region adjacent to 
the sampled lesion) or an intra-cystic bleeding 
(hyperechoic area increasing in size, inside the 
cyst). This last condition is much more frequent 
and has a rate of 6% of self-limited bleeding. 
The management of these conditions consists in 
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halting other needle passages, observed by EUS, 
and infusing a dose of antibiotics (β-lactam anti-
biotic preferably) to prevent a subsequent infec-
tion [6, 10, 19]. For an extra-luminal hemorrhage 
following EUS-FNA, one study specifically 
evaluated 277 patients over a 13-month period, 
with evidence of a 1.3% rate. These complica-
tions occurred just in three patients, during the 
aspiration of a pancreatic islet cell mass, a peri-
tumoral lymph node in a patient with esophageal 
cancer, and a PCL. In all cases, the hemorrhage 
was seen with US, and mechanical pressure was 
gently applied with the endoscope to tamponade 
the hemorrhage [20]. Indeed, in the literature 
there are few rare cases of intra-procedural 
bleeding that required luminal intervention, such 
as adrenaline injection and hemostatic clips [10], 
and just one fatal case secondary to a massive 
bleed after EUS-FNA [21]. EUS-FNA should be 
avoided in patients taking oral anticoagulants 
[22] according to recent guidelines on endos-
copy and antiplatelet agents [23]. EUS-FNA of 
solid masses can be performed in patients taking 
aspirin or NSAIDS, but not in patients taking 
thienopyridines (e.g., clopidogrel). EUS-FNA of 
cystic lesions should not be performed in patients 
taking any kind of antiplatelet agents [24]. 
Thromboembolic risk and its relative risk-to-
benefit ratio must at all times be considered if a 
change or interruption in the antithrombotic 
therapy is strictly necessary for the performance 
of EUS-FNA [6]. EUS-through-the-needle 
biopsy (EUS-TTNB) has been recently intro-
duced for the tissue acquisition in PCLs. The 

micro-forceps was specifically designed to be 
used through a 19-gauge needle after EUS-
guided puncture of PCL with a high diagnostic 
yield and lower AEs. In a recent retrospective 
multicenter study, Barresi et  al. had showed a 
16% of AEs, 3/56 patients experienced abdomi-
nal pain, and 7/56 developed intra-cystic hemor-
rhage. Intra-cystic hemorrhage was defined as an 
active bleeding inside the cyst as a spurting ves-
sel enhanced by color Doppler or a cystic lesion 
that progressively increases in size after evacua-
tion, with change in morphological aspect from 
anechoic to hyperechoic PCL (Fig. 35.2), in both 
cases the bleeding spontaneously stopped [25].

35.3.4	 �Tumor Seeding

The seeding of tumorous cells along the needle 
tract is less frequent, but is a serious complication 
that can impair patient survival. A retrospective 
study suggests that peritoneal carcinomatosis, 
correlated with pancreatic cancer, may occur 
more frequently after abdominal percutaneous 
(ranges from 0.003 to 0.009%) compared to EUS-
guided FNA [26]. Since this first report of tumor 
dissemination after diagnostic EUS-FNA of pan-
creatic tumors, needle tract seeding has been 
reported in 15 cases, of which 80% (12/15 cases) 
of the total of the tumors were located in the body 
or tail of the pancreas. In fact, the preferred loca-
tion of tumor seeding was the posterior gastric 
wall (12/15) and the gastroesophageal junction 
(3/15). Indeed, there are no reports of tumor seed-

a b c

Fig. 35.2  Endoscopic ultrasound-through-the-needle 
biopsy for the sampling of a PCL. (a) EUS view of the 
biopsy forceps with opened blades (white dashed line). 

Intra-cystic bleeding after TTNB: initial phase (b) and 
complete morphological change of the cyst with typical 
hyperechoic aspect (c)
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ing following EUS-FNA of the pancreatic head 
tumors, which can be explained by the fact that 
the needle tract site is resected together with the 
lesions (duodenocefalopancreasectomy). Endo
sonographers need to bear in mind the possibility 
of needle tract seeding when performing EUS-
FNA for resectable tumors located in the pancre-
atic body or tail [27]. Moreover, the risk of needle 
tract seeding can be reduced by performing EUS-
FNA only when the results obtained are useful for 
management and therapeutic decision-making, as 
described by Fujii [28]. Needle tract seeding fol-
lowing EUS-FNA can be avoided by setting the 
needle tract line within the surgical resection mar-
gins, if technically possible. Furthermore, follow-
up of the needle puncture sites by performing 
endoscopy and imaging modalities for early 
detection of needle tract seeding can help to guar-
antee a radical cure. However, further prospective 
studies with larger cohorts are necessary to esti-
mate the real risk of needle tract seeding follow-
ing EUS-FNA [27].

35.3.5	 �Bile Peritonitis

Though rare, bile peritonitis can occur after the 
puncture of the gallbladder and\or obstructed bile 
ducts, with an increased risk if the operator hits 
the target on the bile rather than a gallbladder 
mass. In fact, EUS-FNA of solid gallbladder 
masses has been reported as safe in one small 
case series [29]. If biliary puncture occurs, anti-
biotics should be administered to patients who do 
not have biliary obstruction. Bile duct peritonitis 
frequently requires surgery. A case of bile perito-
nitis requiring laparotomy following EUS-FNA 
of a pancreatic head mass with biliary obstruc-
tion, who had inadvertent perforation of distal 
common bile duct, has been reported [30].

35.4	 �Complications of EUS Fine-
Needle Injection Procedures

EUS can be used to perform celiac plexus block 
(CPB) or celiac plexus neurolysis (CPN) in order 
to achieve analgesia in chronic pancreatitis or 

pancreatic cancer pain. The technique needs the 
direct injection of corticosteroids (in blockade) 
or absolute alcohol (in neurolysis) plus a local 
anesthetic into the celiac plexus using a EUS-
FNA needle. The common AEs are transient diar-
rhea (4–15%) due to unintentionally local injury 
of mesenteric plexus, transient orthostatic hypo-
tension (1%), temporary increase of pain (9%), 
and abscess development [31]. In order to reduce 
the incidence of orthostasis, adequate intrave-
nous hydration before and after the procedure 
must be adopted. Hofman et al. reported a large 
case series (189 CPB and 31 CPN) with one case 
of asymptomatic hypotension after neurolysis, 
one case of retroperitoneal abscess, and two cases 
of severe self-limited post-procedural pain after 
CPB [32]. The CPN AEs with EUS-guided and 
percutaneous approach are almost similar in inci-
dence to hemorrhage [33]. Even though it has 
been postulated that the EUS anterior access 
would avoid the rare but devastating AEs of spi-
nal cord infarction associated with the posterior 
percutaneous approach, Fujii and colleagues 
have described bilateral lower extremity paraly-
sis after EUS-guided CPN by the involvement of 
the anterior spinal artery after alcohol injection 
[34]. The most frightening complication after 
CPN is death, which may be due to thrombosis or 
necrosis, with associated perforation of the celiac 
artery and aorta, leading to end-stage organ isch-
emia. There are few published case reports on 
this fatal event secondary to EUS-FNA injection 
procedures [35, 36].

35.5	 �Complications of Pancreatic 
Fluid Collection Drainage

According to the Atlanta classification [37], 
walled-off pancreatic necrosis (WOPN) and 
pseudocyst (PC) are encapsulated pancreatic 
fluid collections (PFCs), respectively, with or 
without solid necrotic debris inside, which can 
be located within the pancreatic parenchyma or 
in peri-pancreatic space, and develop after an 
episode of acute pancreatitis or pancreatic 
trauma. Traditionally, the drainage of PFCs was 
accomplished by surgical or percutaneous 
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methods. Subsequently, EUS-guided cysto-
gastroduodenostomy with double pigtail plastic 
stent placement emerged as an effective 
nonsurgical or radiological treatment for PFCs, 
but with a lower success rate for WOPN treat-
ment [38]. Recently, new dedicated lumen-
apposing metal stents (LAMS) with 
antimigratory properties have been used for 
EUS drainage of PFCs [39]. These LAMS are 
specifically designed to create an anastomosis 
between the cyst cavity and the gut lumen, 
allowing an easy access of the collection to per-
form repeated sessions of direct endoscopic 
necrosectomy (DEN). The simplicity of the 
procedure plays a key role in terms of safety 
and efficacy, with a technical success greater 
than 90% and treatment success varying 
between 70 and 90% according to the specific 
characteristics of the drained PFC [40]. The 
EUS drainage procedure of PFCs is reasonably 
safe in experienced hands. However, post-pro-
cedural complications have been reported and 
include perforation, bleeding, buried stent, 
migration, and maldeployment of the stent. 
Prospective, randomized trials have conclu-
sively proven that the technical outcomes and 
safety profile of EUS are superior to conven-
tional endoscopy for transmural drainage of 
pancreatic PCs in terms of lower hemorrhage 
and perforation [41]. In fact, the EUS approach 
is able to identify vascular structures by using 
Doppler and helps to assess maturity of PFCs 
by the clear evaluation of the wall thickness and 
the selection of the thinnest point of entrance, 
even in non-bulging collections. Despite these 
clear advantages, perforation and bleeding are 
the most frequent complications, as evidenced 
in several studies [42, 43]. The frequency of 
these complications can vary according to the 
type of PFCs, the concurrent infective process, 
and procedural techniques: the approximate 
incidence rate is around 10% (mainly bleeding 
and perforation). Sadik et  al. reported a 94% 
success rate with a 5% complication rate in 
simple PCs vs. 80% success rate and 30% com-
plication rate in infected ones [44]. Similar 
results have been reported by Varadarajulu 
et  al. [45]. According to this evidence, while 
EUS-guided drainage is still effective and safe, 

infected PCs are more difficult to treat, with 
higher complication rates [6].

35.5.1	 �Perforation

Perforation has been reported as a complication 
in several studies and may be more common 
when uncinate lesions are drained [42, 43, 46]. 
Varadarajuluet al. reported perforation in two 
patients requiring surgery in a group of 148 
patients undergoing EUS-guided drainage of 
PFCs with double pigtails [47]. In these studies, 
the electrocautery used for transmural puncture 
caused the majority of perforations. Another 
risk factor is the use of non-coaxial needle knife 
to create the fistula (the tangential direction of 
the needle force can dissect the GI wall) and the 
balloon dilatation catheter with a very large cal-
iber. The adoption of a coaxial over-the-wire 
cystotome can help to avoid this adverse invent, 
such as the use of a graded dilation technique 
without the use of electrocautery [6]. However, 
most perforations are generally small, and con-
servative measures are sufficient, especially if 
CO2 has been used as gas for insufflations and if 
the nasogastric drainage and intravenous antibi-
otics were promptly chosen. Initial enteral nutri-
tion has been shown to decrease systemic 
infections, the need for surgical intervention, 
and mortality compared with parenteral nutri-
tion. As shown in a recent Asian-Pacific consen-
sus statement, the majority of perforations after 
WOPN drainage and DEN (71.4%, 20/28) could 
be treated conservatively, with efficacy [48]. 
The rest of non-responders require immediate 
surgical rescue therapy.

35.5.2	 �Bleeding

While EUS-Doppler allows for the recognition 
and avoidance of the interposing blood vessels in 
the site of puncture (entry point) or inside the 
novel cavity, bleeding can occur during or after 
EUS-guided drainage, with a median reported 
incidence rate of 18% [49]. In fact, following the 
initial tamponaded action by the mechanical com-
pression inside the cavity, some small vessels can 
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start to bleed when the PFCs become empty, espe-
cially if the liquid component is prominent. 
Moreover, use of the needle knife adds a risk of 
hemorrhage from the entry point, even with wire 
guidance [6]. The number of available published 
studies evaluating EUS-guided drainage of PFCs 
with LAMS and their own AEs is scant, and 
mostly contradictory, and with short follow-up. 
Initially, Bang et al. reported 10 AEs in 31 patients 
(8/10 within the first 5 months): two cases with 
buried LAMS in the gastric wall, three cases of 
bleeding from the stent entry site, and three cases 
of stent-induced biliary stricture. All three patients 
presented with severe GI bleeding required admis-
sion to the intensive care unit and blood transfu-
sions after 3- (1\3) and 5-week (2\3) stent 
placement. Computed tomography angiography 
showed a new pseudoaneurysm in all three 
patients, which were promptly managed by 
interventional-radiology-guidance coil emboliza-
tion [50]. The authors, however, considered few 
pathophysiological theories. Plastic stents gravi-
tate toward the GI lumen after resolution of PFC; 
indeed LAMS remain fixed in place, with the 
resultant friction against regional vasculature sur-
rounding the necrotic cavity, causing bleeding. 
Once the PFC resolves, it is the immobility of the 
LAMS that increases the risk of bleeding, occlu-
sion, or deeply burial in the gastric wall layers. To 
prevent stent-related adverse effects, the authors 
suggest a follow-up with CT at 3–4  weeks in 
order to evaluate PFC resolution and to schedule 
LAMS removal [51], which must not exceed 
4  weeks according to ESGE guidelines [52]. 
Recently, Zeissig et al. conducted the largest mul-
ticenter cohort of LAMS interventions for PFCs, 
confirming the efficacy and safety of LAMS for 
the drainage of PFCs and demonstrating a low 
rate of hemorrhage [53]. In 219 patients, the 
German authors recorded just 6 (3%) bleeding 
events, of which none was fatal (2/6 required 
interventional radiology embolization, 1/6 treated 
by LAMS removal, 1/6 resolved by administra-
tion of prothrombin complex concentrate, 2/6 
required no interventions) [53]. Though the 
LAMS were removed after a median time of 
71 days (IQR 32–97 days), the authors reported 
only a minor percentage of delayed bleeding 
events, in contradiction to Stecher et al., in which 

the total and delayed bleeding rate was, respec-
tively, 17.4% (8/46 patients) and 11% (5/46 
patients) [54]. In our opinion, CT scan and LAMS 
removal can be scheduled sooner if the PFCs con-
tain much more liquid than necrotic components 
or if the clinical scenario rapidly changes, with 
acute abdominal pain, organ failure, sepsis, and 
other signs of local complications. We also believe 
that a daily and frequent check-up of the clinical 
conditions may be the correct strategy to manage 
the correct timing and follow-up. However, fur-
ther prospective studies are needed to compare 
double pigtail stents with LAMS in patients with 
pancreatic PCs or WON.  Endoscopic methods 
described to control bleeding after drainage 
include dilute epinephrine injection, balloon tam-
ponade, through-the-scope endo-clips, electrosur-
gical hemostatic forceps (EHF), placement of 
large diameter, fully covered self-expandable 
metal stent (FC-SEMS), or hemostatic powder 
[6]. Placing a large caliber FC-SEMS, if bleeding 
is noted during the drainage procedure, helps to 
control this, thanks to its intrinsic characteristics 
(cover, tensile strength, and ability to self-expand). 
In all cases of suspected hemorrhage, the physi-
cian should consider pseudoaneurysm as a source 
of the bleeding, which can be confirmed with 
dynamic contrast-enhanced CT [48]. In cases of 
uncontrolled bleeding, urgent angiographic 
embolization or surgical exploration is required. 
In all cases, a multidisciplinary approach involv-
ing skilled interventional endoscopists, radiolo-
gists, and surgeons is mandatory to manage cases 
of severe bleeding [6].

35.5.3	 �Buried LAMS

Buried LAMS refers to the situation in which GI 
mucosa grows over the flanged end of the LAMS 
and may be secondary to its tight apposition 
between the enteric and PFC lumen. Bang et al. 
[51] reported an incidence of buried LAMS syn-
drome of 17% (2/12 patients), and the question of 
its management has been described in several 
other case reports [55–57]. In addition, some 
authors have proposed that placing the stent 
across the gastric antrum (rather than the gastric 
body) may increase the risk of buried LAMS 
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because of the significantly stronger motility of 
the gastric antrum [58]. The use of a snare or for-
ceps may be sufficient, but in inconvenient cases, 
the dilation of the stent with a direct capture of 
the internal flange may facilitate removal [59].

35.5.4	 �Stent Migration

The migration of plastic stent inside the PFCs is 
more likely if the site of puncture is in the esoph-
agus or at the gastric cardia or if the endoscopic 
visualization during the deployment is challeng-
ing. Gradual withdrawal combined with torque-
ing movements of the echoendoscope is a crucial 
maneuver to reduce this kind of complication. 
The risk of internal migration is higher with the 
use of short-length devices, even with FC-SEMS 
or plastic pigtail stent. This condition can possi-
bly be managed by a quick checkup of the proce-
dure and if the guidewire is still in situ [60]. 
Otherwise, the fistula track has to be re-dilated 
with a balloon, and successively the internally 
migrated stent must be retrieved from the cavity 
by use of a foreign body forceps [61]. LAMS 
migration rates have been reported in few case 
reports and at approximately 19% [59]. Migration 
can occur either in the cyst cavity or back in the 
gut lumen, such as the stomach [62] or in the 
colon [63]. This condition can occur immediately 
or spontaneously after a few weeks of stent place-
ment or also due to subsequent manipulation of 
the stent during endoscopic debridement proce-
dures. In order to stabilize the LAMS architec-
ture, some endoscopists have opted to place a 
double pigtail stent through the LAMS, but it is 
unknown whether this approach can help to 
reduce the risk of LAMS migration. If stent 
migration is recognized during routine imaging 
or endoscopy, endoscopic removal of the stent 
should be urgently executed. In the case of migra-
tion into the upper-GI lumen, direct retrieval is 
done as soon as possible. Indeed, further distal 
migration of the stent can be managed opera-
tively with a deep enteroscopy or conservatively 
with serial abdominal X-rays to confirm passage, 
with prompt surgical management if bowel 
obstruction occurs [64].

35.5.5	 �Maldeployment

Proper LAMS placement requires the correct 
deployment and expansion of the proximal (out-
ward, deployed second) and the distal (inward, 
deployed first) flares. Maldeployment consists in a 
technical impossibility of complete and safe 
release of both flanges of the stent. This condition 
is rare, but severe AEs in cases of EUS-guided 
drainage of PFCs with LAMS can occur when 
there is decreased space in the GI lumen secondary 
to a large extra-luminal cavity that may compress 
the echoendoscope, making it hard to reach a sta-
ble position. In addition, the necrotic component 
inside the PFCs, especially if in a large quantity, 
can impede the complete release of the distal flare 
inside the new cavity due to the steady friction and 
robust compression of solid necrosis, leaving 
insufficient space for the full opening of the stent. 
In addition, image quality and accuracy of ultra-
sound can be limited and disturbed by the necrotic 
tissue. These conditions can hinder the operator in 
recognizing the structures or the correct entry 
point and can lead to AEs such as inward deploy-
ment. In case of technical difficulties, a preventive 
placement of a guidewire through the LAMS cath-
eter allows a safe access for PFC, for the deploy-
ment of a second LAMS and\or FC-SEMS [65]. In 
the same way, Lera et al. described a rescue proce-
dure with SEMS-in-LAMS technique, after 
LAMS misplacement [66]. Indeed, outward 
LAMS migration occurs most frequently when the 
intervening distance between the stent and the tar-
gets is greater than 15 mm [67].

35.5.6	 �Direct Endoscopic 
Necrosectomy (DEN)

Symptomatic infected WOPN is a well-
recognized, life-threatening complication that 
historically has been managed by surgical 
debridement, which is associated with high rates 
of AEs (34–95%), death (11–39%), and long-
term pancreatic insufficiency [68]. As an alterna-
tive to open necrosectomy, less invasive 
techniques have been used to drain WOPN, such 
as percutaneous drainage but still with numerous 
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AEs such as catheter occlusion, secondary infec-
tions, and fistula formation [69]. After ineffective 
plastic stent (insufficient drainage due to its easy 
occlusion by necrotic debris) and FC-SEMS 
(stent migration and bleeding complications) 
placement, LAMS has become the favored 
modality to allow multiple sessions of DEN, with 
an increase in the survival rate [70, 71]. DEN is a 
minimally invasive technique for performing 
debridement of the cyst cavity, with success rates 
of 75–91%, superior to the surgical approach 

[72]. DEN consists in the insertion of a therapeu-
tic gastroscope inside the cavity through the stent 
in order to remove all the necrotic debris using 
non-dedicated devices such as a stone-retrieval 
basket (Fig.  35.3). The use of CO2 reduces the 
risk of air embolism, which is a rare, severe, and 
potentially lethal complication when air insuffla-
tion is adopted during DEN.  Air embolism has 
been reported [73], with an incidence of 0.9–2% 
[52], and must be promptly recognized if cardio-
vascular and/or respiratory symptoms suddenly 

a b c
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Fig. 35.3  EUS-guided drainage with LAMS and necro-
sectomy in an infected WOPN. (a) EUS view of the 
WOPN. (b) Distal flange of the stent opened inside the 
cavity. (c) Endoscopic view of the proximal flange of the 
stent. (d) Balloon dilation of the LAMS. (e) Proximal 
flange of the LAMS in the gastric cavity. (f) Necrotic tis-

sue inside the WOPN. (g) Endoscopic visualization of 
internal part of the collection: retrieval of necrosis frag-
ment with a standard stone-retrieval basket. (h) LAMS 
removal with a biopsy forceps. (i) Endoscopic visualiza-
tion of the cystogastrostomy immediately following the 
stent removal
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develop [74]. The overall complication rate is 
36% [52]: the most frequent complications of 
DEN are bleeding (18%) from larger vessels at 
its base and perforation (4%). As shown in an 
Asian consensus on endoscopic management of 
WOPN, the morbidity and mortality rates were 
27.3% (173/633) and 4.4% (28/633), respectively 
[75]. The reported bleeding rate was 12.6% 
(80/633), which can occur during both balloon 
dilation of the GI tract fistula and necrosectomy. 
In cases of occasional evidence of crossing blood 
vessel inside the cavity, the use of EHF has been 
successfully applied to prevent a major bleeding 
by clipping and transaction (Fig.  35.4) [76]. 
Perforation (4.4%; 28/633) was the second most 

frequent complication, and air embolism was 
observed in just five patients (0.8%; 5/633) [75].

35.6	 �Complications of EUS-
Guided Biliary Drainage

EUS-guided pancreaticobiliary access is a rela-
tively new technique to access and drain 
obstructed biliary and pancreatic ducts via EUS-
guided needle puncture through the gastric or 
duodenal wall. The technique was developed as a 
salvage therapy, an alternative to percutaneous or 
surgical approach, when conventional ERCP 
fails, and can be secondary to altered anatomy or 

a b

c d

Fig. 35.4  (a) Crossing blood vessel at high risk of bleed-
ing (arrows) next to the edge of the distal flange of the 
LAMS. (b) Clips positioned at the ends of the vessel. (c) 

Coagulation of the vessel between clips with a monopolar 
forceps. (d) Blood vessel after transection
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in the presence of locally advanced pancreatico-
biliary cancer. Diagnostic cholangiography was 
first reported by Wiersema et al. by EUS-guided 
puncture of the bile duct, in 1996 [77]. Later, 
Giovannini et al. described the first EUS-guided 
biliary drainage (EUS-BD), in 2001 [78]. EUS-
guided biliary drainage procedures include EUS-
guided choledochoduodenostomy (EUS-CDS) 
and EUS-guided hepatico-gastrostomy (EUS-
HGS). EUS-BD has achieved high technical and 
clinical success rates (more than 90%) at high-
volume centers [6]. On the other hand, these pro-
cedures are associated with significant risks of 
leakage and infection [79]. In fact, the adverse 
events for EUS-BD have been reported at a range 
of 3.4–38.6%, with an average adverse event rate 
of 17–18.9% [80]. As a described risk factor for 
adverse events, the operator should avoid [81], as 
much as technically possible, the use of a needle 
knife when creating the fistula tract to the bile 
duct. The complications associated with EUS-
guided biliary interventions are related to many 
factors: the route of entry into the biliary system 
(trans-gastric via hepatic route or transduodenal 
via CBD), type of devices used, stage or extent of 
disease, and experience of the operator [80]. The 
usual complications include bile leak and bile 
peritonitis (3%); bleeding (2.7%); cholangitis 
due to the incomplete or unsuccessful drainage of 
the obstructed biliary system, which may require 
antibiotic prophylaxis and re-intervention such as 
alternative endoscopic procedures or PTBD; 
stent migration or maldeployment; pneumoperi-
toneum (managed conservatively with antibiotic 
and continuous nasogastric drainage); and perfo-
ration. In this last case, and if the procedure is 
unsuccessful, the transmural defect can be closed 
with endoscopic placement of mechanical clips 
or with over-the-scope clips [6, 80].

35.6.1	 �Bile Leak

Bile leak occurs when bile liquid from the 
obstructed high-pressure system is drained off 
into the potential space between the GI and bile 
duct wall, manifesting either as biloma (localized 
bile collection) or bile peritonitis. It is more com-
mon with the use of small caliber plastic stents or 

uncovered SEMS. Indeed, FC-SEMS result in a 
lower incidence [6]. Kawakubo et  al. reported 
that bile leakage was more frequently observed in 
patients who underwent plastic stent placement 
(11%) than in those receiving covered metal 
stents (4%) [82]. Similarly, Khashab et al. con-
ducted an international multicenter study on 
EUS-HGS compared with EUS-CDS and found 
that AEs were significantly more common in the 
plastic stent population than the metallic one 
(43% vs. 13%) [83]. For LAMS application, bile 
leak has been described in just a few case series 
[51]. The specific design and architecture of the 
LAMS may partially explain the lower complica-
tion rates. Most bile leakages are self-limiting 
and improve with conservative management.

35.6.2	 �Stent Migration 
and Maldeployment

In the published literature, internal stent migra-
tion in the peritoneal cavity associated with per-
forations has been reported as a rare AE, but with 
possible fatal evolution [84–86]. Usually, the 
liver and stomach are non-adherent, and there is a 
potential loss of space between the two organs 
that may favor migration. In fact, FC-SEMS can 
potentially migrate into the liver or peritoneal 
cavity, especially if the protruding luminal part of 
the stent is short. This complication is more com-
mon with EUS-HGS, which results in many more 
types of complications than EUS-CDS [6]. The 
use of a long SEMS with bare inner part (for 
anchoring within liver and avoiding blockage of 
draining biliary side branches), leaving longer 
segment (5 cm) in the gastric end of HGS, and 
placing antimigratory features on the stent are 
methods to prevent internal migration. Most 
complications with EUS-BD are associated with 
the initial/beginner training. Therefore, experts 
recommend mentor’s supervision during at least 
the first 20 cases [87] because lower technical 
success rates and higher complication rates are 
clearly reported during the first 20 EUS-BD pro-
cedures [88]. In addition, a French experience 
showed that there is a significant learning curve, 
directly related to the total number of AEs [89]. 
The recent introduction of LAMS has reduced 
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such complications [90], even if there are a few 
case reports of maldeployment resolved with the 
precautionary use of a guidewire through the 
LAMS catheter (Fig. 35.5) [91].

35.7	 �Complication of EUS-Guided 
Gallbladder Drainage

EUS-guided gallbladder drainage (EUS-GBD) 
has recently emerged as an alternative approach to 
percutaneous cholecystostomy in high-risk 
patients with acute cholecystitis [92]. In fact, EUS-
GBD has been clearly found to be superior in 
terms of technical\clinical success and lower AEs 
compared to percutaneous cholecystostomy (19 
[32.2%] vs. 44 [74.6%]) [93]. The radiological 
approach has reported a maximum of 25% of AEs, 
such as intrahepatic hemorrhage, pneumothorax, 
and biliary peritonitis. Anatomically, the gallblad-
der is often (but not always) in proximity to the 
gastric antrum or the duodenal bulb, a distance that 
makes technically possible a safe and feasible 
EUS-guided access [94]. Older approaches, using 
double pigtail stents and FC-SEMS, are still in use 
but with lower frequency due to the recent applica-
tion of LAMS.  In addition, plastic stents or 
FC-SEMS can migrate into the gallbladder or into 
the peritoneum [95]. LAMS have decreased the 
risk of bile leak because its shape and architecture 
seal the gap between the GI lumen and the gall-
bladder wall, promoting lumen apposition. The 
high technical and clinical success of EUS-GBD 

with LAMS has been reported [96], but with inho-
mogeneous data on AE rates. Initially, in a multi-
center prospective study, AEs (LAMS obstruction, 
stent-related or procedure-related) were observed 
in 50% of patients, with an overall mortality of 
23% [97]. Anderloni et  al. found lower AE rate 
(10%) and mortality (10%) in a retrospective 
tertiary-care center study [98]. Moreover, a multi-
center (seven tertiary care referral centers) retro-
spective study showed 10.7% of AEs and 9.3% of 
30-day mortality in high-risk surgical patients 
with acute cholecystitis who underwent EUS-
GBD with LAMS [99]. There are a few anatomi-
cal factors that can limit the feasibility of 
EUS-GD. The tissue’s thickness between the gall-
bladder and the duodenum or stomach, the gall-
bladder’s distensibility, and the presence of a 
contracted or fibrotic gallbladder are all factors 
that the operators must take in consideration in 
order to avoid such tragic outcomes. The most fre-
quently described AEs following EUS-GB are 
abdominal pain, bile leak with peritonitis, perfora-
tion, bleeding that requires blood product transfu-
sion or different kinds of interventions, 
maldeployment, and the buried syndrome. Teoh 
et al. reported a fatal maldeployment that was not 
detected during the procedure [93]. It is extremely 
important that the endoscopist knows all the pos-
sible complications, recognizes any adverse events 
promptly, and manages them accordingly. Ligresti 
et al. reported a buried LAMS following EUS-BG 
successfully managed with a LAMS-in-LAMS 
technique (Fig. 35.6) [100].

a b c

Fig. 35.5  (a) Fluoroscopic view of the maldeployed dis-
tal flange of the stent inside the common bile duct (CBD). 
(b) Endoscopic ultrasound view of the distal flange of the 
stent (arrowheads) fully released outside of the common 

bile duct (CBD wall: red dashed line). (c) Endoscopic 
view of choledochoduodenostomy showing proximal 
flange of the stent released and correctly in place in the 
duodenal bulb
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Common Bile Duct Stones

Bernd Kronenberger

36.1	 �Introduction

Common bile duct stones (CBDS) are the most 
common cause of benign biliary obstruction 
requiring endoscopic treatment [1–3]. Sequelae 
of biliary obstruction by CBDS are pain, jaun-
dice, biliary pancreatitis, and cholangitis [1–4]. 
Complications of CBDS may progress to severe 
and life-threatening disease [4].

The clinical picture of CBDS disease is het-
erogeneous. CBDS may appear as single or mul-
tiple calculi causing a  varying degree of 
cholestasis [5]. The size of CBDS ranges from 
small barely visible microconcrements (microli-
thiasis) to large stones in the order of centimeters 
[5, 6]. CBDS smaller than the diameter of the bile 
duct migrate in the bile duct, and if they do not 
cause biliary obstruction, they may be asymp-
tomatic and difficult to detect [5, 7]. Clinically 
relevant problems usually occur when stones get 
stuck and cholestasis develops. Small stones are 
more likely to cause distal obstruction and larger 
stones proximal obstruction [1].

Stone extraction is required in patients with 
symptomatic CBDS and may be an emergency in 
those patients with biliary obstruction and with 
complications [3]. Several methods for stone 

extraction exist including endoscopic, radiologic, 
and surgical approaches. Endoscopic retrograde 
cholangiopancreatography (ERCP) is less inva-
sive than radiologic or surgical methods and 
therefore usually chosen as first-line treatment 
for stone extraction [1, 3]. Nevertheless, ERCP 
bears the risk for severe procedure-associated 
complications such as pancreatitis, bleeding, 
cholangitis, and perforation. To reduce complica-
tions, unnecessary ERCPs should be avoided, 
and ERCP should only be performed for thera-
peutic stone extraction [4]. Making the decision 
to treat CBDS can be a challenge when direct 
detection of CBDS is not possible. Guidelines 
suggest a stepwise diagnostic approach to evalu-
ate the probability for symptomatic CBDS [1, 3, 
4, 8, 9]. Diagnostic approaches and risk-based 
management options for CBDS are described in 
the following chapter.

36.2	 �Etiology and Risk Factors

Bile stones develop when substances in the bile 
reach their limit of solubility and form micro-
crystals [10]. Sludge is the result when micro-
crystals get stuck in the bile mucus [10]. Over 
time, microcrystals grow and form large or mul-
tiple stones [10].

According to their origin, CBDS can be clas-
sified into primary and secondary stones [1, 4]. 
Primary stones form de novo in the intra- or 
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extrahepatic bile ducts, while secondary CBDS 
occur by migration from the gallbladder [4]. 
Most CBDS are secondary stones that are found 
in 3–12% of patients with stones in the gallblad-
der [4, 5, 11]. Conversely, 95% of patients with 
CBDS have stones in the gallbladder [1–4]. 
Predisposing conditions for primary stones are 
biliary infections and reduced bile flow in dilated 
bile ducts [12].

White to yellowish cholesterol stones and 
black pigment stones account for 90–95% of sec-
ondary CBDS [12]. Black pigmented stones 
show an association with comorbidities affecting 
bilirubin and calcium homeostasis such as hema-
tologic or hemolytic disorders, liver cirrhosis, 
Crohn’s disease, and primary hyperparathyroid-
ism [12, 13]. In contrast to cholesterol and black 
pigment stones, brown pigment stones are the 
major source of primary stones [14]. Predisposing 
factors are dilated bile ducts including Caroli’s 
disease and anaerobic infections [15]. Brown 
pigment stones are also associated with juxtapap-
illary diverticula [12, 14].

Drugs may also cause cholelithiasis. 
Ceftriaxone is known to cause reversible biliary 
stones/sludge which is called pseudolithiasis 
[16]. Biliary pseudolithiasis is usually asymp-
tomatic and disappears spontaneously after dis-
continuing the drug; some patients develop 
biliary obstruction and need endoscopic treat-
ment [16].

36.3	 �Clinical Spectrum 
of Common Bile Duct Stones

36.3.1	 �Symptomatic Bile Duct Stones 
with Cholestasis

Most patents with CBDS develop symptoms [1, 
17]. The typical clinical presentation is acute 
pain in the right upper abdominal quadrant or the 
epigastrium [1, 4]. The duration varies between 
minutes and several hours. The pain is caused by 
distention of the bile duct. Pain can be missing in 
elderly patients [1]. Depending on the time and 
extent of obstruction, jaundice may develop. 

Fever and suspicious inflammation parameters 
indicate cholangitis which may require urgent 
treatment.

Stones impacted in the sphincter of Oddi or 
spontaneous stone passage may cause biliary 
pancreatitis [1]. Acute biliary pancreatitis is 
observed in 4–8% of patients with gallbladder 
stones.

36.3.2	 �Symptomatic Bile Stones 
Without Cholestasis

Depending on the size, mobility, and location, 
common bile duct stones may cause intermittent 
symptoms without cholestasis. Passage of the 
stones into the duodenum or backward into the 
distended duct may relieve the pain [1].

36.3.3	 �Asymptomatic Bile Duct 
Stones

Bile duct stones are occasionally found in asymp-
tomatic patients [17–20]. As most asymptomatic 
common bile duct stones are not recognized, the 
natural history of asymptomatic stones is not well 
characterized. Overall, it seems that the natural 
history of asymptomatic common bile duct stones 
is more benign than that of symptomatic stones 
[1]. CBDS in asymptomatic patients are usually 
of moderate size [21]. Asymptomatic stones are 
most frequently found in patients with dilated bile 
ducts following cholecystectomy and in patients 
with Caroli’s syndrome [15]. Especially, elderly 
patients may be asymptomatic carriers of 
CBDS. The risk of complications such as obstruc-
tion and cholangitis is increased [18]. Follow-up 
studies with patients after cholecystectomy indi-
cate that only 5–12% of patients with common 
bile duct stones are asymptomatic [1, 7, 17, 19]. 
In a large retrospective analysis including 3828 
patients with CBDS, CBDS associated complica-
tions occurred in 25.3% of patients when no mea-
sures for stone extraction were performed. The 
risk was significantly lower (12.5%) when stone 
extraction was performed [21]. Therefore, asymp-
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tomatic stones can be treated to prevent complica-
tions [1, 9]. On the other hand, asymptomatic 
patients were shown to have a higher risk of post-
ERCP pancreatitis than symptomatic patients 
(12.5% vs. 3.9%) [20].

36.3.4	 �Recurrent Common Bile Duct 
Stones

The highest risk factor for recurrent CBDS is cal-
culus gallbladder. Therefore, calculus gallbladder 
should be removed to reduce the risk of recurrent 
biliary complications.

Patients after Endoscopic sphinterotomy 
(EST) and cholecystectomy are at risk for CBDS 
recurrence. Recurrence was reported to occur in 
up to 18.5% patients [22] within 6 months to 15 
years after initial treatment [23]. Factors associ-
ated with recurrence are the number of CBD 
stones (≥2), CBD stone diameter (≥10  mm), 
stone composition, stone consistency, CBD diam-
eter (≥15 mm), bile duct dilatation pattern, sharp 
bile duct angulation (<145°), balloon dilatation, 
large balloon (>12  mm) dilatation, endoscopic 
mechanical lithotripsy, endoscopic sphincterot-
omy, and endoscopic papillary balloon dilatation, 
stricture of the major papilla post EST to 2–5 mm, 
and the presence of the ampulla within or on the 
edge of a duodenal diverticulum [22, 23].

36.3.5	 �Acute Cholecystitis 
and Common Bile Duct Stones

Cholangitis due to CBDS and cholecystitis are 
both associated with an inflammatory response 
and alteration of liver enzymes. Diagnosis of 
CBDS in patients with acute cholecystitis may be 
difficult. The reported prevalence of CBDS in 
patients with acute cholangitis shows a large varia-
tion between 0.92 and 16.5% [24]. Score predic-
tors for choledocholithiasis showed a poor 
performance when acute cholecystitis is present. 
Suspicion of common bile duct stones by transab-
dominal ultrasound, total bilirubin >4  mg/dL, 
CBD dilatation >6 mm on Transabdominal ultra-

sound (US), abnormal liver test results, and biliary 
pancreatitis were all not predictive for bile duct 
stones in patients with acute cholecystitis [24]. 
Because CBDS associated cholangitis requires 
preoperative ERCP, endoscopic ultrasound (EUS) 
is advisable in patients with acute cholecystitis and 
suspicion of common bile duct stones.

36.3.6	 �Mirizzi Syndrome

Multiple impacted gallstones or a single large 
impacted gallstone in Hartmann’s pouch of the 
gallbladder may cause obstruction of the hepatic 
or choledochyl  duct. This form of external bile 
duct compression is referred to as Mirizzi syn-
drome [10]. Mirizzi syndrome is a rare condition 
that occurs in 0.1% of patients with gallstones 
[10]. The condition is difficult to diagnose as the 
symptoms are similar to cholecystitis or bile 
obstruction by CBDS.  The true incidence of 
Mirizzi syndrome may be underdiagnosed preop-
eratively. The syndrome should be considered 
when patients are symptomatic for biliary obstruc-
tion, but a clear reason cannot be detected [10].

36.4	 �Diagnosis of Common Bile 
Duct Stones

The management of common bile duct stones 
depends on the extent and severity of symptoms, 
cholestasis, and complications. When CBDS are 
clinically suspected, laboratory analysis of liver 
and cholestasis parameters, parameters for 
inflammation, and transabdominal ultrasound 
should be promptly performed.

36.4.1	 �Laboratory Evaluation

The predictive value of abnormal liver biochemi-
cal parameters for CBDS is limited as there are 
several factors that influence increase of liver bio-
chemical parameters other than common bile duct 
stones. Alanine aminotransferase (ALT) and 
aspartate aminotransferase (AST) are released 
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from damaged hepatocytes, while gamma-
glutamyl transferase (GGT), alkaline phosphatase 
(AP), and bilirubin increase following damage to 
the biliary system. Therefore, concomitant liver or 
bile duct diseases must be considered. Furthermore, 
the release of biochemical liver parameters fol-
lows different kinetic pattern after damage. The 
liver enzymes AST and ALT usually rise early 
after biliary obstruction, while AP, GGT, and bili-
rubin levels gradually rise if obstruction persists.

In a series of more than 1000 patients under-
going laparoscopic cholecystectomy, the nega-
tive predictive value of completely normal liver 
biochemical parameters was 94.7–97.7%, 
whereas the positive predictive value of any 
abnormal liver biochemical test results was only 
15% [25, 26]. Thus, liver biochemical parameters 
have the most utility in excluding common bile 
duct stones [26].

Increased C-reactive protein (CRP) levels 
and/or elevated leukocyte levels with left shift 
indicate infectious complications and/or pancre-
atitis [1]. Procalcitonin elevation is helpful for 
the diagnosis of sepsis. Amylase and lipase are 
important predictors of early pancreatic damage.

36.4.2	 �Transabdominal Ultrasound

When CBDS are suspected, abdominal ultrasound 
should be the first imaging method. CBDS typi-
cally present as hyperechoic structures with dor-
sal shadowing. While bile stones in the gallbladder 
can be visualized with high sensitivity and speci-
ficity, intraductal stones are more difficult to iden-
tify. Transabdominal ultrasound achieves a 
sensitivity of 22–55% for detecting CBDS in 
patients with stones in the gallbladder [26].

The Vaterian papilla is difficult to evaluate by 
use of  transabdominal ultrasound. Therefore, 
prepapillary concrements can frequently only be 
detected by indirect signs such as dilatation of the 
common bile duct and/or dilatation of the intra-
hepatic biliary  branches. The normal bile duct 
diameter is 3–6 mm [26]. Biliary dilatation to a 
diameter  greater than 7–8  mm in patients with 
gallbladder indicates biliary obstruction [26].

Gallbladder stones also have a predictive 
value for choledocholithiasis. It was shown that 
multiple small bile stones of less than 5 mm have 
a higher risk to migrate into the bile duct  sys-
tem than lager stones [26].

36.4.3	 �Endoscopic Ultrasound

Endoscopic ultrasound (EUS) is a minimally 
invasive procedure with a procedural risk that is 
similar to that of gastroscopy. A major advantage 
is the lack of radiation and the availability to the 
endoscopist. EUS allows evaluation of the bile 
duct and the gallbladder. Complete visualization 
of the extrahepatic duct system can be achieved 
in up to 96% of patients [27, 28]. Due to the prox-
imity of the transducer to the papilla, EUS allows 
visualization of the distal bile duct entering the 
papilla making EUS the procedure of choice for 
evaluation of small stones impacted in the papilla 
[29]. With high frequencies in the order of 7.5–
12 MHz, the resolution is less than 1 mm [27]. 
EUS achieves a sensitivity and specificity of 95% 
and 97%, respectively, [28]; however, bile duct 
obstruction in the hilum or in right hepatic duct 
may be overlooked. EUS may be difficult in 
patients with gastrectomy.

EUS can be performed with a linear or a radial 
echo endoscope. In the hands of experienced 
endoscopists, the diagnostic accuracy of linear or 
radial scanner is not different [27]. Small stones, 
biliary sludge, and microlithiasis can be detected. 
Larger stones usually appear as hyper-echoic foci 
with strong acoustic shadowing, while sludge 
produces low amplitude echoes without shadow-
ing. Positioning the echo endoscope in the apex 
of the duodenal bulb allows evaluation of the 
common bile duct, the pancreatic duct, and the 
portal vein [27]. Withdrawal and counterclock-
wise torque leads to visualization of the bile duct 
toward the hilum, while insertion of the scope 
and clockwise torque leads to the distal bile duct 
and the papilla [27]. Positioning the transducer 
perpendicular to the papilla allows visualization 
of the distal bile duct entering the papilla. 
Detection of CBDS is difficult in patients with 
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calcifications in the pancreas and duodenal diver-
ticula and air within the bile duct.

36.4.4	 �Magnetic Resonance Imaging 
(MRI/MRCP)

The sensitivity and specificity of MRI/magnetic 
resonance cholangiopancreatography (MRCP) 
for CBDS are 93% and 96%, respectively [28]. 
The accuracy for CBDS is similar for MRI/
MRCP and EUS [28]. Patients with negative 
MRI/MRCP or EUS do not need further invasive 
tests, unless symptoms persist. The choice 
between magnetic resonance tomography (MRT) 
and EUS depends on availability and experience. 
MRT may have an advantage over EUS in detec-
tion of hilar or intrahepatic stones and in detec-
tion and localization of neoplasia, while EUS 
may be better for detection of small papillary cal-
culi [30].

36.4.5	 �Computed Tomography (CT)

CT has a sensitivity for common bile duct stones 
of 66.7% in patients with acute biliary pancreati-
tis [30]. The overall accuracy of MRI/MRCP in 
detecting choledocholithiasis was higher than 
that of CT (93.3% vs. 66.7%) [30].

36.4.6	 �Endoscopic Retrograde 
Cholangiopancreatography 
(ERCP)

With a sensitivity and specificity of 96% and 
99%, respectively, ERCP shows an excellent 
diagnostic performance for detection of CBDS 
which is superior compared with other conven-
tional diagnostic tests including transabdominal 
ultrasound, CT, MRT, common bile duct diame-
ter, and liver biochemical parameter [25]. Due to 
the procedural complication risk, ERCP is not 
justified for diagnostic purposes unless alterna-
tives are available.

36.5	 �Indication for Treatment 
of Common Bile Duct Stones

CBDS can cause several health problems includ-
ing pain, jaundice, cholangitis, and acute pancre-
atitis [3, 4]. Extraction of CBDS in patients with 
symptomatic obstruction of the bile duct relieves 
the symptoms and reduces the risk for develop-
ment of complications. Therefore, patients with 
symptomatic CBDS should receive stone 
extraction.

Several methods for stone extraction differing 
in invasiveness and complexity are available [3]. 
ERCP is the most convenient and least invasive 
method and performed as first-line treatment in 
most patients [1, 4]. However, ERCP shows com-
plication and mortality rates in the order of 0.8–
11.1% and 0.1–3.3%, respectively [1, 4, 31]. 
Therefore, ERCP is only justified when CBDS 
can be confirmed or are very likely the cause for 
the complaints of the patient. As diagnosis of 
CBDS can be difficult in oligosymptomatic 
patients, a stepwise diagnostic algorithm is nec-
essary to avoid unnecessary and potentially 
harmful stone extraction procedures [18].

Diagnostic evaluation of patients with sus-
pected CBDS should start with analysis of liver 
function tests and transabdominal ultrasound [1, 
3, 26]. The strongest predictor for common bile 
duct stones is ultrasonographic evidence of a bile 
duct stone [1, 3, 26]. Patients with confirmed 
CBDS can be directly referred to stone extraction 
and need no further diagnostic evaluation espe-
cially when these patients are symptomatic [1, 3, 
26]. On the other hand, patients with normal liver 
function tests have a very low likelihood for 
CBDS and need no further evaluation of the CBD 
[1, 3, 26].

Diagnosis of CBDS can be a challenge when 
stones are not detectable by transabdominal 
ultrasound. Several indirect predictive factors for 
CBDS have been described. The criteria mostly 
refer to patients with known gallbladder stones as 
most studies were performed in series of patients 
with indication for cholecystectomy. Except 
visualization of the stone, no single parameter is 
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sufficient for strong prediction of symptomatic 
choledocholithiasis [26]. Guidelines recommend 
a risk stratification according to clinical signs, 
laboratory abnormalities, and abdominal ultra-
sound features [1, 3, 4, 9, 26]. Criteria for the 
probability of CBDS in patients with choledo-
cholithiasis are listed in Table 36.1. The criteria 
vary slightly between the guidelines, and the 
scores have not been fully evaluated [1, 3, 4, 26].

The guidelines agree in the recommendation 
that patients with a high probability for CBDS 
should receive treatment with preoperative 
ERCP [4]. Patients with intermediate risk should 
receive further imaging diagnosis by EUS or 
MRCP depending on availability [4]. 
Preoperative ERCP should be performed when 
CBDS can be detected [4]. Patients without evi-
dence of CBDS in EUS or MRCP or patients 
with a low probability can be ruled out and 
should not receive preoperative ERCP [4]. 
However, it must be considered that small stones 
may migrate in the CBD and that some patients 
assigned to CBDS low risk may develop severe 
complications in the long term [32].

36.5.1	 �CBDS in Elderly Patients

The risk for gallstones increases with age, and 
CBDS are common in the elderly population. 
Most patients older than 80 years have concomi-
tant diseases (73%) and are treated with anti-
thrombotic drugs (25%) [33]. Therefore, safety 
concerns about ERCP in the elderly population 
have been raised. Recent studies comparing suc-
cess and complication rates of ERCP between 
patients older or younger than 80–85 years 
showed no significant age-related differences in 
technical success and failure rates of ERCP [33–
35]. The most common complication was post-
ERCP pancreatitis. Thus, ERCP can be effectively 
and safely performed in elderly patients despite 
concomitant diseases.

36.6	 �Extraction Techniques

36.6.1	 �ERCP

ERCP with endoscopic sphincterotomy and sub-
sequent removal of stones is a well-established 
treatment for CBDS and performed in many cen-
ters as first-line approach to CBDS.  CBDS 
removal by ERCP has a success rate of more than 
90% [4, 33–35]. In patients with altered anatomy 
(e.g., previous Roux-en-Y anastomosis, bariatric 
surgery), standard ERCP is less promising. In 
these cases, percutaneous or endoscopic balloon 
endoscopy-assisted treatment of bile duct stones 
should be considered [1].

36.6.1.1	 �Cannulation of the Papilla
After placement of the duodenoscope in the duo-
denum and identification of the papilla, the pro-
cedure starts with the cannulation of the bile duct 
orifice with the standard catheter or a standard 
sphincterotome. The rate of successful cannula-
tion is around 95% [36] with lower rates when 
ERCP is performed for the first time (92%) [36].

After successful cannulation, the catheter is 
advanced into the common bile duct over a 
guided wire. To visualize the stones, fluoroscopy 
is performed. The stones become visible by a fill-
ing defect [5]. Fluoroscopy is usually performed 

Table 36.1  Probability of CBD in patients with symp-
tomatic cholelithiasis

High > 50%
 � CBD stone transabdominal 

US
DGVS, ASGE, EASL, 
BSG

 � Signs of ascending 
cholangitis

DGVS, ASGE, EASL, 
BSG

 � Bilirubin > 4 mg/dL ASGE
 � CBD > 7 mm + abnormal 

bilirubin + abnormal GGT, 
AP, ALT, or AST

DGVS

 � CDB > 6 mm + abnormal 
bilirubin >1.8 mg/dL

ASGE

 � Pain, CBD dilatation, 
jaundice in patients with 
history of gallstones

BSG

Low < 5%
 � CBD ≤ 7 mm DGVS
 � Normal liver biochemical 

parameters
DGVS, ASGE, EASL

 � Absence of a preceding 
clinical predictor such as 
cholangitis or biliary 
pancreatitis

DGVS, ASGE
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from the proximal to the distal bile duct. It should 
be only performed when the wire is clearly 
located in the bile duct. Fluoroscopy of the pan-
creatic duct should be avoided due to the high 
risk of pancreatitis.

Small papillary office is a factor related to dif-
ficult biliary cannulation [18, 37]. Especially in 
asymptomatic patients with common bile duct 
stones, the rate of difficult deep cannulation was 
shown to be significantly higher than in symp-
tomatic patients [18]. In asymptomatic patients, 
small papillary orifice might be more often than 
in symptomatic patients because of low bile duct 
pressure [18]. Difficult cannulation leading to 
edema of the papilla with consecutive impair-
ment of pancreatic juice flow, activation of auto-
digestion, and inflammation can explain why 
post-ERCP pancreatitis occurs more likely in 
asymptomatic patients [18].

36.6.1.2	 �Endoscopic Sphincterotomy
Once a stone is confirmed, endoscopic sphincter-
otomy should be performed. This is usually 
achieved by a wire-guided sphincterotome. The 
size of the sphincterotomy depends on the size of 
the stones. It should be done as small as possible 
and as large as necessary to remove the stones.

Endoscopic sphincterotomy is associated 
with immediate complications such as bleeding 
(clinically relevant 0.8–15%), sepsis (1.2%), 
pancreatitis (2–3.5%), and perforation (1.2–
1.8%) [37, 38]. Long-term adverse events such 
as Oddi dysfunction also have to be considered 
[37, 38].

Recurrent common bile duct stone formation 
occurs in 4–24% of patients following initial 
ERCP with endoscopic sphincterotomy. In 
patients with recurrent or retained bile duct 
stones after previous sphincterotomy, extension 
of a previous sphincterotomy can be safely done. 
Vezakis et al. showed that the complication rate 
of extension sphincterotomy is lower than after 
first-time sphincterotomy (0.8% vs. 5.3%) [38]. 
The most common complication was hemorrhage 
which was also less frequent following extension 
endoscopic sphincterotomy (20% vs. 29%) [38].

36.6.1.3	 �Pre-cut Sphincterotomy 
and Fistulotomy

If direct introduction of the papilla is not suc-
cessful, pre-cut papillotomy with a needle knife 
or a pre-cut sphincterotome over the pancreatic 
duct can be performed. It must be considered 
that pre-cut is associated with an increased risk 
of duodenal perforation, bleeding, and the devel-
opment of pancreatic fistula compared with con-
ventional sphincterotomy [37]. Pre-cut 
papillotomy with a needle knife in patients with 
acute severe cholangitis and impacted common 
bile duct stones was associated with a 100% suc-
cess rate and a complication rate of 4% (hemor-
rhage, pancreatitis) [39].

Papillary fistulotomy is another approach for 
secondary biliary access. Papillary fistulotomy is 
performed by an incision on the mucosa above 
the papillary office by using a needle-knife cath-
eter. The cut is made in distal to proximal direc-
tion, aiming at the papillary apex [40]. The fistula 
can be cannulated into the bile duct with a guide-
wire and sphincterotome, and it can be enlarged 
by cutting the sphincter.

In a small recently published randomized trial 
comparing fistulotomy and conventional cannula-
tion for treatment of CBDS, complication and 
success rates (perforation and pancreatitis) were 
2% and 100% for papillary fistulotomy and 13.7% 
and 75% for conventional cannulation [40]. Thus, 
papillary fistulotomy appears safe and effective 
and should be evaluated in larger trials.

36.6.1.4	 �Large Balloon Dilatation 
of the Papilla

Endoscopic sphincterotomy is associated with 
complications including hemorrhage, retroperito-
neal perforation, cholangitis, pancreatitis, and 
recurrent common bile duct stones [41]. Therefore, 
alternative approaches with lower bleeding risk are 
needed in special patient populations. Endoscopic 
balloon dilatation of the sphincter of Oddi repre-
sents an alternative procedure to remove common 
bile duct stones [41]. However, balloon dilatation is 
not recommended as first-line approach as it was 
reported to have a higher risk for complications 
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than EST (17.9% vs. 3.3%) [42]. A recent meta-
analysis showed that endoscopic sphincterotomy 
plus large balloon dilatation causes fewer overall 
complications than endoscopic sphincterotomy 
alone (OR, 0.53) [43]. Endoscopic sphincterotomy 
plus large balloon dilatation was more effective 
than endoscopic sphincterotomy alone especially 
for removal of large stones >15 mm [43]. Maruta 
et  al. investigated long-term complications in 
patients after endoscopic sphincterotomy vs. large 
balloon dilatation due to common bile duct stones 
[44]. The estimated 1–3-year late complication 
rates were 5–15% and not associated with the type 
of intervention [44].

36.6.2	 �Stone Extraction

36.6.2.1	 �Stone Extraction Balloon
Stone extraction by balloon catheter is a tech-
nique which is suited for extraction of smaller 
CBDS and intrahepatic stones. Larger stones can 
be impacted in the papilla by the balloon tech-
nique. Balloons can also be used for diagnostic 
purposes to localize stones or strictures. The bal-
loon can be used to bring calculi in position for 
other stone extraction techniques.

The stone extraction balloon is mounted at the 
end of a plastic catheter. For stone extraction, the 
catheter is introduced in the distal bile duct, and a 
hydrophilic guidewire is placed in the desired bile 
duct. Then, the deflated balloon catheter is 
advanced over the guidewire so that the balloon is 
placed behind the stone. When the balloon is in the 
right position, it can be inflated by injecting air 
from the outer end of the catheter. The balloon 
diameter should be adapted to the diameter of the 
bile duct. In the next step, the balloon can be pulled 
down though the papilla with the calculi. As the 
diameter of the bile ducts may change, it can be 
necessary to adapt the size of the balloon. Several 
attempts may be necessary as the stone gets fre-
quently lost when the balloon is pulled down.

36.6.2.2	 �Stone Extraction Basket
The standard technique of capturing a stone is to 
use a four-wire basket and advance it upstream of 
the stone [45]. When the catheter with the 
enclosed basket is behind the stone, the basket is 
opened slowly while pulling back the catheter. 

The basket can be moved up and down to capture 
the stone. Once the stone has been drawn, the 
basket can be closed and pulled back to extract 
the stone. This should be done carefully because 
if the stone is grasped too tightly, it may break 
into several fragments.

There are several maneuvers to remove the 
stone from the papilla [45]. The first is to pull 
back the basket catheter through the scope. This 
technique is promising when the stone is not too 
large and the spincteromy is large enough. The 
second is to release the up-angle of the scope and 
to push the scope forward. The third is to turn the 
scope clockwise. Manipulation at the papilla is 
associated with the risk of lacerating the papilla 
and injuring bile duct and pancreas. The risk is 
greatest when the scope is removed with the bas-
ket. This maneuver should be avoided.

If patients have multiple stones, it is necessary 
to insert the extraction device repeatedly to cap-
ture and remove the stones. It is important that 
distal stones are captured first as capture of proxi-
mal stones can lead to impaction of the basket.

If extraction of small stones with the four-wire 
basket is not successful, it can be switched to a 
balloon extraction catheter. An alternate approach 
may be an eight-wire basket which is shaped like 
a net and is superior to the four-wire basket in the 
extraction of small stones [45].

Large stones, especially those larger than 
15 mm, carry the risk of basket impaction. This 
usually happens if the stone diameter exceeds the 
lumen of the papilla. Then the stone cannot be 
extracted in total, and lithotripsy must be per-
formed. Not every basket is suited for lithotripsy. 
Therefore, if larger stones are found in fluoros-
copy, a special reinforced basket suited for litho-
tripsy should be chosen.

36.6.2.3	 �Mechanical Lithotripsy
Bile duct stones greater than 10  mm have a 
decreased incidence of successful endoscopic 
extraction and often require lithotripsy. The stan-
dard procedure for large bile duct stones is 
mechanical lithotripsy. Sufficient endoscopic 
sphincterotomy and/or large balloon dilatation is 
required.

Mechanical lithotripsy requires a special 
device consisting of a reinforced stone extraction 
basket in a metal outer sheath. For lithotripsy, the 
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stone is caught by the basket first. Then, the metal 
sheath is advanced until the trapped stone in the 
basket breaks. The procedure must be done care-
fully to avoid damage of the common bile duct. 
After fragmentation of the stone, the fragments 
can be extracted using standard techniques with 
basket or balloon.

Emergency lithotripsy is necessary when a 
stone has been trapped by a standard basket and 
both cannot be removed though the papilla. Then 
the handle of the basket is cut off and the endo-
scope is removed. A flexible metal sheath is then 
carefully advanced over the remaining cable 
under fluoroscopic control until it reaches the 
basket with the stone. When placing the metal 
sheath, it is important not to apply too much force 
on the papilla and to place the metal sheath so 
that the basket with stone and metal sheath are in 
a straight line. Then the metal sheath can be fur-
ther advanced with a special crushing device 
fixed at the outer end until the stone breaks.

36.6.3	 �Prophylactic Saline Irrigation 
of the Bile Duct to Reduce 
the Rate of Residual Common 
Bile Duct Stones

Recurrent cholangitis due to residual common bile 
duct stone occurs frequently even after endoscopic 
stone removal. Preventive saline irrigation in the 
bile duct after endoscopic removal of CBDS could 
decrease residual CBDS.  A randomized trial 
showed that the incidences of residual CBDS were 
6.8% in patients after preventive saline irrigation 
and 22.7% in the control group [46]. The study 
indicates that routine saline irrigation after endo-
scopic stone removal may be effective and safe to 
reduce residual common bile duct stones [46].

36.6.3.1	 �Stent Placement
Complex biliary stones often cannot be completely 
extracted in a single session [47]. To reduce the 
time of procedure and to reduce disease-associated 
complications, it can be of use to split the 
ERCP. Saito et al. compared ERCP-related compli-
cations between single- and two-stage endoscopic 
stone removal [48]. There was a trend to lower 
complication rates after two-stage ERCP than after 
single-stage ERCP (7.4% vs. 13.2%) [48].

Temporary stent placement can be performed 
before a repeat attempt [49]. The stent ensures 
bile flow, leads to mechanic destruction of the 
stone, and is prophylactic for bleeding. Usually, 
plastic non-self-expandable stents are used. 
However, the volume of biliary drainage with 
these stents may be insufficient. Therefore, mul-
tiple stents may be necessary. Covered self-
expandable stents are larger and have been shown 
to be effective and safe for treatment of complex 
bile stones [47, 49]. Cost-effectiveness of these 
stents should be considered.

36.6.3.2	 �Intraductal Lithotripsy
Intraductal lithotripsy techniques are electrohy-
draulic lithotripsy (EHL) and laser lithotripsy 
[50, 51]. Both techniques are second-line tech-
niques. The most common indication is large 
impacted stones or stones behind a stricture. With 
advanced techniques, clearance can be obtained 
in 99% of patients; however, multiple sessions 
and combinations of different approaches may be 
necessary [51].

EHL is performed with a coaxial bipolar litho-
tripsy probe that is placed in the bile duct nearby 
the stone. The probe is connected with a charge 
unit. Discharging produces sparks which generate 
in aqueous medium high-frequency hydraulic 
pressure waves which in turn lead to fragmenta-
tion of the stone. Continuous irrigation of saline is 
necessary during the procedure. Accidental appli-
cation of the shock waves to the bile duct wall 
may lead to perforation. Therefore, the procedure 
should be performed by using centering balloons 
or if available by direct cholangioscopy.

In laser lithotripsy, a pulsed laser is used to 
induce high power density shock waves for frag-
mentation of the stone. The technique can be 
applied peroral under fluoroscopic or cholangio-
scopic guidance or by transhepatic approach.

36.6.4	 �Cholangioscopy 
with Lithotripsy

If standard mechanical lithotripsy fails, cholan-
gioscopy guided lithotripsy is an adjunct [50–
56]. The difficulty of cholangioscopy is the 
access to the bile duct. Peroral cholangioscopy 
(POCS) can be performed by introducing an 
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ultrathin videoendoscope in the bile duct [57]. 
The maneuver is difficult to perform and limited 
by the flexibility of the scope and the diameter of 
the bile duct. Another approach is mother-baby 
cholangioscopy which is performed with a min-
iaturized baby single-use endoscope that is 
advanced through the working channel of the 
duodenoscope like a standard catheter [52]. The 
baby endoscope has four-way steerability. 
Through the working channel, laser or electrohy-
draulic lithotripsy can be performed. Costs, fra-
gility, and a small working channel are limitations 
of this technique. A large endoscopic sphincter-
otomy is the prerequisite for introduction of the 
cholangioscope. Cholangioscopy is difficult to 
perform in patients with surgically altered anat-
omy, a periampullary diverticulum, or a sigmoid-
shaped common bile duct [50].

A major advantage of cholangioscopy is that 
guided lithotripsy is possible and strictures can 
be evaluated [55]. The success rate for complete 
bile duct stone removal is 91–95% [52, 53]. 
However, repeated procedures may be necessary 
to achieve final stone clearance [52]. Cholangitis 
is the most common complication of cholangios-
copy which can be reduced by antibiotic prophy-
laxis [52].

Peroral transluminal cholangioscopy is a 
novel and advanced technique in which cholan-
gioscopy is performed through a fistula between 
the intrahepatic bile duct and the stomach or 
intestine [50]. In a pilot study, electrohydraulic 
lithotripsy by ERC guided cholangioscopy or by 
peroral transluminal cholangioscopy demon-
strated a complete stone extraction rate of 98% 
[50]. Cholangitis and pancreatitis occurred in 
14% of treated patients [50].

36.6.5	 �Extracorporeal Shock Wave 
Lithotripsy (ESWL)

ESWL utilizes electrohydraulic or electromag-
netic energy generated outside the body to frag-
ment gallstones. ESWL is usually performed 
under US or fluoroscopic guidance. For fluoro-
scopic identification and targeting of the gall-
stones, insertion of a nasobiliary drain is required. 

In general, patients are sedated and receive anti-
biotic prophylaxis for the treatment.

Successful clearance can be achieved in 
60–90% of patients [58].

36.6.6	 �Percutaneous Transhepatic 
Cholangiography (PTC)

In case of severe cholestasis and frustrating endos-
copy, PTC can be performed as an alternative [59]. 
Complications of PTCD (bleeding, pneumotho-
rax, perforation) are more frequent than complica-
tions from  ERCP.  Small calculi can be pushed 
forward through the papilla [45]. As this maneu-
ver may damage the papilla, balloon dilatation 
should be performed before stone extraction [60]. 
Larger stones require lithotripsy. If extraction is 
not possible, placement of a drainage can be per-
formed [61]. The drainage restores the bile flow 
and may lead to fragmentation of the stone. Stone 
extraction can be successful in a second attempt. 
The percutaneous route can also be used to 
introduce a thin videoendoscope to perform 
cholangioscopy with Laser-based  lithotripsy or 
electrohydraulic lithitripsy [62].

36.6.6.1	 Cholecysto-Choledocholithiasis
The currently most widespread method for treat-
ment of cholecysto-choledocholithiasis is a two-
step approach by performing an ERCP first and a 
laparoscopic cholecystectomy later [31]. Surgical 
bile duct revision is an alternative therapy for com-
mon bile duct stones when endoscopic procedures 
including cholangioscopy fail [52]. Progress in 
laparoscopic surgery made it possible to treat cho-
lecysto-choledocholithiasis by a single-stage 
approach with similar efficacy, mortality, and mor-
bidity to a double-stage procedure [31, 63]. The 
single-stage approach has not been standardized 
and presents various technical options with vary-
ing degrees of complexity from the technological 
and manual standpoint [31]. A complete clearance 
of the bile duct via laparoscopic approach in a 
single session can be obtained by trans-cystic lapa-
roscopic bile duct clearance, laparoscopic com-
mon bile duct exploration, or rendezvous 
intraoperative endoscopic retrograde cholangiog-
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raphy [31]. Trans-cystic treatment is the simplest 
approach. However, this method is limited in case 
of large stones or papillary stenosis [31]. A recent 
meta-analysis including 13 studies with overall 
1757 patients indicated that laparoscopic common 
bile duct exploration and laparoscopic cholecys-
tectomy were superior to preoperative endoscopic 
sphincterotomy and cholecystectomy with respect 
to CBDS clearance (94% vs. 90%) and periopera-
tive complications (7.6% vs. 12.0%) [64]. 
Laparoscopic common bile duct exploration and 
rendezvous intraoperative endoscopic retrograde 
cholangiography are more time consuming and 
are technically more difficult. The rendezvous 
approach requires the presence of the endoscopist. 
Subsequent studies should indicate the predictive 
parameters in order to choose the best option for a 
truly personalized surgery [31].
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Intrahepatic Stones

Bernd Kronenberger

37.1	 �Introduction

Hepatolithiasis is defined as the presence of bili-
ary stones proximal to the confluence of the left 
and/or right hepatic ducts [1]. Intrahepatic 
stones may long be asymptomatic. Symptoms 
occur in association with complications. The 
most common symptoms are abdominal pain, 
colics, jaundice, and fever. The main risk factors 
for hepatolithiasis are cholestasis, infections (by 
bacteria or intrahepatic parasites), and anatomic 
abnormalities of the bile duct [1]. Anastomotic 
strictures, sclerosing cholangitis, congenital 
choledochal cysts, and Caroli’s disease support 
hepatolithiasis [1, 2]. The characteristic fea-
tures  of hepatolithiasis such as  stones, inflam-
mation, and strictures influence each other and 
aggravate the disease [1]. The prognosis is 
determined by acute and chronic complications. 
Ascending infections are the most frequent 
acute complication. Chronic complications 
include secondary biliary cirrhosis, segmental 
or lobar atrophy, liver abscess, and cholangio-
carcinoma [1, 3, 4]. Endoscopic treatments 
involve percutaneous transhepatic cholangio-
scopic lithotripsy, peroral cholangioscopy, and 
endoscopic retrograde cholangiopancreatogra-

phy (ERCP) [1, 3–6]. The surgical treatment 
includes hepatic resection, reconstruction of 
bile duct stricture, and liver transplantation [1].

37.2	 �Diagnosis

Transabdominal ultrasound should  be the first 
diagnostic approach in case of suspecting hepato-
lithiasis. It can identify bile ducts that are 
obstructed by calcified and non-calcified intrahe-
patic bile stones. If stones are not visible by trans-
abdominal ultrasound, and to visualize the whole 
of the biliary tree, magnetic resonance cholangio-
pancreatography (MRCP) should be the next step. 
MRCP achieves a sensitivity of 97% for hepatoli-
thiasis and can reliably detect bile duct strictures 
as well as lesions proximal to the obstruction and 
outside of the bile ducts [3]. In computed tomog-
raphy (CT), dilated ducts and strictures and liver 
abscesses can be demonstrated, while stones are 
often not directly visible [3]. ERCP is invasive 
and shows an inferior sensitivity (59%) for the 
detection of intrahepatic stones [3]. Endoscopic 
ultrasound can also be used to detect intrahepatic 
stones [5]. Intrahepatic bile duct stones frequently 
cause difficulties in diagnosing concomitant chol-
angiocarcinomas. As hepatolithiasis frequently 
occurs in association with stones in the gallblad-
der and with common bile duct stones, similar 
diagnostic evaluations as for common bile duct 
stones should be performed.
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37.3	 �Treatment

Symptomatic patients and patients with compli-
cations have a strong indication for treatment. In 
asymptomatic patients, watchful waiting may 
be more appropriate [3]. The primary treatment 
focus is restoration of bile drainage. Stones 
should be removed and strictures dilated [4]. The 
access to intrahepatic stones is more difficult 
than that to common bile duct stones and may 
require a multidisciplinary approach.

37.3.1	 �ERCP

ERCP can only be successful if the bile duct is 
not completely occluded by bile stones or by 
strictures. As the sensitivity for detection of hep-
atolithiasis is limited by ERCP, previous  local-
ization of the affected bile ducts by  means of 
imaging is necessary. After endoscopic sphinc-
terotomy, a hydrophilic guidewire should be 
inserted into the desired duct behind the stone 
under fluoroscopic control. Then, a balloon cath-
eter or a basket can be maneuvered behind the 
stone, and if this procedure is successful, the 
stone can be extracted. However, frustrating 
attempts to extract the stone may cause further 
impaction of the stone and deterioration of the 
patient’s condition. If strictures are detected, dil-
atation should be performed. Stenting may be 
considered to prevent restenosis.

37.3.2	 �Cholangioscopy

Peroral cholangioscopy can be performed either by 
mother-baby technique with a baby cholangioscope 
that is advanced through the working channel of the 
duodenoscope (mother-baby Peroral cholangios-
copy (POC)) or via direct retrograde videocholan-
gioscopy by insertion of a small-diameter endoscope 
(5–6 mm) directly into the bile duct (direct retro-
grade video-cholangioscopy) [7]. Peroral cholan-
gioscopy (POC) offers several options for stone 
extraction under endoscopy guidance. Small stones 
can be mobilized by irrigation and suction. 
Manipulation with forceps or baskets may also be 
useful to extract stones. Large stones may be 

destructed by laser or electrohydraulic therapy. The 
major problem with this technique is to achieve a 
sufficient stability in advancement of the cholangio-
scope. POC lithotripsy of hepatolithiasis showed a 
success rate of 64% [8].

If the transpapillary route is not successful, 
percutaneous transhepatic cholangioscopy can be 
performed. However, prerequisite of this tech-
nique is percutaneous drainage of the affected 
bile duct. For percutaneous cholangioscopic lith-
otripsy, complete stone removal rates of 80–85% 
have been reported [3]. Postoperative cholangios-
copy via the T-tube sinus tract is an option for 
patients with hepatolithiasis after cholecystec-
tomy with high success rates in the order of 
60–90% [4].

37.3.3	 �Endoscopic Ultrasound-
Guided Drainage

Difficult to access bile ducts can be punctured 
with a fine-needle-aspiration needle from the 
upper gastrointestinal tract under EUS guidance 
[9]. Through the needle, a guidewire can be 
placed in the duodenum, and biliary cannulation 
can be attempted. EUS-guided puncture of the 
bile duct can be performed from the duodenal 
bulb. The left intrahepatic bile ducts are accessi-
ble from the stomach. Success rates in the order 
of 80–95% and adverse events in the order of 
15% were reported for this procedure [9].

37.3.4	 �Extracorporeal Shock Wave 
Lithotripsy (ESWL)

Bile duct stones which cannot be removed endo-
scopically can be fragmented by ESWL.  The 
method was shown to be applicable in patients 
with intrahepatic stones [6]. The method should 
be combined with other stone extraction proce-
dures such as ERCP.

37.3.5	 �Surgical Treatment

Hepatectomy is the most invasive approach for 
treatment of hepatolithiasis. The advantage of 
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hepatectomy is that stones and lesions are 
removed simultaneously. Surgical resection 
should be considered in severe, refractory cases 
with unilateral diseased hepatic lobes or seg-
ments with atrophy, fibrosis, cirrhosis, or 
refractory cholangitis [4, 10]. Hepatectomy is 
not suitable in patients with bilateral and dif-
fuse intrahepatic stone disease. Stone clearance 
rates higher than 80% and fewer recurrence 
rates compared with endoscopic modalities can 
be achieved [3]. Intraoperative exploration of 
the bile ducts during hepatectomy can be 
applied to identify and remove further 
stones [10].
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Acute Cholangitis

Bernd Kronenberger

38.1	 �Introduction

Acute cholangitis is a severe complication of bili-
ary obstruction. The most common cause of chol-
angitis is common bile duct stones (CBDS); less 
common causes are benign biliary strictures and 
neoplasms. Cholangitis is a potentially life-
threatening condition when it progresses to sep-
sis and multiple organ failure [1]. For optimal 
management, early diagnosis and immediate 
treatment with antibiotics and biliary drainage 
are mandatory [1, 2].

38.2	 �Symptoms

Cholangitis must be suspected in patients with 
biliary obstruction and symptoms of infection. 
The typical clinical presentation is abdominal 
pain, fever, and jaundice (Charcot’s triad). Fever 
is present in most patients with cholangitis 
(90%), while jaundice is observed in 60–70% 
only [1]. Abdominal pain may be the single 
symptom; however, it may also be missing. 
Furthermore, abdominal pain is not specific for 
cholangitis because pain is also a typical symp-
tom of cholecystitis. Especially in elderly or in 

immunocompromised patients, typical clinical 
criteria may be missing.

38.3	 �Diagnosis of Cholangitis

The Charcot’s triad has a strong specificity 
(95.9%) but poor sensitivity (26.4%) for cholan-
gitis. Thus, the presence of Charcot’s triad 
strongly suggests acute cholangitis; however, if 
the criteria are not fulfilled, cholangitis cannot be 
ruled out [1, 3]. Therefore, additional criteria are 
necessary.

The diagnosis of cholangitis relies on the pres-
ence of infection/inflammation on the one hand 
and biliary obstruction on the other hand. The 
evaluation of patients with suspected cholangitis 
starts with a profound clinical examination with 
focus on assessment of the level of conscious-
ness, of yellowing of the conjunctiva, and of 
abdominal pain [4]. Vital signs such as blood 
pressure, heart rate, and body temperature must 
be determined [4].

Laboratory parameters for infection/inflam-
mation such as leukocyte count, CRP, and/or pro-
calcitonin should be determined as well as liver 
function parameters such as alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), 
gamma-glutamyl transferase (GGT), alkaline 
phosphatase (ALP), and bilirubin [4]. 
Furthermore, a transabdominal ultrasound should 
be performed. If the diagnosis is unclear, com-
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puted tomography (CT) or magnetic resonance 
imaging (MRI)/magnetic resonance cholangio-
pancreatography (MRCP) should be considered. 
The performance of the different diagnostic 
approaches for CBDS and cholestasis is described 
in detail in the respective chapter.

A risk stratification for the probability of chol-
angitis can be performed according to the Tokyo 
guidelines (TG18/13). The guidelines report a 
diagnostic algorithm including clinical signs and 
laboratory and imaging criteria for infection and 
cholestasis to predict acute cholangitis 
(Table 38.1) [1]. Validation of the TG18/13 crite-
ria showed a high sensitivity (87.6%) and speci-
ficity (77.7%) for acute cholangitis [1]. The 
algorithm can be used for risk stratification and 
management of acute cholangitis [3].

If acute cholangitis is suspected but criteria 
are not fulfilled, a diagnostic reassessment every 
6–12 h should be performed until a diagnosis is 
reached [5].

38.4	 �Initial Management

First-line treatment includes general supportive 
measures including adequate intravenous hydra-
tion and empiric antibiotic treatment [4]. The 

need for biliary drainage depends on severity of 
cholangitis. Assessment of the severity of cholan-
gitis is also described in the Tokyo guidelines. 
The stratification mainly depends on signs of 
sepsis with organ dysfunction (Table 38.2) [1].

38.4.1	 �Grade III (Severe Acute 
Cholangitis)

Severe acute cholangitis is defined as cholangitis 
with sepsis induced-organ failure. Grade III chol-
angitis is present when any one of the following 
criteria is met: cardiovascular dysfunction, neu-
rological dysfunction, respiratory dysfunction, 
renal dysfunction, or hematological dysfunction 
[4]. Grade III cholangitis is a life-threatening 
condition which requires immediate appropriate 
respiratory and circulatory management. Tracheal 
intubation and artificial ventilation and catechol-
amines may be necessary. Antibiotic treatment is 
urgent. Biliary drainage is urgent and should be 
performed as soon as possible after the patient’s 
condition has been improved by initial treatment 
[4]. If the patient is not stable for endoscopic ret-
rograde cholangiopancreatography (ERCP), per-

Table 38.1  TG18/TG13 diagnostic criteria for acute 
cholangitis

A. Systemic inflammation
A-1 Fever >38 °C and/or shaking chills
A-2 Laboratory data: evidence of inflammatory 

response
WBC count <4000 or >10,000/μL or 
CRP ≥ 1 mg/dL

B. Cholestasis
B-1 Jaundice (bilirubin ≥2 mg/dL)
B-2 Laboratory data: abnormal liver function tests 

(ALT, AST, GGT, ALP > 1.5XSTD)
C. Imaging
C-1 Biliary dilatation
C-2 Evidence of the etiology on imaging (stricture, 

stone, stent, etc.)

Modified according to [1]
Suspected diagnosis: one item in A plus one item in either 
B or C
Definite diagnosis: one item in A, one item in B, and one 
item in C

Table 38.2  Severity assessment criteria for acute 
cholangitis

Grade III (severe) acute cholangitis (at least one 
condition)
 � Cardiovascular dysfunction: hypotension requiring 

dopamine ≥5 μg/kg per min or any dose of 
norepinephrine

 � Neurological dysfunction: disturbance of 
consciousness

 � Respiratory dysfunction: PaO2/FiO2 ratio <300
 � Renal dysfunction: PT-INR >1.5
 � Hematological dysfunction: platelet count  

<100,000/mm3

Grade II (moderate) acute cholangitis (at least two 
conditions)
 � Abnormal WBC count (>12,000/mm3, <4000/mm3)
 � High fever (≥29 °C)
 � Age (≥75 years)
 � Hyperbilirubinemia (total bilirubin ≥5 mg/dL)
 � Hypoalbuminemia (<STD × 0.73)
Grade I (mild) acute cholangitis
 � Not grade II or grade III

Modified according to [1]
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cutaneous transhepatic biliary drainage could be 
performed as an alternative in some cases [4].

38.4.2	 �Grade II (Moderate Acute 
Cholangitis)

Moderate cholangitis is present if at least two of 
the following criteria are fulfilled: WBC ≥12,000 
or <4000, temperature ≥39  °C, age ≥75 years, 
total bilirubin ≥5 mg/dL, or albumin <lower limit 
of normal  (×  0.73). Moderate acute cholangitis 
requires early biliary drainage.

38.4.3	 �Grade I (Mild Acute 
Cholangitis)

Patients with mild cholangitis do not meet the 
criteria for grade II and III cholangitis. Empiric 
antibiotic treatment and general supportive care 
are sufficient. Most patients do not require biliary 
drainage [4]. Biliary drainage should be consid-
ered in patients who do not respond to initial 
therapy [4].

38.5	 �Antimicrobial Therapy [6]

Antibiotic treatment is the mainstay of treatment 
for patients with cholangitis. A large spectrum of 
bacteria including gram-negative (Escherichia 
coli, Klebsiella spp., Pseudomonas spp., 
Enterobacter spp., Acinetobacter spp., 
Citrobacter spp.), gram-positive microorganisms 
(Enterococcus spp., Streptococcus spp., 
Staphylococcus spp.) and anaerobes can be found 
in the bile [6, 7]. Blood cultures should be 
obtained before starting antibiotic treatment [6]. 
At the beginning of any procedure, bile cultures 
should be performed [6]. Bile cultures are more 
often positive than blood culture and frequently 
reveal a polymicrobial content [7]. Antibiotics 
for empiric therapy should be chosen according 
to the local resistance patterns and the severity of 
the cholangitis. Due to the polymicrobial content 
of infected bile, broad-spectrum antibiotics cov-

ering aerobic gram-negative and anaerobic bacte-
ria should be chosen at initial therapy. Antibiotic 
treatment should be adapted when results from 
bile and blood cultures are available [7]. For 
grade III acute cholangitis, agents with anti-
pseudomonal activity are recommended as 
empirical therapy [6]. Once the source of infec-
tion is controlled, antimicrobial therapy should 
be maintained for 4–7 days [6].

38.6	 �Biliary Decompression

As described in the previous chapter about com-
mon bile duct stones (CBDS), several methods 
for biliary decompression exist. ERCP is less 
invasive than surgical methods and percutaneous 
drainage and comes along with a better outcome 
[8]. Therefore, ERCP should be the first choice 
for treatment of biliary obstruction in patients 
with cholangitis [8]. Empiric antibiotic treatment 
should start before endoscopy, and stabilization 
of the patients, especially those with severe chol-
angitis, is mandatory. Patients with severe grade 
III cholangitis should receive intervention within 
12 h if they are stable. The greatest benefit from 
early biliary decompression within 24 h seems to 
have patients with moderate grade II cholangitis 
because decompression may stop progression to 
grade III cholangitis [6].

The primary goal of endoscopic treatment of 
cholangitis is biliary decompression which can 
be achieved by biliary stenting or nasobiliary 
drainage with equal efficacy [8]. To reduce the 
risk of bleeding, endoscopic sphincterotomy can 
also be avoided [8]. If CBDS are present, 
removal can be performed in a single session if 
the extraction is uncomplicated and patients are 
in a hemodynamic stable condition. In patients 
with severe cholangitis or in patients with diffi-
cult stones, removal should be performed in a 
second session after drainage [8]. If treatment by 
ERCP is not possible, percutaneous transhepatic 
drainage and endoscopic ultrasonography-
guided drainage are alternative options [8]. 
Those treatment options are described in the 
respective chapter.

38  Acute Cholangitis
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Papillectomy: Clinical Results

Alberto Mariani

Adenoma is the most common benign ampullary 
lesion and clinically most important because of 
its potential to undergo malignant transformation 
to ampullary cancer. Adenocarcinoma is the most 
common malignant ampullary lesion, the others 
mainly being neuroendocrine carcinoma, signet 
ring cell carcinoma, and some metastatic neo-
plasms, such as melanoma and lymphoma. While 
the standard treatment of ampullary carcinoid 
tumor and high-grade neuroendocrine carcinoma 
is surgery, that of an ampullary adenoma is more 
and more frequently endoscopy, also because of 
its early and increased detection by routine 
screening endoscopic procedures and advanced 
imaging modalities.

The goal of endoscopic papillectomy (EP) is 
to achieve complete resection of ampullary neo-
plasms. The complete resection is the only 
method of ascertaining that an ampullary ade-
noma does not harbor undetected foci of carci-
noma. To reach this goal, a careful selection of 
patients in referral centers with expertise in endo-
scopic retrograde cholangiopancreatography 
(ERCP) is a crucial issue. No specific guidelines 
about the management of EP are available.

39.1	 �Indications

Standardized indications for EP are not yet well 
established [1–4].

–– EP is considered as the procedure of choice 
for the curative treatment of ampullary ade-
noma without evidence of intraductal involve-
ment. Endoscopic characteristics of a benign 
lesion generally include well-defined and not 
friable margins, absence of ulcerations, and 
soft consistency.

–– EP may be considered as a curative treatment 
in case of ampullary adenoma with high-grade 
intraepithelial dysplasia or well-differentiated 
in situ tumor (Tis).

–– EP may be indicated in patients with intramu-
cosal cancer (T1 cancer confined to mucosa) 
and/or intraductal involvement who are unfit 
for surgery or refuse surgery, making it clear 
that radical surgery is the only curative treat-
ment for these patients.

39.2	 �Contraindications

–– Absolute contraindications to EP are metasta-
ses, invasive cancer beyond the mucosa 
(increased risk of metastatic lymph nodes), 
and intraductal extension ≥1 cm [5, 6].

–– Relative contraindications are tumor size 
≥4  cm, T1 cancer confined to mucosa, 
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intraductal extension <1 cm, poor patient com-
pliance to follow-up, and no ERCP expertise.

Preoperative assessment of tumor depth (T 
staging) by using abdominal endoscopic ultra-
sound (EUS) and/or computed tomography (CT) 
is needed to decide between endoscopic and sur-
gical resection.

Figures 39.1, 39.2, 39.3, and 39.4 show endo-
scopic images of some papillary lesions with 
their indication for EP.

39.3	 �Clinical Results

Most of the published studies evaluating the 
results of EP for the treatment of papillary tumors 
are referred to retrospective small and single cen-
ter series [4]. In Table  39.1, the results of pro-
spective and the largest retrospective published 
series are reported [3, 6–13]. Overall success rate 
is 85%, ranging from 73 to 100%. Overall recur-
rence rate of ampullary adenoma is equal to 14%, 
ranging from 5.4 to 29.8%. The wide range of the 
reported success depends on the heterogeneity in 
study design, inclusion criteria, techniques, and, 
not least, the definition of success. Some authors 
define success at the time of first treatment in 
presence of a complete excision of the lesion on 
visual inspection; others define success as the 
absence of recurrence on follow-up. Anyway it 
may be difficult to assess whether the tumor has 
been completely removed or not, because of pos-
sible coagulation artifacts at its lateral margins or 
of difficulties to detect its intraductal ingrowth. 
This is a reason for an appropriate surveillance 
endoscopy. When the ampullary adenoma is a 
part of familial adenomatous polyposis (FAP), 

Fig. 39.1  Endoscopic images showing lesions at the 
papilla in patients previously evaluated by using abdomi-
nal CT and EUS to provide indication for endoscopic pap-
illectomy (EP)—adenoma with low-grade dysplasia for 
which EP was a curative treatment. At the time of EP, the 
histological examination of the resected tissue showed no 
signs of carcinoma and negative resection margins

a b

Fig. 39.2  Endoscopic images showing lesions at the 
papilla in patients previously evaluated by using abdomi-
nal CT and EUS to provide indication for endoscopic pap-

illectomy (EP)—(a) Adenoma with high-grade dysplasia; 
(b) papillectomy which was a curative treatment: at 5 
years of follow-up, no residual tumor was detected
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the indication for EP remains controversial 
because the complete excision of the tumor may 
not eliminate the risk of recurrence; therefore, 
some authors suggest the simple endoscopic sur-
veillance with biopsies only. Such an approach 
has the advantage of avoiding the risks of EP but 
the limitations of underestimating foci of high-
grade dysplasia or carcinoma.

In a recent retrospective monocenter series 
[13], 110 consecutive patients underwent EP 
between 2000 and 2017 and were followed-up for 
a mean of 31.6 months (range 1–108) scheduling 
endoscopic re-evaluation at 1, 3, 6, and 12 months 
after EP for the first year and yearly for the fol-
lowing 5 years. Indications were dysplasia in 
57.2% of cases, focal or intramucosal adenocarci-
noma in 37.4%, and neuroendocrine tumor in 
5.4%. 77.3% of these patients were submitted to 
en bloc resection and 22.7% to piecemeal resec-
tion. Complications were observed in 22 patients 
(20% of cases): delayed bleeding in 19 (17.3%) 
and retroperitoneal perforation in three (2.7%), all 
of which were successfully treated by surgical or 
percutaneous drainage. Forty-seven patients 
(42.7%) had residual (29.8%) or recurrent (20.2%) 
adenomas successfully retreated by endoscopy in 
43 and surgery in four.

There are some factors that affect the success 
rate. Predictors of long-term success on multi-
variate analysis include patient age >48 years, 
lesion size ≤24  mm, male sex, and absence of 
polyposis syndrome [7]. Absence of dilated ducts 
may predict clinical success [9]; the presence of 
intraductal adenoma growth may predict clinical 
failure and greater need for surgery [6]. Failure to 
achieve a cleavage plane with submucosal 
injection has been shown as the strongest predic-
tor of malignancy [8]. Risk factors for recurrence 
include high-grade dysplasia and, also if not fully 
demonstrated, larger lesion size (>24 mm) [9, 14] 
which are more likely to be incompletely excised 
at the initial endoscopic procedure. Pancreato-
biliary histologic subtype is an adverse prognos-
tic factor [15].

39.4	 �Results in Relation to EP 
Techniques

En bloc resection ought to be the preferable EP 
technique compared to piecemeal because it may 
provide a complete tissue sample with clear mar-
gins for precise histopathologic evaluation and in 
a shorter procedure time. Piecemeal resection is 
usually limited to larger and more sessile lesions 
which are theoretically at higher risk of incom-

Fig. 39.3  Endoscopic images showing lesions at the 
papilla in patients previously evaluated by using abdomi-
nal CT and EUS to provide indication for endoscopic pap-
illectomy (EP)—adenoma with low-grade dysplasia 
associated with a large laterally spreading tumor of the 
second portion of the duodenum cured by EP and piece-
meal mucosectomy, respectively

Fig. 39.4  Endoscopic images showing lesions at the 
papilla in patients previously evaluated by using abdomi-
nal CT and EUS to provide indication for endoscopic pap-
illectomy (EP)—intramucosal cancer for which EP was 
performed in a patient who was unfit for surgery
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plete resection and consequently higher 
recurrences. In the only published comparative 
series [16], 81 patients with ampullary adenomas 
and 44 with laterally spreading lesions of the 
papilla of Vater (LSL-P) were resected endoscop-
ically over 9 years. LSL-P had comparable out-
comes to standard papillectomy (similar 
recurrence at first surveillance: 16.4% vs. 17.9%), 
despite higher rates of intra-procedural and 
delayed bleeding (Table 39.2). At the first follow-
up evaluation, histologically proven recurrence 
was associated with piecemeal resection 
(P  =  0.02) and number of resected specimens 
(P = 0.02) but not with lesion size.

Whether or not submucosal injection of a 
diluted epinephrine solution should be used to lift 

ampullary tumors during endoscopic snare papil-
lectomy is unclear. In a prospective multicenter 
study, 50 patients with biopsy-proven papillary 
adenomas were randomized to undergo either 
simple snare papillectomy (SSP) or submucosal 
injection papillectomy (SIP) using 1:10,000 
diluted epinephrine [17]. Complete resection 
rates in the SSP and SIP groups were 80.8% 
(21/26) and 50.0% (12/24), respectively 
(P = 0.02). However, rates of tumor persistence at 
1 month (15.4% vs. 8.3%, P = 0.62), recurrence 
at 12 months (12.0% vs. 9.5%, P  =  0.58), and 
adverse events, such as bleeding (42.3% vs. 
45.8%, P  =  0.80), were similar. According to 
these results, SSP may be a simpler and primarily 
recommendable technique.

Table 39.1  Outcome of papillectomy in prospective or large sample size retrospective studies

References Design
No. of 
patients

FAP 
%

Success 
% Recurrence %

Need for 
surgery %

Follow-up mean 
months (range)

Catalano et al. [7] Retrospective 
Multicenter

103 31 83 10 16 36 (12–78)

Kahaleh et al. [8] Prospective Single 
center?

56 a 86 nr a a

Bohnacker et al. [6] Prospective Single 
center

106 5 73 15 9 40 (22–174)

Irani et al. [9] Retrospective  
Single center

102 22 84 8 16 32 (2–68)b; 48 
(3–88)c

Salmi et al. [3] Prospective Single 
center

61 10 82 8.8 8.2 36

Onkendy et al. [10] Retrospective 
Single centerd

130 42 a 29 7 52

Napoleon et al. [11] Prospective 
Multicenter

93 21 81 5.4 5.4 33 (1–36)

Kang et al. [12] Retrospective 
Multicenter

104 a 89.4 6.7 7.7 44.2 (6–90)

Valerij et al. [13] Retrospective 
Single centere

110 25 100 29.8 11 31.6 (1–108)

Klein et al. [18] Retrospective 
Single center

125 11.2 97.6 17 (at first 
surveillance)

6.4 29 (18–48)f

Total 990
Mean 86.2 14.4 9.6 38
Range 73–100 5.4–29.8 5.4–16 1–174

aNot reported
bSporadic
cFAP (familial adenomatous polyposis)
dComparison of endoscopy and surgery
eAbstract
fMedian and interquartile range
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39.5	 �Adverse Events

Adverse events reported in prospective and large 
retrospective series are shown in Table  39.2. 
According to these series, the overall adverse 
events rate is about 22%, ranging from 10 to 35%. 
The mortality rate is very low, averaging 0.4% 
(range from 0 to 2%). The most frequent adverse 
events are bleeding and pancreatitis. Underlying 
malignancy and lateral extension have been 
reported as possible risk factors for bleeding and 
perforation, respectively [9]. Immediate bleeding 
can be stopped by epinephrine injection, electro-
cautery, or clip placement, while delayed bleeding 
may require blood transfusion. The release of 
clips through a duodenoscope is technically chal-
lenging and requires the correct use of the eleva-
tor for a proper positioning. Caution has to be 
given to the site of clips’ release, avoiding the 
occlusion of the biliary and/or pancreatic orifice.

The overall rate of pancreatitis is about 10% so 
that EP can be considered a high-risk procedure 

for such a complication, despite most cases being 
mild. It is difficult to establish whether pancreati-
tis results from resection, the electrocautery set-
ting, or intraprocedural manipulations, including 
sphincterotomy, stenting, and potential additional 
ablation. As shown in Table 39.3, from most of 
the studies, rates of pancreatitis were lower in 
patients with pancreatic stent in place than in 
those without. It is useful to mention that the pres-
ence of pancreas divisum makes the prophylactic 
pancreatic stent placement unnecessary.

In the only randomized, controlled trial that 
evaluated the protective effect of pancreatic 
stents, placed immediately after EP without pan-
creatic sphincterotomy [18], the rate of pancreati-
tis was significantly lower in the stent group (0 
vs. 33 %, P = 0.02). However, the positive results 
of this study could be limited by the fact that a 
single additional pancreatitis in the stent group 
would have significantly modified the effective-
ness of the stenting. In a French large prospective 
multicenter study [11], the effectiveness of pro-

Table 39.3  Rates of pancreatitis according to the placement of pancreatic stent in patients undergoing papillectomy

References Design
Patients 
no.

Pancreatitis no. 
(%)

Pancreatic 
stent %

No pancreatic  
stent %

P 
value

Catalano et al. 
[7]

Retrospective 
Multicenter

103 5 (5) 3 17 ns

Kahaleh et al. 
[8]

Prospective Single 
center

56 4 (7) 75 2 ns

Bohnacker et al. 
[6]

Prospective Single 
center

106 13 (6) 11 14 ns

Irani et al. [9] Retrospective  Single 
center

102 10 (10) 10 13 ns

Salmi et al. [3] Prospective Single 
center

61 6 (10) 3 20 <0.05

Onkendy et al. 
[10]

Retrospective Single 
centera

130 19 (14.6) 63 6 b

Napoleon et al. 
[11]

Prospective 
Multicenter

93 22 (20) 14 25 =0.046

Kang et al. [12] Retrospective 
Multicenter

104 16 (15.4) 20 9.1 ns

Valerij et al. 
[13]

Retrospective Single 
centerc

110 0 b b b

Klein et al. [18] Retrospective  Single 
center

125 9 (7.2) 6.6 13.3 ns

Total 990
Mean 104 (10.5)
Range % 0–15.4

ns not significant
aComparison of endoscopy and surgery
bNot reported
cAbstract
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phylactic pancreatic stenting after EP was con-
firmed by a significantly lower rate of acute 
pancreatitis in the stent group (14% vs. 25%). 
The duration of pancreatic stenting ranges from 
24 h to 3 months [4]: a short stent duration (from 
1 to 3 days) minimizes stent-induced ductal 
changes. Both the 5-F stent and the 3-F stent have 
similar spontaneous passage at 2 weeks; how-
ever, the former has the advantage of an easier 
and faster placement [19].

Although further data is needed, the use of 
prophylactic pancreatic stenting after EP should 
be suggested to reduce the incidence of post-
procedural pancreatitis and papillary stenosis as 
well [20]. Whether rectal nonsteroidal anti-
inflammatory drugs (NSAIDs) alone or in addi-
tion to pancreatic stenting has a better prophylactic 
effect is still to be evaluated.

However, when immediately at the end of 
papillectomy the pancreatic orifice remains well 
visible, the placement of a pancreatic stent may 
be avoided. Similar considerations can be given 
for the prevention or reduction of the risk of pap-
illary stenosis which is a late complication of 
EP. Some investigators advocate routinely plac-
ing pancreatic stent [6, 7, 9, 21], but others sug-
gest its selected use only in cases of delayed 
pancreatic drainage after EP [8, 22]. Similarly, a 
systematic use of prophylactic biliary stenting to 
reduce the risk of cholangitis and of biliary stric-
ture is usually considered unnecessary, except in 
cases of suspected inadequate biliary drainage 
(sphincterotomy plus stenting) [20]. Some 
experts also perform biliary stent placement 
when there is a concern for microperforation 
after resection.

Figures 39.5, 39.6, and 39.7 show the endo-
scopic view of hemostatic treatments of post-EP 
bleeding.

39.6	 �Surveillance for Residual or 
Recurrent Neoplastic Tissue

It is not always possible to establish the differ-
ence between residual and recurrent neoplastic 
tissue. The detection of a worse histology in a 
short follow-up period is, for example, more sus-

picious for residual than recurrent tumor. The 
optimal strategy for post-EP surveillance is 
unknown. The surveillance intervals are not stan-
dardized and can be related to the degree of dys-
plasia, estimate of resection completeness, and 
evidence of intraductal involvement. Some 
authors suggest a first endoscopic re-evaluation 
at 1–6 months after the index procedure followed 
by intervals of 3–12 months during at least 2 
years [20]. Endoscopic surveillance program is 
needed to ensure complete tissue removal and to 
assess for disease recurrence. As reported in 

Fig. 39.5  Treatment of post-EP bleeding—after en bloc 
resection, two hemoclips were applied for bleeding 
control

Fig. 39.6  Treatment of post-EP bleeding—hemostasis 
after placement of one hemoclip in a patient with bleeding 
the day after EP and with prophylactic pancreatic stent in 
place
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ASGE guidelines on the role of endoscopy in 
ampullary and duodenal adenomas [20], some 
authors recommend a post-resection surveillance 
strategy for sporadic (non-FAP) ampullary pol-
yps similar to that used for patients with colon 
polyps treated with piecemeal resection.

As shown in Table 39.1, recurrence rates after 
EP range from 5.4 to 29.8%.

In Figs.  39.8, 39.9, 39.10, and 39.11, endo-
scopic images of surveillance after EP are shown.

39.7	 �Treatment of Residual or 
Recurrent Endobiliary 
Neoplastic Tissue

Considering surgical risks, local endobiliary 
treatment, such as intraductal radiofrequency 
ablation (ID-RFA), can play a role in the manage-
ment of residual or recurrent endobiliary neo-
plastic tissue after EP.  In patients with short 
intrabiliary extension of ampullary adenomas, 

Fig. 39.7  Treatment of post-EP bleeding—hemostasis 
by spraying with inorganic Hemospray powder (Cook 
Medical) just after the placement of a prophylactic pan-
creatic stent

Fig. 39.8  Endoscopic findings of papillary area during 
follow-up—endoscopic view revealing no residual tumor 
at 2 years after EP

Fig. 39.9  Endoscopic findings of papillary area during 
follow-up—recurrent adenomatous tissue at the top of the 
scar area

Fig. 39.10  Endoscopic findings of papillary area during 
follow-up—recurrent adenomatous tissue at the top of the 
scar area
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ID-RFA can be an effective alternative therapeu-
tic option to pancreaticoduodenectomy, which 
generally remains the standard of care. ID-RFA 
is simpler and easier to use than photodynamic 
therapy or argon plasma coagulation, but defini-
tive studies establishing its benefit are lacking.

In a recent study [23], 20 patients with histo-
logically proven endobiliary adenoma remnant (15 
low-grade and five high-grade dysplasia with duc-
tal extent <20 mm) after EP for ampullary tumor 
were enrolled in a prospective multicenter study to 
evaluate the efficacy and safety of ID-RFA.  All 
patients underwent one successful ID-RFA ses-
sion (Habib Endo HPB 8F bipolar wire-guide 
catheter; setting: 10 W, effect 8, 30 s) followed by 
biliary stent placement and, in five of them (25%), 
by pancreatic stent too. The rates of residual ade-
noma were 15% and 30% at 6 and 12 months, 
respectively. At 12 months, the success rate of 
RFA was equal to 70%, and only two patients 
(10%) were referred for surgery: one with adeno-
carcinoma on endobiliary biopsies at 6 months and 
the other with suspected carcinoma that had low-
grade dysplasia at histology instead. Eight patients 
(40%) experienced at least one adverse event: 
three mild pancreatitis (medical treatment), one 
melena (red blood transfusion), one cholangitis 
(medical treatment), and three mild biliary stric-
tures (dilation and fully covered self-expanding 
metal stent [SEMS], placement). No major adverse 
events occurred. Treatment failure at 12 months 

(=dysplasia recurrence) was higher in patients 
with high-grade dysplasia than in those with low 
grade dysplasia (67% vs. 7%; P = 0.014).

Although no patients developed an invasive 
carcinoma on pathologic analysis, authors under-
lined the need for a close follow-up in all patients 
undergoing ID-RFA treatment. Adenomas may 
grow slowly, and residual intraductal adenoma 
might be missed for long periods of time. In their 
method, authors scheduled ERCP and EUS at 6 
and 12 months with systematic endobiliary 
biopsy sampling and brush cytology.

The optimal electrosurgical generator settings 
and duration of biliary ID-RFA treatment are 
unknown. It is not clear if multiple ID-RFA sessions 
and/or higher settings are more effective, especially 
in patients with negative predictors of ID-RFA suc-
cess, those with endobiliary adenoma remnant with 
high-grade dysplasia. Against a high efficacy, 
ID-RFA treatment may be affected by high rates of 
biliary strictures and pancreatitis, as observed in a 
retrospective series by Rustagi et al. [24]. Seventeen 
patients underwent a mean of 2.6 treatment ses-
sions, with applications longer than 60 s, sometimes 
with multiple treatment applications during each 
ERCP.  Seven patients had additional treatments 
(thermal probes, argon plasma coagulation, and/or 
photodynamic therapy). ID-RFA alone was effec-
tive in 100% of cases, but 36% developed a biliary 
stricture. Other studies also reported post-RFA 
infectious adverse events, such as cholecystitis and 
periduodenal abscess [25, 26].

Some authors [26, 27] to decrease complica-
tions, suggest to not perform EP and biliary 
ID-RFA during the same treatment session. They 
perform intraductal RFA 6–12 weeks later EP by 
allowing the papillectomy site to heal.

After RFA treatment, a biliary stent placement 
is recommended, but it is unclear whether fully 
covered SEMS offer an advantage over plastic 
stents. Concerning the pancreatic stenting, with 
the limitations of the small sample size, the study 
of Camus showed a trend toward less post-
procedure pancreatitis when pancreatic duct 
stents were used. The effects of intraductal bili-
ary RFA by means of a newly designed tempera-
ture controlled RFA catheter (ELRA® STARmed, 
Seoul, Korea) are under evaluation.

Fig. 39.11  Endoscopic findings of papillary area during 
follow-up—recurrent adenomatous tissue at the lower 
area of the biliary orifice
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39.8	 �Ablative Therapies

Argon plasma coagulation (APC) is a monopo-
lar electrosurgical procedure that may be used 
as additional treatment during EP for thermal 
ablation of residual adenoma and/or hemostasis 
after snare resection [9]. It may be better not to 
systematically use APC, as we carry out 
repeated snaring to resect all visible remnant 
tumors first, rather than ablating all residual 
tumors with APC. In fact, electrocautery effect 
during snaring can burn residual tumors and 
make APC ablation unnecessary. The efficacy 
of APC on the recurrence of the disease is not 
clear because the available data is not enough to 
draw conclusions.

Short- and long-term adverse events of addi-
tional APC ablation during EP for ampullary 
adenoma were analyzed in a recent comparative 
retrospective study on 109 patients with poten-
tially resectable biopsy-proven ampullary ade-
noma (41 patients in EP+APC group and 41 
EP-only group, after propensity score matching) 
[28]. APC ablation (forced APC mode, effect 2, 
and maximal watts 40) was selectively done at 
the discretion of the endoscopist for the preven-
tion of post-procedural bleeding, the control of 
possible immediate bleeding, or ablation of sus-
pected microscopic remnant tumor. Bleeding 
rates were significantly lower in the EP+APC 
group than in the EP group (7.3% vs. 31.7%, 
odds ratio = 0.180, P < 0.01). There were no sig-
nificant differences in other procedure-related 
early adverse events, such as pancreatitis (12.2% 
vs. 19.5%, P  =  0.365), cholangitis (2.4% vs. 
9.8%, P  =  0.198), and perforation (2.4% vs. 
2.4%, P  =  1.000). During the follow-up period 
(mean 904 ± 868 days), papillary stricture (9.8% 
vs. 4.9%, P = 0.405) and recurrence rates (24.4% 
vs. 24.4%, P = 0.797) were not significantly dif-
ferent between the two groups. Authors con-
cluded that APC ablation may provide benefit in 
preventing bleeding events during EP without 
increasing the likelihood of pancreatitis when 
using a prophylactic pancreatic stent that is 
placed before APC.

Figures 39.12 and 39.13 show the endoscopic 
view of the treatment of residual and recurrent 
adenoma, respectively.

39.9	 �Comparison of EP 
and Surgery

Randomized controlled studies comparing EP to 
surgery (surgical ampullectomy or pancreaticodu-
odenectomy) are lacking. Pancreaticoduo
denectomy (PD) is associated with higher cure 
rates and lower recurrence rates rather than EP but 
has the disadvantage of a longer hospital stay 
(mean, 3 weeks) and high morbidity (15–63%) 
with a mortality from 0 to 13% [29].

These results have been confirmed in the larg-
est series comparing EP and surgery for the 
resection of benign adenomas [10]. One hundred 
eighty patients were treated either with EP 
(n = 130) or surgical resection (n = 50, including 
ampullectomy or PD). EP was associated with 
fewer complications compared to surgery (29% 
vs. 58%, P < 0.001) but a fivefold higher recur-
rence rate (P = 0.006). The need for two or more 
endoscopic resections to achieve a complete 
tumor removal was associated with 13-fold 
greater risk of recurrence (p < 0.001). However, 
when comparing patients who underwent local 
resections only, there was no difference in the 
recurrence rate between endoscopic resection 
and ampullectomy (32% vs. 33%; P  =  0.49). 
Ampullectomy is associated with a lower 
morbidity and mortality than PD (from 14 to 27% 
and from 0 to 4%, respectively) but with higher 

Fig. 39.12  Treatment of residual or recurrent adenoma—
Argon plasma coagulation for the thermal ablation of 
residual adenoma just after the placement of a prophylac-
tic pancreatic stent
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recurrence rates (from 17 to 32%) for which an 
accurate endoscopic surveillance is needed. The 
main limitation of ampullectomy is the lack of 
lymphadenectomy, as lymph node involvement 

has been frequently observed in apparently low-
risk carcinoma [29].

A proposed algorithm for the management of 
ampullary adenoma is shown in Fig. 39.14.

a b

Fig. 39.13  Treatment of residual or recurrent adenoma—
(a) Recurrent adenomatous tissue associated with a short 
(5  mm) intraductal biliary involvement; (b) intraductal 

radiofrequency ablation by using a temperature-controlled 
ELSA STARmed catheter

Ampullary adenoma
(at EGDS)

CT + EUS/IDUS
± ERCP

intraductal involvement and/or
intramucosal cancer (T1)

Surgery

no intraductal involvement*

papillectomy

adenoma
high-grade dysplasia or Tis

adenoma
low-grade dysplasia

Cancer

ERCP surveillance with biopsies
at 1,3,6 and 12 months; yearly for 5 years

* if biliary involvement < 1 cm (possibility to evaluate radiofrequency ablation)
CT: computed tomography; EUS: endoscopic ultrasonography; IDUS: intraductal ultrasonography;
ERCP: endoscopic retrograde cholangiopancreatography.

Fig. 39.14  Proposed algorithm for the management of ampullary adenoma
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Endoscopic Management in 
Malignant Biliary Strictures:  
Tips and Tricks

Alberto Tringali

40.1	 �Tips and Tricks for Malignant 
Biliary Strictures

Massimiliano Mutignani
–– Preliminary Tests. Preprocedural evaluation 

is crucial: surgical resectability and histologi-
cal diagnosis should be defined before ERCP.

–– Adequate Equipment. Dedicated equipment 
has to be preliminarily available: hydrophilic 
guidewires from different brands, different 
stiffness, and diameters must be prepared. 
Every guidewire has a different behavior in 
relationship with the type of stricture. 
Moreover, different tips can be useful in dif-
ferent situations (as explained in Fig.  40.1). 
Adequate guidewires improve the chance of 
complete drainage in these settings.

–– Preliminary Dilation. Dilation is an impor-
tant step before stenting. In tight strictures, 
mechanical dilation can be used as well as 
hydropneumatic dilation: my recommenda-
tion is not to exceed in strictures’ dilations, 
especially using hydropneumatic dilation, to 
avoid iatrogenic perforations (as explained in 
Fig. 40.2). In the most challenging and hard 
strictures, dilation can be performed using 
Sohendra’s screw or cystoenterostome over-
the-wire, in tertiary referral centers (Fig. 40.3).

–– Stents’ Length: Never Too Long. Stents’ 
length is important: the proximal edge of the 
biliary stent should be left not too long into the 
biliary duct because, according to biochemical 
laws, a foreign body in the bile flow creates a 
nucleation point and can lead to bile ducts’ 
secondary obstructions. That is why the proxi-
mal edge should be just above the stricture (as 
you can see in Fig. 40.4), but never too long 
proximally to the stricture. A too long stent, 
especially in hilar tumors, causes also repara-
tive and hyperplastic reactions that can con-
tribute to secondary obstructions.

–– Preoperative Drainage. Preoperative drain-
age can be performed both by plastic and 
metal stenting. Plastic stenting is not always 
the best choice because of the morphology of 
the biliary tree. If it is necessary according to 
the anatomical situation, the plastic stent can 
be placed backward after adequate modifica-
tion in tertiary referral centers (as you can see 
in Fig. 40.5). Furthermore, many studies dem-
onstrated that metal stenting is better if neoad-
juvant chemotherapy is needed.

–– Hilar Tumors. A challenging case is repre-
sented by the endoscopic drainage of hilar 
tumors. The discussion present in the interna-
tional literature on unilateral vs. bilateral is 
questionable and, in my opinion, not useful in 
clinical practice. On the other hand, the most 
important difference is between complete and 
incomplete drainage. Whatever we introduce 
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Fig. 40.1  The same guidewire can act differently in dif-
ferent strictures: (a) Pushing the loop of the guidewire, it 
will overpass the stricture because of linear force applica-

tion. (b) If the stenosis is angled, the loop of the guidewire 
will not be able to overpass the stricture because of only 
side force application

ba

Fig. 40.2  Force application during hydropneumatic dilation is not homogeneous and can lead to perforations. Fa active 
force, Fapp applicative force, R resistance
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into the biliary tree (i.e., contrast medium, 
guidewires, air) would contaminate the bile 
and can lead to cholangitis and severe sepsis. 
That is why preprocedural CT scan and/or 
cholangioMRI are mandatory before the pro-
cedure to obtain a complete mapping of the 
biliary tree and to define the type and site of 
stricture. This mapping is important to per-
form endoscopic drainage using a “blind tech-
nique”: the guidewire is pushing into the bile 

duct that we previously decided to drain (on 
the basis of preprocedural mapping) without 
contrast injection. If the guidewire was acci-
dentally placed in another duct, I recommend 
leaving it in place and to stent also that duct.

40.2	 �Distal Malignant Biliary 
Stricture (DMBO)

Common causes of distal malignant biliary 
obstruction include pancreatic carcinoma, cholan-
giocarcinoma, ampullary cancer, and metastatic 
lymphadenopathy of metastatic lesions [1, 2].

The mechanisms of malignant biliary obstruc-
tion by these tumors are direct tumor infiltration, 
extrinsic compression, adjacent inflammation, 
desmoplastic reaction, or a combination of these 
factors [3].

Malignant biliary obstruction can present with 
jaundice due to intrahepatic biliary dilation 

Fig. 40.3  Sohendra screw used to overpass tight malig-
nant strictures

Fig. 40.4  Proximal edge of the stent is placed just above 
the stricture
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(Fig. 40.6) and requires palliative drainages if it 
is unresectable. Restoration of biliary flow, 
together with relief of jaundice and pruritus, is 
the primary goal in the palliation of malignant 
biliary obstruction, and it also prevents biliary 
obstruction-related complications such as chol-
angitis, coagulopathy, malabsorption, and hepa-
tocellular dysfunction [2, 4].

Drainage can be approached in three ways: 
surgical bypass (e.g., hepaticojejunostomy or 
choledochojejunostomy), percutaneous transhe-
patic biliary drainage, and endoscopic stenting by 
endoscopic retrograde cholangiopancreatogra-
phy (ERCP) or EUS-guided [1, 4].

40.2.1  �Surgery Versus Endoscopic 
Approach

Tip: Endoscopic approach has same clinical suc-
cess and is the most cost-effective than surgery.

Comparison of primary biliary stenting and sur-
gical bilio-digestive anastomosis for malignant 
biliary obstruction has been performed in three 
meta-analyses [5–7]; the two most recent ones 
included five identical randomized controlled trials 
(RCTs) (379 patients), of which four used ERCP 
and one the percutaneous approach to insert mostly 
plastic stents (self-expandable metal stents 
(SEMSs) were used in 15 patients only); two RCTs 
were added compared with the older meta-analysis 
[5, 6].

In the two recent meta-analyses, procedure-
related complications were more frequent with 
surgery vs. biliary stenting as well as 30-day 
mortality (16.3% vs. 9.6% as stated by de Lima 
et al. [6]; incorrectly calculated by Glazer et al. 
[5]); short-term success rates were similar with 
both techniques, but recurrent biliary obstruction 
was less frequent after surgical bypass vs. stent-
ing. Of note, the single RCT (30 patients) that 
used SEMSs found no difference between endos-
copy and surgery in terms of late-onset complica-
tions and patient readmission [8].

A meta-analysis of endoscopic and surgical 
bypass outcomes in malignant distal biliary 
obstruction showed the same technical and thera-
peutic success for endoscopic stenting as for surgi-
cal drainage procedures, with similar quality of life 
and overall survival but with a reduced risk of com-
plications, albeit with an increased risk of recurrent 
biliary obstruction for endoscopic stenting [9–11].

Fig. 40.6  Intrahepatic biliary duct dilation due to 
Klatskin tumor

Fig. 40.5  Backward placement of biliary plastic stent 
(red arrow) to adapt to stricture morphology and to obtain 
more stability
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More treatment sessions are needed after 
endoscopic stenting than after surgical bypass, 
but endoscopic stenting still continues to be the 
most cost-effective approach [8]. Percutaneous 
transhepatic biliary drainage is associated with 
considerable morbidity, patient discomfort, and 
the need for repeated intervention [10].

Endoscopic biliary stenting is presently the 
standard of care for the palliation of distal malig-
nant biliary obstruction [1, 9, 10]. It provides 
effective palliation and may offer lower morbid-
ity and mortality, shorter hospital stay, and dimin-
ished overall cost when compared with surgical 
or radiological approaches [1].

Quality of life was assessed in two RCTs; one 
of these reported better results for endoscopic 
stenting [12], while the other one reported similar 
results for both drainage approaches. The total 
duration of hospital stay, including patient read-
missions, was shorter for biliary stenting vs. sur-
gery in all of the five RCTs. Costs were analyzed 
in a single RCT: total costs (including readmis-
sions) with endoscopic SEMS placement were 
approximately half those of surgery (4271 ± 2411 
vs. 8321 ± 1821 USD) [8]. A similar difference 
has been reported in a large multicenter retro-
spective study that included 622 patients [13].

40.2.2  �Is the ERCP the First Choice 
Compared to EUS-BD?

Tip: Yes. ERCP is still the first choice reserving 
EUS-BD when ERCP fails.

Endoscopic ultrasound-guided biliary drainage 
(EUS-BD) has been more recently employed and is 
rapidly gaining acceptance: four meta-analyses 
(16–42 studies including 5–12 prospective ones; for 
a total of 528–1192 patients) reported that EUS-BD 
was clinically successful in 87–94% of cases with 
adverse events reported in 16–29% [14–17].

EUS-BD has mostly been used in malignant 
conditions (87% of biliary obstructions in a meta-
analysis that included 1186 patients) [15]. 
EUS-BD had a higher functional success rate in 
malignant vs. benign conditions in the single meta-
analysis that analyzed that outcome, although 
technical success rates were similar [17].

This technique has mostly been used follow-
ing failed ERCP although it has been used in 
pilot trials as a first-line option [12, 18].

A systematic review and meta-analysis [19] 
showed that with adequate endoscopy expertise, 
EUS-BD could show similar efficacy (technical 
and clinical success) and safety (total adverse 
events RR 0.68 95%CI 0.31–1.48) when com-
pared with ERCP BD for primary palliation of 
distal MBOP and exhibits several clinical advan-
tages (lower rates of pancreatitis; stent dysfunc-
tion, and tumor ingrowth and overgrowth).

A small prospective clinical study including 
18 patients showed that EUS-BD is safe and 
effective as a first-line BD therapy with success 
rates of 94% and a complication rate of 11% [12].

A multicenter retrospective study comparing 
ERCP-BD with EUS-BD suggested that both 
techniques were equally effective [20].

EUS-BD might therefore be a good primary 
alternative in patients with an expected difficult 
cannulation due to altered anatomy or malignant 
obstruction. Future randomized studies are needed 
to further explore this indication of EUS-BD as 
primary drainage.

Future Development: Moreover, the EUS-BD 
with antegrade stenting method has the advan-
tage that the entire procedure can be carried out 
through an endoscopically created temporary fis-
tula between the upper intestine and the intrahe-
patic bile ducts, without the need for the scope to 
reach the biliary orifice.

A recently published pilot study showed that 
EUS-BD with antegrade stenting is also feasible 
and safe in patients with an altered anatomy [21]. 
In a small cohort of 20 patients with an altered 
anatomy, a Japanese group demonstrated a 95% 
technical and clinical success rate of EUS-guided 
antegrade stenting.

ESGE recommends restricting the use 
of EUS-guided biliary drainage to cases 
where biliary drainage using standard 
ERCP techniques has failed.
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In addition, EUS-BD can be used as an alter-
native to precut sphincterotomy. A recent retro-
spective study showed that the ERCP failure rate 
decreases when EUS-BD is available [22]. The 
success for EUS-BD (95.1%, 95% CI, 89.7–100) 
was significantly higher than for precut (75.3%, 
95% CI, 68.2–82.4), P < 0.001, which supports 
the role for EUS-BD as an alternative to precut 
after failed cannulation.

40.2.3  �How to Treat Patients in Case 
of ERCP Failure?

Tips: A repeated attempt at ERCP is suggested. 
Anyway in case of second failure or patients with 
complex postsurgical anatomy (including BII 
gastrectomy), we strongly suggest to refer to a 
specialized center.

EUS-BD is a preferred approach in case of 
ERCP failure but in expert hands and tertiary 
center.

Nine studies [23–31] analyzed the role of 
repeated attempt at ERCP showing that repeat 
ERCP was successful in 82% of cases especially if 
ERCP was repeated after 2 or 4 days after the first 
attempt. The explanation suggested includes better 
visualization of the opening of the bile duct because 
of decreased edema and availability of device (e.g., 
hydrophilic guidewire, referral to expert endosco-
pist at the same institution or high volume center).

Endoscopic ultrasound-guided biliary drain-
age can be an effective alternative for percutane-
ous transhepatic biliary drainage after failed 
endoscopic retrograde cholangiopancreatogra-
phy (ERCP) [32].

ERCP fails in 5–10% of cases due to inaccessi-
ble papilla or inability to cannulate the papilla [33]. 
Reasons for ERCP failure include altered anatomy, 
ampullary distortion, periampullary diverticulum, 
gastric outlet obstruction, or duodenal stents in situ. 
Conventionally, percutaneous transhepatic biliary 
drainage (PTBD) has been performed when ERCP 
fails. However, PTBD is associated with high 
adverse event rates that are seen in up to 33% and 
include bleeding, bile leak, dislocation of the exter-
nal catheter, recurrent infection, and acute cholan-
gitis. Catheter-related morbidity from the external 

drainage is well known and may also worsen the 
patient’s quality of life [34].

EUS-BD has emerged as a welcome alterna-
tive to PTBD or surgery when ERCP fails. 
EUS-BD was first described by Giovannini et al. 
[35]. Over the last decade, a wealth of data has 
surfaced demonstrating efficacy and safety of this 
technique. EUS-BD has several advantages. First, 
it is minimally invasive and can be performed 
directly after a failed ERCP in the same session 
by the same proceduralist. Second, drainage of 
both the intrahepatic and extrahepatic bile ducts 
may be achieved. Third, it is minimally invasive 
with minimal or no procedural pain. Fourth, as 
opposed to PTBD, there is no external drain that 
can dislocate or that limits patient’s daily activi-
ties. In addition, a short hospital stay (similar to 
ERCP) is expected, and the reported adverse 
event rate is far lower than for PTBD [36–38].

40.2.4  �EUS-BD: Intrahepatic (HGS) 
Versus Extrahepatic (CDS) 
Approach. Which Is the Best?

Tips: Overall data show that EUS-guided hepat-
icogastrostomy (EUS-HGS) and EUS-guided 
choledochoduodenostomy (EUS-CDS) are 
equally effective and safe. However, there is lim-
ited data available in favor of EUS-CDS with 
regard to safety.

Several studies have investigated the intrahe-
patic approach vs. the extrahepatic approach 
showing different results. A large retrospective 
study, including 245 patients, revealed a similar 
success rate for the both approach [39, 40].

However, the intrahepatic approach was associ-
ated with higher postprocedural pain, longer pro-
cedure time, and longer hospital admissions [39].

The latter was confirmed by a retrospective 
analysis of 65 patients which showed that the 
intrahepatic approach was associated with more 
complications and three patients in whom the 
intrahepatic approach was used died after the 
procedure [41]. However, the success rate was 
the same for all techniques, and there was neither 
significant difference in complication rates 
among transluminal and transpapillary stent 
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placements nor between direct and rendezvous 
stenting. This was confirmed in a prospective, 
international, multicenter study looking at the 
efficacy and safety of EUS-BD in which an extra-
hepatic approach was significantly associated 
with decreased procedure time, length of hospital 
stay, and risk of moderate adverse events [42].

A retrospective study of 39 patients with 
obstructive jaundice caused by lower biliary 
obstruction and duodenal obstruction due to 
malignant tumors showed that EUS-HGS was 
associated with longer stent patency than EUS-
CDS [43]. Moreover, CDS was the only risk fac-
tor associated with adverse events related to 
EUS-BD, in particular, reflux cholangitis (odds 
ratio, 10.28; 95% confidence interval [CI], 
1.686–62.733; p = 0.012). In a single-center pro-
spective study, Artifon et  al. randomized 49 
patients with unresectable distal malignant bili-
ary obstruction and failed ERCP to either HGS or 
CDS [44]. Both methods yielded similar techni-
cal success rates, safety, and procedure time 
(48 min). Moreover, a quality-of-life assessment 
revealed that no specific drainage route was supe-
rior. There was a minor trend in favor of HGS 
with regard to clinical success. However, this was 
not statistically significant.

A systematic review showed no significant 
difference between transduodenal and transgas-
tric approaches for EUS-BD with regard to effi-
cacy and safety. [17], while another 
meta-analysis [15] showed that adverse events 
were less frequent with the extrahepatic vs. 
intrahepatic route (OR, 0.40; 95% CI, 0.18–
0.87; p = 0.022).

A recent meta-analysis including 572 patients, 
assessing EUS guided CDS [45], showed that the 
pooled rate of adverse events was 0.136 (95% CI, 
0.097–0.188; p = 0.01) and pooled rates were 4.2% 
for cholangitis, 4.1% for bleeding, 3.7% for bile 
leakage, and 2.9% for perforation. On subgroup 
analysis, the pooled rate of adverse events with the 
use of lumen-apposing metal stent (LAMS) was 
9.3% (95% CI 4.8–17.3%), while the rate of 
adverse events such as cholangitis, bleeding, and 
bile leakage was 13.4%. According to a recent 
meta-analysis of 686 patients, assessing the role of 
endoscopic ultrasound guided-hepaticogastros-

tomy, overall clinical success and technical success 
were 84% (95% CI 80–88%) and 96% (95% CI 
93–98%), respectively, but the success rate was 
only 65% in non-expert hands; the rate of adverse 
events was relatively high (29%), including bile 
leakage, stent migration, bleeding, and peritonitis.

Finally, the last meta-analysis published by 
Hedjoudjie et al. including 17 studies for a total 
of 686 patients showed that the overall clinical 
and technical success rates were 84% (95% CI 
80–88) and 96% (95% CI 93–98), respectively, 
for HGS and 87% and 95%, respectively, for 
CDS and reported adverse event rates were sig-
nificantly higher for HGS (29%) compared to 
CDS (20%). Compared to HGS, the pooled odds 
ratio for the complication rate of CGDS was 2.10 
(95% CI, 1.25–3.24) (p = 0.0042).

EUS-guided CDS is indicated for obstruction 
in the middle and lower bile duct due to pancre-
aticobiliary malignancy in case of ERCP failure 
but is contraindicated in patients with surgi-
cally altered anatomy (e.g., Roux-en-Y anasto-
mosis or tumor invasion-associated duodenal 
obstruction). In such cases, EUS-guided hepati-
cogastrostomy may be indicated because the 
access route is the stomach and in case of inac-
cessible papilla due to duodenal obstruction 
caused by tumor. Furthermore, in case of con-
traindication to PTBD due to the development 
of ascites, HGS could be useful; however, if 
massive ascites is present, EUS-HGS could not 
be used for preventing formation of gastrohe-
patic fistula.

40.2.5  �EUS-BD Versus PTBD After 
Failed ERCP: The Winner Is

Tip: EUS-BD should be preferred because of 
lower adverse events, lower cost, and lower rein-
tervention rates and it is more cost-effective.

As mentioned earlier, PTBD is associated 
with substantial morbidity [34]. There is only 
limited prospective, randomized data available 
evaluating the efficacy and safety of EUS-BD in 
comparison with PTBD. Artifon et al. were the 
first to compare the efficacy and safety of CDS 
vs. PTBD in a small prospective randomized 
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study including 25 patients [46]. They concluded 
both methods had equal technical success, clini-
cal success, and adverse event profile. Giovannini 
et  al. started another prospective multicenter 
study comparing EUS-BD with PTBD and ran-
domized 41 patients [36]. They excluded patients 
with right-sided bile duct stenosis. Interim analy-
sis showed a complication rate of 60% in the 
PTBD group vs. 35% in the EUS-BD group, and 
recruitment in the PTBD arm was consequently 
ceased thereafter. A retrospective study including 
73 patients with failed ERCP showed that 
although technical success rate was higher in the 
PTBD group, clinical success was equivalent 
[37]. However, PTBD was associated with higher 
adverse event rate and higher costs. In a recent 
meta-analysis, there was no difference in techni-
cal success between EUS-BD and PTBD, but 
EUS-BD was associated with better clinical suc-
cess and fewer postprocedural adverse events 
[38]. Importantly, EUS-BD was associated with 
lower reintervention rates and was more cost-
effective [38].

Another meta-analysis that compared PTBD 
with EUS-BD after failed ERCP has been pub-
lished by Baniya et al. [47] (three RCTs and three 
retrospective; total, 312 patients) and found that 
clinical success was similar with both techniques 
(OR 1.48, 95% CI 0.46–4.79) but fewer adverse 
events in the EUS-BD group (0.34, 95% CI 0.20–
0.59); severe adverse events accounted for this 
difference, and the reintervention rates and costs 
were lower with EUS-BD.

40.2.5.1	 �When Percutaneous Biliary 
Drainage Should Be Used?

Tip: We suggest to use PTBD in patients who fail 
ERCP in case of absence of EUS experts or in 
case with altered anatomy.

Percutaneous transhepatic biliary drainage is 
most often used when endoscopic biliary stenting 
has failed [10]. Endoscopic ultrasound-guided 
biliary drainage can be an effective alternative for 
percutaneous transhepatic biliary drainage after 
failed endoscopic retrograde cholangiopancrea-
tography (ERCP) [32]. Surgical bypass is usually 
reserved for unsuccessful or unfeasible endo-
scopic/percutaneous drainage [9].

40.2.6  �Do We Need to Perform ES 
Before SEMS Placement?

TIps: There is no increased rate of post-ERCP 
acute pancreatitis (PEP) in patients when a stent is 
placed without sphincterotomy, but study has some 
statistical flaws. We suggest to perform a small 
sphincterotomy that allows the stent to be placed 
easily and not increase the risk of perforation.

Endoscopic sphincterotomy (ES) before stent 
placement in patients with distal malignant bili-
ary obstruction is still a controversial issue. Some 
authors suggested that ES before stent deploy-
ment has a protective role in avoiding the risk of 
post-ERCP pancreatitis, but this approach is not 
currently evidence based. We found four RCTs 
[48–51] and six observational studies [52–57] 
that showed there is no increased rate of PEP in 
the ES group compared to non endoscopic 
sphincterotomy before stent placement in patients 
with distal malignant biliary obstruction; there-
fore, ES is not mandatory in patients with distal 
malignant biliary obstruction because it is associ-
ated with higher rate of adverse events. However, 
due to the small number of patients, the study 
heterogeneity, and missing relevant data in the 
trials included, more RCTs are required before a 
firm recommendation could be made, and a sub-
group analysis should be performed taking into 
account tumor type (pancreatic cancer vs. distal 
cholangiocarcinoma) to distinguish the rate of 
PEP.

European Society of Gastrointestinal 
Endoscopy (ESGE) suggests against routine 
endoscopic biliary sphincterotomy before the 
insertion of a single plastic stent or an uncovered 
/partially covered SEMS.

40.2.7  �Is There a Greater Risk 
of Cholecystitis After Placing 
an FCSEMS?

Tip: There is no increased risk of cholecystitis 
after placing a fully covered self-expanding metal 
stent (FCSEMS).

Anyway we suggest to follow simple 
recommendations:

A. Tringali



439

	(a)	 Check the stent position with the cystic duct 
insertion and adjust stent position.

	(b)	 Place a stent in the gallbladder in case of 
tumor infiltration.

A major concern of the endoscopist is the risk 
of cholecystitis in case of placing an FCSEMS in a 
patient with distant malignant stricture (DMS). 
The risk is due to malignant infiltration of the cys-
tic duct and the presence of gallbladder stone [58].

In a recent meta-analysis of our group that 
was published, we found no statistically signifi-
cant difference in the rate of cholecystitis in 
patients with DMS when an FC SEMS was 
placed [59].

We found that a careful visualization of the 
insertion of cystic duct to consider the need for 
the correct placement of FCSEMS could prevent 
the risk of cholecystitis as well as the fluoro-
scopic evidence of cystic duct involvement from 
tumor that could increase the risk of cholecysti-
tis. We also suggest to avoid overinjecting the 
cystic duct and gallbladder to prevent chemical 
irritation in a patient without an adequate gall-
bladder drainage and the presence of stone.

40.2.8  �Treatment of Malignant 
Bilioduodenal Obstruction 
(Type II GOO); Is It Always 
Possible to Place a Stent?

Tip: Place a duodenal uncovered SEMS (USEMS) 
before and in the same day or 2 days after plac-
ing a biliary covered SEMS (CSEMS) through the 
mesh of duodenal uncovered SEMS.

The management of type II bilioduodenal 
strictures may be challenging due to the involve-
ment of the papilla as well as technical problems 
in getting a good scope position relative to the 
papilla. For the same reason, technical success is 
lower with type II strictures than with type I and 
III strictures [60–62].

With respect to the approach for biliary drain-
age, the recommendation made above to prefer 
biliary stenting over surgical bypass is even 
stronger in the setting of malignant duodenal 
obstruction, as life expectancy of patients who 

present both duodenal and biliary stricture is 
short: in a retrospective study (81 patients with 
bilioduodenal stenting), median survival was 73 
days [63]; even in patients with a “good” progno-
sis identified by a higher World Health 
Organization (WHO) score, another study 
reported a median survival of 139 days [64].

Although the procedure may be technically 
difficult, success rates of 86–100% have been 
reported by experts in a prospective study, with 
lower success rates reported in cases where the 
duodenal stricture involves the papilla [60]. The 
technique and sequence of biliary and duodenal 
stenting according to different clinical scenarios 
are detailed in the ESGE Technical Review [65]. 
In the case of failed duodenal or biliary stenting, 
other interventions (e.g., PTBD, EUS-BD 
restricted to research settings) should be consid-
ered [66, 67].

ESGE suggests endoscopic insertion of a bili-
ary SEMS and an uncovered duodenal SEMS in 
patients with both biliary and duodenal malig-
nant obstructions.

40.2.9  �Which Stent: Plastic Versus 
Metal?

Tip: Metal stents are preferred over plastic stents.
The main drawbacks of plastic stents is their 

propensity to occlude leading to recurrent symp-
toms of biliary obstruction within 3–4 months. 
The main lesson learned from the limitation of 
plastic stent is that larger is better.

The USEMS were developed to expand the stent 
diameter and reduce the risk of stent occlusion.

A systematic review and meta-analysis of 
seven trials have proved that SEMS are superior 
to plastic because of less risk of stent occlusion at 
6 months, lower risk of recurrent biliary obstruc-
tion, and finally their cost-effectiveness in 
patients surviving more than 6 months [68–71]. 
Initial higher cost of SEMS is balanced by a 
decreased need for reintervention if survival >4 
months [72].

Five meta-analyses have compared SEMSs 
with plastic stents for the endoscopic drainage of 
distal malignant biliary obstruction [73–77].
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Compared with plastic stents, SEMSs are asso-
ciated with a longer patient survival, a lower risk 
of stent dysfunction/cholangitis, and fewer reinter-
ventions. Costs associated with palliation of 
malignant biliary obstruction with SEMSs vs. 
plastic stents have been compared in a meta-
analysis (eight RCTs, 311 patients with hilar or 
extrahepatic malignant biliary obstruction) and in 
a more recent RCT (18 centers, 219 patients with 
extrahepatic malignant biliary obstruction) [68, 
77]. No significant differences in costs were 
reported in these studies, and the more recent RCT 
showed total costs were also similar for plastic 
stents vs. SEMSs in patients with a short survival 
duration (≤3 months) or those with metastatic dis-
ease [68]. A follow-up study (140 patients) of that 
RCT showed that health-related quality of life, 
both general and disease specific, was better over 
time with SEMSs vs. plastic stents [78].

40.2.10  �ESGE Recommends SEMS 
Insertion for Palliative 
Drainage of Malignant 
Extrahepatic Biliary 
Obstruction

40.2.10.1	 �Which Metal Stent Should 
Be Used: USEMS Versus 
PCSEMS Versus CSEMS? 
A Battle of Superiority?

Tip: New CSEMS are preferred because of 
greater stent survival and need for reintervention.

The limit of USEMS is due to the tumor 
ingrowth as cause of recurrent biliary obstruction. 
Uncovered metal stents are superior to plastic 
stents in terms of patency. However, tissue 
ingrowth and stent dysfunction are common 
through their bare wire mesh. Covered metal 
stents have been developed to overcome tissue 
ingrowth and prolong stent patency but are associ-
ated with higher migration rate. Currently avail-
able covered metal stents differ according to their 
structure, stent and covering material, and 
mechanical properties (radial and axial force). 
The “battle of superiority” between covered and 
uncovered metal stents continues with contrasting 
results in recent studies. The choice of covered or 

uncovered metal stents should be individualized 
to the needs of each patient [79]. Recent develop-
ments in covered metal stents include different 
antimigration designs, covering membrane thick-
ness (50–60 μm) to prevent tumor ingrowth, anti-
reflux properties for preventing stent occlusion 
and cholangitis due to duodenobiliary reflux (pilot 
study), and drug-eluting capabilities.

The mechanical properties of SEMS also play 
an important role in migration. A SEMS with low 
axial force (AF) and high radial force (RF) is less 
likely to migrate. Isayama et  al. compared the 
results between different covered SEMS and cor-
related them with their mechanical properties. 
CSEMS with the maximum AF had the highest 
migration rates [80].

Seven meta-analyses have compared covered 
and uncovered SEMS [81–87]; the covered 
SEMSs used in the original studies included par-
tially covered SEMSs (PCSEMSs) and FCSEMSs. 
No differences in the proportions of patients with 
stent dysfunction, overall complications, or 
patient survival were reported, except for stent 
dysfunction in two meta-analyses [85, 86].

Covered SEMSs were associated with a lower 
risk of tumor ingrowth but a higher risk of stent 
migration, tumor overgrowth, and sludge forma-
tion. With respect to concerns about cholecystitis 
following covered SEMS placement [88], the four 
meta-analyses that reported this outcome found 
no increased risk of cholecystitis after insertion of 
covered vs. uncovered SEMS [81, 82, 84, 86].

Of note, measures taken in some studies to 
prevent this complication have included place-
ment of the stent covering below the level of the 
cystic duct implantation in patients with an intact 
gallbladder [89] and the use of covered SEMS 
with transmural drainage holes [90]. Finally, niti-
nol stents have replaced stainless steel stents as 
they perform better (Fig. 40.7) [91, 92].

Specific SEMS designs have been investigated:

•	 Antireflux covered SEMSs were compared 
with SEMSs without an antireflux valve (an 
uncovered SEMS and a covered SEMS) in 
two RCTs [93, 94]. Both RCTs reported a 
similar efficacy in decreasing bilirubin serum 
levels and a longer patency of antireflux vs. 
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conventional SEMS.  This is consistent with 
the finding that duodenal-biliary reflux is 
independently associated with biliary stone 
recurrence [95]. It appears promising for pre-
venting stent occlusion and cholangitis due to 
duodenobiliary reflux.

•	 Antimigration systems, including flared ends 
and anchoring flaps, have been tested with 
covered SEMSs [96, 97]. Anchoring flaps 
have yielded promising results in patients with 
benign strictures [97], but no study has com-
pared identical stent designs with or without 
an antimigration system, precluding definitive 
conclusions. Stent models combining antire-
flux and antimigration systems have been 
tested in pilot trials [98].

•	 A radioactive stent, inserted percutaneously, 
provided longer patient survival than a similar, 
nonradioactive, stent in an RCT that included 
23 patients with malignant biliary obstruction 
[99]. Another RCT (55 patients) that used a 
radioactive strand inserted between the stent 
and the biliary wall also reported prolonged 
patient survival [100].

•	 Paclitaxel-eluting stents provided no advan-
tage compared with standard SEMSs in an 
RCT (72 patients) [101]. The concept of drug-
eluting stents (DES) originated from interven-

tion cardiology. The chemotherapeutic agents 
(paclitaxel or gemcitabine) used in DES have 
cytotoxic, anti-inflammatory, and antiprolif-
erative properties.

•	 Biodegradable stents: the advantages of these 
stents include elimination of the need for stent 
removal, reduced proliferation, and impregna-
tion with antitumor agents.

A recent systematic review and meta-analysis 
[102] including 11 RCTs with a total of 1272 
patients concluded that there was a risk reduction 
of about 32 % for both stent failure and patient 
mortality with covered SEMS, but this difference 
was not significant. Migration and sludge rates 
were higher with covered SEMS, whereas tumor 
ingrowth was more likely with uncovered 
SEMS. However, stent migration and sludge for-
mation were much more common with covered 
SEMS (odds ratio [OR], 5.11; 95% CI, 
1.84 –14.17; OR, 2.46; 95% CI, 1.37 –4.43). The 
use of covered SEMS was associated with a 
lower rate of tumor ingrowth (OR, 0.21; 95% CI, 
0.09 – 0.50) but a higher rate of tumor overgrowth 
(OR, 2.00; 95% CI, 1.15 – 3.48) compared with 
uncovered stents. The rates of procedure-related 
adverse events were similar in both groups.

Unfortunately, stent characteristics have never 
been evaluated systematically, and the RCTs avail-
able for statistical analysis used covered SEMS 
without the recent technical improvements devel-
oped to overcome the limitations of the covering 
membranes. In particular, the only rational conclu-
sion about the higher rate of tumor overgrowth in 
the covered SEMS group is that the covering 
membrane did not inhibit tumor overgrowth.

We speculate that the type of covering mem-
brane, technical characteristics of the covered 
SEMS, such as the axial and radial force of the 
stents, and the antimigration system might play sig-
nificant roles. Most of the covered stents in the 
RCTs were characterized by inefficient covering 
membrane or unfavorable axial or radial force, 
which may have influenced the comparison 
between covered and uncovered SEMS. Thus, the 
current statistical analysis may prompt many phy-
sicians to continue to place uncovered 
SEMS. However, we suggest that on the basis of a 

Fig. 40.7  Endotherapy of type I cholangiocarcinoma 
according to Bismuth-Corlette classification by a single 
fully covered metal stent
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stent failure rate reduction of 32% favoring covered 
SEMS, these stents should be considered as the 
first option until new, better designed RCTs are 
published.

Finally the comparison, in a stratified analy-
sis, between the CSEMS, PCSEMS, and USEMS 
did not find substantial differences when com-
pared with the overall estimates.

40.2.11  �How to Drain DMBO 
of Unconfirmed Etiology

In large series, 5–10% of patients operated for 
pancreatic cancer prove to have benign disease at 
surgery [103]. Uncovered SEMSs are known to 
have poor long-term patency in benign disease 
[104]. These stents are difficult or impossible to 
remove, and although a new “stent-in-stent” tech-
nique has been successfully used to remove 
uncovered SEMSs mistakenly inserted in patients 
with a benign disease [105, 106], this technique is 
laborious and adverse events are frequent [107].

40.2.12  �Preoperative Biliary 
Drainage (PBD) in DMBO

Among ten unique meta-analyses that assessed 
the potential benefit of PBD in patients with a 
distal biliary obstruction, none found differences 
in terms of mortality, and with respect to mor-
bidity, nine found it to be similar [108–116] with 
vs. without PBD; a single study reported a lower 
morbidity (serious adverse events) with vs. with-
out PBD [117]. Although the meta-analyses 
were limited by the characteristics of the original 
studies, including selection bias, the use of the 
percutaneous or the endoscopic route for PBD, 
and the inclusion in some studies of patients 
with proximal biliary obstruction, they represent 
the best available evidence.

Of note, two retrospective studies that compared 
PBD and no PBD in a total of 170 patients reported 
an independent association between endoscopic 
PBD and shorter patient survival [118, 119].

Apart from well-accepted indications for PBD 
such as cholangitis, severe jaundice was sug-

gested to be an adequate indication: a recent, 
mostly retrospective, study (1200 patients) found 
that a total serum bilirubin ≥  300 μmol/L was 
associated with a high risk of severe postopera-
tive complications [120].

Of note, patients with a total serum biliru-
bin ≥ 250 μmol/L were excluded from the largest 
RCT of PBD vs. no PBD [121].

On the other hand, a retrospective matched 
case–control study (152 patients) suggested that 
even in patients with relatively severe jaundice 
(bilirubin ≥ 15 mg/dL [256 μmol/L]) classified as 
grade 2 on the American Society of 
Anesthesiologists (ASA) scale, PBD presented no 
advantage [122]. Thus, the validity of severe jaun-
dice as an indication for PBD remains unclear.

ESGE recommends against routine preopera-
tive biliary drainage in patients with malignant 
biliary obstruction; preoperative biliary drain-
age should be reserved for patients with cholan-
gitis, severe symptomatic jaundice (e.g., intense 
pruritus), or delayed surgery, or before neoadju-
vant chemotherapy in jaundice patients.

ESGE recommends the endoscopic placement 
of a 10-mm-diameter self-expandable metal stent 
(SEMS) for preoperative biliary drainage of 
extrahepatic malignant biliary obstruction.

40.2.12.1	 �Which Route of PBD Is 
Preferred? PTBD Versus 
ERCP

If a decision is made to proceed with PBD in 
patients with malignant distal biliary obstruction 
who are undergoing curative resection, the endo-
scopic route is preferred over the percutaneous 
route because data from three retrospective series 
with long-term follow-up that compared the two 
approaches (total, 1213 patients) showed longer 
patient survival and less frequent peritoneal/liver 
recurrence in the endoscopic groups [123–125].

40.2.12.2	 �Which Stent Should 
Be Placed in Case of PBD?

With respect to the use of plastic stents vs. self-
expandable metal stents (SEMSs) for PBD, a 
meta-analysis (four retrospective cohorts and one 
prospective cohort; total, 704 patients) found that 
SEMSs were associated with a lower rate of endo-
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scopic reintervention (3.4% vs. 14.8%) and no dif-
ference in overall surgical morbidity or mortality 
[126]. The interval between biliary drainage and 
surgery was not reported, but we calculated that 
neoadjuvant therapy, an indicator of long PBD 
duration, was performed in 337 (48%) patients.

In a more recent multicenter RCT (86 patients) 
comparing plastic stents and fully covered 
SEMSs (FCSEMSs), there were similar out-
comes including need for reintervention, surgery-
related adverse events, and mortality, but the 
interval between biliary drainage and surgery 
was only 13 days [127].

In the setting of neoadjuvant therapy, an RCT (54 
patients) found that use of FCSEMSs resulted in a 
longer stent patency duration and fewer days of delay 
in neoadjuvant therapy compared with plastic stents 
and uncovered SEMSs; total costs associated with 
PBD were similar for all stent models [128]. 
Similarly, two retrospective studies (total, 72 patients) 
found that, compared with SEMSs, plastic stents 
were associated with more complications; one of the 
studies also analyzed the delay in neoadjuvant ther-
apy and costs: with SEMSs, the delay was shorter 
and the total costs were similar [129, 130]. The type 
of SEMS was stated in one study only (FCSEMS) 
[130]. FCSEMSs also present the advantage of being 
removable if surgical resection is finally not per-
formed. Finally, SEMSs do not compromise R0 
resection or increase the risk of local unresectability 
according to a retrospective analysis of 593 patients 
[131], but the presence of a biliary plastic stent or 
SEMS prolongs operative duration [122, 131].

Clinical Pearls for Adequate Stenting Using 
Metallic Stent in Distal Malignant Biliary 
Obstruction

	1.	 Insertion of a SEMS with a 10-mm diameter is 
recommended when patient life expectancy is 
longer than 4 months. When the stent is occluded, 
the second stent should be a CSEMS if

	2.	 the first metal stent is an uncovered model.
	3.	 Good SEMSs have a high radial force and a 

low axial force.
	4.	 Remember that the removal of an uncovered 

metal stent is extremely difficult after 
embedding.

	5.	 The desired location of the stent is from 1 to 
2 cm above the proximal end of the stricture to 
1 cm below the papilla.

	6.	 Biliary sphincterotomy may not be necessary 
for insertion of a SEMS.

	7.	 Some delivery systems of the SEMS have a 
function for recapturing during deployment.

40.2.13  �Proximal Malignant Biliary 
Stricture (Hilar) (HMBO)

40.2.13.1	 �Introduction
The malignant hilar stricture poses a difficult 
management challenge to the endoscopist with 
complex and varied endoscopic techniques for 
diagnosis and treatment (Fig. 40.8).

The etiology of hilar stricture can be benign or 
malignant, with malignant strictures being pri-
mary tumors (cholangiocarcinoma), local exten-
sion of other tumors (gallbladder cancer, 
hepatocellular carcinoma), and rarely lymph 
node metastasis (breast, colon, stomach, ovaries, 
lymphoma, and melanoma) with cholangiocarci-
noma being the most common [132].

Biliary papillomatosis (BP) is a rare disease 
characterized by multiple papillary adenomas of 

Fig. 40.8  Fluoroscopic image of hilar cholangiocarci-
noma. The anterior and posterior right ducts are divided 
by the neoplasm
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variable distribution and extent in the extrahe-
patic and/or intrahepatic biliary tree, manifesting 
as recurrent abdominal pain, jaundice, and chol-
angitis [133]. BP is a new entity with a high 
malignant potential in papillary adenocarcinoma 
[133] causing hilar stricture that should be 
remembered in the differential diagnosis.

40.2.13.2	 �Diagnosis
	1.	 How Do You Perform Diagnosis of Malignant 

Hilar Stricture?

Tips: Imaging raise the suspicion of tumor 
and allow staging and guide treatment.

Brushing and biopsy failed to give a diagnosis in 
30–40%v of cases. There is a need to always 
perform EUS-FNA.

In case of doubt, perform cholangioscopy with 
targeted biopsy.

The diagnostic imperative when encountering a 
hilar stricture, be it from the clinical presentation or 
an imaging study, is to determine malignant vs. 
benign etiology and to determine potential surgical 
respectability [132]. This is easier said than done. 
However, even in patients with elevated plasma 
bilirubin/alkaline phosphatase, elevated carcino-
embryonic antigen (CEA)/carbohydrate antigen 
(CA) 19.9 levels, suspicious imaging findings, and 
direct cholangiographic findings showing an irreg-
ular hilar stricture, up to 20% can have benign dis-
ease at the time of surgical resection [134].

Cross-sectional imaging (computed tomogra-
phy (CT) scan and magnetic resonance imaging 
(MRI)) may raise the suspicion of malignant 
stricture but can only guide endoscopic evalua-
tion for respectability and treatment and should 
always be performed before the treatment.

There are multiple endoscopic techniques for 
tissue acquisition in a suspected malignant hilar 
stricture, which are generally done at the time of 
endoscopic retrograde cholangiopancreatography. 
These include brush cytology, intraductal biopsies, 
endoluminal fine needle aspiration (FNA), and tar-
geted biopsies through direct cholangioscopy.

In a recent systematic review and a meta-
analysis, the pooled sensitivity of brushing for 

the diagnosis of malignant biliary strictures was 
45% with a high specificity of 99% [135, 136].

The sensitivity reported for intraductal biop-
sies ranges between 43 and 81% with a very high 
specificity (97–100%) [136–138].

A multimodal approach combining the two 
techniques could potentially be more effective. 
Weber et al. found that the combination of brush 
and biopsies yielded a sensitivity of 60.3%, a minor 
increase from either technique individually [139].

In a meta-analysis of nine studies comparing 
the two techniques, the combination of two 
modalities modestly increased the sensitivity to 
59%, again higher than either technique alone 
[135, 136].

Endoluminal FNA has been reported to have a 
sensitivity of 38%, but when the three techniques 
were combined (brush, biopsy, FNA), sensitivity 
rose to 73% [137]; endoscopic ultrasound with 
FNA has been shown to have a sensitivity of 77% 
in proximal biliary strictures, which had negative 
brush cytology results; however, the negative pre-
dictive value is too low to exclude malignancy 
following a negative biopsy [140] and can be 
associated with a disease dissemination [141].

The Asia-Pacific Working Group on 
Hepatobiliary Disorders recommends at least a 
combination of two techniques for all suspicious 
strictures [142].

The role of peroral cholangioscopy in the diag-
nosis of biliary strictures is evolving with the new 
Spyglass System because direct visualization of 
the biliary system is allowed as well as targeted 
biopsies with mini forceps through the cholangio-
scope [143], but its availability is limited due to 
cost in tertiary care centers. It has been shown that 
visual interpretation alone was successful in dif-
ferentiating malignant vs. benign in 89% of 
patients with biopsies successful in 82% of patients 
who had inconclusive ERCP evaluation [144].

Visual characteristics of malignancy included 
visible mass, dilated tortuous vessels, papillary 
or villous projections, and intraductal nodules. In 
a recent meta-analysis of peroral cholangioscopy 
with biopsies of indeterminate biliary strictures, 
the pooled sensitivity and specificity to detect 
cholangiocarcinoma were 66% and 97%, respec-
tively [143]. When compared to brushing and 
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intraductal biopsies, mini forceps biopsy pro-
vided significantly better sensitivity and overall 
accuracy (76.5%) [145].

The role of fluorescence in situ hybridization 
(FISH) and digital image analysis (DIA) is cur-
rently limited with low sensitivity (34%); the role 
of probe-based confocal laser endomicroscopy 
(pCLE) using the Cholangioflex probe during 
ERCP is promising with a described sensitivity of 
98% in single prospective study [146]. The limit of 
this technique is that the results are operator depen-
dent result and low agreement between observer.

40.2.13.3	 �Treatment
Tip: The goal of endoscopic treatment remains 
adequate biliary drainage to improve the quality 
of life and prolong survival by increasing the 
stent patency time without increasing the inci-
dence of adverse events.

Given that 70–90% of patients presenting with 
malignant biliary obstruction have unresectable 
disease with poor overall prognosis, the ultimate 
goal of therapy is palliation with relief of biliary 
obstruction.

Over the last 20 years, endoscopic decompres-
sion has emerged as the preferred treatment 
option with lower complication rates, lower mor-
bidity, lower overall cost, and shorter hospitaliza-
tion [11].

Specifically, endoscopic stenting of hilar chol-
angiocarcinoma can offer relief of biliary obstruc-
tion and alleviate symptoms of pain, intractable 
pruritus, and cholangitis [147].

Approximately 55–60% of the liver volume is 
excreted through the right hepatic duct, 30–35% 
through the left hepatic duct, and 10% from the 
caudate lobe.

Previously, it had been recommended that at 
least 25% of the total liver volume be diverted for 
adequate biliary drainage in patients with biliary 
obstruction [148]. However, recently, ≥50% 
drainage of the total liver volume has been pro-
posed [142, 149]. Drainage of ≥50% of the total 
liver volume was associated with prolonged sur-
vival than was drainage of <50% [149].

While biliary stenting does not improve over-
all mortality, photodynamic therapy (PDT) is an 
emerging endoscopic treatment modality that 

offers the possibility of remodeling the tumor 
mass and may actually improve survival in 
patients with non-resectable cholangiocarcinoma 
[150, 151]. Endoscopic modalities for therapeu-
tic management of malignant hilar strictures are 
summarized in Table 40.1

40.2.13.4	 �Endoscopic Versus 
Percutaneous Approach

Percutaneous transhepatic biliary drainage 
(PTBD) may be superior to endoscopic drainage 
in patients with advanced HMBO because it has 
greater technical feasibility and makes reaching 
the lobar section of the bile duct easier. The tech-
nical success rate for PTBD was higher, stent 
patency was longer, and the complication rate 
was similar to that of the endoscopic approach 
[152–154].

Lee et al. [153] showed that the median stent 
patency was longest in internal stenting via 
PTBD (180 days) followed by endoscopic retro-
grade biliary drainage (ERBD) (120 days) and 
external PTBD (59 days) (p = 0.02 for internal 
stenting via PTBD vs. ERBD, p < 0.01 for ERBD 
vs. external PTBD, p < 0.01 for internal stenting 
via PTBD vs. external PTBD). Paik et al. [154] 
revealed that successful biliary decompression in 
patients with advanced type III or IV hilar chol-
angiocarcinoma (HCCA) was significantly 
higher with the percutaneous self-expandable 
metal stents (SEMS) than with the endoscopic 
SEMS group (92.7% vs. 77.3%, respectively, 
p = 0.049) with similar complication rates.

Jang et al. [152] also reported that technical suc-
cess rate was higher in the PTBD group (100%) 
than in the endoscopic group (72.4%) without sta-
tistical differences in clinical success, stent patency, 

Table 40.1  Endoscopic modalities for treatment of 
HMBO

Endoscopic retrograde cholangiopancreatography 
(ERCP) with stenting
 � – Plastic stent
 � – �Self-expanding metal stent (straight, side-by-side, 

or Y-shaped)
Endoscopic ultrasound-guided biliary drainage
Hepaticogastrostomy
Photodynamic therapy
Radiofrequency ablation
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patient survival, and complication rate. However, 
the technical feasibility of, and durability after, 
reintervention showed marked differences because 
of limitations of retrospective studies.

A meta-analysis and systematic review, 
including seven retrospective studies and two 
RCTS for a total of 546 patients, concluded that 
PTBD was superior to endoscopic drainage in 
patients with advanced (Bismuth type III–IV) 
unresectable hilar malignancy (OR, 2.53; 95% 
CI, 1.57–4.08) [155].

Overall adverse events and 30-day mortality 
were similar for both approaches. Bismuth types 
I and II MHS were not included in the meta-
analysis because ERCP was believed to repre-
sent the optimal approach for palliative drainage 
of such strictures. Of note, drainage of Bismuth 
type I MHS is technically similar to that of extra-
hepatic biliary strictures. The value of this meta-
analysis is limited by the fact that most data were 
retrospective, including three noncomparative 
studies. With respect to quality of life, it improves 
with both approaches [156, 157], but an RCT (54 
patients) suggested that some health parameters 
improve more with PTBD vs. ERCP [156, 157].

In the 2013 Asia Pacific Consensus, the percu-
taneous approach was preferred over the endo-
scopic approach for bilateral or multisectoral 
drainage >50% of the total liver volume in 
patients with high-grade hilar stricture (Bismuth 
type II to IV) [142].

However, the disadvantages of PTBD are 
inconvenient to the patient, reduce the quality of 
life, and result in loss of bile through the external 
drainage tube. Frequent dislodgement of the 
PTBD tube or infection is also problematic.

Furthermore, from the technical point of view, 
PTBD is difficult if the intrahepatic bile duct 
(IHD) is not fully dilated, or if there are multiple 
liver metastases, ascites, or blood clots, while an 
endoscopic approach may be more 
patient-friendly than a percutaneous approach in 
terms of convenience and quality of life.

Recent studies of SEMS placed under endo-
scopic guidance reported higher technical feasi-
bility and clinical success, and good stent patency, 
without an increased incidence of complications 
[158–170].

ESGE suggests palliative drainage of malig-
nant hilar strictures by means of ERCP for 
Bismuth types I and II, and PTBD or a combina-
tion of PTBD and ERCP for Bismuth types III and 
IV, to be modulated according to local expertise.

In summary, the initial percutaneous approach 
might be preferred, especially in advanced 
HMBO, judging from the literature. However, 
recent endoscopic reports revealed higher tech-
nical and clinical feasibility in advanced HMBO 
because of the technical advances and develop-
ment of stents and accessories. Endoscopic pal-
liation is now preferred and recommended as a 
primary intervention in usual setting.

40.2.13.5	 �Is the Drainage 
of Advanced Hilar Stricture 
for All?

A meta-analysis (13 studies, 59,437 ERCPs) 
showed that ERCP success is more frequent 
when it is performed by high volume vs. low vol-
ume endoscopists (OR, 1.6; 95% CI, 1.2–2.1) 
and in high volume vs. low volume hospitals 
(OR, 2.0; 95% CI, 1.6–2.5), while adverse events 
are less frequent when ERCP is performed by 
high volume endoscopists [171].

ESGE recommends performing drainage of 
malignant hilar stricture in high volume centers 
with a multidisciplinary hepatobiliary team.

40.2.14  �Endoscopic Stenting

40.2.14.1	 �Should We Perform ES 
Before Stent Placement? 
Yes. We Should Do

The role of routine ES before stenting is still con-
troversial, and no clear guidelines exist to govern 
its use. Additionally, ES is also an independent 
risk factor for complications such as pancreatitis, 
bleeding, and perforation, with a reported com-
plication rate of approximately 10%. Bilateral 
stent placements for Bismuth type II to IV hilar 
cholangiocarcinoma are also very complicated 
and result in increased endoscopic manipulations 
[172]. The higher incidence of post-ERCP com-
plications in patients who had two SEMSs (bilat-
eral stents) placed could be related to these 
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reasons. In these situations, limited ES before 
stenting could be an effective strategy for facili-
tating more complex stenting procedures [173]. 
Limited ES may allow for easier stent placement 
and reduce resistance to biliary instrumentation. 
Additionally, proximal bile duct strictures may 
contribute to a fulcrum effect resulting in medial 
displacement of the distal stent and, conse-
quently, stent-related compression of the pancre-
atic duct [174]. Limited ES might prevent the risk 
of pancreatitis by reducing stent-related pancre-
atic duct obstruction.

With regard to endoscopic stenting, there are 
two main considerations: plastic vs. metal stent 
and unilateral vs. bilateral stenting of the hepatic 
ducts [175, 176].

Regardless of the type of stent used or the seg-
ments drained, drainage of adequate liver volume 
(>30%) is needed to relieve jaundice [148].

In fact, in a recent retrospective study of 107 
patients, the main factor determining effective 
drainage (decrease in serum bilirubin by 50% at 
day 30) and longer survival was a decrease in 
liver volume by >50% following stenting of 
malignant hilar strictures [148]. Procedural com-
plications for stenting in general can include 
occlusion (tissue overgrowth, ingrowth, debris), 
migration, and infection (cholangitis, cholecysti-
tis) [176].

SEMS can be either uncovered or covered with 
material to prevent tumor overgrowth, though 
uncovered ones are preferred in strictures at the 
hilum as to not occlude drainage from the contra-
lateral biliary system or the cystic duct [176].

40.2.14.2	 �Which Stent for Hilar 
Malignant Stricture? Plastic 
Versus Metal

Both plastic stents (PS) and SEMS have been 
used for malignant hilar strictures, with recent 
prospective studies comparing the two methods 
ranging between 60 and 100 patients [177–179]. 
Although PS are less expensive than SEMS, the 
duration of their patency is low, typically about 3 
months [180, 181].

In contrast, SEMSs are patent for much lon-
ger, around 6–12 months [177, 181, 182].

In a recent pooled meta-analysis comparing 
SEMS and PS for malignant hilar obstruction, 
SEMS had a lower 30-day occlusion rate, lower 
long-term occlusion rate, higher rate of success-
ful stent insertion, lower rate of therapeutic fail-
ure, and lower rate of cholangitis [76]. Given this, 
SEMSs are overall more cost-effective when 
compared to PS in malignant hilar obstruction 
[183]. Therefore, two consensus statements from 
separate groups in Asia prefer metallic stenting 
when palliating malignant hilar strictures, partic-
ularly in patients with a predicted survival of lon-
ger than 3 months and Bismuth II–IV HCCA 
lesions [142, 184].

SEMSs have several advantages over plastic 
stents. The open wire mesh of metal stents does 
not occlude the side branches of the IHDs or the 
cystic duct. The larger diameter of metal stents 
prolongs their patency. Furthermore, when stric-
ture is severe, plastic stent insertion may be more 
difficult.

In summary, based on reported comparative 
studies, SEMSs are primarily preferred for ade-
quate palliation of HMBO to prolong stent 
patency and reduce the reintervention rate with-
out increasing the rate of adverse events. In 
patients with HMBO who are expected to survive 
for at least 3 months, SEMSs are preferred to 
plastic stent.

40.2.14.3	 �Do We Need to Perform 
Unilateral or Bilateral 
Drainage?

There is still some debate as to whether unilateral 
stenting should be performed vs. bilateral stent-
ing in malignant hilar obstruction. In one ran-
domized controlled trial of 157 patients in Italy, 
unilateral drainage had a higher rate of successful 
stent insertion, lower rate of complications, and 
lower rate of early cholangitis, with no difference 
in mortality, in an intention-to-treat analysis 
[185].

Vienne et  al. analyzed factors predictive of 
drainage effectiveness during endoscopic stent-
ing for HMBO [149].

Therefore, bilateral or multi-sectoral stenting 
to achieve drainage of ≥50% of the total liver 
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volume may be required for favorable clinical 
efficacy in patients with high-grade hilar stricture 
(Bismuth type II to IV) [142].

In a pooled meta-analysis of seven studies com-
prising a total of 574 patients, there was no statisti-
cally significant difference in occlusion rate, 
therapeutic failure, cholangitis, and mortality 
between unilateral and bilateral stenting [76]. 
Bilateral stenting may be needed if both ductular 
systems become contaminated with contrast injec-
tion, in which case parallel stents can be placed 
side by side or a newly available Y-shaped stent 
can be deployed with reasonable success [166].

40.2.14.4	 �Complete Versus 
Incomplete Drainage

The concept of unilateral and bilateral biliary 
drainage should then be revised according to the 
anatomy of the hilar stricture and be replaced by 
the terms “complete” (all liver segments drained) 
and “incomplete” biliary drainage [186].

Only “complete” drainage of the biliary tree 
would thus protect from septic complications, at 
least theoretically. Here is the point: while 
“monolateral” stenting in type ≥II MHS means 
always “incomplete” drainage, “bilateral” stent-
ing with two prostheses provides “complete” 
drainage in type II, but “incomplete” drainage in 
types III and IV. It is therefore improper to com-
pare “monolateral” to “bilateral” stenting in type 
III and IV MHS because they will provide an 
incomplete drainage in both circumstances.

In fact, if a single stent cannot drain >50% of 
the estimated total liver volume in patients with 
HMBO, bilateral or multisegmental drainage 
should be considered. Furthermore, we always 
should keep in mind that if we inject contrast 
agents, we potentially could contaminate all liver 
segments as we must drain all!

Two recent meta-analyses [76, 187] compared 
unilateral and bilateral drainage of MHS obtain-
ing similar results in terms of jaundice palliation, 
complications, and 30-day mortality. Some 
authors suggest preferring unilateral drainage 
due to the higher technical success [76, 188]. 
Many studies, included in the meta-analyses, 
enrolled also patients with Bismuth-Corlette type 
I MHS, where one stent can drain all the liver, 
while other used two stents to drain Bismuth-

Corlette type III or IV MHS obtaining an incom-
plete drainage leaving opacified and undrained 
biliary ducts theoretically, even in Bismuth-
Corlette type III strictures, only one stent placed 
in one of the right sectoral ducts (each one drains 
approximately 30% of the hepatic parenchyma) 
or in the left hepatic duct (40%) should be enough 
to palliate symptoms if the drained parenchyma 
is not atrophic. However, currently, drainage of at 
least 50% of the parenchyma is recommended 
because it has been shown to be more effective 
[149, 173, 189, 190].

40.2.14.5	 �How Do You Drain?
Endoscopists should plan their drainage strategy 
based on CT or magnetic resonance cholangio-
pancreatography findings, with selective wire-
guided cannulation of the desired side and 
placement of a single SEMS to drain at least 
30–50% of the total liver volume [148, 149, 175, 
191]. Hintze and colleagues reported a high suc-
cessful drainage (86%) and a low post-ERCP 
cholangitis (6%) in 35 patients with type III and 
IV malignant hilar obstruction who underwent 
MRCP-guided unilateral stenting with minimal 
contrast injection above the stricture [192].

40.2.14.6	 �How to Perform Biliary 
Drainage?

Endoscopist should revised all CT scan and MRI 
and perform biliary drainage without using con-
trast agents to avoid to contaminate all biliary 
tree causing a high risk of cholangitis and sepsis 
that could be impossible to drain leading patients 
to high risk of death. Therefore, we use a guide-
wire cannulation after analyzing MRI and plan-
ning to drain one, two, or three ducts according to 
the imaging study. After performing ES, we place 
the guidewire in the desired duct and start open-
ing the first stent that should be placed just above 
the stricture. To do that, we open the stent and we 
retrieved the stent under fluoroscopic control 
identifying the stricture just below the proximal 
flange.

40.2.14.7	 �Is There a Role of CSEMS 
in the Hilar Tumor?

The USEMS limit is due to tumor ingrowth as 
cause of recurrent biliary obstruction (RBO). 
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Other cause of RBO for USEMS is that the exces-
sive length of the SEMS causes hyperplastic 
reaction or de novo development of sludge and 
stone closing the side branch and as a result the 
occlusion of SEMS determining the difficulties 
to reintervention that is often troublesome.

Similarly to other scenario, the use of CSEMS 
could avoid the tumor ingrowth. Unfortunately, 
the presence of ducts (lateral or secondary) and the 
risk of closing leading to cholangitis have limited 
the use of CSEMS in this setting. Early or delayed 
septic complications developing in the obstructed 
biliary ducts are a major issue when dealing with 
palliative treatment of complex MHS.

First of all, we should determine if the CSEMS 
is applicable for all patients, for any situations, 
and by any endoscopists.

From my point of view, the applicability 
depends on patient anatomy and operator exper-
tise. It is more easy to apply in the left duct 
because the side branch arises more distally com-
pared to the right branch allowing the placement 
of CSEMS. Unfortunately, few data are available 
with the fully covered design, but the risk of chol-
angitis due to side branch occlusion is the major 
concern.

The study by Kitamura et al. [193] inserted a 
6-mm partially covered SEMS (side by side) 
showing a lower time to RBO compared to other 
studies and that the RBO is shorter in case of 
advanced or complex tumor (bismuth 3–4)/9 
days compared to more simple stricture (Bismuth 
1–2).

However, Inoue et al. [194] reported technical 
and clinical success rates for FCSEMS of >90% 
with an incidence of liver abscess of 7%.

Yoshida et al. [195] described similar techni-
cal and clinical feasibility, but mean stent patency 
was only 95 days.

It seems that CSEMS do not show a significant 
difference in patency compared to plastic stents, 
and further large prospective comparative trials 
are needed to assess the role of CSEMS.

Tips: Therefore, insertion of covered SEMS in 
patients with hilar malignant stricture is not gen-
erally recommended. ESGE recommends uncov-
ered SEMSs for palliative drainage of malignant 
hilar obstruction. Of note, if a decision for pallia-

tion has not been taken, plastic stents are recom-
mended because removal of uncovered SEMSs is 
usually not possible [152], and it sometimes 
could be useful to place more than one SEMS in 
case of small caliber of common bile duct (cali-
ber the duct!)

40.2.15  �Stent in Stent (SIS) Versus 
Side by Side (SBS): Which Is 
the Best Technique?

Tip: We suggest to use SBS as easier reinterven-
tion in case of stent occlusion.

The “side-by-side” and “stent-in-stent” posi-
tioning of multiple SEMSs have been found 
equivalent in a meta-analysis (four studies, 158 
patients) with respect to the rates of successful 
stent placement, successful drainage, early and 
late complications, and stent occlusions and 
adverse event rate [196].

The choice of the technique thus seems to be 
at the discretion of the endoscopist, with the 
“side-by-side” and “stent-in-stent” techniques 
more frequently used in Western and Asian coun-
tries, respectively. The appropriate methods 
should be select based on the technical difficulty, 
degree of bile duct dilations, and level of opera-
tor’s experience. The insertion of side-by-side 
SEMSs has become easier with the availability of 
small-diameter delivery catheters that can be 
passed simultaneously in a standard therapeutic 
channel duodenoscope and permit simultaneous 
SEMS deployment [197].

Different precautions should be taken with 
each technique (e.g., with the “side-by-side” 
technique, the SEMSs should cross the papilla or 
their lower extremities should be positioned at 
the same level in the CBD to facilitate further 
stent access).

40.2.15.1	 �How to Treat Stent 
Dysfunction?

The diagnosis of stent dysfunction has not been 
standardized; it is usually based on the combina-
tion of clinical criteria and liver function tests, 
complemented with transabdominal ultrasound 
in some cases. Examples of definitions of stent 
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dysfunction used in RCTs are a decline in biliru-
bin <20% following stent insertion (failed biliary 
drainage), development of cholangitis, jaundice, 
or a flu-like syndrome, and cholestasis [198]. 
More recent RCTs have mostly used para-clinical 
tests, as in the study by Schmidt et al. who defined 
stent dysfunction as the presence of two of the 
three following criteria:

	(a)	 Ultrasound showing new dilatation of intra-
hepatic or extrahepatic bile ducts

	(b)	 Bilirubin ≥ 2 mg/dL (34.2 μmol/L) with an 
increase ≥1 mg/dL (17.1 μmol/L) compared 
to the value after initial successful drainage, 
or elevation of alkaline phosphatases/
gamma-glutamyl transferase to more than 
twice the upper limit of normal values with 
an increase of at least 30 U/L

	(c)	 Signs of cholangitis (fever and leukocyte 
count >10,000/μL or C-reactive protein 
(CRP) > 20 mg/dL) [199]

A meta-analysis (seven retrospective studies, 
314 patients) found no difference in stent reoc-
clusion when plastic stents vs. SEMSs were used 
to treat occluded SEMSs in patients with a malig-
nant biliary obstruction (relative risk, 1.24; 95% 
CI, 0.92–1.67) [200].

In a more recent RCT, 48 patients with a 
malignant biliary obstruction who developed 
stent dysfunction were randomized to insertion 
of a plastic stent, uncovered SEMS, or PCSEMS 
[68]. Of these, 11 patients (23%) again developed 
stent dysfunction, eight in the plastic stent group, 
one in the uncovered SEMS group, and two in the 
PCSEMS group, with mean functional durations 
of 170 days, 367 days, and 326 days, respectively 
(plastic stent vs. SEMS; p  =  0.026). No differ-
ences in overall costs were found between sec-
ondarily placed SEMSs or plastic stents. Another 
RCT (43 patients with a nonfunctioning uncov-
ered SEMS in a malignant distal biliary obstruc-
tion) found no difference in time to stent occlusion 
between covered and uncovered SEMS (112 vs. 
181 days, respectively; P > 0.05) [201].

Dysfunction of plastic stents is treated by stent 
removal, cleaning of ductal debris, and SEMS 
insertion, unless the diagnosis is not yet clear or 
patient life expectancy is very limited.

In the case of SEMS occlusion, cleaning of 
ductal debris with a balloon is suggested, fol-
lowed by cholangiographic assessment of the 
degree of tissue ingrowth/overgrowth and subse-
quent insertion of an inner plastic stent or SEMS 
[202]; a retrospective study (52 patients) reported 
a longer patency (131 days vs. 47 days) with 
SEMSs vs. plastic stents [203]. Radiofrequency 
ablation might be an alternative option although 
data are sparse and comparison with insertion of 
a plastic stent has been reported in only one retro-
spective study [204].

ESGE suggests that in a patient with a DMBO 
and a nonfunctioning stent, a plastic stent should 
be replaced by a SEMS and, in the case of a 
SEMS, a plastic stent or a new SMS should be 
inserted within the original SEMS.

40.2.15.2	 �Preoperative Biliary 
Drainage (PBD): Is There 
a Role

Two systematic reviews (11 studies, 711 patients, 
and nine studies, 892 patients) reported that pre-
operative biliary drainage of hilar cholangiocar-
cinoma was associated with a higher postoperative 
morbidity rate, in particular because of infec-
tions, and no significant difference in postopera-
tive mortality [205, 206].

However, many authors have suggested that in 
specific situations (e.g., cholangitis, predicted future 
liver remnant volume of ≤30% following surgery), 
preoperative drainage could be indicated [207].

These situations have been associated with a 
high risk of postoperative liver failure and may thus 
benefit from portal vein embolization and drainage 
limited to the future liver remnant segments [208].

ESGE suggests against routine preoperative 
biliary drainage in patients with malignant hilar 
obstruction. The indication and route for preop-
erative biliary drainage should be decided by a 
multidisciplinary team based on patient charac-
teristics and institutional experience.

40.2.15.3	 �How to Perform PBD?
With respect to the choice between the endo-
scopic and percutaneous approaches for preop-
erative biliary drainage, two meta-analyses (four 
retrospective studies, 433 patients, and three ret-
rospective studies, 265 patients) reported a simi-
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lar [209] or higher [210] procedure-related 
morbidity for ERCP vs. PTBD.

On the other hand, a large, more recent, ret-
rospective study (280 patients) found that major 
postoperative morbidity was more frequent after 
PTBD vs. ERCP for drainage of MHS [211].

A single meta-analysis analyzed long-term 
survival; it was shorter following PTBD vs. 
ERCP (30% vs. 46% at 5 years) [209].

A similarly shorter patient survival following 
PTBD vs. ERCP was reported in three large ret-
rospective studies (793 patients) not included in 
the meta-analyses [212–214].

Peritoneal metastasis was more frequent fol-
lowing PTBD vs. ERCP; it may be associated 
with the duration of PTBD (60 days or more) and 
the presence of multiple PTBD catheters [215].

A similar association between preoperative 
PTBD and shorter survival has not been found in 
a Western bicentric study (245 patients) with a 
different use of PTBD catheters [216].

40.2.15.4	 �Which Stent Should 
Be Used for PBD?

If endoscopic preoperative drainage of MHS is per-
formed, plastic stents or nasobiliary drains are pre-
ferred [217]; although less comfortable for the 
patient, nasobiliary drains are preferred in particular 
by Japanese authors because of the lower incidence 
of cholangitis due to tube occlusion [218]. The use 
of SEMSs for preoperative drainage of MHS is dis-
couraged because of the paucity of the literature 
[219] and the risk of precluding curative surgery.

40.2.15.5	 �Which Length? Is 
the Length Important?

There are no studies that assess this relevant point. 
We must remember that placing a long USEMS in 
case of HMBO is one of the causes of stent occlu-
sion due to development of hyperplastic reaction 
of lateral duct and sludge and stone formation.

40.2.15.6	 �Is There a Role of Drug-
Eluting SEMS?

Drug-eluting SEMSs have been designed in an 
attempt to improve SEMS to prevent tumor 
ingrowth and stent occlusion.

An early multicenter prospective study using a 
paclitaxel-eluting stent did not show improved 
performance compared to conventional USEMS, 
though other stents are currently in development 
[220].

Antireflux stents have been developed to limit 
duodenal contents into the bile ducts and stent 
occlusion [221].

Initial experience with antireflux SEMS has 
yielded conflicting results; one study showed 
long-term patency possibly exceeding conven-
tional SEMS, while a smaller study showed a 
disappointing rate of early occlusion [222]. 
Further studies are needed to demonstrate the 
efficacy of antireflux and drug-eluting SEMS to 
determine their role in maintaining long-term 
patency.

40.2.15.7	 �Endoscopic Adjuvant 
Treatment of Biliary 
Obstruction: Advance 
Beyond the SEMS

Patients with cholangiocarcinoma and pancre-
atic cancer continue to have poor prognosis 
when surgery is not an option. Meta-analysis 
has not shown a significant improvement with 
standard chemoradiation regimens for biliary 
malignancies [223] likely due to a late presenta-
tion and aggressive nature on presentation. 
However, two endoscopic therapies aimed at 
providing local control of biliary malignancy 
have shown some promise in early studies to 
improve stent function, quality of life, and over-
all survival in patients with advanced, unresect-
able disease.

The use of photodynamic therapy (PDT) has 
been studied for palliation of unresectable 
cholangiocarcinoma.

An RCT of PDT when compared to biliary 
stenting alone showed a dramatic increase in sur-
vival time from 98 days to 493 days [151]. 
Another RCT also showed a median survival 
increased from 210 days to 630 days [224].

Retrospective data also support increase of 
survival and quality of life when PDT is used in 
addition to biliary stents as well as chemotherapy 
[225, 226].
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Several studies have demonstrated the ability 
of PDT to locally control tumor, improve stent 
patency and quality of life, and even improve sur-
vival in patients with unresectable cholangiocar-
cinoma [151, 224, 227–231].

Three meta-analyses confirmed that palliative 
treatment of cholangiocarcinoma with PDT is 
associated with improved biliary drainage, better 
quality of life, and increased survival, though all 
noted that the overall quality of evidence is low, 
with few randomized trials and low number of 
patients [232–234]. Side effects from photother-
apy are mainly related to photosensitivity. The 
high cost of PDT may be a factor preventing its 
widespread use for local control of unresectable 
cholangiocarcinoma.

40.2.15.8	 �Radiofrequency Ablation
Radiofrequency ablation (RFA), compared to PDT, 
offers low cost and is technically simple to perform 
inducing ablative necrosis and can be used to palli-
ate biliary malignancies by using a bipolar probe 
placed at the site of obstruction [230].

RFA can be performed through a percutane-
ous route or via catheter inserted via ERCP creat-
ing a coagulative necrosis of the intraductal 
tumor mass. Plastic stent is applied when future 
ablation is planned, while SEMS may be used 
when a single session is planned.

The risk of adverse events is low but includes 
hemobilia and biliary fistula.

The literature supporting RFA for biliary 
malignancies is not as robust as that for PDT, 
consisting mostly of retrospective series [235].

A retrospective comparison by Strand et  al. 
[236] compared results in 48 patients (16 RFA, 
32 PDT) which demonstrated similar median sur-
vival (9.6 months in RFA, 7.5 months in PDT). 
Future studies will be required to determine the 
optimal techniques for RFA, as well as the patient 
populations who are most likely to benefit.

European studies have also investigated the use 
of RFA therapy to treat occlusion of SEMS with-
out the need for additional stent placement [237].

An open label prospective pilot study demon-
strated successful RFA of the biliary system in 21 
of 22 patients, but only six had cholangiocarci-
noma [238].
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Results of EUS Transmural Biliary 
Drainage

Raffaele Salerno

41.1	 �Introduction

Endoscopic retrograde cholangiopancreatogra-
phy (ERCP) with stent placement is the standard 
therapeutic modality for the management of 
benign and malignant biliary obstruction.

In the United States, about 500,000 ERCPs are 
performed annually with a failure rate of 5–7% [1].

The reasons for failure can be classified in two 
different categories: in some patients, the papilla 
is endoscopically accessible, and in others it 
is not. In the first group, the failure is due to sev-
eral technical aspects like ampullary pathology, 
periampullary diverticulum, and ampullary neo-
plastic infiltration. In the second group, benign 
(peptic stenosis) or malignant duodenal stenosis 
or postsurgical anatomy like gastrointestinal bar-
iatric bypass, Roux-en-Y gastric bypass, and 
Billroth II gastroenterostomy may prevent access 
to the papilla.

Percutaneous transhepatic biliary drainage 
(PTBD) is a rescue procedure that is often used 
when ERCP fails.

According to the literature, the morbidity 
associated to PTBD can range up to 33% [2], 
including catheter dislocation, infection, bleed-
ing, biliary leakages, acute cholangitis, and pneu-
mothorax [3]. Endoscopic ultrasonography-guided 

biliary drainage (EUS-BD) is an alternative to 
PTBD with advantages of internal drainage and a 
single session procedure by the same operator 
without the discomfort of an external catheter.

Wiersema and colleagues showed for the first 
time in 1996 the feasibility of performing a chol-
angiogram under endoscopic ultrasonography 
guidance [4].

The first report of EUS-guided bilio-digestive 
anastomosis was by Giovanni et al. in 2001 [5], 
and it was then performed worldwide with 
reported cumulative technical success and post-
procedure adverse events of 90% and 17%, 
respectively [6].

A recent systematic review and meta-analysis 
by Sharaiha et  al. compared the efficacy and 
safety of EUS-BD and PTBD [7]. Nine studies 
[8–16] were included in the final analysis. Of 
these, three were RCTs [8, 12, 16], and six were 
retrospective studies [9, 11, 13–15]. All nine 
studies used metal stents in patients undergoing 
EUS-BD and were conducted at tertiary centers. 
One study [12] included benign and malignant 
etiologies of biliary obstruction, whereas the 
remaining studies included patients with malig-
nant etiologies only.

EUS-BD and PTBD showed equivalent tech-
nical success (OR, 1.78; 95% CI, 0.69–4.59; 
I2  =  22%), but EUS-BD was associated with  a 
better clinical success (OR, 0.45; 95% CI, 0.23–
0.89; I2  =  0%), fewer postprocedure adverse 
events (OR, 0.23; 95% CI, 0.12–0.47; I2 = 57%), 
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and a  lower rate of reinterventions (OR, 0.13; 
95% CI, 0.07–0.24; I2 = 0%). No significant dif-
ferences in hospitalization between EUS-BD and 
PTBD were found, but EUS-BD was more 
cost-effective.

41.2	 �Techniques

Transmural EUS-BD should be performed by 
an experienced endoscopist with at least 20 cases 
done under supervision of a tutor [17] and trained 
in both EUS and ERCP. Skilled staff and carbon 
dioxide insufflation are mandatory for guidewire 
manipulation and to reduce the risk of pneumo-
peritoneum, respectively.

According to the access to the biliary tree, two 
approaches can be performed: the intrahepatic 
approach (hepatogastric anastomosis EUS-HPA 
or antegrade stent placement EUS-AS) and the 
extrahepatic approach (choledochoduodenos-
tomy EUS-CDS or transgallbladder EUS-GBD).

EUS-guided rendezvous transpapillary drain-
age will not be discussed in this chapter.

41.2.1	 �Intrahepatic Approach

This kind of approach is typically preferred in 
cases where endoscopic access to the papilla is 
impeded by gastric outlet obstruction or an 
obstructing proximal duodenal tumor, or in 
patients with a surgically altered anatomy. 
Dilatation of intrahepatic ducts is mandatory for 
the choice of this approach. Cancer infiltration of 
the gastric wall within the planned path of 
approach to the bile ducts or massive ascites and 
coagulopathy are considered as contraindications.

With the tip of the echoendoscope positioned 
along the small curvature of the stomach, the 
dilated left hepatic duct (segment III) is correctly 
visualized. Transgastric needle (19–22 G) inser-
tion into the left hepatic duct and contrast injec-
tion clearly show the biliary tree under fluoroscopy 
(Fig. 41.1). The next step is the exchange of the 
needle over a guidewire for a 6.5-Fr cystostome 
used to create by cutting current the fistula 
between the stomach and the left hepatic duct. 

Plastic stent or a self-expandable metal stent 
(SEMS) is then positioned over the guidewire 
(hepatico-gastric stent) or advancing a guidewire 
across the stricture and the papilla to complete an 
antegrade stent placement (EUS-AS).

This kind of technique is not actually standard-
ized, and there is no scientific evidence to prefer one 
over the other of different devices. The choice of the 
needle is still debated. Some operators suggest the 
19 G needle because the large diameter reduces the 
risk of shearing the guidewire coating during 
manipulation. On the other hand, the 19 G needle 
can be stiffer and more difficult to handle compared 
to the 22 G one. Usually, a hydrophilic guidewire is 
preferred because it makes it  easier to cross the 
strictures. The 0.025-in. guidewire matches with a 
22 G needle, and this flexibility may help during the 
manipulation maneuvers but at the same time can 
make the stent insertion challenging due to the lack 
of stiffness and less stable scope position.

The optimal biliary access point and learning 
curve for technically successful EUS-HGA were 
evaluated by Oh et al. in 129 consecutive patients 
who underwent EUS-HGA [18]. Measurements 
were taken for the intrahepatic bile duct diameter 
at the point of puncture, the hepatic portion 
length and bile duct segment for each needle 
puncture attempt, and procedure times (from ini-
tial bile duct puncture to final transmural stent-
ing) in each EUS-HGA session.

Fig. 41.1  Transhepatic approach
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In the logistic regression model, intrahepatic 
bile duct diameter of puncture site ≤5 mm (OR, 
3.7; 95% CI, 1.71–8.1; p < 0.01) and hepatic por-
tion length >3  cm (OR, 5.7; 95% CI, 2.7–12; 
p < 0.01) were related with low technical success. 
The learning curve for technical success was 
evaluated by measuring procedure time and 
adverse events by using the moving average 
method and cumulative sum (CUSUM) analysis, 
respectively. Procedure time and adverse events 
were shorter after 24 cases and stabilized at 33 
cases of EUS-HGA, respectively.

These data suggest that a bile duct diameter 
>5 mm and hepatic portion length 1 to ≤3 cm on 
EUS may guide the choice for the optimal site of 
puncture for successful EUS-HGS and that 33 
cases of EUS-HGA are needed to achieve techni-
cal proficiency.

A crucial step is the creation of the fistula that 
can potentially impact on the technical success 
and on the complications like bile leakage, bilio-
peritoneum, or perforation. The dilatation of the 
fistula is mandatory for stent insertion and can be 
performed by using balloon dilator, stiff gradual 
catheters, needle knife, and cystostome with cut-
ting current. Advancing of stiff catheter may form 
tissue resistance creating a gap between the stom-
ach and the liver, with postprocedure bile leak, 
and balloon dilatation generates radial force as 
well; that is why some endoscopists prefer a 6.5 
Fr cystostome. In a recent meta-analysis of 
EUS-BD technique, Wang and colleagues 
reported adverse event rates of 20% (49/249) with 
needle knife, 20.37 % (44/216) with balloon cath-
eter, and 38.46% (10/26) with cystotome [19].

The type of the stent used depends on the indi-
cation (benign vs. malignant), the degree of duc-
tal dilatation, whether the wire could cross the 
anastomosis, the length of fistula tract, and surgi-
cal candidacy of the patient [20]. In the first cases 
of HGA reported, plastic stents were used with 
significant postprocedure bile leakage. On the 
other hand, fully covered self-expandable metal 
stent (FCSEMS) may cause side bile duct 
obstruction with cholangitis, and significant stent 
migration may occur too. To prevent these com-
plications, Giovannini and colleagues used the 
“stent-in-stent technique” with insertion of two 

metal stents: a first uncovered metal stent of 8- or 
10-cm length placed to prevent migration and the 
occlusion of side biliary branches and in the sec-
ond time, a fully covered stent of 6-cm length in 
the uncovered to prevent the bile leakage. 
Recently, Song et  al. reported no proximal and 
distal stent migration in any of 27 patients who 
underwent EUS-BD, using hybrid metal stents 
(Standard Sci Tech Inc., Seoul, South Korea), 
which are partially covered self-expandable 
metal stents (uncovered in the intrahepatic por-
tion and covered in the transmural distal) [21]. 
Tyberg et al. described an algorithm for EUS-BD 
based on patient anatomy [20]. In 41 of the 52 
patients in study (79%) and in 11 patients (21%), 
SEMS and plastic stents were respectively 
inserted following clinical settings like the degree 
of dilation, the underlying disease, the capability 
to cross the anastomosis, the length of the fistu-
lous tract, and the potential resectability of the 
patient. Bigger caliber and longer patency of 
SEMS make them an appealing option over plas-
tic stents when reintervention for stent exchange 
is not required.

41.2.2	 �Extrahepatic Approach

This approach includes the endoscopic 
ultrasound-guided choledochoduodenostomy 
(EUS-CDS) and, when feasible, choledochoan-
trostomy. It is usually used in case of failure of 
selective cannulation of common bile duct 
because of ampullary neoplasm or neoplastic 
infiltration from pancreatic cancer, or when the 
access to the papilla is prevented by benign (pep-
tic stenosis) or malignant duodenal stenosis. In 
all these cases, there is no consensus about the 
choice between the intrahepatic approach and the 
extrahepatic approach, depending on the endos-
copist’s discretion and expertise.

More recently, some authors described gall-
bladder drainage for biliary drainage in patients 
with distal biliary obstruction and patent cystic 
duct [22, 23] so that this technique may be liter-
ally considered as an extrahepatic approach.

The tip of the echoendoscope is advanced to 
the duodenal bulb or, when feasible, to the antrum 
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wall, where the dilated common bile duct is 
closer to the wall. Likewise the technique of 
extrahepatic approach, the access to the bile duct 
is achieved with a 19-gauge EUS needle, with 
subsequent bile aspiration, 0.035-in. guidewire 
manipulation into the intrahepatic tree, dilatation 
of the fistula, and stent insertion. Similarly to 
HGA, stent migration is the main postprocedural 
complication, so some endoscopists suggest fully 
covered biliary metal stents with a length of more 
than 4 cm. On the other hand, using these stents, 
reintervention can be sometimes difficult, and the 
distal portion of the stent may cause duodenal 
trauma and even perforation.

Kawakubo and colleagues compared the clini-
cal efficacy and safety of EUS-CDS versus endo-
scopic transpapillary stenting (ETS) as first-line 
treatment in 82 patients with distal malignant 
biliary obstruction, finding equivalent clinical 
success rate (EUS-CDS, 96.2%; ETS, 98.2%; 
P = 0.54) and overall adverse event rate (EUS-
CDS, 26.9%, ETS, 35.7%; P = 0.46) but a shorter 
mean procedural time with EUS-CDS than with 
ETS (19.7 vs. 30.2  min; P  <  0.01) [24]. These 
data were confirmed in a prospective multicenter 
study by Nakai et al. [25].

Lumen-apposing metal stents (LAMS) were 
introduced to drain peripancreatic fluid collec-
tions but recently were used for EUS-BD too. 
The features of this stent are represented by the 
full silicone covered, wider lumen and bigger 
flanges to prevent tissue ingrowth, provide fast 
drainage, reduce the risk of migration with bile 
leakage, and allow removability. There is now 
available new cautery-enhanced delivery system 
(Hot AXIOS device, Boston Scientific) that 
allows the EUS-BD in one step with no need for 
prior needle puncture or guidewire insertion and 
even fluoroscopy too (Fig. 41.2). Bile duct dilata-
tion and a distance of no more than 10 mm are 
required to avoid stent migration, leakage, and 
pressure necrosis.

EUS-CDS using a LAMS was proposed as an 
alternative approach for patients with malignant 
obstructive jaundice and failed ERCP. Tsuchiya 
and colleagues evaluated prospectively the long-
term outcome (median, 184 days; range, 12–819) 
in 19 patients who underwent EUS-CDS using a 
fully covered LAMS with a cautery-enhanced 
delivery system [26]. Technical success was 
achieved in all patients and jaundice improve-
ment in 95% of patients (18/19).

a

c

b

Fig. 41.2  Extrahepatic approach (a) Endoscopic ultrasonography-guided choledochoduodenostomy using a LAMS 
(Hot AXIOS device, Boston Scientific) (b) CT-scan view (c) Endoscopic view. BD=bile duct
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No intraprocedural adverse events were 
recorded, but the postprocedure-related adverse 
events ratio was 15.8% (3/19; acute cholangitis 
[n = 2] and fever [n = 1]). Five patients had sec-
ondary stent obstruction because of food residue 
(n = 2), kinking (n = 1), suspected tumor ingrowth 
(n  =  1), and spontaneous dislodgement (n  =  1) 
with reintervention in four of these five patients. 
The authors supposed the food impaction and the 
bile duct kinking as a consequence of the small 
diameter of the LAMS used (6–8 mm diameter 
could have shorter patency compared to 10 mm 
diameter) and of the absence of the spontaneous 
outflow of the bile after decompression, respec-
tively. The efficacy of EUS-CDS using the LAMS 
was recently confirmed by Anderloni and col-
leagues in a retrospective analysis in 46 patients 
[27]. They reported technical and clinical success 
rate of 93.5% and 97.7%, respectively, but 
adverse events in five patients (11.6%) with one 
fatal bleeding 17 days after stent placement, three 
episodes of stent occlusion (food impaction), and 
one spontaneous migration (all four requiring 
reintervention). In spite of these encouraging 
results, the authors suggested a careful evaluation 
before using the stent in this clinical setting 
because of not negligible adverse events.

Recently, EUS-guided gallbladder drainage 
(EUS-GBD) was reported to be useful for acute 
cholecystitis in patients unfit for surgery. Jang 
et  al. found that EUS-GBD was comparable to 
percutaneous transhepatic gallbladder drainage 
in terms of technical feasibility, efficacy, and 
safety of the procedures [28].

In a pooled analysis on the efficacy and safety of 
EUS-GBD with LAMS in nonoperative candidates 
with acute cholecystitis, Kalva et al. showed that 
technical success was 93.86% (95% CI = 90.56–
96.49) and clinical success was 92.48% (95% 
CI  =  88.9–95.42). Overall complication rate was 
18.31% (95% CI = 13.49–23.68), and stent-related 
complication rate was 8.16% (95% CI  =  4.03–
14.96) in the pooled percentage of patients [29].

Some authors proposed EUS-GBD in case of 
failure to treat malignant distal biliary obstruc-
tion and patent cystic duct, with encouraging 
results. Imai and colleagues reported technical 
success rates and functional success rate in 100 

% and 91.7% of cases, respectively, with adverse 
events in 16.7% of cases in a series of 12 patients 
with obstructive jaundice due to unresectable 
malignant distal biliary stricture who underwent 
EUS-GBD after ERCP failed [22].

41.2.3	 �Algorithm for EUS-BD 
Guidance

Artifon and colleagues compared in a prospective 
randomized trial the outcomes of hepaticogas-
trostomy and choledochoduodenostomy in 49 
patients with distal malignant biliary obstruction 
[30]. The technical success rate was 96% and 
91% with clinical success rate of 91% and 77% 
and similar procedural time for HPA and CDS, 
respectively. The overall adverse event rate was 
16.3% (20% for the HPA group and 12.5% for 
the CDS group). These data show no significant 
differences between the two techniques.

The anatomic site of transmural biliary drain-
age was evaluated too in a review on 42 studies 
with 1192 patients by Wang and colleagues [19].

They calculated the cumulative technical suc-
cess rate (TSR), functional success rate (FSR), and 
adverse event rate of EUS-BD and the pooled odds 
ratio of TSR, FSR, and adverse event rate of the 
transduodenal (TD) approach versus transgastric 
(TG) approach, finding no significant difference.

Some authors have proposed different algo-
rithms to guide the choice of approach.

Park et  al. evaluated an algorithm based on 
enhanced guidewire manipulation for EUS-BD 
after failed ERCP in 45 patients, achieving over-
all technical and functional success rates of 91% 
(intention to treat, n = 41/45) and 95% (per pro-
tocol, n = 39/41), respectively [31].

More recently, some other authors proposed 
an algorithm for biliary drainage based on patient 
anatomy (Fig. 41.3) [20].

Patients with a dilated intrahepatic biliary tree 
(IHBT) on cross-sectional imaging received an 
intrahepatic (IH) approach, while patients with a 
nondilated IHBT on cross-sectional imaging 
underwent an extrahepatic (EH) approach. In 
case of failure of IH drainage, conversion to an 
EH approach was proposed.
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Following this algorithm, they reported tech-
nical success in 50/52 patients (96%) with 
adverse events in five patients (10%).

41.3	 �Summary

PTBD is a rescue procedure used in case of fail-
ure of ERCP. The technical success rate of PTBD 
is more than 95% with adverse event overall rates 
of 33% or higher, including bleeding, infection, 
dislodgement, bile leak, and tract seeding [3]. 
Moreover, this technique is uncomfortable to the 
patient because of the external drainage catheter 
and is not suitable in case of ascites or multiple 
liver metastasis. EUS-BD has been an evolving 
alternative to PTBD with better clinical success 
(OR, 0.45), fewer adverse events (OR, 0.23), and 
fewer reinterventions (OR, 0.13) [7]. EUS trans-

mural biliary drainage can be achieved by the 
puncture of intrahepatic duct in the III segment 
(intrahepatic approach) and the insertion of 
hepatico-gastric (HGA) stent or advancing a 
guidewire across the stricture and the papilla to 
complete an antegrade stent placement 
(EUS-AS), or by the puncture of common bile 
duct or the gallbladder (extrahepatic approach) 
with choledochoduodenostomy (CDS) or chole-
cystoduodenostomy (GBD).

There is no formal consensus on how to 
choose between intrahepatic approach and extra-
hepatic approach.

Some proposed algorithms for biliary drain-
age based on patient anatomy [20] or guidewire 
manipulation [31], both with encouraging results.

The most crucial step for both approaches is 
represented by the dilatation of the fistula that 
potentially can impact on the technical success or 

Fig. 41.3  Algorithm for biliary drainage based on patient anatomy proposed by Tyberg and colleagues. 
IHBT=intrahepatic biliary tree; IH=intraheaptic; EH=extrahepatic; RDV=rendez-vous
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failure of the drainage procedure. For this reason, 
the operators mostly prefer transpapillary (ren-
dezvous) EUS-BD or anterograde technique 
because of the smaller risk of postprocedure bile 
leak.

The recent availability of the LAMS improves 
this field by reducing leakage and the mean pro-
cedural time, but it still needs careful evaluation 
because of potential severe adverse event [27].

In 2011, a consortium involving 40 interna-
tional experts met to standardize terminology, 
nomenclature, and indications of EUS-BD, con-
cluding that because of the potential serious 
adverse events associated with the procedure, 
EUS-BD should only be performed by endosco-
pists trained in both EUS and ERCP, performing 
pancreatico-biliary EUS and FNA, with large 
ERCP and EUS experience for nearly 4–5 years 
(at least 200–300 EUS and ERCP each year) with 
95–98% success rate for standard ERCP, with a 
surgical and interventional radiology backup 
[32].

Therefore, the endoscopist must have mastery 
of multiple techniques to fully use EUS-BD.
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Postoperative Biliary Stricture

Paolo Cantù and Aurelio Mauro

Abbreviations

ERCP	 Endoscopic retrograde cholangiopan-
creatography

LC	 Laparoscopic cholecystectomy
OC	 Open cholecystectomy
POBS	 Postoperative biliary stricture
SEMS	 Self-expandable metal stent

42.1	 �Epidemiology and Risk 
Factors

Postoperative biliary strictures (POBS) may 
develop after any type of biliary surgical proce-
dures. Laparoscopic cholecystectomy (LC) is the 
most common cause of POBS with a rate that is 
two to six times higher than open cholecystec-
tomy (OC) [1]. Biliary injuries after cholecystec-
tomy have relevant medical and legal implications 
as well [2]. In a large LC series involving more 
than 10,000 patients, the reported rate of biliary 
injuries ranges from 0.18% to 0.6% [3]. Partial or 
complete clipping and some thermal injury of the 
common bile duct (CBD) are the well-known 

mechanisms leading to stricture. Clipping the 
cystic duct too close to its implantation may lead 
to traction of the CBD and to its obstruction as 
well as in case of non-dilated CBD. This condi-
tion is encountered during LC when a counter-
traction force on the CBD is not applicable during 
the traction of the cystic duct to be clipped. In up 
to 30–40% of patients, the stricture is caused by 
concomitant ischemia secondary to dissection or 
a thermal injury [4] of the right hepatic artery. 
The application of clips around the bile duct can 
compromise its blood supply by damaging the 
vascular net running in the 3 and 9 o’clock posi-
tions of the bile duct [5].

Rare causes of POBS are other abdominal sur-
geries where the bile ducts are exposed to surgi-
cal devices, such as hepatectomy, hepatic and 
biliary repair after an abdominal trauma, portaca-
val shunting, pancreatoduodenectomy, gastrec-
tomy (especially for deep duodenal ulcers), and 
bilateral supradrenalectomy [4, 6].

The risk factors for POBS are summarized 
according to different factors such as biliary and 
vascular variant anatomies, severity of local 
inflammation, and operator expertise.

Anatomic variants of the cystic duct implanta-
tion to CBD, which in 20% of patients runs paral-
lel and in 5% posterior to the CBD [7] and as of 
the hilar bifurcation in up to 20% (Fig.  42.1), 
may increase the difficulty of the correct identifi-
cation of Calot’s triangle, also known as the cys-
tohepatic triangle, delimited on the upper side by 
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the inferior surface of the liver or the cystic artery, 
the cystic duct laterally, and the CBD medially 
[5]. Acute inflammation or excess bleeding dur-
ing LC may also reduce the visibility. In this con-
dition, low levels of expertise and involvement of 
trainees (i.e., with less than 100 cholecystecto-
mies performed) are additional risk factors for 
POBS [1, 8, 9]. In difficult conditions, intraoper-
ative cholangiography can be of great help to pre-
vent possible visual perceptual illusion or for 
intraoperative confirmation of a relevant biliary 
injury [10]. In patients with any type of biliary 
injury after cholecystectomy (leak, stricture, and 
complete transection), it has been shown that 
proximal injury, repair in the acute phase, and 
late referral to tertiary centers have worse out-
comes [11]. The presence of a bile leak after cho-
lecystectomy is per se a risk factor associated to 
POBS with a reported incidence from 10 to 70% 
in selected series [11, 12].

42.2	 �Classifications

Several systems have been proposed for the clas-
sification of iatrogenic bile duct lesions aiming to 
summarize a large plethora of injury pictures. 
Such classifications describe injury mechanisms 

and their preventive strategies but fail to take into 
account short-term prognostic factors.

The most dated and probably the most used 
classification system is the one authored by 
Bismuth [13]. The Bismuth classification was 
originally designed to guide the surgical recon-
struction of the biliary tree based on the available 
healthy biliary mucosa and is useful for the eval-
uation of outcomes after repair. Five types of 
stricture are described (Table 42.1) according to 
the progressive reduction of the available healthy 
biliary mucosa, from more than 2 cm of a spared 
CBD or main bile duct stump (type I) to the com-
plete separation of right and left hepatic ducts 
(type IV); in type V, there is the involvement of 
an aberrant right second-order duct with or with-
out concomitant CBD stricture.

The Strasberg classification also includes 
leak injuries and allows the differentiation as 
types A to D between small, i.e., bile leakage 
from the cystic duct or aberrant right branch, and 
major injuries performed during laparoscopic 
cholecystectomy. Type E of the Strasberg clas-
sification (Fig.  42.2) includes the scenarios of 
the Bismuth classification. In 1996, Bergman 
published a very simple classification of injuries 
after LC, which gives practical information for 
their treatment. It describes four groups of 
lesions (types A to D) ranging from minor bile 
leaks to major bile leaks with or without stric-
ture, isolated biliary stricture, and, finally, a 
complete biliary transection. Type A and type D 
lesions are treated endoscopically and surgically, 
respectively; type B ones may require a com-
bined treatment, whereas endoscopy is the first 
choice for type C lesions, but surgery may be an 
option in case of failure [14].

Fig. 42.1  Type E5 Strasberg stricture associated to an 
aberrant right hepatic duct. Ten days after cholecystec-
tomy, the patients presented with jaundice. He was suc-
cessfully treated with endoscopic multistenting

Table 42.1  Bismuth’s classification of biliary strictures 
based on available healthy biliary mucosa

Type Definition
I Common hepatic or main bile duct stump ≥2 cm
II Common hepatic duct stump <2 cm
III Ceiling of the biliary confluence is intact; right 

and left ductal system s communicate
IV Ceiling of the confluence is destroyed; bile ducts 

are separated
V Type I, II, or III stricture of an isolated right duct

Adapted from Bismuth et al. [13]
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The Csendes system provides a detailed clas-
sification based on the types of injury with the 
standard devices used during LC [15].

Other ancillar classifications are the 
MacMahon classification based on the levels of 
CBD laceration and the Neuhaus classification, 
which includes prognostic information about the 
risk of stricture recurrence [16].

The main criticism of all the aforementioned 
classification systems concerns the lack of con-
sideration of any additional vascular injury level: 
Ten to 30% of all patients present with vascular 
involvement, which is important to detect because 
of a potentially worse outcome. The Stewart-Way 
and Hannover classification systems overcome 
this drawback [10, 17]. The Stewart-Way classifi-
cation was created taking into account surgery 
reports and videotapes of biliary injury during 
cholecystectomy. It describes four types of injury 
based on their mechanisms (Fig. 42.3). In type I, 
an incomplete CBD transection can occur sec-
ondary to the misidentification of CBD instead of 
the cystic duct, and the correct identification dur-
ing early surgery avoids the complete transection 
of the CBD.  Type II injury consists of damage 
near the CBD secondary to clipping and cautery 
damage during attempts to control bleeding. Type 
III injury is the most frequent (60% of cases) and 
consists in the complete CBD transection fol-
lowed by the failure of identification during sur-

gery. Type IV injury involves damage of the right 
hepatic duct or a second-order hepatic duct, asso-
ciated to injury of the right hepatic artery in 60% 
of cases. Vascular involvement was less frequent 
in types I, II, and III than type IV, i.e., 5%, 18%, 
and 27%, respectively, vs. 60% stated. The 
Hannover classification is an expansion of the 
Stewart-Way one, resulting in 21 different sub-
types of injury grouped in five main classes, mak-
ing it difficult to apply in everyday practice.

42.3	 �Clinical Presentation 
and Diagnosis

POBS has a variable clinical presentation mainly 
because of the severity of the iatrogenic stricture. 
Only 10% of strictures are suspected within the 
first postoperative week. Its early presentation 
relates to major injuries such as complete CBD 
transection with or without associated leakage and 
ranges from abdominal discomfort to jaundice and 
cholangitis. Two-thirds of patients with POBS are 
diagnosed later and within the first 6 months fol-
lowing cholecystectomy. These patients undergo 
evaluation for paucisymptomatic cholestasis, 
recurrent cholangitis, and/or intrahepatic stone 
formation. Secondary biliary cirrhosis may 
develop [1, 4, 6] in patients with delayed clinical 
presentation (>6 months) leading to late repair.

a b
e1

(>2 cm)
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(>2 cm)
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c d

Fig. 42.2  Strasberg classification. In types A, C, and D are depicted the different levels of leakage, whereas the differ-
ent subtypes E depict the strictures. (Adapted from Chun K, Korean J Hepatobiliary Pancreat Surg. 2014;18:69–72 [16])
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In the setting of sepsis of biliary origin, the 
first aim of the first evaluation is to assess com-
plications such as bile collection. The second aim 
is to assess the type and extent of injury in order 
to plan the mode and timing of intervention 
according to the expertise [2] locally available.

Noninvasive imaging tests should also be used 
accordingly. Abdominal ultrasound evaluates the 
presence of fluid collection and intrahepatic bili-
ary dilatation. Computed tomography has higher 
accuracy compared to ultrasound (96% vs. 70%) 
in detecting any fluid collection and is useful if 
the latter is equivocal. If bile duct injury is 
strongly suspected, in aiming to study its location 
or in case of bile flow from abdominal drain, a 
cholangiography is indicated [18]. Both direct 
(endoscopic or percutaneous) and MR cholangi-
ographies are comparable with regard to the 
detection of any intrahepatic bile duct dilatation 
and the assessment of the level of injury and pres-
ence of associated lithiasis. However, MR chol-
angiography is noninvasive and facilitates the 
study of a disconnected biliary duct, otherwise 
not accessible by endoscopy, and provides addi-

tional information on associated fluid collection, 
secondary portal hypertension, and atrophy of 
injured liver [19]. The interpretation of cholangi-
ographies and their multidisciplinary discussion 
are the first step to plan successful treatment. The 
first step is to assess the integrity of the CBD and 
to rule out any disconnection of intrahepatic 
ducts. There is no longer a role for exploratory 
surgery (laparotomy/re-laparoscopy) or invasive 
cholangiographies to delineate the biliary anat-
omy for diagnostic purposes only. The assess-
ment of vascular lesions is of pivotal role 
especially in the case of a previous repair attempt 
and in the management of proximal injury, which 
may be associated with the injury of the right 
hepatic artery. With the advent of MR cholangi-
ography, hepatobiliary scintigraphy has been 
progressively underused in the diagnostic work-
up of these conditions.

42.4	 �Endoscopic Therapy

Nowadays, endoscopic therapy is considered the 
first-line treatment of POBS, thanks to its high 
success rate and low risk of relevant complica-
tions [20]. On the contrary, surgery leads to a 
considerable risk of perioperative mortality (up 
to 4%) with morbidity ranging from 9 to 42% 
[21, 22]. Most published series about endother-
apy have consisted of patients presenting with a 
miscellanea of POBS of different origins, e.g., 
cholecystectomy, liver transplantation, right or 
left hepatectomy, etc., thus leading to criticisms 
in the discussion on results.

Three decades ago, in the endoscopic scenario, 
balloon dilation and single plastic stenting were 
put forward, but a high rate of stricture recurrence 
has occurred [4]. Costamagna and Mutignani et al. 
[4] suggested the progressive dilation of any tight 
stricture by means of a progressive number of 
plastic stents placed side by side across the stric-
ture. Their study involved patients presenting with 
a biliary stricture after hepatic or biliary surgery 
(post-cholecystectomy) [4]. Sixty percent of them 
had Bismuth type I or II biliary strictures, and 40% 
had more complex type III–V strictures. A median 
number of 4.1 ± 1.3 endoscopic procedures was 

Class I Class II

Class III Class IV

Fig. 42.3  Stewart-Way classification. Both biliary and 
vascular injuries are depicted. (Adapted from Way LW 
et al., Ann Surg. 2003;237:460–9 [10])
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needed, and the median duration of therapy was 
12.1  ±  5.3  months. Hydrostatic balloon dilation 
was used only to assist the insertion of the maxi-
mal number of stents. No difference was found 
comparing early (<30 days after surgery) or late 
(>30 days) strictures in terms of radiological suc-
cess. Complications occurred in 9% of patients on 
endoscopic therapy and consisted of cholangitis or 
mild-moderate pancreatitis. The patients of this 
series have been followed up on a very long term 
(median time length of 13 years) [21], and only 
11% of them have presented with new-onset bili-
ary obstruction secondary to the recurrence of the 
stricture. An endoscopic rescue therapy with 
multi-stenting was proposed again, and success 
was achieved for all such patients. Multi-stenting 
with a less aggressive treatment, i.e., by means of 
a median of only two plastic side-by-side stents to 
treat patients presenting with a Bismuth type I–II 
(92% of cases) or type III–V (8%) stricture after 
cholecystectomy, achieved clinical success in 91% 
of cases, but with a higher recurrence rate (20%) 
during the 9.1-year-long follow-up23. Moreover, a 
low rate of success has been recorded by other 
authors in patients with Bismuth type III–V post-
operative strictures compared to type I–II, i.e., 
25% vs. 80% [24]. In summary, in order to suc-
cessfully treat more complex POBS, an aggressive 
policy is needed. Otherwise, cholangitis in the 
series of patients who have undergone multi-stent-
ing therapy is relatively low secondary to the soil-
ing alongside the occluded stents. In this setting, 
death related to sepsis of biliary origin secondary 
to stent dysfunction was reported [23]. A local reg-
istry on patients’ recall is required in order to limit 
the risk of emergency presentation with cholangi-
tis secondary to stents clogging. Patients’ compli-
ance should be taken into account at the time of 
planning endoscopic or surgical options. The opti-
mal timing to definitively remove plastic stents has 
not been defined by means of controlled studies. 
According to different authors, the end of endo-
therapy is defined as ranging from the disappear-
ance of any waste at stricture level or the easy 
passage of an inflated balloon catheter at the level 
of the previous stricture to the rapid drainage of 
the contrast medium above the stricture [4, 
23–25].

More recently, multi-stenting has become 
the reference standard for the first-line treat-
ment of this condition (Figs.  42.4, 42.5 and 
42.6), but criticism has risen. The need of mul-
tiple procedures and hospitalization contributes 
to high direct and indirect healthcare provision 
costs. In recent years, self-expandable metal 
stents with plastic coverage made of permal-
ume or silicone, at first designed for malignant 
strictures, have been marketed for benign bili-
ary strictures of different origin, such as chronic 
pancreatitis and post-orthotopic liver transplan-
tation. In addition to their large diameter up to 
10 mm that is achieved through metal meshes 
after the delivery of the plastic coverage sur-
rounding, the metal meshes allow for remov-
ability after 6–12 months, thanks to the absence 
of in-growth secondary to hyperplastic tissue 
[26]. The development of a removable metal 
stent in this area potentially translates into lim-
iting of the endoscopic therapies down to two 
procedures only, i.e., stent-in and stent-out pro-
cedures [27–32], leading to a decrease in 
healthcare provision costs in comparison to the 
multi-stenting policy.

Fig. 42.4  Type 1 Bismuth stricture after cholecystec-
tomy. The distal stricture was tight and angulated; the 
common bile duct was dilated above the stricture
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In case of a biliary stricture after cholecystec-
tomy that is more than 2  cm below the hilum, 
endoscopic treatment by means of a fully covered 
self-expandable metal stent has been proposed 
[33], and favorable results have been reported for 

72% of patients at 18 months. Waiting for long-
term clinical results, the migration is considered 
the “Achilles’ heel” of the use of fully covered 
SEMS, ranging from 3% to 25% of patients with 
a benign biliary stricture, including patients with 
a miscellanea of POBS (Table 42.2). None of the 
solutions proposed to date in order to reduce the 
migration risk rate of fully covered SEMSs has 
been validated by prospective studies; they are 
the placement of a stent without prior sphincter-
otomy or with the major portion above the stric-
ture, clipping the stent to the duodenal mucosa, 
or suspending a short conic-shape stent across 
the stricture. Distal migration impacts on the suc-
cess rate, while proximal migration potentially 
implies difficult removal with standard tech-
niques (rat tooth forceps, snaring) in up to 4% of 
patients in large series [33]. In difficult scenarios 
secondary to overgrowth at the level of the distal 
impaction of the metal meshes, stent-in-stent 
removal has been proposed [34]. The use of a 
second covered stent bridging the previous 
impacted covered one can be of help to treat the 
overgrowth tissue by compression leading to 
ischemia of the hyperplastic tissue, thus allowing 
the disimpaction of the stent and easy removal of 
both stents [34].

After cholecystectomy, benign strictures ris-
ing at the level of the hilum (Fig. 42.7) or proxi-
mal to it (Fig. 42.8) can be multiple and bilateral, 
as associated to a vascular lesion, leading to an 
acute and chronic ischemia of the biliary ducts. 
In this condition, endotherapy with multiple 
bilateral plastic stents is proposed as a first-step 
approach in tertiary referral centers [4, 23]. After 
the clogging of the stent, the soiling of bile along-
side the stents allows the second-order ducts [35] 
to drain. Exchange at a 3-month interval is usu-
ally planned in this scenario, as well. In case of a 
biliary stricture involving the hilum, the use of 
multiple fully covered metal stents has been tra-
ditionally contraindicated secondary to the risk 
of secondary biliary duct occlusion leading to 
sepsis of biliary origin [22]. A fully covered 
metal stent with side holes has been designed for 
this condition and will be available soon in the 
market. In the setting of benign biliary strictures, 
randomized controlled trials that aim to compare 
the use of multiple plastic stents vs. fully covered 

Fig. 42.5  Multiple plastic stenting was proposed to the 
patient who underwent four ERCPs in a year

Fig. 42.6  At 1 year, the maximal stenting with five 10 Fr 
stents was achieved leading to a suboptimal radiological 
result secondary to a residual waist at the level of the stric-
ture. Otherwise, clinical and laboratory results were main-
tained at 3 years follow-up
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metal stents are welcome: such trials will help to 
define the best approach on the basis of a cost-
effective analysis.

When a leak is associated to a stricture, stent-
ing should aim at dilating the stricture and reduc-

ing the pressure gradient of the biliary tree above 
the stricture and the duodenum. In case of extra-
hepatic leak, the stent should pass through both 
the stricture and the leak; in case of intrahepatic 
leak, the proximal end of the stent should be at 
the level of the hepatic ducts, and traversing the 
leak is not usually needed (law of communicating 
vessels). When a complete transection of the 
CBD occurs (Fig. 42.9), some authors have sug-
gested an early endoscopic attempt to restore the 
integrity of the biliary tree by forcing the site of 
the clipping to access the disconnected proximal 
CBD.  When stenting fails in this condition, 
hepatico-jejunal anastomosis is to be performed.

To date, the experiences on biologic stents dis-
solving over time or metal stents eluting drugs 
against hyperplasia of the tissue are too limited to 
deserve any discussion in the field of benign bili-
ary strictures.

42.5	 �Non-endoscopic Therapies

At present, no large randomized control trials 
have been planned, and no cost analysis is avail-
able to compare endoscopic therapies vs. non-

Fig. 42.7  Type 3 Bismuth stricture. The left hepatic duct 
was not injected with contrast medium because of a com-
plex hilar stricture

Fig. 42.8  Type 2 Bismuth stricture after cholecystec-
tomy as seen during an occlusive cholangiography

Fig. 42.9  Type E1 Strasberg stricture of the common bile 
duct by inappropriate clip release and transection of the 
hepatic duct. Hepatico-jejunal anastomosis was per-
formed 4 days after cholecystectomy
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endoscopic ones. The higher rates of 
complications following non-endoscopic treat-
ments limit their application to second-line 
approaches. The aim of second-line treatments 
remains that of preventing secondary biliary cir-
rhosis. Traditionally, in case of any failure of 
endoscopic drainage, also after referral to a ter-
tiary referral center, percutaneous drainage is 
attempted in case of dilated intrahepatic biliary 
ducts. Published results on outcome after the 
radiological approach are scanty, and the long-
term success rate ranges from 75 to 90% [35, 36]. 
In case of a bilateral postoperative stricture, a 
bilateral percutaneous drainage should be 
attempted. Multiple procedures have to be 
planned in order to progressively dilate the stric-
ture using larger external or internal-external 
drainages. Complications are consistent with 
cholangitis, hemobilia, and hepatic hematoma 
and are usually treated with antibiotics and trans-
fusional support. The level of quality of life for 
patients with a definitive external drainage is 
considered a limitation of this approach, and, 
whenever possible, the endoscopic approach is 
preferred. Of note in the field of tight and angu-
lated strictures, the percutaneous approach does 
potentially help any subsequent endoscopic 
stenting (rendezvous technique).

In the centers of referral for endoscopic thera-
pies, surgery is considered after the failure of 
endoscopic and percutaneous approaches for the 
above-mentioned reasons. In non-tertiary endo-
scopic centers, surgery is considered at the early 
stages of the management of these conditions. 
When a biliary lesion is confirmed at an accurate 
intraoperative evaluation at the time of cholecys-
tectomy and repair is then attempted, a high rate 
of success is achieved. Little data currently con-
firms that early surgical repair leads to long-term 
success [37, 38], especially in case of compli-
cated postoperative biliary lesions with a leak 
and an associated stricture [39]. On the contrary, 
late surgical treatment shows a lower rate of suc-
cess. In case of extrahepatic biliary strictures, 
the traditional surgery consisted in hepatico-
jejunal anastomosis to achieve an optimal drain-
age above the stricture. Facing with a hilar 
stricture, biductal hepatico-jejunostomy involv-

ing the right and left hepatic ducts should be 
considered and guided by percutaneous trans-
hepatic cholangiography. Overall long-term suc-
cess ranges from 70% to 90% at 3–9 years with 
a stricture complicating in 6–20% of bilio-
enteric anastomosis cases. In case of intrahepatic 
strictures not amenable to radiological drainage 
or surgical bilio-enteric anastomosis (especially 
when associated to cholangitis, intrahepatic 
stones, and segmental hepatic atrophy), resec-
tion is the only curative option [40]. The ratio-
nale for this approach is that by removing the 
atrophic parenchyma and performing a bilio-
enteric anastomosis, good long-term results can 
be achieved. Liver resection may prevent biliary 
malignancy secondary to chronic biliary stasis or 
recurrent cholangitis. Moreover, the removal of 
the damaged liver tissue (right or left hepatec-
tomy) with exposure of the biliary tree can con-
tribute to a large anastomosis in non-fibrotic, 
well-vascularized tissue. Early complications 
have occurred in 7% to 42% of the series includ-
ing hepatic or intra-abdominal abscess, empy-
ema, or wound infections [41]. Overall long-term 
clinical outcomes are optimal or good in more 
than 90% of cases when an appropriate timing 
for surgical repair is considered [40]. After 
unsuccessful endoscopic and non-endoscopic 
repairs, only a few patients may present with 
recurrent attacks of cholangitis or chronic cho-
lestasis leading to secondary liver fibrosis, cir-
rhosis, and portal hypertension. In this setting, 
liver transplantation should be considered, and a 
few cases have been reported [42]. In such a sub-
set of patients, the criteria and the timing for 
liver transplantation have not been defined yet 
by means of international guidelines, and this 
option is to be considered as a center-based deci-
sion according to the locally available expertise.
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Biliary Complications After Liver 
Transplantation
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Abbreviations

ABS	 Anastomotic biliary stricture
CBD	 Common bile duct
CC	 Choledocho-choledochostomy
CJ	 Choledocho-jejunostomy
cSEMS	 (Fully) Covered self-expanding 

metal stent
ERCP	 Endoscopic retrograde cholangio-

pancreatography
HAT	 Hepatic artery thrombosis
ITBL	 Ischemic-type biliary lesion
LDLT	 Living donor liver transplantation
MPS	 Multiple plastic stents
MRCP	 Magnetic resonance cholangiopan-

creatography
NAS	 Non-anastomotic stricture
NEPS	 Non-expanding plastic stent
OLT	 Orthotopic liver transplantation
PSC	 Primary sclerosing cholangitis
PTCD	 Percutaneous transhepatic cholan-

giodrainage
SEMS	 Self-expanding metal stent
SSC-CIP	 Cholangiopathy of the critically ill 

patient

43.1	 �Introduction

Since the first experiences with liver transplanta-
tion in the 1960s, this procedure has become a 
standard treatment for end stage liver disease. 
Limited by the donor liver supply, the number of 
orthotopic liver transplants (OLT) has neverthe-
less continued to increase over time. Although 
surgical techniques improved constantly and the 
rate of biliary complications following liver trans-
plantation has been decreasing, they remain a 
major source of morbidity and mortality for the 
patient: Biliary complications may occur in a sub-
stantial number of patients after orthotopic liver 
transplantation (OLT) and significantly influence 
the outcome. Biliary leaks, bile duct strictures, 
choledocholithiasis, biliary casts, and strictures of 
the bile duct anastomosis all contribute to symp-
tomatic disease with impact on morbidity and 
mortality of OLT.  T-tube biliary reconstruction, 
Roux-en-Y anastomosis, ischemia, reperfusion 
injury, hepatic artery thrombosis (HAT), cyto-
megalovirus infection, and primary sclerosing 
cholangitis (PSC) are some of the risk factors in 
post-liver transplantation biliary complications 
(Table 43.1). The incidence of biliary complica-
tions after liver transplantation ranges from about 
5 to 25% (Tables 43.2 and 43.3).

Many of these conditions are successfully 
treated by endoscopic means today. This reflects 
the change of treatment approaches that consisted 
of surgical repair before the 1990s and were 
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interventional with use of ERCP or PTCD in the 
1990s, changing to a predominant use of ERCP 
in the 2000s in most centers [1].

43.2	 �Considering Surgical 
Technique Before Starting 
Endoscopic Treatment

The choice of biliary anastomosis is a major deter-
minant of the risk of biliary complications after 
OLT.  The two most common biliary reconstruc-
tion are choledocho-choledochostomy (CC, duct-
to-duct anastomosis) and choledocho-jejunostomy 
(CJ). CC is usually preferred today because of 
technical ease, preserving of the Sphincter of 
Oddi, and the easy endoscopic access to the biliary 
system after surgery. With the Sphincter of Oddi 
still in place, risk of ascending cholangitis might 
be less frequent. Adding a T-tube to CC allows 

measurement of bile output in the early postopera-
tive period and maintains easy access for radio-
logical evaluation of the biliary system. However, 
T-tubes have been associated with bile leak and 
cholangitis at the time of their removal and were 
associated to an increased rate of overall compli-
cations (33% vs. 15%), and even survival might be 
slightly reduced after T-tube placement [2]. Thus, 
CC (duct-to-duct anastomosis) without T-tube 
insertion is the surgical technique most frequently 
performed in OLT today, and it may result in stric-
ture formation in about 20% of cases [3]. The 
stricture may occur weeks to years after the trans-
plantation. Small size of donor CBD, age of recipi-
ent, and biliary leakage are risk factors for biliary 
stricture, and operative technique seems to con-
tribute [4].

CJ may be preferred in patients with pre-
existing biliary disease, e.g., primary sclerosing 
cholangitis, or prior biliary surgery, and in cases 
of size mismatch between donor and recipient 
ducts. Compared to CC, CJ adversely affects the 
ability to perform an endoscopic evaluation of 
the biliary system after the liver transplantation. 
Potential complications of CJ include intestinal 
perforation, stricture, leakage, and bleeding at the 
jejuno-jejunostomy.

43.3	 �Diagnostics Before 
Interventional Treatment

Ductography (ERCP, PTCD) findings are the gold 
standard for establishing the diagnosis of biliary 
complication after liver transplantation. However, 
non-invasive diagnostics should precede ERCP or 
PTCD. Ultrasonography and/or MRI + MRCP or 

Table 43.1  Examples for etiology of bile duct injury in 
patients after liver transplantation

Bile duct 
obstruction

Bile duct stones, biliary casts
Anastomotic stricture (choledocho-
choledochal or bilio/hepato-jejunal 
anastomosis)
Recurrence of primary sclerosing 
cholangitis (PSC)

Infections Bacterial cholangitis
Cytomegalovirus infection (CMV)

Ischemia Ischemic bile duct injury, e.g., non-
anastomotic ischemic type like lesions 
(ITBL)
Vascular disease: e.g., hepatic artery 
thrombosis (HAT)
Cholangiopathy of the critically ill 
patient (SSC-CIP), long-term ventilator 
dependence

Table 43.2  Incidence of biliary complications after liver transplantation

Author Year n
Rate of biliary 
complications

Rate of 
anastomotic 
stenosis

Rate of 
anastomotic 
leakage

Rate of non-
anastomotic 
stricture

Stratta 1989 226 DDLT 19.1% 8.3% – –
Greif 1994 1792 DDLT 12.1% 3.9% 3.2% 0.6%
Chen 2003 766 LDLT 17.8% 10.5% 7.3%
Suarez 2008 498 HBD vs. 

NHBD
– 13.9 %(HBD)

12.5% (NHBD)
7.7% (HBD)
4.2 (NHBD)

2.3% (HBD)
25% (NHBD)

Parks 2008 283 LDLT 20.5%
Marubashi 2009 83 LDLT 8.4% 7.2% 1.2% –

HBD heart-beating donor, NHBD non-heart-beating donor, DDLT deceased donor liver transplantation, LDLT life donor 
liver transplantation
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CT evaluates the diagnosis of biliary disease in 
liver transplant patients. An abdominal ultrasound 
allows for the evaluation of the biliary tree and the 
corresponding hepatic vasculature. The positive 
predictive value of abdominal ultrasound is high, 
but sensitivity for detecting biliary obstruction 
ranges below 70%. Magnetic resonance cholan-
giopancreatography (MRCP) provides a high sen-
sitivity in detecting biliary strictures, and MRCP 
can offer a road map for the endoscopist in plan-
ning the intervention [5].

43.4	 �Stricturing Disease After 
Liver Transplantation

Biliary stricture should be suspected in any OLT 
patient who presents with jaundice, fever, abdominal 
pain, and in patients with asymptomatic biochemical 
cholestasis [6]. Dilatation of the bile duct system 
may be observed on imaging studies but is not a pre-
requisite for the correct diagnosis (!). Histologic 
findings may be suggestive of biliary obstruction, 
e.g., pericholangitis or bile duct proliferation.

Anastomotic biliary stricture (ABS) has to be 
distinguished from non-anastomotic strictures 
(NAS) that are mainly due to temporary ischemia 
of the biliary epithelia. NAS are defined as stric-
tures involving the donor hepatic duct proximal 
to the anastomosis and the right and/or left 
hepatic duct and/or intrahepatic branches. The 
latter are ischemic type biliary lesion (ITBL) in 
most instances. Treatment by ERCP should not 
be prolonged, but ERCP is rarely an urgent emer-
gency intervention. ERCP with maximal stent 
placement strategy has become widely accepted 
and allows a >80% resolution rate of all duct-to-
duct ABSs. Recurrence of ABS might again be 
treated endoscopically, and the need for surgical 
intervention or retransplantation is a rare event. 
Thereby, plastic stents are inserted into the bile 
duct bridging the ABS and the number of stents is 
increased with every stent exchange session, up 
to the maximum stent number that is achieved at 
the size of the donor and/or recipient CBD size. 
This “stent-exchange-program” (multiple plastic 
stent, MPS) is lasting for an average of 1  year 
[7–10].

Table 43.3  Interventional treatment of anastomotic biliary stricture after OLT

Author Year N Concept Intervention
Number 
of ERCPs

Mean 
number/
diameter of 
stents

Mean 
duration 
of 
stenting 
[month]

Success of 
treatment

Morelli 2003 25 Retrospective Dilation + stents 3 (1–6) 2 (0–7) 80%
Zöpf 2005 72 Retrospective, 

comparative
Dilation (BD) vs. 
dilation + stents 
(BD+S)

4 (1–11) 17 Fr 
(10–21.5)

4 (1–27) Immediate: 
88%/87%, 
long-term 
38% 
(BD)/69% 
(BD + S)

Alazmi 2006 143 Retrospective Dilation + stents 3.1 14.6 ± 6.8 Fr 4.8 [145 
(11–1000) 
days]

82%

Holt 2007 53 Prospective Dilation + stents 3 4 11 92% (early); 
69% (late)

Pasha 2007 25 Retrospective Dilation + multiple 
stents

3.5 (1–9) 5.3 4.6 88% (early); 
80% (20/25 
late)

Morelli 2008 38 Prospective 
case series

Dilation + multiple 
stents

3.4 (2–6) 2.5 (1–6) 3.5 [107 
(20–198) 
days]

87%

Tabibian 2010 69 Retrospective Dilation + multiple 
stents

3 (2–7) 8 vs. 3.5 
(success vs. 
failure)

15 
(12–60)

94%
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In NAS and ITBL, treatment has to be highly 
individualized in each case and is based on NEPS 
placement and bile duct cast removal as needed. 
In patients with CJ reconstruction, the initial 
treatment usually involves drainage insertion 
and/or hydrostatic balloon dilation by the percu-
taneous approach (PTCD).

SEMS for endoscopic treatment of duct stric-
tures are increasingly used for the stricture of the 
choledocho-choledochal anastomosis but rarely 
ideal for ITBLs that are often proximally located 
to the anastomosis. Covered self-expanding metal 
stents (cSEMS) might significantly help to reduce 
the number of endoscopic interventions to achieve 
similar efficacy as multiple plastic stents and 
might become a new treatment standard. However, 
the optimal duration of cSEMS therapy is not yet 
clarified and stricture recurrence tends to be higher 
in the cSEMS treatment groups in some studies 
[11, 12]. The ideal type of cSEMS has not yet been 
identified; intra-ductal SEMS can be compared to 
a SEMS extruding from the papilla; there are 
SEMS with anti-migration waist, anchoring flaps, 
fixed-cell structure vs. non-fixed cell structure, and 
many others. In meta-analysis, fully covered 
SEMS and MPS had equal ABS resolution and 
recurrence, although there was a trend toward a 
higher recurrence rate in FC-SEMS that disap-
peared when trials with a shorter stent indwelling 
time were excluding. No difference was found in 
overall adverse events or migration rate [13, 14].

Recurrence of ABS is observed in up to one in 
five patients after initial successful endoscopic 
therapy [15]. The optimal type of endoscopic 
therapy that would minimize the risk of stricture 
recurrence is ambiguous, though. A second treat-
ment approach with interventional/endoscopic 
stenting can be advocated in most patients and 
will again be successful in up to 80% of these 
cases [16].

43.5	 �Bile Duct Leaks

Bile duct leak should be suspected in any patient 
who develops abdominal pain, fever, or any sign 
of peritonitis after liver transplantation and might 
occur after T-tube removal. Bile leaks not related 

to T-tube removal typically present within the 
first 30 days after OLT. Some patients, especially 
those on corticosteroids, may be asymptomatic, 
with no signs of pain or fever. In such cases, any 
unexplained elevations in serum bilirubin, fluc-
tuation in immunosuppressive medication levels, 
or bilious ascites should raise immediate suspi-
cion for a bile leak.

Bile duct leaks are often located at the site of 
the anastomosis and might be due to ischemia 
and incomplete healing of the anastomosis. The 
occurrence of leaks may be associated to surgical 
technique, ischemia time, and others. For exam-
ple, intraoperative intraductal trans-anastomotic 
stenting in duct-to-duct biliary reconstruction 
seems to result in an increased risk of leak forma-
tion. Bile leakage can be classified as early 
(immediate) or late (within days to weeks). Early 
leakage is usually detected at the anastomotic 
site. Late leakage is typically associated with the 
removal of the T-tube, which is infrequently used 
in most centers now. ERCP with stenting of the 
bile duct, sphincterotomy, nasobiliary drainage, 
or a combination of these techniques has a high 
rate of success [17].

Severe stricture formation due to a chronic 
inflammatory reaction may accompany the heal-
ing of the leak. Stenting after sphincterotomy to 
decrease the bile pressure gradient over the 
papilla is the basic treatment procedure of leaks. 
It is highly advisable to add stenting up to several 
months to prevent complications from stricture 
formation.

Refractory anastomotic bile leaks after liver 
transplantation are associated with decreased 
event-free survival. Hepatic artery disease is 
associated with refractory leaks. Future, large-
scale prospective studies may help to define the 
optimal management of patients at risk for refrac-
tory bile leaks.

43.6	 �Adverse Events from Bile 
Duct Content

Bile duct stones, sludge, and casts, together 
called bile duct filling defects, occur in approxi-
mately 5–10% of patients after LDLT and after 
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deceased donor OLT and are frequently accom-
panied by other biliary complications, most com-
monly biliary strictures. Patients present with 
abdominal pain, cholestatic liver tests, and chol-
angitis. The increase of the viscosity of bile or a 
reduced bile flow can predispose to the formation 
of sludge and stones. Bile duct mucosal damage 
due to obstruction, ischemia, or infection can 
develop bile casts. Patients presenting with bili-
ary stones and sludge will frequently provide an 
underlying stricture. In addition, medications 
such as cyclosporine may play a role in bile litho-
genicity by inhibiting bile secretion and promot-
ing functional biliary stasis [6]. In liver transplant 
patients, bile is supersaturated with cholesterol, 
which is aggravated by T-tube drainage and 
depletion of the bile acid pool.

Simple stones without other biliary lesions 
present occur late a a predominant use of ERCP 
in the 2000s in most centers fter OLT and are 
treated by stone removal, similarly to non-OLT 
patients. Bile duct stones secondary to stricture 
are differed from biliary casts due to ischemic 
destruction of biliary epithelia, mixed with biliru-
bin. Addressing the therapy of the stricture 
together with stone removal is crucial for a suc-
cessful treatment in these cases. In addition, bile 
duct sludge formation is frequent in patients that 
undergo prolonged endoscopic stenting; stent 
exchange intervals might need to be shortened to 
minimize symptomatic stone disease and cholan-
gitis in some of these patients.

43.7	 �Bilioma and Liver Abscess 
Formation

Bile leak within the liver or abdominal cavity 
may result in the formation of a biloma that can 
undergo infection, i.e., abscess formation. A 
small biloma communicating with the biliary tree 
may resolve on its own. Larger bilioma and 
abscess need treatment with antibiotics and per-
cutaneous drainage, and in some cases, place-
ment of a biliary stent in the extrahepatic bile 
duct is required. In case there is an underlying 
stricture preventing the evacuation of the bili-
oma, a transhepatic/trans-bilioma percutaneously 

placed drainage (trans-bilioma PTCD) may be 
very helpful [18]. Surgical drainage of a bilioma 
is a last resort option.

43.8	 �Summary and Diagnostic 
Algorithm

Biliary complications are frequently well attributed 
by interventional treatment approaches and should 
be swiftly addressed. With the increase of choles-
tatic enzymes or detection of bile in a surgically 
placed drain, further diagnostics are warranted that 
may include Duplex/sonography, MRI/MRCP, CT, 
and/or ERCP. Anastomotic strictures and leakage 
are the most frequent postoperative complications 
in the early course after liver transplantation, and 
strictures may also occur later after.

Anastomotic strictures are well treated by 
placing multiple plastic stents or—in the case of 
appropriate anatomy—cSEMS by ERCP or, 
alternatively, by PTCD. The prognosis of treat-
ment success is excellent. Ischemic-type biliary 
lesions (ITBL), i.e., non-anastomotic strictures, 
should be handled by ERCP likewise, preferring 
endoscopic balloon dilation over stent insertion 
of combining both; however, treatment success is 
lower than in treating ABS. in the case of refrac-
tory strictures and/or recurring cholangitis or 
progressive liver failure, re-transplantation must 
be considered an alternative treatment.
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operative Biliary Complications
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Abbreviations

BDI	 Bile duct injury
CT	 Computed tomography
CBD	 common bile duct
CHD	 common hepatic duct
ERC	 Endoscopic-retrograde cholangiography
ERCP	 Endoscopic retrograde 

cholangiopancreatography
EUS	 Endoscopic ultrasound
HIDA	 Hepatobiliary iminodiacetic acid
LHD	 left hepatic duct
MRCP	 Magnetic resonance 

cholangiopancreatography
MRI	 Magnetic resonance imaging
PTCD	 Percutaneous transhepatic 

cholangiodrainage
RHD	 right hepatic duct
US	 Percutaneous ultrasound

44.1	 �Introduction

Iatrogenic bile duct injury (BDI) necessitates 
ERCP to establish a thorough diagnosis and—
in many cases—to offer an effective treatment. 

Surgical interventions that might lead to BDI 
include cholecystectomy, liver transplantation, 
and partial liver resection, but also any other 
kind of abdominal surgeries may be involved. 
In the case of BDI, leaks are most common, fol-
lowed by stricture formation, i.e., from isch-
emic healing, e.g., at the site of a biliary 
anastomosis or biliary suture. Secondary com-
plications might be the formation of bile duct 
stones and casts. Less common is the sump syn-
drome, defined by reflux of intestinal contents 
into the surgically altered biliary tree. BDI may 
successfully be treated by endoscopic means: 
Therefore, ERCP is indicated in all patients 
with proven or highly suspected post-operative 
biliary complication. The treatment plan should 
be based on an interdisciplinary discussion 
amongst interventionalists and hepato-biliary 
surgeons. Other types of bile duct infringement, 
e.g., from trauma, are very rare and may be 
treated in analogy to therapy of iatrogenic BDI.

Bile duct injury occurs in about 1% of patients 
who undergo laparoscopic or open surgery of the 
gallbladder in benign disease. Thereby, complete 
dissection of the common bile duct may occur in 
less than 0.1% and postoperative leak of the bili-
ary system in 0.5–1.5% of cases. The frequency 
of complications did not significantly change 
with the replacement of open gallbladder resec-
tion by laparoscopic technique. However, the 
characteristics of lesions shifted to indirect 
trauma and thermic injury or misplaced clips. 
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BDI is not only associated with increased medical 
costs but also an increased mortality rate, which 
can be as high as 20% in complicated cases. In 
minor injury the prognosis is good, though.

Patients’ presentation in post-operative biliary 
complications is often non-specific and symp-
toms may range from pruritus, fatigue, jaundice, 
and abdominal pain to frank cholangitis and sep-
sis. Cholestatic liver tests and abdominal ultraso-
nography can be indicative but sensitivity of 
ultrasonography might be as low as 60%. 
Persisting percutaneous drainage of bile-
containing fluid from an intraoperatively placed 
drain, increasing CRP and bilirubin, should cause 
concern. Magnetic resonance imaging (MRI) 
together with MR-cholangiopancreatography 
(MRCP) has taken a central place for the evalua-
tion of the biliary system in these patients. MRI 
and computed tomography (CT) are applied for 
visualizing fluid collections such as bilioma and 
may hint at strictures by revealing prestenotic 
bile duct dilation. Scintigraphy (e.g., hepatobili-
ary iminodiacetic acid (HIDA), paraisopropyl 
iminodiacetic acid (PIPIDA), or diisopropyl imi-
nodiacetic acid (DISIDA)) may detect extravasa-
tion of bile flow, and cross-sectional imaging can 
further highlight the presence of biliary compli-
cations such as bilioma and abscess. Endoscopic 
ultrasound (EUS) of the biliary tract is of particu-
lar interest in order to detect intraductal stones or 
sludge formations. EUS may also help to drain 
bilioma internally or to access the bile duct sys-
tem for drainage purposes.

44.2	 �ERCP in Bile Duct Injury

BDI is either dealt with by ERCP, PTC, or surgi-
cal re-intervention; and the selection of the opti-
mal treatment approach is crucial for a successful 
outcome. Endoscopic therapy is combined with a 
percutaneous drainage in the case of fluid collec-
tions and/or abscess. The treatment principle is 
based upon reestablishing the physiological bile 
flow route and to optimize pressure within the 
bile duct system to provide outflow of fluid to the 
desired location and to enable healing. The 
human sphincter of Oddi provides a fairly steady 
basal pressures with superimposed forceful con-

tractions. The normal sphincter basal pressures 
range from 10 to 15  mmHg with strong phasic 
contractions of up to 150 mmHg. ERCP allows 
for simple sphincterotomy in order to decrease 
intraductal pressure and to support drainage of 
the common bile duct system into the duodenum. 
Moreover, hydrostatic balloon dilation in combi-
nation with or without stent placement counter-
acts stricture formation. Both plastic straight and 
pigtail stents can be used. Plastic stents are 
removed or replaced after 2–3 months or preterm 
when signs of stent occlusion occur. In some suit-
able cases, placement of a large bore stent, i.e., 
fully covered self-expandable metal stent, can 
seal a biliary leak. Fully covered metallic stents 
can remain in place for a longer period of time 
but should be removed after 6–9 months in most 
cases. We chose shorter plastic stent exchange 
intervals for patients who need immunosuppres-
sive medication and longer intervals when multi-
ple stenting is applied. Recently, we adopted 
fully covered self-expandable metal stent place-
ment as a valuable alternative to multiple plastic 
stenting in appropriate situations [1–7].

44.3	 �Evaluation and Subsequent 
Treatment of Bile Duct Injury

There have been several classification systems 
developed to highlight findings in BDI and to 
assign treatment approaches accordingly. One 
of the first systematic descriptions of bile duct 
injury is authored by H.  Bismuth in 1982 [8]. 
This classification illustrates the location of the 
injury within the biliary tract and might be help-
ful in assessing prognosis after surgical repair. 
Bile duct injuries fall into four classes based on 
the Stewart-Way classification [9] (Fig.  44.1). 
Class 1 injury occurs when the CBD is mistaken 
for the cystic duct, but the error is recognized 
before CBD is divided. Class 2 injuries involve 
damage to CHD from clips or cautery used too 
close to the duct. Class 3 injury, maybe the most 
common type, occurs when CBD is mistaken 
for the cystic duct. The common duct is tran-
sected and a variable portion including the junc-
tion of the cystic and common duct is excised or 
removed. Class 4 BDI involves damage to the 
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right hepatic duct (RHD), either because this 
structure is mistaken for the cystic duct or 
because it is injured during dissection. Thus, the 
Stewart-Way system originates in the mecha-
nism of the injury and origin of the lesion. 
Within the last two decades of the twentieth 
century, minimally invasive endoscopic treat-
ment was replacing surgical repair in many indi-
cations, and laparoscopic cholecystectomy 
ousted open cholecystectomy in most cases. 
New classifications allowed for acknowledging 
these developments: The Amsterdam classifica-
tion contemplates the treatment approach, which 
is successfully accomplished endoscopically in 
almost all type A lesions and in almost none of 

type D. The Strasberg classification was the first 
to define distinct types of laparoscopic BDI and 
the Neuhaus (Berlin) or Klempnauer (Hannover 
surgical group) classification modified 
Strasberg’s parameters to refer to endoscopic 
vs. surgical treatment approaches (Figs.  44.2 
and 44.3; Table 44.1) [10, 11].

In one large series, an overall success rate of 
88% was achieved by tailoring percutaneous, 
endoscopic, and surgical approaches to the types 
of lesions (Table  44.2) [13]. Strasberg A bile 
leaks accounted for 45% of the patients with 96% 
managed successfully by endoscopists. In 289 
patients with bile duct injuries (Strasberg B-E), a 
successful outcome was achieved most often for 
patients managed by hepatobiliary surgeons 
(88%) followed by endoscopists (76%) and inter-
ventional radiologists (50%) (P < 0.05). Overall 
outcomes were improved in 2004–2010 com-
pared with 1993–2003 (78% vs. 69%). Outcomes 
were worse in (a) endoscopically managed 
patients who presented relatively late 
(2–6  months) and (b) patients who underwent 
surgery 2–4 weeks after the injury. Surgical man-
agement and stenting for 6–12 months remained 
significant predictors of a successful outcome in 
a multivariable analysis.

In patients with Roux-en-Y reconstruction, 
endoscopic treatment—i.e., dilation with or with-
out stent placement—is feasible but more chal-
lenging. A conventional side-viewing 
duodenoscope may be less ideal to reach the 
bilio-enteric anastomosis. Forward-viewing 
endoscopes such as a pediatric colonoscope or 
balloon-assisted endoscopes are more apt for the 
task. The use of an overtube may help to maintain 
endoscope position before the papilla.

44.4	 �Other Post-operative 
Complications

Sump syndrome is defined by the reflux of intes-
tinal contents into the operated biliary tree, caus-
ing recurrent cholangitis, in particular after a 
side-to-side choledocho-duodenostomy. Since 
this type of surgical interventions has been aban-
doned for many years now, sump syndrome is 
usually found in elderly people with a history of 

Class I Class II

Class III Class IV

a

Fig. 44.1  (a) Stewart-Way classification of bile duct 
injury from laparoscopic cholecystectomy. (b) Strasberg 
types of laparoscopic bile duct injuries. Type A lesions are 
cystic duct leaks or leaks from small ducts in the liver bed. 
Type B + C injuries almost always involve aberrant right 
hepatic ducts with Type B denoting occlusion of a RHD 
and Type C denoting leakage from an RHD. Type D inju-
ries are lateral injuries to major bile ducts. The distances 
in Type E1 and type E2 indicate the length of common 
hepatic duct remaining with E1 implying a CHD stump 
of >2cm, E2 signifying a CHD stump of <2cm, E3 is a 
hilar stricture/injury with preserved biliary confluence, E4 
with involvement of the confluence, and E5 denotes an 
injury to an aberrant RHD and the CHD
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Strasberg types of laparoscopic bile duct injuries

Type E1 and E2:
Length of common
hepatic duct remaining. 

Type A: 
Lesions are 
cystic duct leaks.

Type B: 
Aberrant right 
hepatic ducts injury.

Type C :
Aberrant right 
hepatic ducts injury.

Type D 
Major bile ducts. 

b

Fig. 44.1  (continued)

biliary surgery. It is characterized by recurrent 
ascending cholangitis due to food remnants in the 
poorly drained distal common bile duct. 
Endoscopic sphincterotomy and distal common 
bile duct clearance using extraction balloon or 
dormia basket is usually the treatment of choice.

Bilioma and/or abscess occurring together 
with a biliary leak may be located intrahepati-
cally, e.g., in concomitant ischemic complications. 
In these cases, a combined percutaneous-endo-
scopic drain insertion might be necessary, cp. 
Chap. 28.
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b ca

Type B: Incomplete (B1) or
complete (B2) occlusion of CBD

Type C: Tangential injury of CBD;
C1:small lesion <5mm; C2: > 5mm

Type A1: Cystic stump
Type A2: Liver bed of 
gallbladder.

Type D: Complete dissection of the CBD
or bile dust branch;
D1: with additional leak; D2: withour leak.

Type E: Stenosis of CBD: short stenosis
(E1), long stenosis (< 5mm; E2), E3: hepatic
hilus; E4 right hepatic duct or branch.

d e

Fig. 44.2  Hannover/Berlin modification of Strasberg 
classification with direct deduction of treatment (Tx). 
Type A1: leak from cystic stump, A2: leak from the gall-
bladder bed. Tx: endoscopic papillotomy  ±  stent place-
ment. Type B: Incomplete (B1) or complete (B2) occlusion 
of CBD (mostly misplaced clips). Tx for B1: Endoscopic 
Tx may be an option; Tx B2: removal of clip. Type 
C.  Tangential injury of the CBD, continuity preserved. 
C1: small lesion <5  mm; C2: lesion >5  mm. Tx: 

Endoscopic papillotomy and stenting in small lesions; 
T-drain or saturation. New option: covered SEMS. Type 
D: End-to-end anastomosis, hepatojejunostomy. (D1/D2: 
CBD), D3: at the hepatic bifurcation, D4: above the 
hepatic bifurcation. Type E: Stenosis of CBD: short steno-
sis (E1), long stenosis (>5 mm; E2), E3: hepatic hilus; E4 
right hepatic duct or branch. Tx options: endoscopic Tx in 
short stenosis, surgery in longer or complex stenosis

44  Biliary Leaks: Role of ERCP in Post-operative Biliary Complications
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a

b

c

d

Fig. 44.3  (a) Type B2 post-cholecystectomy stricture 
(Neuhaus). Complete obstruction of CBD by misplaced 
clips. (b) Endoscopic treatment of type B1 stricture. (c) 
Folly covered, self-expanding metal stent for type C 
lesion. The cSEMS completely covers the lesion. (d) Type 
D lesion with complete closure of a branch of the right 
hepatic duct. MRCP reveals the missing segment, and 
endoscopic treatment is thereby realized. (e) Subhilar type 
E stenosis and multistenting with an excellent final out-

come. (f) Type E stenosis of the distal CBD: almost 
3 years after laparoscopic cholecystectomy, occlusion of 
the lower common bile (CBD) duct occurred in a male 
patient. Of note, the cystic duct inserts very low into the 
CBD which might have made surgery more difficult. 
Fibrosis due to ischemia might have caused the late stric-
ture. Hydrostatic balloon dilation had been performed. An 
increasing number of plastic stents (multistenting) were 
used to dilate the stricture permanently

J. G. Albert



495

e

f

Fig. 44.3  (continued)

44  Biliary Leaks: Role of ERCP in Post-operative Biliary Complications



496

Fig. 44.3  (continued)

Table 44.2  Treatment approaches to different BDI types according to Strasberg [13]

Strasberg Percutaneous Endoscopic Surgical All patients
A 9 229 1 239
B 2 3 2 7
C 0 6 1 7
D 2 8 3 13
E-1 28 36 16 80
E-2 14 41 43 98
E-3 8 11 17 36
E-4 16 9 8 43
E-5 0 1 4 5
Total 79 344 105 528

Table 44.1  Amsterdam Academic Medical Center classification of BDI (1996) [12]

Type Criteria
A Cystic duct leaks or leakage from aberrant or peripheral hepatic radicles
B Major bile duct leaks with or without concomitant biliary strictures
C Bile duct strictures without bile leakage
D Complete transection of the duct with or without excision of some portion of the biliary tree
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44.5	 �Summary

In summary, a multidisciplinary team of inter-
ventional radiologists, endoscopists, and hepato-
biliary surgeons is required for successfully 
treating BDI.  If leakage is documented (some-
times requiring balloon occlusion to increase 
contrast hydrostatic pressure) stent therapy or 
sphincterotomy (or both) is recommended. 
Transpapillary plastic stents are usually preferred, 
bridging the leakage if feasible. The role of cov-
ered metal stents is promising for sealing a cystic 
stump leak or to treat concurrent CBD stricture 
and leak, but still experimental. For plastic stents, 
6–8  week stenting is usually sufficient. Initial 
percutaneous drainage can usually be removed 
shortly after successful ERCP. For large defects 
and refractory leakage, hepato-jejunal anastomo-
sis or other reconstructive surgery might be 
necessary.

References

	 1.	Rainio M, Lindström O, Udd M, Haapamäki C, 
Nordin A, Kylänpää L.  Endoscopic therapy of 
biliary injury after cholecystectomy. Dig Dis Sci. 
2018;63(2):474–80. Epub 2017 Sep 25. https://doi.
org/10.1007/s10620-017-4768-7.

	 2.	Archer SB, Brown DW, Smith CD, Branum GD, 
Hunter JG. Bile duct injury during laparoscopic cho-
lecystectomy: results of a national survey. Ann Surg. 
2001;234(4):549–58. discussion 558-9.

	 3.	Schmidt SC, Settmacher U, Langrehr JM, Neuhaus 
P.  Management and outcome of patients with com-
bined bile duct and hepatic arterial injuries after lapa-
roscopic cholecystectomy. Surgery. 2004;135:613–8.

	 4.	Strasberg SM, Hertl M, Soper NJ. An analysis of the 
problem of biliary injury during laparoscopic chole-
cystectomy. J Am Coll Surg. 1995;180:101–25.

	 5.	Moreels TG.  Endoscopic retrograde cholangiopan-
creatography in patients with altered anatomy: how 
to deal with the challenges ? World J Gastrointest 
Endosc. 2014;16:345–51.

	 6.	Albert JG, Tal A, Bechstein WO, Trojan J, 
Schnitzbauer A. Three late adverse events of choledo-
choduodenostomy of which the endoscopist should 
be aware: direct retrograde cholangioscopy is help-
ful for diagnosis and therapy. Gastrointest Endosc. 
2015;81(2):463–4. pii: S0016-5107(14)01822-7. 
https://doi.org/10.1016/j.gie.2014.05.324.

	 7.	Albert JG, Finkelmeier F, Friedrich-Rust M, 
Kronenberger B, Trojan J, Zeuzem S, Sarrazin 
C.  Identifying indications for percutaneous (PTC) 
vs. endoscopic ultrasound (EUS)-guided “rendez-
vous” procedure in biliary obstruction and incomplete 
endoscopic retrograde cholangiography (ERC). Z 
Gastroenterol. 2014;52(10):1157–63. Epub 2014 Oct 
14. https://doi.org/10.1055/s-0034-1366629.

	 8.	Bismuth H, Majno PE.  Biliary strictures: classifica-
tion based on the principles of surgical treatment. 
World J Surg. 2001;25:1241–4.

	 9.	Way LW, Stewart L, Gantert W, Liu K, Lee CM, 
Whang K, Hunter JG. Causes and prevention of lapa-
roscopic bile duct injuries: analysis of 252 cases from 
a human factors and cognitive psychology perspec-
tive. Ann Surg. 2003;237:460–9.

	10.	Neuhaus P, Schmidt SC, Hintze RE, Adler A, 
Veltzke W, Raakow R, Langrehr JM, Bechstein 
WO.  Classification and treatment of bile duct inju-
ries after laparoscopic cholecystectomy. Chirurg. 
2000;71:166–73.

	11.	Bektas H, Schrem H, Winny M, Klempnauer 
J. Surgical treatment and outcome of iatrogenic bile 
duct lesions after cholecystectomy and the impact of 
different clinical classification systems. Br J Surg. 
2007;94:1119–27.

	12.	Bergman JJ, van den Brink GR, Rauws EA, de Wit 
L, Obertop H, Huibregtse K, et al. Treatment of bile 
duct lesions after laparoscopic cholecystectomy. Gut. 
1996;38:141–7.

	13.	Pitt HA, Sherman S, Johnson MS, Hollenbeck 
AN, Lee J, Daum MR, Lillemoe KD, Lehman 
GA.  Improved outcomes of bile duct injuries in the 
21st century. Ann Surg. 2013;258(3):490–9. https://
doi.org/10.1097/SLA.0b013e3182a1b25b.

44  Biliary Leaks: Role of ERCP in Post-operative Biliary Complications

https://doi.org/10.1007/s10620-017-4768-7
https://doi.org/10.1007/s10620-017-4768-7
https://doi.org/10.1016/j.gie.2014.05.324
https://doi.org/10.1055/s-0034-1366629
https://doi.org/10.1097/SLA.0b013e3182a1b25b
https://doi.org/10.1097/SLA.0b013e3182a1b25b


499© Springer Nature Switzerland AG 2020 
M. Mutignani et al. (eds.), Endotherapy in Biliopancreatic Diseases: ERCP Meets EUS, 
https://doi.org/10.1007/978-3-030-42569-2_45

Primary Sclerosing Cholangitis

Christian Schäfer and Jörg G. Albert

Abbreviations

AIH	 Autoimmune hepatitis
EASL	 European Association for the Study of 

the Liver
EOC	 Eosinophilic cholangitis
ERCP	 Endoscopic retrograde cholangiopan-

creatography
ESGE	 European Society of Gastrointestinal 

Endoscopy
IAC	 IgG4-associated cholangitis
IBD	 Inflammatory bowel disease
LFT	 Liver function test
MRCP	 Magnetic resonance cholangiopancre-

atography
PSC	 Primary sclerosing cholangitis
UDCA	 Ursodeoxycholic acid

45.1	 �Introduction

Primary sclerosing cholangitis (PSC) is a chronic 
inflammatory disease of the larger and medium-
sized bile ducts with a prevalence of 6–16 cases 
per 100,000  in Europe and North America [1]. 

During its chronic course, this condition leads to 
fibrosis and strictures of the biliary tree, resulting 
in cholestasis, progressive cirrhosis, and hepatic 
failure. Median survival without liver transplan-
tation after diagnosis ranges from 6 to 12 years 
[2]. In comparison to patients with cholestatic 
disease, asymptomatic patients have a more 
favorable prognosis [3].

Concomitant inflammatory bowel disease 
(IBD) may be found in 60–80% of all PSC 
patients, most often ulcerative colitis and—less 
frequently—Crohn’s disease. Conversely, ulcer-
ative colitis confers a risk for PSC of approxi-
mately 5 % [4, 5].

45.2	 �Symptoms and Diagnosis

Patients may be asymptomatic at the time of pri-
mary diagnosis, which is often made in the con-
text of inflammatory bowel disease and abnormal 
liver function tests. Approximately 50% of the 
patients have clinical manifestations, e.g., pruri-
tus, jaundice, and enlarged liver or spleen. 
Laboratory parameters show a cholestatic pattern 
(elevated alkaline phosphatase and bilirubin). In 
progressive liver disease, additional changes may 
occur. However, no specific laboratory parameter 
exists that reliably allows the diagnosis of PSC.

Thus, the primary diagnosis of PSC is based on 
cholangiography (ERCP or MRCP). Magnetic 
resonance cholangiopancreatography (MRCP) is 
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non-invasive and, therefore, the preferred method 
with a sensitivity of 86% and a specificity of 94% 
compared to ERCP or PTC [6]. ERCP might pro-
vide a higher sensitivity for detecting “early PSC” 
or minor ductal alterations; however therapeutic 
decisions are rarely influenced by these findings, 
and the periprocedural risks of ERCP (e.g., chol-
angitis or pancreatitis) are usually not justified.

In PSC, bile duct morphology is characterized 
by focal or extended strictures alternating with 
normally shaped or slightly dilated segments 
(Fig. 45.1). Thus, its shape reminds of a withered 
or gnarled tree. In most cases, both intra- and 
extrahepatic bile ducts are involved; isolated 
intrahepatic disease is observed in only 11%, and 
sole extrahepatic disease in 2% of all PSC 
patients [7]. Gallbladder abnormalities are found 
in a substantial portion of patients; a larger mass 
may be suggestive of gallbladder carcinoma 
requiring cholecystectomy.

Minor bile duct changes are often missed by 
ultrasound and CT scan, especially in early dis-

ease. CT and ultrasound, however, may show 
thickening of the bile duct wall or the presence of 
masses in some cases. In patients with suspected 
PSC, endoscopic ultrasound may be valuable in 
detecting typical changes of extrahepatic PSC, 
such as wall thickening ( ≥ 1.5   mm), irregular 
wall structure, significant changes of the caliber 
of the common bile duct, and perihilar lymphade-
nopathy [8]. In addition, EUS offers the possibil-
ity of FNA of suspicious lymph nodes or 
intrahepatic masses.

45.3	 �Variants of PSC 
and Differential Diagnosis

“Small duct PSC” occurs in approx. 10% of all 
PSC patients and is characterized by histologic 
changes of intrahepatic bile ducts that are con-
fined to branches of higher degree. The diagnosis 
of small duct PSC might be missed by imaging 
modalities. Thus, histopathological examinations 
are required for establishing the diagnosis. Liver 
histology is also essential to diagnose the overlap 
syndrome in which both PSC and autoimmune 
hepatitis (AIH) are present in the same patient. 
PSC-AIH overlap occurs predominantly in 
patients of younger age.

Another bile duct disease, IgG4-associated 
cholangitis (IAC), might perfectly mimic PSC 
and usually presents with bile duct alterations 
similar to PSC. However, IAC is frequently asso-
ciated with type 1 autoimmune pancreatitis and 
other IgG4-related diseases (e.g., Riedel’s thy-
roiditis, dacryoadenitis and sialadenitis, IgG4-
related aortitis, or periaortitis, tubulointerstitial 
nephritis, membranous glomerulonephritis). 
These patients show rapidly progressive liver dis-
ease (cirrhosis), but also a good response to corti-
costeroid treatment [9]. Diagnosis of IAC is 
based on HISORt criteria for IgG4-related scle-
rosing cholangitis, and the evaluation of a histo-
pathological specimen is crucial to establish the 
diagnosis. At histopathology, IgG4-positive 
plasma cell infiltrates, storiform fibrosis, and 
obliterative phlebitis are typical for IAC. Tissue 
eosinophilia may also be present. For more 
detailed features, see Table  45.1. Raised serum 

Fig. 45.1  Typical ERCP image of intra- and extrahepatic 
PSC: dominant stricture of the left intrahepatic duct with 
the guidewire in place. Diffuse sclerotic narrowing of the 
right intrahepatic and extrahepatic bile ducts
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IgG4 levels in type 1 AIP occur in approximately 
60–80% of cases. However, in both type 1 auto-
immune pancreatitis and IAC, serum IgG4 levels 
can be normal despite evidence of active disease. 
Presently, it remains controversial whether eosin-
ophilic cholangitis (Fig. 45.2) represents an inde-
pendent disease [10].

A broad variety of secondary cholangiopa-
thies should be considered as differential diagno-
ses of PSC, including infectious, vascular, toxic, 
inflammatory, and congenital etiologies 
(Table 45.2).

In many of these entities, the morphologic fea-
tures may not differ from PSC.  Features of the 
patient’s history, clinical course, and comorbidi-
ties may help to identify the underlying etiology.

45.4	 �Medical Therapy

Ursodeoxycholic acid (UDCA), used at a dose of 
15 mg/kg/day, may improve liver function tests 
[12]. However, there is no benefit in terms of 
mortality or transplantation-free survival. At a 
higher dose (>28 mg/kg/day), UDCA was associ-
ated with an unfavorable outcome compared to 
placebo-treated patients [13].

The treatment of cirrhotic complications is 
similar to that in cirrhosis of any other etiology 
and shall not be considered in this review.

45.5	 �Role of ERCP

Endoscopic retrograde cholangiopancreatogra-
phy (ERCP) may be applied in PSC for two rea-
sons: treating symptomatic strictures and/or 
verifying malignancy. ERCP has a high diagnos-
tic accuracy and allows the acquisition of biopsy 
material and intraductal therapy. The risk of sup-
purative cholangitis or ERCP-associated pancre-
atitis must always be weighed against the benefit 
of ERCP.  Therefore, non-invasive clarification 
(e.g., MRCP together with biochemical tests) 
should always precede the use of ERCP.

The Amsterdam classification highlights the 
cholangiographic changes in PSC (Table 45.3). It 
was validated and shown to correlate with patient 
prognosis [14]. However, none of the ducto-
graphic criteria is specific for PSC, and the find-
ings must always be interpreted in the clinical 
context.

Antibiotic prophylaxis is recommended for all 
patients with PSC undergoing ERCP (ESGE 
guideline; [15]).

In patients with progressive cholestasis who 
may not only suffer from jaundice but also from 
agonizing pruritus, ERCP may be warranted 
(Fig. 45.3). As shown by Björnsson et al. [16], a 
substantial percentage of these patients (45%) 
have a so-called “dominant stricture” defined by 
a diameter of ≤1.5 mm of the common bile duct, 

Table 45.1  Clinical and imaging differences of PSC, IAC, and eosinophilic cholangitis (EoC) [11]

PSC IAC EoC
Gender, m:f 1.5:1 7:1 1:1
Age (years) <40 >50 <40
Clinical presentation Elevated cholestatic enzymes (AP) Obstructive cholestasis Cholestasis 

(+pain)
Serum IgG4 elevated <20% >70% No
Pancreas involved <5% 50–90% No (?)
Multi-visceral disease No Yes ?
Association with IBD 80% <10% <10% (?)
Bile duct alterations Generalized

– Intra- and extrahepatic
– Narrowing of bile ducts like a string of 
pearls
– Picture of “defoliated tree”

DHC
– Long smooth strictures
– Multiple strictures
– Relatively minor 
prestenotic dilation
– Low CBD stricture

Generalized

Treatment success 
from steroids

Very rarely Yes Yes
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or ≤1.0 mm of the hepatic ducts. The question is, 
whether patients with such a dominant stricture 
may benefit from endoscopic intervention, i.e., 
balloon dilation and/or placement of plastic 
stents. This has not been evaluated by controlled 
trials so far. Several retrospective case series sug-
gest that endoscopic interventions may relieve 
symptoms, reduce cholestasis, and contribute to a 
prolonged survival (Table 45.4).

The life time risk of developing cholangiocar-
cinoma is 10–15% [25]. Malignancy of the bili-
ary system should be suspected, once a patient 
rapidly develops cholestasis, weight loss, or 
abdominal pain. According to a report from the 
large Heidelberg series [18], mainly PSC patients 
with concomitant inflammatory bowel disease 
have a significant risk of cholangiocarcinoma, 
and gall bladder carcinoma (as well as colorectal 

a b

c

d

Fig 45.2  (a) 41-year old female patient with recurrent 
right upper quadrant pain for several years. Liver function 
tests showed a cholestatic pattern. ERCP indicates irregu-
lar narrowing all of the complete CBD and the hepatic 
hilum, with clips dating from a previous cholecystectomy. 
(b) At MRI, the common bile duct (CBD) shows thicken-
ing of the wall with increased uptake of contrast. (c) At 
cholangioscopy, diffuse sclerosing lesions of the CBD 

were visualized, while the intrahepatic bile ducts appeared 
normal. Intraductal biopsies revealed a dense infiltration 
of eosinophilic lymphocytes without any features of 
IgG4-associated cholangitis. (d) A diagnosis of eosino-
philic cholangitis (EOC) was established. After 4 weeks 
of systemic corticosteroids, the CBD narrowing com-
pletely resolved
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cancer). In the absence of inflammatory bowel 
disease, no increased cancer risk was observed, 
even in the presence of a dominant stricture.

Despite this latter finding, any effort should 
be made to detect or rule out cancer as soon as 
possible, whenever a dominant stricture occurs. 
As a screening parameter, the measurement of 
the tumor marker CA19-9 in serum (at a cutoff 
at 20  U/mL) is not sensitive and non-specific 
and may not be recommended. A higher sensi-
tivity level may be reached by combining 
CA19-9 measurements with cross-sectional 
imaging, i.e., ultrasound, CT, or MRI 
(Table 45.5). For the confirmation of the cancer 
diagnosis, however, methods with a higher 
specificity are needed. This may be achieved by 
transpapillary cytology brushings or forceps 
biopsies of suspicious strictures obtained dur-
ing ERCP or by biopsies obtained during chol-
angioscopy. However, the sensitivity of bile 
duct brushings might be as low as 50% [26]. 
The same is true for intraductal biopsies [27]. 
However, newer molecular techniques may be 
more sensitive in visualizing cytogenetic aber-

rations in brush preparations, such as fluores-
cence in situ hybridization (FISH). In the two 
cited studies, combining this technique with 
conventional brush cytology or histology from 
forceps biopsies raised the specificity and sen-
sitivity to levels above 80% [27, 28]. Whether 
FISH analysis proves to be broadly applicable 
and useful needs to be awaited.

45.6	 �Role of Cholangioscopy, EUS, 
and Intraductal Ultrasound

If the CBD diameter is large enough, cholangios-
copy can be performed (e.g., using the SpyGlass 
System, mother-baby scopes, or in the nearest 
future a single-instrument cholangioscope). 
Apart from obtaining cytology or histology spec-
imens, cholangioscopy may be useful in differen-
tiating suspicious lesions from bile stones or 
other bile duct pathologies [29] and in perform-
ing targeted biopsies with direct visualization of 
the bile duct surface. However, there is no hard 
evidence that taking intraductal biopsies under 
direct visualization by cholangioscopy might 
improve sensitivity [30].

ESGE/EASL do not suggest routine use of 
endoscopic techniques other than ERCP (i.e., 
endoscopic ultrasound including intraductal 
ultrasound (IDUS), cholangioscopy, confocal 
endomicroscopy) [15].

Table 45.2  Classification of secondary sclerosing chol-
angitis and conditions that may mimic primary sclerosing 
cholangitis on cholangiography

Infectious Chronic (bacterial) cholangitis
Parasitic cholangitis
Cholangiopathy in acquired 
immunodeficiencies (e.g., HIV)

Mechanical/
toxic

Impacted gallstones mimicking 
biliary strictures

Neoplastic Malignant conditions 
(cholangiocarcioma, metastases)

Ischemic Vascular trauma
Ischemic-type biliary lesion (ITBL) 
following hepatobiliary surgery or 
liver transplantation (e.g., hepatic 
artery thrombosis)
Intra-arterial chemotherapy (e.g., 
transarterial chemoembolization of 
hepatocellular carcinoma)
Sclerosing cholangitis in critically ill 
patients with biliary casts

Vascular Portal biliopathy
Systemic 
inflammatory 
diseases

Histiocytosis
Hypereosinophilic syndrome
Mast cell syndrome
Graft-versus-host disease

Congenital Caroli’s disease

Table 45.3  Amsterdam classification of cholangio-
graphic changes in primary sclerosing cholangitis (PSC) 
[14]

Type Intrahepatic Extrahepatic
0 No visible abnormalities No visible 

abnormalities
I Multiple caliber 

changes; minimal 
dilatation

Slight irregularities of 
duct contour; no 
stricture

II Multiple strictures; 
saccular dilatations, 
decreased arborization

Segmental strictures

III Only central branches 
filled despite adequate 
filling pressure; severe 
pruning

Strictures of almost 
entire length of duct

IV – Extremely irregular 
margins; 
diverticulum-like 
outpouchings
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Fig. 45.3  Endoscopic treatment approach to PSC. (a) Non-invasive imaging: MRCP shows dilation of the intrahepatic 
bile ducts with a suspected stricture of the hilar region. (b) The guidewire “leads” at ERCP, i.e., no application of con-
trast into the intrahepatic bile ducts that have not been reached by the tip of the wire in order to prevent infections.  
(c) With the guidewire having passed the CBD stricture, a small amount of contrast is injected and shows diffuse stric-
turing of the extrahepatic bile ducts. The intrahepatic bile ducts appear normal. (d) Hydrostatic balloon dilation of the 
CBD is performed. (e) A plastic endoprosthesis (7 Fr) was inserted to obtain long-term drainage of the biliary system. 
Insertion of plastic endoprostheses has to be critically appraised in PSC because of the risk of cholangitis. However, in 
this case of a dominant stenosis of the CBD and absence of major intrahepatic disease, drainage by a plastic stent was 
performed. Plastic endoprostheses should be left no longer than four weeks. (f) Four weeks later, hydrostatic balloon 
dilation of the CBD is repeated. (g) Again, a plastic endoprosthesis has been placed (10 Fr), but again only for a short 
duration (4 weeks). (h) Another four weeks later, the result seems very promising. The CBD narrowing has almost 
completely resolved. (i) The gGT value rapidly decreased with the treatment

GGT i.S.
U/I

701

60

0 4 6 11 weeks

g h

i

Fig. 45.3  (continued)
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45.7	 �Surgery and Liver 
Transplantation

The only option that has a proven survival benefit 
in PSC is liver transplantation. About 25% of 
patients might need LTx for PSC during their 

lifetime [31]. LTx for PSC has similar survival 
rates compared to other indications, but re-
transplantation rate is higher than in other indica-
tions so that 10–15% of patients need a second 
liver transplantation [32].

Other surgical procedures, such as bilio-
enteric drainage operations, should be avoided 

Table 45.4  Patient series with dominant structures

Study

Patients with 
dominant 
strictures/
total number Intervention Effect Side effects

Gotthardt et al. 
[17]
Rudolph [18]

N = 97/171 500 dilations
5 stents

– Improvement of pruritus 
and LFTs
– Survival free of LTX at 
5 years: 81% (at 10 years 
52%)

Pancreatitis 2.2%
Cholangitis 1.4%
Bile duct perforation 
0.2%
N = 6 CC

May et al. [19] N = 14 Dilation + stent (during 
ERCP or 
transhepatically)

– Less cholangitis, pruritus, 
drop in bilirubin

Postprocedural 
cholangitis 5/14

Chapman et al. 
[20]

N = 80/128 474 ERCPs
Stent 46%
Dilation 20%
Dilation + stent 17%, 
failed: 17%

– Survival 13.7 years 
(patients with dominant 
stricture) vs. 23 years 
(patients without dominant 
stricture)

2 bile duct perforations
2 pancreatitis
1 PTD-related fistula
Mild cholangitis/
pancreatitis
N = 21 (26%) CC

Wagner et al. 
[21]

N = 12 ERCP: Dilation, 
nasobiliary catheter

8: effective
3: LTX
1: ineffective

None

Lee et al. [7] N = 53/85 ERCP: 50 dilations, 38 
stenting, 8 NB tube, 17 
stone extractions

41 of 35: improvement of 
symptoms, LFTs, or 
cholangiograms

Pancreatitis N = 15

Ponsioen et al. 
[22]

N = 32 Stenting for 1–23 days Symptom-free and decrease 
of LFTs (1 year): 80%

7 transient complications 
(45 ERCPs)

Baluyut et al. 
[23]

N = 63 Balloon dilation Survival better than 
predicted 5-year survival

Kaya et al. [24] N = 71/1009 34 dilation
37 dilation + stent (in 
approx. 50% 
percutaneous approach)

Both groups similar in the 
reduction of cholastasis

More complications in 
stent group than in 
dilation group

All studies were retrospective studies. CC cholangiocarcinoma, LTX liver transplantation

Table 45.5  Role of the combination of diagnostic modalities for establishing the diagnosis of cholangiocarcinoma in 
PSC [28]

Sensitivity Specificity PPV NPV
CA 19-9 Cutoff 20 U/mL 78% 67% 23 96
CA 19-9 + US 91 62 23 98
CA 19-9 + CT 100 38 22 100
CA 19-9 + MRI 96 37 24 98
Subsequent cholangiograhy 91 69 42 96
Brush cytology 50 97 86 83
Aneusomy (FISH) 86 83 80 88
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because of significant morbidity and mortality, 
e.g., due to ascending cholangitis.

45.8	 �Conclusion

Despite improved understanding of the pathogen-
esis, primary sclerosing cholangitis remains a 
severe disease with an unfavorable prognosis. 
Medical therapies have no influence on the sur-
vival. ERCP plays a role as an adjunct to establish 
the diagnosis of malignancy in newly developed 
strictures and as a treatment option for symptom 
relief. In patients with a dominant biliary stenosis, 
ERCP-guided balloon dilation may reduce jaun-
dice and agonizing pruritus. Brush cytology or 
biopsies obtained by cholangioscopy or ERCP 
may aid in the early diagnosis of cholangiocarci-
noma. Patients with progressive hepatic failure 
need to be evaluated for liver transplantation.
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Acute Cholecystitis

Andrea Anderloni, Alessandro Fugazza, 
Ferdinando D’Amico, and Alessandro Repici

46.1	 �Introduction

Acute cholecystitis (AC) is a disease frequently 
encountered in daily clinical practice and repre-
sents an inflammation of the gallbladder caused 
by obstruction of the cystic duct. The obstruction 
is generally related to the presence of gallstones 
and develops in individuals with a history of 
symptomatic gallstones, but there are some cases 
of acute cholecystitis without gallstones (acalcu-
lous acute cholecystitis, ACC).

46.2	 �Diagnosis

According to the Tokyo guidelines 2018, the 
diagnosis of AC is based on the combination of 
clinical, laboratory, and imaging findings [1]. 
Clinical signs include pain/tenderness in the right 
upper abdominal quadrant, fever, and positive 
Murphy’s sign (accentuation of the pain and 
interruption of the inspiratory act during the sub-
costal palpation of the gallbladder in deep inspi-
ration). Elevated C-reactive protein and increase 
of white blood cells are the most characteristic 

laboratory test alterations whereas thickening of 
the gallbladder wall and the presence of fluid col-
lections around the gallbladder are considered 
the two classic imaging findings.

Ultrasonography (US) is the first-choice 
imaging method for the morphological diagno-
sis of AC (Fig. 46.1) since it is a non-invasive 
method widely available, simple to use, and 
cost-effective. Contrast-enhanced CT and MRI 
can be used if abdominal US does not allow a 
definitive diagnosis or to exclude the presence 
of complications.

Patients with AC may present different disease 
stages ranging from a mild, self-limited illness to 
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Fig. 46.1  Ultrasound image of acute cholecystitis: char-
acteristic findings are wall thickening with hypoechoic 
layer, and presence of sludge and gallstones
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a fulminant and potentially life-threatening dis-
ease. Severity assessment criteria have been cre-
ated, and AC is now classified into the following 
3 categories: “mild (Grade I),” “moderate (Grade 
II),” and “severe (Grade III)” [1].

AC is defined severe if related to the pres-
ence of cardiovascular, neurological, respira-
tory, renal, hepatic, or hematological damage. 
Severe AC is a condition that affects vital prog-
nosis, even if its mortality rate is only around 
1% [2]. Patients with severe AC have a greater 
length of hospital stay, a greater conversion to 
open surgery, and higher medical costs [3, 4].

46.3	 �Treatment

Laparoscopic cholecystectomy is the gold stan-
dard for treatment of AC; nevertheless, therapeu-
tic strategy should be established according to the 
severity of disease and general conditions of the 
patient.

Patients with mild and moderate AC should 
ideally be subjected to surgery as soon as pos-
sible. If they cannot be immediately operated, 
conservative treatment should be performed at 
first and delayed surgery considered once treat-
ment is seen to take effect. In the case of 
patients with severe AC, medical therapy to 
support organ damage should be first applied 
and subsequently they should be evaluated for 
possible surgery. Initial medical treatment 
includes intravenous fluid infusion, electrolyte 
correction, and treatment with antimicrobials 
and analgesics [5].

As an alternative option to surgery, in patients 
considered unfit for surgery, conservative treat-
ment and biliary drainage should be performed to 
control the gallbladder inflammation [5].

Therapeutic non-surgical drainage approaches 
are percutaneous cholecystostomy, including 
percutaneous transhepatic gallbladder drainage 
(PTGBD) and aspiration (PTGBA), transpapil-
lary drainage of the gallbladder, and EUS-guided 
transmural gallbladder stent placement [6, 7].

46.4	 �Percutaneous 
Cholecystostomy

Percutaneous cholecystostomy (PC) is a widely 
used and established technique to perform drain-
age of the gallbladder. Percutaneous cholecystos-
tomy include percutaneous transhepatic 
gallbladder drainage (PTGBD) and aspiration 
(PTGBA) without catheter placement as a simple 
decompression method (Figs.  46.2 and 46.3). 
This approach has been shown to be efficacious 
in approximately 90% of patients unfit for sur-
gery and allows obtaining bile samples for micro-
biological and cultural analysis and to control the 
source of infection [8, 9]. Ultrasound is the main 
method for image-guided PC as it is a relatively 
simple technique. After ultrasound-guided punc-
ture of the gallbladder, a guidewire is inserted 
into the gallbladder followed by a stent under 
fluoroscopic guidance. However, PC cannot be 
performed in patients with thrombocytopenia, 
coagulation disorders, and massive ascites or 
patients taking anticoagulants or antiplatelet 
drugs. Adverse events may occur in up to a quar-
ter of patients undergoing PC, including biliary 
peritonitis, bleeding, pneumothorax, dislodge-
ment, and premature tube removal. Moreover, 
percutaneous cholecystostomy involves the posi-
tioning of external tubes that are uncomfortable 
and have a negative impact on quality of life of 
patients [10].

46.5	 �Endoscopic Transpapillary 
Gallbladder Drainage 
(ETGBD)

ETGBD includes endoscopic nasogallbladder 
drainage (ENGBD) and gallbladder stenting 
(EGBS), under endoscopic retrograde cholangio-
pancreatography (ERCP). Drainage of the gall-
bladder is performed through the cystic duct with 
a nasobiliary tube or stent across the papilla 
(Fig. 46.4). ENGBD involves the successful can-
nulation of the main bile duct. Subsequently a 
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Fig. 46.2  Transhepatic percutaneous gallbladder drain-
age (PTGBD): (a) A needle with mandolin is inserted into 
the gallbladder through the liver. (b) Removal of the inter-
nal mandolin. (c) Aspiration of bile to verify correct posi-
tioning and perform microbiological examination of the 
bile. (d) Insertion of the guidewire inside the gallbladder. 

(e) Needle removal and wire-guided insertion of a single 
pigtail drainage catheter. Subsequent removal of the 
guidewire and fixation of the catheter to the patient’s skin. 
(f) Percutaneous transhepatic gallbladder aspiration 
(PTGBA) [7]
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0.025- or 0.035-in. guidewire is advanced into 
the cystic duct and then into the gallbladder, 
allowing insertion of a nasogallbladder tube into 
the gallbladder. EGBS is performed in the same 
way as ENGBD, but a double pigtail plastic stent 
is inserted into the gallbladder.

ETGBD appears to be suitable for patients 
with severe liver disease, ascites, coagulopathy, 
or thrombocytopenia, who cannot undergo percu-
taneous drainage. However, disadvantages of the 
transpapillary endoscopic approach are repre-
sented by anatomically inaccessible location, 

which does not allow selectively cannulating the 
cystic duct, risk of causing post-ERCP pancreati-
tis, and risk that plastic stents can clog, causing 
an exacerbation of the disease [11].

A meta-analysis that compared the two trans-
papillary endoscopic approach found no statisti-
cally significant difference in technical success, 
clinical success or adverse event rate between 
ENGBD and EGBS. Tokyo guidelines 2018 sug-
gest that both ENGBD and EGBS can be consid-
ered for the gallbladder drainage and the choice 
of using one technique rather than another 
depends on the endoscopist’s decision [12].

46.6	 �EUS-Guided Gallbladder 
Drainage (EUS-GBD)

Feasibility, efficacy, and safety of EUS-GBD 
have been recently confirmed in a systematic 
review and pooled analysis with overall techni-
cal success of 95.8% and a clinical success, 
defined as resolution of acute cholecystitis of 
93.4% [13].

Different endoscopic techniques, approaches, 
and stents can be used to perform EUS-GBD. The 
gallbladder is localized by EUS from the duode-
nal bulb or the stomach and lack of interposing 
vessels are excluded using doppler flow. Both 
distal gastric antrum and the duodenal bulb repre-
sent good access to gallbladder. The puncture site 

f

Gallbladder

21-G needle

Liver

Fig. 46.2  (continued)

Fig. 46.3  PTGBD: Fluoroscopic image of the correct 
positioning of the pigtail catheter inside the gallbladder
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is usually the one in which the distance between 
the gastrointestinal tract and the gallbladder is 
lower (less than 1 cm) (Fig. 46.5).

In the past, plastic stents and self-expanding 
metal stent (SEMS) have been used for EUS-
GBD.  Since these stents were not specifically 
designed for EUS-GBD, adverse events such as 
bile leakage, stent occlusion, and migration have 
been described. New stents specifically designed 
for echoendoscopic procedures, lumen apposing 
metal stent (LAMS), have been recently devel-
oped to overcome these limitations [14]. LAMS 
are made up of braided nitinol, and they are fully 
covered with silicone to prevent tissue ingrowth, 
with wide flanges on both ends that provide 
anchoring and permit to avoid stent migration. 
More recently, the stent has been incorporated 
into a delivery system with an electrocautery 
mounted on the distal tip (Hot Axios; Boston 
Scientific Corp.), which allows performing the 

procedure in only one step, without the need for 
any additional exchange of accessories 
(Fig. 46.6).

A recent multicentric retrospective study on 
high-risk surgical patients with AC who under-
went EUS-GBD using EC-LAMS reported tech-
nical and clinical success of 98.7% and 95.9% of 
cases [15]. Single-step approach reduces the time 
of the procedure, prevents bile leakage, and 
decreases radiation exposure, because unlike the 
multistep drainage requiring fluoroscopic con-
trol, the procedure is entirely performed under 
ultrasound guidance [16]. The most frequent 
adverse events are bleeding, uncontrolled release 
and migration of the stent, and recurrence of cho-
lecystitis, related to the obstruction of 
LAMS. Placement of double pigtail plastic stent 
or SEMS trough the LAMS can be useful to avoid 
food impaction and ingrowth, preventing recur-
rences [17].

Fig. 46.4  Endoscopic transpapillary gallbladder drainage (ENGBD). Scheme of the transpapillary positioning of dou-
ble pigtail biliary plastic stent into the gallbladder (left); fluoroscopic image of correct positioning (right) [7]
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46.7	 �Comparison Between  
Non-surgical Drainage 
Techniques

A recent meta-analysis by O. Ahmed et al. com-
pared the clinical outcomes of high-risk patients 

undergoing EUS-GBD versus percutaneous cho-
lecystostomy for the non-surgical management 
of acute cholecystitis [18]. A total of five studies, 
including 495 patients, were selected for analy-
sis. There were no statistically significant differ-
ences between the two groups in terms of 

a b

c d

Fig. 46.5  Endoscopic ultrasound gallbladder drainage: 
(a) EUS vision of thick-walled gallbladder with sludge 
and biliary microcalcules. (b) Advancement of the LAMS 
inside the gallbladder by electrocautery under EUS vision. 

(c) Opening of the distal flange of the stent under EUS 
guidance. (d) Final endoscopic vision of the correct posi-
tioning of the stent

Acute
cholecystitis Stent in

place

Stent
device

Fig. 46.6  The Hot-Axios system consists of an electrocautery device and the lumen apposing metal stent (LAMS) 
pre-assembled on the release system [15]
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technical and clinical success, but the pain score 
and re-intervention rate were significantly lower 
in EUS-GBD group. Moreover a multicenter, 
international, retrospective experience compar-
ing percutaneous and EUS-guided gallbladder 
drainage showed no difference in the rate of 
adverse events, although the percentage of re-
intervention and the length of hospital stay were 
smaller in patients undergoing EUS-GBD, trans-
lating into overall cost savings [19].

A retrospective comparative study between 
EUS-guided gallbladder drainage and endo-
scopic transpapillary cholecystostomy, includ-
ing 172 patients, showed higher technical and 
clinical success rates in the EUS-guided group 
than in the endoscopic transpapillary group 
(99.3% and 99.3% vs. 86.6% and 86%, respec-
tively, P < 0.01). The adverse event rate was sig-
nificantly higher in the ETGBD group compared 
to the other (19.3% vs. 7.1%, P  =  0.02) 
(Fig. 46.7) [20].

In conclusion, EUS-GBD is emerging as an 
attractive alternative to percutaneous drainage for 
the treatment of patients with AC unfit for sur-
gery. Further prospective randomized studies are 
awaited to verify these results in terms of long-
term outcomes and cost-effectiveness.
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Abbreviations

ABP	 Acute biliary pancreatitis
ANC	 Acute necrotic collections
CT 	 Computed tomography
ERCP	 Endoscopic retrograde 

cholangiopancreatography
LAM	 Lumen-apposing metal stents
MRCP	 Magnetic resonance 

cholangiopancreatography
SIRS	 Systemic inflammatory response 

syndrome
WON	 Walled-off necrosis

47.1	 �Introduction

Acute pancreatitis is one of the common gastro-
enterological conditions leading to hospitaliza-
tion [1]. The worldwide burden of acute 
pancreatitis is rising, although incidence and aeti-
ology varies across countries and region [2]. It 
can evolve to a potentially life-threatening situa-

tion with necrosis, sepsis and multiorgan failure 
in up to 35% of the patients facing a severe 
course. Different factors can lead to this local and 
subsequently systemic inflammatory process. 
Among these, alcohol, gallstones and biliary 
sludge play a worldwide key role accounting for 
up to 70–80% of all cases [1, 3, 4]. Less frequent 
causes of acute pancreatitis include medication, 
endoscopic retrograde cholangiopancreatogra-
phy (ERCP), hypercalcaemia, hypertriglyceride-
mia, malignancies, autoimmune pancreatitis, 
surgery and trauma [1, 5]. Obesity as a patho-
physiological co-factor of biliary pancreatitis is 
advancing worldwide so that the burden of gall-
stones will further increase [6]. Several ran-
domised controlled trials in the past decades 
evaluated treatment options for acute pancreati-
tis, establishing endoscopy as one of the main 
pillars for biliary aetiology [7–9] and complica-
tions in necrotising pancreatitis [10–12].

47.2	 �Symptoms and Diagnosis

Patients who suffer from acute pancreatitis typi-
cally present with abdominal pain. The pain can 
vary in  location, duration and intensity; it is 
often radiating to the back. Abdominal disten-
sion, jaundice and acholic faeces can be present 
as well as elevated temperature, nausea and diar-
rhoea or constipation. Rarely, periumbilical or 
flank hematoma can be found in severe pancre-

A. Tal (*) 
Gastroenterologic practice, IPG Hanau,  
Hanau, Germany 

J. G. Albert 
Abteilung für Gastroenterologie, Hepatologie und 
Endokrinologie, Robert-Bosch-Krankenhaus, 
Auerbachstraße, Stuttgart, Germany
e-mail: joerg.albert@rbk.de

47

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-42569-2_47&domain=pdf
https://doi.org/10.1007/978-3-030-42569-2_47#DOI
mailto:joerg.albert@rbk.de


518

atitis (Cullen and Grey Turner sign). In biliary 
pancreatitis, the pain is more often located in the 
right upper quadrant and epigastrium. Some 
patients, especially older ones, may present with 
jaundice and only minimal pain, though.

The diagnosis of acute pancreatitis can be 
established if two out of three features are pres-
ent: abdominal pain consistent with acute pancre-
atitis, serum lipase (or amylase) activity three 
times greater than the upper limit of normal and 
characteristic findings of acute pancreatitis on 
contrast-enhanced computed tomography, MRI, 
or percutaneous ultrasound [13]. When symp-
toms and medical history make an acute pancre-
atitis probable but serum lipase is not increased 
(yet), imaging is needed to eliminate uncertainty 
(ultrasound or CT scan). In contrast to that, the 
yield of CT scans in several studies was low and 
had no implications with regard to clinical man-
agement though [14]. An early CT scan might 
even prolong hospital stay and protract the time 
to a second CT, which is needed to diagnose 
necrosis with possible infection.

According to the revised Atlanta classifica-
tion, acute pancreatitis can be categorised as 
mild, moderate and severe (Fig. 47.1) [13]. This 
is dependent on the presence of local and sys-
temic complications as well as transient and per-
sistent organ failure. Local complications involve 

acute peripancreatic fluid collection, pancreatic 
pseudocyst, acute necrotic collection and walled-
off necrosis whether sterile or infected [4]. 
Systemic complications include organ failure of 
one or more organs or worsening of pre-existing 
medical conditions (respiratory, cardiovascular, 
hepatic or renal.

47.3	 �Scoring Systems for Severity 
Prediction

Various (complex) scoring systems to predict 
the severity and/or clinical outcome of acute 
pancreatitis have been proposed over the last 
decades. The need to identify patients with acute 
pancreatitis who urgently need therapy and allo-
cation to intensive care unit demands fast, sim-
ple and overall applicable methods [15]. The 
Ranson score has been used for more than three 
decades. Since then, at least 8 additional clinical 
scoring systems have been developed (e.g. 
APACHE II, SIRS, BISAP, JSS). These scores 
perform with moderate accuracy in predicting 
persistent organ failure and seem comparable 
with simple tools like blood urea nitrogen, cre-
atinine and haematocrit measurements at admis-
sion [15, 16]. With all these scores and laboratory 
findings, approximately 50% of the patients will 
be predicted a moderate to severe pancreatitis. 
But only a half or less of them will experience 
such progress [1]. In contrast to that, the patient 
predicted a mild pancreatitis will do so with 
good accuracy. Due to its simplicity and compa-
rable accuracy, international guidelines suggest 
using signs of 48 h persistent systemic inflam-
matory response syndrome (SIRS) as a predictor 
for severe pancreatitis [17].

47.4	 �Fluid Resuscitation

Systemic and local inflammatory processes can 
lead to loss of fluids in the third space, causing 
hypovolemia, hypotension and subsequent organ 
failure. Great efforts in terms of randomised con-
trolled trials have been made to evaluate the best 
way fluid resuscitation should be accomplished 

Mild No organ failure or complication

Transient organ failure <48h
+/- local complication*

Persistent organ failureSevere

Moderate

Fig. 47.1  The revised Atlanta classification for the sever-
ity of pancreatitis; ∗ Local complications involve acute 
peripancreatic fluid collection, pancreatic pseudocyst, 
acute necrotic collection, and walled-off necrosis whether 
sterile or infected. Systemic complications include organ 
failure of one or more organs or worsening of pre-existing 
medical conditions (respiratory, cardiovascular, hepatic, 
or renal)
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[17]. Hydroxyethyl starch and saline might 
increase mortality [18, 19] whereas balanced 
crystalloid fluids such as Ringer’s lactate are rec-
ommended by the International Association of 
Pancreatology (IAP) [17].

Some decades ago, fluid resuscitation for acute 
pancreatitis was performed in a more liberal and 
aggressive way until randomised control trials 
demonstrated potential risks. Rapid uncontrolled 
or too little fluid resuscitation can lead to worsen-
ing course of the disease and increased rates of 
infection, compartment syndrome and the need 
of  mechanical ventilation;  mortality  is increased 
[1]. Due to the complexity of the trials, resuscita-
tion goals and outcomes, ambigous recommenda-
tions can be found. Where the IAP suggests an 
early goal-directed therapy with regard to hemo-
dynamic, clinical and laboratory parameters (e.g. 
heart rate, mean arterial pressure, urinary output, 
blood urea nitrogen, creatinine, haematocrit), 
other gastroenterological societies don’t see any 
proven benefit and are therefore unwilling to give 
recommendations [5]. Until now, a common fluid 
resuscitation protocol is the administration of bal-
anced crystalloid solution at a rate of 200–500 mL 
per hour, or 5–10 mL per kilogram of body weight 
per hour. This usually amounts in 2500–4000 mL 
in the first 24 h [4].

47.5	 �Nutrition

Historically, it was thought that an acute inflamed 
pancreas should be given “rest” so that a longer 
period without food intake was suggested. Since 
then, a lot has been learned through randomised 
trials and this dogma has changed since then. 
Nutrition is considered an important factor that 
may impact clinical outcomes in critically ill 
patients. Several randomised trials addressed this 
topic in patients experiencing acute pancreatitis 
[20, 21]. Enteral nutrition seems to be beneficial 
administered in either way (oral intake, via naso-
gastral or nasoduodenal tube) compared to paren-
teral nutrition [22]. The latter may even increase 
sepsis rates, infection of necrosis and mortality. 
However, one must be aware of aspiration risks in 
gastroparesis and retention stomach as these may 

request for a gastroduodenal tube. Based on 
actual data, tube feeding in predicted severe pan-
creatitis can be limited to those patients who have 
insufficient oral caloric intake after 3–5 days. An 
earlier (<24 h) enteral nutrition seems to have no 
additional benefits so far [21, 23–26]. Patients 
with predicted mild pancreatitis should be given 
a soft or solid diet as it is associated with shorter 
hospital stays than is a clear-liquid diet [27]. A 
big meta-analysis including 20 RCTs concluded 
that there is no specific type of enteral nutrition 
or immuno-nutrition that improves the outcome 
in acute pancreatitis [28], but when Patients are 
able to eat on their own, they should be offered a 
normal to light-fat diet. If an additional paren-
teral supplement is beneficial in patients with 
acute pancreatitis who don’t achieve their energy 
goals remains unanswered but seems to apply for 
critically ill patients [29].

47.6	 �Role of ERCP in Biliary 
Pancreatitis

Temporary or permanent bile duct stone impac-
tion within the sphincter of oddi or the common 
channel may cause an alteration in intra-
pancreatic duct pressure and subsequent activa-
tion of pancreatic digestive enzymes triggering 
biliary pancreatitis [30]. This is mostly caused by 
common bile duct stones. Whether an early 
ERCP with stone extraction and sphincterotomy 
is beneficial or not has been under investigation 
for almost 25 years now [7].

In patients with suspected acute biliary pan-
creatitis but without obstructive jaundice, early 
ERCP and sphincterotomy were associated with 
more severe adverse events and more frequent 
respiratory failure [8]. In case that the presence 
of stones remains unclear in patients with acute 
biliary pancreatitis, EUS is a good tool to select 
the patients who are bound for therapeutic ERCP 
[31, 32]. The diagnostic value of EUS seems to 
be somewhat higher than MRCP for choledocho-
lithiasis, but MRCP may be an effective, non-
invasive modality to detect CBD stones in ABP 
and can also help in identifying patients who 
require ERCP [33].
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When no signs of cholangitis are present, early 
endoscopic intervention seems not to improve the 
outcome in patients with acute gallstone pancre-
atitis and biliopancreatic obstruction [34].

All these findings result in disapproving of 
early ERCP in predicted mild biliary pancreatitis 
in all current guidelines, reviews and meta-
analysis [1, 4, 5, 9, 17].

However, consensus is lacking regarding the 
role of early ERCP in predicted severe 
ABP.  Where some meta-analyses conclude that 
an early ERCP in severe ABP can reduce mortal-
ity and morbidity [35–37], more recent ones see 
no benefit [38, 39]. There is no evidence that 
early routine ERCP significantly affects mortal-
ity or local/systemic complications, regardless of 
the predicted severity of biliary pancreatitis, up to 
date even though a big randomised trial is ongo-
ing [40]. This controversy may reflect the neces-
sity for better prediction markers and scores as 
there are still a high number of false positive 
results in predicting severe course of pancreatitis. 
Even though the incongruent data, routine early 
ERCP in predicted severe ABP is recommended 
by most guidelines for acute pancreatitis.

There is consensus in all guidelines and meta-
analyses that an endoscopic intervention, whether 
ERCP or endosonography, is clearly indicated in 
patients with cholangitis and/or signs of cholesta-
sis. The diagnosis of cholangitis is therefore a cor-
nerstone for clinical decision in ABP but remains 
challenging. Signs of cholangitis included the 
Charcot’s triad (right upper quadrant abdominal 
pain, jaundice, and fever), leucocytosis and the 
presence of Reynold’s pentad (Charcot’s triad 
plus mental confusion and septic shock). The 
unquestionable clinical definition of cholangitis 
may be ambiguous and comparability of clinical 
trials, and their indication for the treatment of 
ABP is difficult—especially as a severe pancreati-
tis can mimic SIRS itself [30].

All the knowledge of ERCP indication in bili-
ary pancreatitis has not changed the outcome of 
patients with ABP yet. It may be due to the fact 
that an intervention could potentially cause fur-
ther pancreatic injury or does not always elimi-
nate the pancreatic duct obstruction [41].

47.7	 �Antibiotic Therapy

In patients with cholangitis, antibiotics for 
empiric therapy have to be adapted to the local 
resistance patterns of each hospital, the severity 
of the cholangitis and patients’ medical history 
(e.g. colonisation with multi-resistant bacteria, 
immunosuppression). Bile fluid contains a poly-
microbial flora (E. coli spp., klebsiella spp., pseu-
domonas spp., staphylococcus spp. e.g.) so that 
broad spectrum antibiotics are needed for initial 
therapy in patients with cholangitis [2, 42].

Necrotising pancreatitis develops in 15–20% 
of all pancreatitis patients. Of these, 30% develop 
infected necrosis with high mortality rates driven 
by sepsis and multiorgan failure [1, 4]. Several 
trials tried to overcome this complication by pro-
phylactic antibiotic therapy but failed to do so 
[43–48]. Nevertheless, the use of prophylactic 
antibiotics significantly reduced the incidence of 
extrapancreatic infections (lungs, urinary tract, 
and bloodstream) in one trial. In a Cochrane 
meta-analysis, a reduction in pancreatic infection 
in the subgroup of patients who received imipe-
nem was seen. This may be due to the fact that 
carbapenem antibiotics can achieve a high pan-
creatic tissue concentration compared to many 
other substances [49]. Currently, antibiotics are 
only recommended for cholangitis, proven or 
suspected infected necrosis by all existing guide-
lines. If infected necrosis is suspected or proven, 
it is important to start a calculated antibiotic ther-
apy. Different studies, mostly of low quality and 
retrospective, tried to address this issue. The best 
way for switching to a targeted therapy seems to 
be microbiological workup of specimen obtained 
by biopsies, necrosectomy or blood culture. The 
most frequently found microbes in peripancreatic 
fluids and necrosis are enterococci, enterobacte-
riaceae and fungi [50, 51].

As superinfection is thought to be triggered by 
bacterial translocation from the bowel, few stud-
ies investigated the role of probiotics in acute 
pancreatitis, showing increased rates of mesen-
teric ischemia and mortality. Probiotics are con-
traindicated in acute (severe and mild) pancreatitis 
[1, 4, 5, 17].
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47.8	 �Cholecystectomy 
and Prevention of Relapse

Cholecystectomy can prevent recurrent biliary pan-
creatitis. Relapse risk for ABP when surgery is 
delayed ranges around 30% [52, 53]. One study 
could show that cholecystectomy during Index 
Admission lowers 30-day readmission rates [54]. 
Therefore, several guidelines recommend chole-
cystectomy during the initial admission rather than 
after discharge in patients with mild acute biliary 
pancreatitis. It seems that patients who underwent 
early cholecystectomy after severe pancreatitis 
with existing peripancreatic fluid collections or 
pseudocysts have an increased incidence of infected 
collections. In those patients, cholecystectomy 
should be delayed beyond 6 weeks, at which time 
pseudocyst drainage can safely be combined with 
cholecystectomy [55]. Cholecystectomy is advised 
for every fit patient who experienced ABP and 
endoscopic sphincterotomy as gallstone-related 
gallbladder disease has to be handled [5]. For 
patients who are not fit for surgery, endoscopic bili-
ary sphincterotomy will reduce the risk of recurrent 
biliary pancreatitis but may not reduce the risk of 
subsequent acute cholecystitis and biliary colic [4].

After a first episode of acute pancreatitis, around 
10% will develop chronic pancreatitis and 36% of 
patients after recurrent pancreatitis. The risks of 
recurrence and transition to chronic pancreatitis is 
much higher among smokers, alcoholics and men 
[56]. Therefore, it is crucial to encourage the 
patients to be abstinent. Pancreatic dysfunction 
(exocrine and endocrine) develops in 20–30% of 
patients. Factors for the transition to recurrent 
attacks and chronic pancreatitis include the severity 
of the initial attack, the degree of pancreatic necro-
sis and the cause of acute pancreatitis [57, 58].

47.9	 �Necrosectomy 
and Peripancreatic Fluid 
Collections

According to the Revised Atlanta classification 
[58], pancreatitis can be divided into interstitial 
oedematous and necrotising pancreatitis. The 
time of appearance and the persistence of fluid 

collections play an important role in therapeutic 
management. Interstitial oedematous pancreatitis 
can cause acute fluid collections at the early 
phase (<4  weeks) and may result in pancreatic 
pseudocyst formation (>4  weeks). 
Correspondently, necrotising pancreatitis can 
develop acute necrotic collections (ANC) 
(<4 weeks) and develop into walled-off necrosis 
(WON) (>4 weeks).

The treatment paradigms for walled-off necro-
sis (WON) have undergone extensive transitions 
over the past decades: from open surgical 
debridement to endoscopic minimally invasive 
treatment [10, 59]. Based on high-quality trials, 
interdisciplinary step-up algorithms have been 
proposed lately and represent the actual standard 
of care [11, 60] (Fig. 47.2). There is consensus all 
over the world that an endoscopic approach 
should be delayed at least 4–6  weeks after the 
presentation of the first fluid collection so that 
both necrosis and pseudocyst are allowed to 
develop a stable “wall”. If an endoscopic 
approach is better than a minimally invasive sur-
gical, one cannot be unequivocally answered by 
the present knowledge, although the endoscopic 
step-up approach seems to have less rates of pan-
creatic fistulas and shorter length of hospital stay 
[11]. This might steer the standard of care prac-
tice towards endoscopy.

As a first step, an infected necrosis has to be 
drained either endoscopically or by percutaneous 
drainage. The latter can be established under 
ultrasound or CT guidance. The endoscopic 
approach should be performed via EUS-guided 
puncture of WON followed by balloon dilation of 
the access site under guide-wire guidance or by 
use of a cystotome [60]. Either plastic stents or 
lumen-apposing metal stents (LAM) can be 
used  to keep the access, but long-term data on 
LAM are still sparse. Up to now, no recommenda-
tion for a specific stent type has been implemented 
in guidelines, but it seems that LAM are safe and 
effective [61–63]. Whether LAM can reduce the 
need for endoscopic necrosectomy remains to be 
answered. As a next step, nasocystic catheters can 
be placed for irrigation and might help to resolve 
necrosis. A concurrent endoscopic transmural 
drainage with percutaneous drainage should be 

47  Acute Pancreatitis



522

considered in patients with walled-off necrosis 
extending to the pelvic para-colic gutters (com-
bined approach).

If the first step of the therapy (drainage+/− 
nasocystic catheter) does not lead to clinical 
improvement or even shows deterioration, a CT 
scan should be performed. If WON is not suffi-
ciently drained, additional drainage is needed. 
Otherwise, the next step is direct endoscopic 
necrosectomy or minimally invasive surgical 
debridement. Endoscopic necrosectomy is per-
formed by a combination of suction, irrigation 
and mechanical removal of debris. This can be 
done with normal gastroscopes but always by 
using CO2 insufflation as there is a significant risk 
for air embolism otherwise [60]. The instruments 
optimally used for necrosectomy (e.g. snares, 
Dormia basket) remain at the discretion of the 
endoscopist. Endoscopic necrosectomy is not free 
of risks. In a meta-analysis, this treatment option 
showed bleeding, perforation and pancreatic fis-
tulas as the most frequent adverse events [64].

The main indication for endoscopic interven-
tion in necrotising pancreatitis is infection of 
necrosis, either clinically or radiologically sus-
pected/proven. Other possible indications are: 

ongoing organ failure for several weeks, ongoing 
gastric outlet  obstruction, intestinal or biliary 
obstruction due to mass effect of walled-off 
necrosis. Moreover, disconnected pancreatic duct 
syndrome with ongoing symptoms would be an 
indication for intervention [17].

47.10	 �Conclusion

Acute pancreatitis is a rising clinical problem all 
over the world. Several scientists and clinicians 
have been trying to identify the optimal treatment 
for acute pancreatitis. Based on these advances, the 
management of acute (biliary) pancreatitis has 
changed in the past years, although many questions 
remain. Up to now, no effective therapeutic strat-
egy has been developed to stop the inflammatory 
cascade which leads to multi-organ failure and 
consecutive death in patients suffering from acute 
pancreatitis. Further studies, many more years and 
brilliant scientists will be needed to find a solution 
for all those remaining questions. Until then, our 
main effort should be the implementation and dis-
semination of evidence-based approaches without 
being reluctant to overcome old paradigms.

Algorithm for infected or symptomatic peripancreatic fluid collection

TIME since begining of acute pancreatitis

Percoutaneous Drainage
and fluid irrigation

Minimally invasive
surgical necrosectomy

Distant from
stomach/duodenum

Percoutaneous Drainage
+/- fluid irrigation

Minimally invasive
surgical necrosectomy

Direct endoscopic
necrosectomy

Endoscopic transmural
drainage +/- fluid

irrigation

Combined endoscopic
and percoutaneous
drainage +/- fluid

irrigation

Close to
stomach/duodenum but

with deep extension

Close to
stomach/duodenum

<4 weeks fluid collection/
not encapsulated

>4 weeks fluid collection/
encapsulated

Fig. 47.2  Practical algorithm for the management of peripancreatic fluids dependent on the time since first 
appearance
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Key Points
•	 Biliary obstruction is the most frequent reason 

for pancreatitis and amongst the most frequent 
gastroenterological emergencies worldwide.

•	 Biliary obstruction should be excluded/proven 
within hours of admission.

•	 ERCP is the best option for patient with chol-
angitis, ongoing biliary obstruction, and 
severe predicted biliary pancreatitis.

•	 The observance of current guidelines and 
evidence-based recommendations is manda-
tory for improving the outcome of the patient.

•	 Prophylactic antibiotic therapy and early CT 
scans are not recommended.

•	 Minimally invasive, endoscopic-based, and 
percutaneous step-up approaches are nowa-
days standard of care for the treatment of 
complications of necrotising pancreatitis.
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Chronic Pancreatitis

Myriam Delhaye

48.1	 �Introduction

Abdominal pain is the dominant symptom of 
chronic pancreatitis (CP), reported by 80–90% of 
patients [1], either as episodic pain (or Type A 
pain pattern) or as continuous pain (or Type B 
pain pattern) [2].

Endoscopic therapy (ET) in CP aims to pro-
vide pain relief by using the decompression of 
the pancreatic duct, based on the rationale that 
pain is related to ductal hypertension caused by 
an outflow obstruction of the main pancreatic 
duct (MPD). Indeed, according to a multicenter 
study of more than 1000 patients who had been 
selected for ET of painful CP, MPD obstruction 
was caused by pancreatic stones alone, ductal 
strictures alone, and a combination of stones and 
strictures in 18%, 47%, and 32% of cases, respec-
tively [3].

Therefore ET is indicated for selected patients 
with both:

–– Persistent (continuous or recurrent) pain 
related to CP after failed conservative 
management.

–– Outflow obstruction of the MPD (i.e., MPD 
dilatation ≥5  mm) secondary to ductal 
stricture(s) and/or stone(s) amenable to ET [4], 
corresponding to the most severe grade of the 
Cambridge’s classification of pancreatitis [5].

ERCP can achieve MPD drainage by pancre-
atic sphincterotomy of the major and/or minor 
papilla (Fig. 48.1), by temporary stent(s) place-
ment or by pancreatic stone(s) extraction, usually 
after fragmentation with extracorporeal shock 
waves lithotripsy (ESWL). The effectiveness of 
ET is usually the result of these combined 
procedures.

The development of endoscopic ultrasonogra-
phy (EUS) has expanded the possibilities in MPD 
drainage, for patients in whom conventional 
ERCP is not feasible or fails.

Biliary obstruction complicates the course of 
CP in 3–23% of patients [6] due to peribiliary 
inflammation and fibrosis and less frequently due 
to biliary compression by a pseudocyst. 
Endoscopy is the preferred initial management 
for CP-related common bile duct (CBD) stric-
tures. The primary goal is to resolve bile duct 
obstruction, achieve long-term duct patency, and 
maintain liver function.

Overall, the goals of treatment in CP patients 
are pain management, management and preven-
tion of complications of pancreatitis, and improve-
ment or prevention of pancreatic insufficiencies.
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48.2	 �Main Pancreatic Duct 
Drainage

Pain in CP has a highly variable clinical presenta-
tion, differing in chronicity and severity [7]. 
Moreover, the multifactorial nature of pain is recog-
nized in CP patients, including ongoing inflamma-
tion, alterations in pancreatic nerves, and central 
sensitization secondary to chronic nociceptive input, 
all of which being not affected by MPD drainage [4].

Some studies define clinical response as sub-
jective improvement in abdominal pain, others 
use complete or partial pain relief, and still others 
combine pain relief with other more objective 
outcomes such as reduction in analgesic use or 
decreased rate of hospitalization for pain.

Pain relief can be assessed by one-dimensional 
scales, usually numeric (often from 0 to 10) ver-
bal or visual analogue scale (VAS) that quantify 
only the intensity of pain [4].

Multidimensional scales, such as the Izbicki 
pain scores [8], are based on frequency of pain, 
intensity (as indicated by VAS), need for analge-
sics, and disease-related inability to work during 
the 12  months prior to the time point of pain 
assessment and are commonly used to assess 
pain relief in CP patients.

Other clinical benefits from ET include 
increase in body weight, improvement of pancre-
atic exocrine/endocrine functions, and improve-
ment in quality of life.

Major papilla Minor papilla 

EPS major papilla 

EPS minor papilla

EPS major 

papilla

a

c

b

d

Fig. 48.1  Cannulation 
and endoscopic 
pancreatic 
sphincterotomy.  
(a) Major papilla 
approached with a ball 
tip catheter. (b) Minor 
papilla approached with 
a minor papilla cannula. 
(c) Endoscopic 
pancreatic 
sphincterotomy (EPS) at 
the major papilla.  
(d) Endoscopic 
pancreatic 
sphincterotomy (EPS) at 
the minor papilla and 
already performed at the 
major papilla
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48.2.1	 �Main Pancreatic Duct 
Drainage by ERCP

48.2.1.1	 �Clinical Results

Stricture-Predominant Disease
Benign dominant strictures of the MPD are gen-
erally due to inflammation or fibrosis and are 
usually located in the pancreatic head.

Dilatation alone is not a standard treatment 
option for MPD strictures, and various modalities 
of pancreatic duct stenting have been attempted 
following strictures’ dilatation (Fig.  48.2) to 
obtain a sustained response. About two-thirds of 
patients with advanced CP require pancreatic 
stenting to achieve appropriate ductal 
decompression.

Single Plastic Stenting
Immediate pain relief after single MPD plastic 
stenting was recorded in 82% [9] to 94% [10] 
of patients and can be expected when drainage 
of the MPD is adequate [11, 12]. In the absence 
of early symptomatic improvement, the stent 
should be removed because ductal hypertension 
is not likely to be the cause of pancreatic pain 
and other causes of pain should be considered.

For long-term evaluation, the European 
Society of Gastrointestinal Endoscopy (ESGE) 
suggests using the absence of pain (relapse) at 
1-year post-stent removal as a reasonable and 
workable definition of pain relief [13]. Long-
term pain relief was experienced by about two-
thirds of patients, as shown in many retrospective 
non-randomized studies (Table 48.1).

In a metaanalysis, with a subgroup analysis of 
CP patients with MPD stricture, including 9 stud-
ies and 536 patients, the pooled estimate of the 
proportion of patients with long-term pain relief 
was 67.5% (95% CI: 51.5–80.2%) [29].

However, in a prospective randomized con-
trolled trial (RCT) comparing ET and surgical 
MPD drainage in painful CP patients, the rate of 
complete or partial pain relief assessed by the 
Izbicki pain scores measured during the first 
2 years after ET (n = 19 patients), and also after a 
mean follow-up period of 7  years (n  =  16 
patients), was only 32% at 2 years [30] and 38% 
at 7 years of follow-up [31].

These very low clinical success rates could be 
explained partly by the low technical success rate 
of ET (53%) in the Cahen’s study [30], the high 
proportion of patients with chronic pain (Type B 
pain pattern in 63% of patients), and maybe the 

Bougie Balloon Soehendra stent retriever

a b c

Fig. 48.2  Main pancreatic duct stricture dilatation. 
Dilatation of main pancreatic duct stricture is usually 
done before stenting and can be performed using a bougie 

(a), a wire-guided balloon (4–6 mm) (b), or a Soehendra 
stent retriever (c)
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short duration of MPD stenting (6.2  months). 
Indeed, in 7 series totalizing 521 patients [9, 11, 
14–17, 19], the average stenting duration was 
13 months (range 5.3–23 months) (Table 48.1).

Resolution of the MPD stricture was reported 
in 5 studies (145 patients) [10, 12, 30, 32, 33], in 
9% of patients [10] to 50% of patients [30].

However symptomatic improvement may per-
sist after pancreatic stent removal despite persis-
tence of the stricture [12], suggesting that 
stricture resolution is not a prerequisite for symp-
tomatic improvement.

Comparable clinical results were observed 
when pancreatic duct stents were exchanged only 
if patients developed relapsing pain (on-demand 
stent exchange strategy) or at fixed, pre-
determined interval, irrespective of symptoms 
[13]. Indeed, stent clogging occurs very early and 
frequently [34] but does not correlate with symp-
toms [35, 36].

Factors associated with stent occlusion within 
90 days were identified by Farnbacher MJ et al. 
[36] and included stent diameter >8.5 Fr (RR 
4.93), stent length >8 cm (RR 2.31), female gen-
der (RR 2.80) and oral enzyme supplementation 
(considered as a surrogate marker for severe pan-
creatic exocrine insufficiency) (RR 2.90).

On the other hand, with respect to stent diam-
eter, it was shown in a retrospective study of 163 
patients [37] that CP patients with stents ≤8.5 Fr 
were 3.2 times more likely to be hospitalized for 
abdominal pain than those who had received 10 
Fr stents. So the ESGE recommends treating 
dominant MPD stricture by inserting a single 10 
Fr plastic stent with stent exchange planned 
within 1  year even in asymptomatic patients to 
prevent complications related to long-standing 
stent occlusion [13].

Relapsing pain after “definitive” single plastic 
stent removal occurred in about 25% (6–56%) of 
patients [11, 31–33, 38, 39], mostly during the 
first 2  years following stent removal [16]. 
Re-stenting after definitive single stent removal 
was indicated in 26% (10–38%) of patients [11, 
16, 17, 30, 32, 39].

Surgical procedures were performed in about 
20% of patients after pancreatic stenting 
(Table 48.1), in patients who had not responded 

to ET, to cure complications or for patients who 
despite clinical improvement after stenting 
required too frequent stent replacements during 
the follow-up [40].

The impact of ET on the body weight was 
reported in 4 series [11, 14, 15, 17], showing 
increase or no change in body weight for about 
74% of patients after MPD stenting.

Regarding pancreatic exocrine function, a sin-
gle prospective non-randomized comparative 
study in 42 CP patients reported preservation of 
exocrine function in the stenting group after a 
single plastic stenting duration of 15.2  months 
(n = 20 patients), and significant worsening of the 
pancreatic exocrine function in the non-stenting 
group (n = 22) while no differences were observed 
for overt diabetes during a mean follow-up of 
5.2 years [39].

However, 3 other studies have not reported 
such favorable impact of pancreatic duct stenting 
on pancreatic exocrine function with de novo 
development after pancreatic exocrine insuffi-
ciency in about 30% of patients at the end of fol-
low-up [16, 30, 31].

Similar progressive deterioration of the pan-
creatic endocrine function was noted in CP 
patients after single plastic stenting of the MPD 
with 18–44% of de novo diabetes at 5 years fol-
low-up after stenting [3, 11, 14, 16, 31].

No significant improvement was observed in 
physical and mental scores of the quality of life 
(QoL) scores in the RCT at 2  years following 
single plastic stenting [30].

Multiple Plastic Stenting
Single plastic stent could not be definitively 
removed in approximately one-third of patients 
because of symptomatic persistent or recurrent 
strictures [11, 16, 17]. In such refractory cases, 
insertion of multiple plastic stents (MPS), side-
by-side, in the MPD provides more rigorous dila-
tation of the MPD stricture and allows pancreatic 
juice flow alongside the stents even if there is 
stent clogging (Fig.  48.3). Consequently, a 
shorter duration of stenting to achieve stricture 
resolution, a decrease in the number of stents 
exchanges, and a more durable result after stent 
removal could be expected.

48  Chronic Pancreatitis
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Temporary placement of MPS (median of 3 
simultaneous stents 8.5–11.5 Fr) for 6–12 months 
(mean 7  months) in refractory cases provided 
persistent pain resolution in 84% of cases (16/19) 
during long-term follow-up after stents removal 
(mean 38 months) [20] (Table 48.1).

Resolution of the stricture was observed in 
95% of cases (18/19); relapsing pain after “defin-
itive” stents removal occurred in 11% of cases 
with a need for re-stenting in 16% (3/19) [20].

Only one further observational study was pub-
lished in abstract form, regarding the temporary 
insertion for 6  months of multiple side-by-side 
plastic stents in 48 patients [21]. In this study, 
stricture resolution was obtained in 89.5% of 
cases and pain relief, at 9.5 years of follow-up, in 
77.1% of patients [21]. Symptomatic MPD stric-
ture recurrence occurred in 23% of cases (11/48) 
after a mean time of 26.4  months from MPS 
removal.

Self-Expandable Metal Stenting
For refractory MPD strictures, the temporary 
insertion of self-expandable metal stent (SEMS) 
could be an option, the main advantage of SEMS 
compared to plastic stents being a larger 
diameter.

Uncovered and partially covered SEMS have 
provided disappointing results [41] because of 
the high dysfunction rate and the inability to 
remove the stent because of tissue hyperplasia 
through the wire mesh.

According to a systematic review of 4 pro-
spective series (total 61 patients), temporary 
placement of a fully covered SEMS (FC-SEMS) 
had provided pain improvement in 85% of the 
patients during a short follow-up time after stent 
removal [22–25, 42].

Less encouraging results were recently 
reported in 3 small series (<20 patients) during 
follow-up periods ranging from 35  months to 

Single plastic stent 

Major papilla Minor papilla 

Multiple plastic stents 

a b

c

Fig. 48.3  Pancreatic duct stenting. Single plastic 10 Fr stent protruding from the major papilla (a) and 8.5 Fr stent from 
the minor papilla (b). Two side-by-side plastic 8.5 Fr stents placed through the major papilla (c)
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47  months, with an average sustained clinical 
success of 59% (24/41) [26–28] (Table 48.1).

Stricture improvement was noted in 96% of 
cases [22, 24–26, 28]. The duration of stenting 
with FC-SEMS ranged from 2  months to 
7.5 months (Table 48.1), but the optimal duration 
of stenting has yet to be determined, 3  months 
being safe for stent removal but maybe insuffi-
cient for stricture resolution and 6 months being 
maybe too long for easy SEMS removal.

Symptomatic recurrent MPD stricture after 
FC-SEMS removal occurred in 20% of cases [24, 
26, 27] and require either repeat stenting (15%) 
or surgery (4%) (Table 48.1).

In a pilot study, a biodegradable non-covered 
self-expandable stent has provided clinical suc-
cess at 1-year follow-up in 10 (53%) of 19 
patients who had no stricture resolution at least 
6  months after previous plastic stent insertion 
(median, 10 months) [43]. In this study, stric-
ture resolution was obtained in 58% of cases 
(11/19) while repeat stenting and surgery were 
needed in 4 (21%) and 5 patients (26%), respec-
tively [43].

Stone(s)-Predominant Disease
Intraductal stones are found in 32–90% of 
patients presenting with CP [44], are solitary in 
10–62% of patients, are most frequently located 
in the pancreatic head, and are associated with 
stricture(s) in approximately 50% of the patients 
[45] (Table 48.2).

ERCP alone using pancreatic sphincterotomy 
and a basket or a balloon allows stone extraction 
(Fig. 48.4) in a minority of patients: 9% of 1041 
patients in 2 retrospective studies [47, 51] and 14% 
of 1834 patients in a survey of 125 hospitals [55].

Failed stone extraction is associated with 
stones >10 mm, a diffused location, stone impac-
tion, and location upstream from a stricture [51, 
56]. So, primary endoscopic attempt at pancre-
atic stone extraction is reserved to selected 
patients based on reasonable expected success of 
endoscopic extraction after endoscopic pancre-
atic sphincterotomy, namely small (<5 mm), non-
calcified stones located in the cephalic portion of 
the MPD, with no associated ductal stricture. 
However, in 70–90% of cases, pancreatic stones 

cannot be extracted without pre-ERCP fragmen-
tation [47, 57].

ESWL was proven useful for treating obstruc-
tive stone-associated painful CP in several meta-
analyses [58, 59].

In the first metaanalysis [58] including 588 
patients from 17 studies, ESWL effectively 
relieves MPD obstruction and alleviates pain in 
CP most often in combination with ET. The mean 
effect size was 0.62  ±  0.17. The more recent 
metaanalysis including 27 studies (with 6 pro-
spective ones) and 3189 patients [59] reported 
that pancreatic ESWL allowed a complete/partial 
MPD clearance in 70%/22% of the patients, 
respectively. The pooled proportion of patients 
with absence of pain at follow-up was 53% (95% 
CI: 51–55) and mild-to-moderate pain at follow-
up was 33% (95% CI: 31–36). Narcotic use was 
decreased in 80% (95% CI: 77–82) of the pooled 
proportion of patients.

Pancreatic ESWL was shown as safe and effec-
tive also in a pediatric population of patients with 
pancreatic stones, with similar outcome as that in 
a matched adult population of patients [54].

Pain relapses occurred in approximately one-
third of patients, more frequently in patients with 
stones and strictures than in those with stones 
alone [3]. They were usually related to stone 
migration or recurrence [52], progressive stric-
turing of the MPD, or pancreatic stent obstruc-
tion or dislodgement [47, 49, 60].

All these situations could be further managed 
successfully by ERCP  ±  ESWL with a similar 
response rate as that for initial therapy [47]. The 
timing of pain relapse for stone-predominant dis-
ease was reported most often within the 3 first 
years of follow-up [48, 49, 51].

In one retrospective study of 128 patients [61], 
pain relapse occurred at an early date (at 
38.6 ± 5.3 months) in patients with incomplete 
stone removal, compared with 83.7 ± 5.5 months 
in the complete removal group (p < 0.001).

Surgery was required in 4.4% (95% CI: 4–5) 
of the pooled proportion of patients for various 
reasons, mainly for inadequate pain control with 
ERCP  ±  ESWL [59]. The need for surgery in 
stone-predominant disease ranged from 1.4% to 
21%, with a mean of 6.3% in 10 series including 
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2218 patients (Table 48.2), which is significantly 
lower than in 8 series with stricture-predominant 
disease (20.5% of 1591 patients) (Table  48.1) 
(p < 0.0001) [45].

Regarding the changes in body weight occur-
ring after ERCP  ±  ESWL, the patient’s weight 
was constant or increased in 81% (95% CI: 
79–84) of the pooled proportion of patients and 
weight decrease was noted in only 8% (95% CI: 
6–10) [59].

In most long-term studies, the pancreatic 
exocrine/endocrine functions deteriorated dur-
ing follow-up after ERCP ± ESWL [40, 46, 49, 
50, 52].

However, compared with the natural history of 
the progression of exocrine insufficiency in CP 
patients treated conservatively [2], pancreatic 
exocrine insufficiency after endoscopic ductal 
drainage in alcohol-induced CP seemed to occur 
up to 10 years later and to be dependent on early 
relief of ductal obstruction [40].

Exocrine as well as endocrine pancreatic func-
tions deteriorated more significantly in the 
incomplete removal group and in the continuing 
drinking group as shown in a retrospective study 
of 70 patients followed at long-term [49].

In another long-term study, it was also noted 
that endocrine function seems mainly dependent 
on alcohol consumption habits, the risk of devel-
oping de novo diabetes mellitus being signifi-
cantly associated with alcohol-related CP [40].

Finally, in the metaanalysis, the proportion 
of patients requiring a decreased quantity of 
antidiabetic medications after ERCP  ±  ESWL 
management was only 5.2% (95% CI: 4–7) [59].

The improvement in QoL is a combination 
of relief of pain, improvement in food intake, 
a decreased use of analgesics, and a decrease 
in the rate of hospitalization [52]. Most stud-
ies used non-validated subjective, numeric 
[1–10] scale assessing overall QoL [50, 52]. 
Taking into account these limitations, QoL 

CT Balloon

Dormia basket

stone

MPD

a c

b d

Fig. 48.4  Stone-
predominant disease. (a) 
A coronal CT picture 
showing a big 
obstructive calcified 
stone (arrow) in the head 
of pancreas with 
upstream main 
pancreatic duct (MPD) 
dilatation (arrow). (b) 
Stone fragments seen in 
the duodenal lumen after 
extracorporeal shock 
waves lithotripsy. Stones 
fragments were removed 
by using balloon 
catheter (c) and/or 
Dormia basket (d)
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improved in 88.8% (95% CI: 77–82) of the 
pooled proportion of patients in the metaanal-
ysis [59].

48.2.1.2	 �Factors Predictive  
of Clinical Results

Factors predicting favorable clinical outcome 
after endoscopic pancreatic duct drainage have 
been identified.

Immediate pain relief was independently 
associated with MPD stone clearance [57, 62], 
with successful decompression of the MPD (i.e., 
a decrease in MPD diameter) [12, 60, 63] and 
with a low frequency of pain attacks before ET 
(i.e., Type A pain pattern) [57, 60, 62, 63].

Pre-therapeutic factors predicting long-term 
pain relief (≥2  years) and/or absence of pain 
relapse following ET of CP include:

–– The location of obstructive calcifications in 
the head of pancreas [64].

–– A short disease duration prior to treatment 
[11, 18, 19, 40, 57, 65].

–– A low frequency of pain attacks or Type A 
pain pattern or non-severe pain with low rate 
of patients taking narcotics daily, before ET 
[17–19, 57, 66].

–– Absence of MPD stricture at initial ET [12, 
49, 57].

–– Presence of steatorrhea [65].

Factors identified after initial completion of 
MPD drainage by ERCP and associated with 
long-term pain relief (≥2 years) and/or absence 
of pain relapse following treatment include:

–– Complete MPD stone clearance [49, 61, 67].
–– MPD stricture resolution after stenting [12, 

49, 57].
–– Low alcohol intake (<20 g/day) or discontinu-

ation of alcohol [17, 49, 68].
–– Non-smoking or discontinuation of tobacco 

[40, 50, 68].
–– Short duration of ET, low number of ERCP 

procedures [17, 40].

Interestingly, pain duration ≤3 years, no pre-
operative use of opioids, and≤5 endoscopic pro-

cedures prior to surgery were also factors, all 
independently associated with higher rates of 
pain relief after surgery with ORs 1.8, 2.1, and 
2.5, respectively [69].

As complete MPD stone clearance is associ-
ated with favorable clinical outcome, factors 
associated with complete MPD stone clearance 
have also been recorded:

–– The presence of a single stone vs. multiple 
stones [46, 49, 57, 61, 63, 65].

–– The absence of MPD stricture [49, 61].
–– A lower density of stones (<820 HU [61], 

<1000.45 HU [70]).
–– Stone(s) located in the pancreatic head [65].
–– Performance of ESWL prior to endoscopic 

attempt at stone extraction [57].

Predictive factors for the need of re-stenting 
within 1 year of stent removal or continuing ET 
include:

–– The presence of pancreas divisum [16].
–– The presence of pain immediately prior to 

pancreatic stenting [17].
–– Alcohol continuing consumption [17].

Factors associated with the development of de 
novo steatorrhea include:

–– Alcohol-induced cause of CP [40].
–– Long duration of symptomatic ductal obstruc-

tion (as suggested by a long duration of ET 
and a high number of hospitalizations for pain 
after initial ET) [40].

Alcohol-induced cause of CP was also associ-
ated with the development of de novo diabetes 
[40].

From these results, the best candidates for 
successful treatment of painful CP with first-line 
ET should be patients in the early stage of the 
disease with episodic, non-severe pain, with no 
need for opioid use, with distal obstruction of the 
MPD (low-density single stone in the head of the 
pancreas) and no MPD stricture, in whom com-
plete MPD stone clearance and adequate ductal 
drainage should be achieved with a low number 
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of ERCP procedures. Recommendations about 
alcohol and tobacco discontinuations should be 
obviously provided.

48.2.2	 �Main Pancreatic Duct 
Drainage by EUS

EUS-guided drainage of the MPD is indicated for 
symptomatic MPD obstruction as a second-line 
procedure after failed conventional transpapillary 
MPD drainage, in patients with painful CP who 
are not suitable for surgery (i.e., patients who 
have already had pancreatic surgery).

Failure of transpapillary MPD drainage could 
occur in inaccessible papilla (post-surgical 
altered anatomy), in disconnected pancreatic 
duct (i.e., secondary to MPD rupture), in tight 
ductal stricture (Fig. 48.5), in pancreas divisum 
(i.e., failure of minor papilla cannulation), in cys-
tic dystrophy of the duodenal wall (failure to rec-
ognize papilla) [71–74].

EUS-guided MPD drainage is technically 
challenging. In a review of 222 reported patients 
(including a mix of indications), technical suc-
cess was noted in 77% (170/222), with complica-
tions reported in 42/222 patients (19%) (involving 
mainly post-procedural abdominal pain, pancre-
atitis, and bleeding) [75].

A minimum MPD dilatation of 6  mm is 
required to achieve EUS-guided puncture of the 
MPD. Four to eight weeks after the first proce-
dure, patients were scheduled for the replacement 
of the initial small-caliber stent by either a larger 
stent or more often 2 stents implanted side-by-
side. Stent could be placed in the direction of the 
head of the pancreas (anterograde stent place-
ment, transpapillary, or transluminal, when the 
stent does not cross the site of ductal obstruction, 
the papilla, or the anastomosis) or in the direction 
of the tail of the pancreas (retrograde stent place-
ment). Sometimes a rendez vous procedure, with 
an EUS-guided MPD puncture and insertion of a 
guidewire through the papilla, was followed by 
ERCP and conventional transpapillary drainage 
of the MPD [76].

Compared to EUS-guided biliary drainage, a 
lower success rate for EUS-guided pancreatic 
duct drainage was reported probably due to the 
small diameter of the MPD compared to the bile 
duct, the hard pancreatic parenchyma in CP 
patients, and the relatively short length for guide-
wire insertion [72].

Complete or major pain relief has been 
reported in 69–88% of patients in the largest 
series of patients (36–94 patients, totalizing 239 
patients) with painful obstructive CP after suc-
cessful EUS-guided drainage of the MPD [73, 
77–79] (Table 48.3).

In a retrospective, single-center study includ-
ing 45 patients (8 CP patients), a prior ERCP per-
formed during the same procedure as EUS-guided 
MPD drainage was the only statistically signifi-
cant risk factor for failed stent placement [76]. In 
the same study, many patients (19/23 = 83%) will 
have a durable clinical benefit after a stenting 
duration of 4 months. During a follow-up period 
of 32 months, recurrence of symptoms occurred 
in 4 patients after a median of 14 months [76].

A malignant etiology, as the cause of the com-
plete MPD obstruction, should always be 
excluded as it was diagnosed in 5 patients (14%) 
within 1 year after the procedure in one series of 
36 patients [73].

48.3	 �Common Bile Duct Drainage

CP-associated biliary strictures occur in the distal 
common bile duct (CBD) with proximal bile duct 
dilatation and delayed run-off of contrast. 
Symptomatic biliary stricture can lead to a vari-
ety of adverse outcomes, including chronic cho-
lestasis, jaundice, recurrent cholangitis, and 
rarely secondary biliary cirrhosis. The objectives 
of biliary drainage in CP patients is long-term 
stricture resolution with clinical success being 
defined as an improvement in biochemical mark-
ers of liver function, a radiographic resolution of 
biliary dilatation, absence of cholangitis during 
follow-up, and no need for further therapy after 
removal of the stent(s) [81, 82].
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MRCPERP

EUS-guided MPD access

EUS-guided pancreaticogastrostomy

a
b

d

c
e

f

Fig. 48.5  EUS-guided pancreaticogastrostomy. (a) 
Downstream complete obstruction of the main pancreatic 
duct (MPD) due to a tight stricture during endoscopic ret-
rograde pancreatography (ERP). (b) In the same patient, 
the MPD was dilated (9 mm) above a long prepapillary 
stricture (25 mm) as shown by magnetic resonance chol-
angiopancreatography (MRCP). A 3 cm pseudocyst was 
seen in the tail of the pancreas. There was no suspicion of 

malignancy in the head of pancreas. (c) Opacification of 
the dilated MPD after EUS-guided puncture with a needle 
catheter and contrast injection. (d) A guidewire was 
advanced into the MPD. (e) A 8.5 Fr cystotome with dia-
thermic metal tip was passed over the guidewire to enlarge 
the tract between the stomach and the MPD. (f) A 7 Fr, 
7 cm-long pancreaticogastric plastic stent was placed in 
the MPD
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48.3.1	 �Common Bile Duct Drainage 
by ERCP

There has been a gradual evolution in the endo-
scopic management of distal biliary strictures 
secondary to CP. ERCP with stent(s) placement 
is the first-line treatment modality for the man-
agement of CP-related CBD stricture. Biliary 
drainage may be performed with single or multi-
ple side-by-side plastic stents or SEMS.

48.3.1.1	 �Clinical Results

Single Plastic Stenting
Most early series used biliary sphincterotomy 
and single (usually 10 Fr) plastic stents for vary-
ing time periods (Table 48.4).

Endoscopic biliary drainage was technically 
successful in 100% of patients and provided 
short-term clinical resolution of symptoms in all 
cases [83–87].

Most often single plastic stents were 
exchanged at 3–4  month intervals for up to 
12  months to avoid complications of clogging 
and resulting cholangitis.

Long-term sustained clinical benefit after sin-
gle plastic stent removal was, however, reported 
in only about 30% of 350 patients (ranging from 
11% to 80%) 8–49  months after stent removal 
(Table 48.4).

The only prospective study was from Kahl’s 
group [89] who treated 61 patients for 12 months 
with a single 10 Fr stent changed every 3 months. 
During a median follow-up of 40  months post-
stenting, long-term success was achieved in 26% 
of patients (Table 48.4).

The discordant better clinical success rate in 
the study by Vitale et al. [87] could be related to 
the lower rate of calcifications present in the head 
of the pancreas in this study (16%) compared to a 
rate of 60–70% in other series, suggesting a less 
severe disease.

Table 48.3  MPD drainage under EUS guidance (> 20 patients)

Author, 
year

Study design, 
n patients

Duration of disease 
before ET (y) Technical success Clinical success

Need for 
surgery

FU 
duration, m

Tessier, 
2007 [73]

R, 36 NA EPG n = 29 69% 8% 14.5
(2 centers) EPD n = 7
20 CP 92%

Will, 2015 
[77]

R, 94 NA 57% (47/83) 82% (68/83) 13% 15
35 CP RV technique  

n = 21
Antegrade 
technique n = 26

Oh, 2016 
[80]

R, 25 NA FC-SEMS 92% (23/25) NA NA
10 CP EPG n = 23 (early pain 

improvement)
EPD n = 1 Stent in place
EPJ n = 1
100%

Chen, 2017 
[78]

R, 40 NA 92.5% 87.5% NA NA
(7 centers)
RAP or CP 
n = 17

Tyberg, 
2017 [79]

R, 80 NA EPG n = 75 81% 1.3% 24 (n = 70)
(4 centers) EPD n = 5
29 CP 89%

MPD main pancreatic duct, EUS endoscopic ultrasonography, CP chronic pancreatitis, ET endoscopic therapy, y years, 
FU follow-up, m months, R retrospective, RAP recurrent acute pancreatitis, EPG endoscopic pancreaticogastrostomy, 
EPD endoscopic pancreaticoduodenostomy, RV rendez vous, FC-SEMS fully covered self-expandable metal stent, EPJ 
endoscopic pancreaticojejunostomy, NA not available
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Multiple Plastic Stenting
Temporary (12  months) placement of multiple 
side-by-side plastic biliary stents allowed obtain-
ing gradual and sustained CBD stricture resolu-
tion with clinical success reported in 44–92% of 
cases (Table 48.4), which was higher compared 
with the placement of a single plastic stent.

Catalano et  al. [90] treated 46 patients with 
CP-related biliary strictures, including a first group 
of 34 patients who received a single 10 Fr plastic 
stent changed at 3–6 months interval over a mean of 
21 months and a second group of 12 patients who 
were prospectively enrolled to receive 4–5 stents 
over 14 months. The overall clinical success rate in 
patients receiving a single plastic stent was 24% 
after a mean follow-up of 4.2 years compared with 
92% for those treated with multiple plastic stents 
followed for a mean of 3.8 years (p < 0.01) [90].

From the available evidence, it appears that 
the sequential placement of multiple plastic 
stents is an effective treatment for the majority of 
patients with CBD strictures secondary to CP 
[103]. Stents should be left in place for at least 
12 months and then removed.

However, using this approach, multiple endo-
scopic procedures are required for scheduled 
stent upsizing and exchanges to prevent adverse 
events related to stent occlusion [82].

Recurrent stricture at 2 years of follow-up has 
been documented in 10% of patients (3/30) in the 
RCT comparing multiple plastic stenting and SEMS 
stenting in biliary strictures related to CP [95].

Self-Expandable Metal Stenting
The main advantages of SEMS compared to plas-
tic stents are [103, 104]:

–– A larger diameter: one 10  mm SEMS has a 
width equivalent to that of approximately 7 
plastic stents sized 10 Fr with as a conse-
quence, a prolonged stent patency with a low 
rate of stent occlusions.

–– A fewer endoscopic sessions: only 2 ERCP 
sessions are required compared to 4–5 ses-
sions for a 1-year stenting duration with plas-
tic stents exchanged every 3 months.

–– A technically easy placement and removal.

The use of both uncovered and partially cov-
ered SEMS for biliary strictures due to CP has 
been disappointing because of stent-associated 
endoluminal epithelial hyperplasia involving the 
uncovered portions of the SEMS, resulting in late 
stent occlusion with difficulty of removal [81, 
103, 105].

So, fully covered SEMS (FC-SEMS) are cur-
rently preferred for benign biliary strictures to 
prevent tissue ingrowth or stent embedment and 
for easy removal [103].

A systematic review including 13 studies on 
plastic stenting (n = 570 patients but only 90 CP) 
and 12 studies on FC-SEMS (n = 376 patients but 
only 128 CP) showed that FC-SEMS achieved a 
higher success rate (77%) than plastic stent(s) 
(33%) at 12  months follow-up in resolving 
benign biliary strictures [104].

The median number of ERCP interventions 
with FC-SEMS was significantly lower than that 
with plastic stent(s) (1.5 vs. 3.9, p = 0.002), and 
the median duration of stenting was shorter in the 
FC-SEMS (4.5 months) than in the plastic stent(s) 
group (11 months) (p = 0.001) [104].

However, a randomized controlled trial in 60 
patients with CP-related CBD strictures (30 
patients received multiple plastic stents (up to 6 
plastic stents 10 Fr) and 28 patients a single 10 mm 
FC-SEMS, during 6 months) found that multiple 
plastic stenting and FC-SEMS provided similar 
success rates, 2 years after stent removal (88% in 
the multiple plastic stents group and 91% in the 
FC-SEMS group, p = 0.405) (Fig. 48.6) [95].

In a metaanalysis of 22 studies including 1298 
patients (470 CP), the weighted pooled rate of 
CP-related biliary stricture resolution with 
FC-SEMS was 75% (95% CI: 61–85) [82].

Considering only the 4 RCT (213 patients) 
comparing multiple plastic stenting and 
FC-SEMS in benign biliary strictures of various 
origins, similar results for stricture resolution, 
stricture recurrence and adverse events were 
reported following temporary insertion of either 
multiple plastic stents or a FC-SEMS, while 
fewer ERCPs were required with FC-SEMS [82].

In a large multicenter prospective study 
including 127 patients with biliary stricture 
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related to CP, treated with FC-SEMS during a 
period of 11 months, the restenting of a previ-
ously resolved stricture was needed in only 
10.5% of cases at 20  months follow-up [105]. 
The weighted pooled rate for stricture recur-
rence after FC-SEMS insertion for benign bili-
ary stricture was 16% (95% CI: 11–22) in the 
metaanalysis [82].

Stent migration is the most frequent adverse 
events related to FC-SEMS and occurred in 9% 
of the cases in a metaanalysis of 37 studies 
(1677 patients with benign biliary strictures) 
[106].

From the available evidence, FC-SEMS 
appear to have an excellent efficacy in CP-related 
biliary stricture. They are as effective as multiple 

a b c

d e f

Fig. 48.6  Common bile duct stenting. (a) Distal stricture 
of the common bile duct (CBD) in a patient with chronic 
pancreatitis. A single plastic 10 Fr, 7 cm-long stent was 
previously placed in the main pancreatic duct. (b) Two 
biliary plastic stents (10 Fr + 7 Fr) could be successfully 
placed followed, 3 months later, by placement of 3 new 

plastic stents (8.5 Fr, 7 cm-long) (c). (d) Another patient 
with a CBD stricture-related to chronic pancreatitis and 
prior cholecystectomy. (e, f) A fully covered 10  mm, 
6  cm-long self-expandable metal stent (Wallflex) was 
deployed, allowing bile ducts drainage into the 
duodenum
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plastic stents but require fewer ERCP to achieve 
clinical success.

48.3.1.2	 �Factors Associated 
with Clinical Success

CP-associated biliary strictures tend to be refrac-
tory because of periductal fibrotic tissue and 
calcifications.

Pancreatic Calcifications in the Head 
of Pancreas
In a prospective study including 61 patients 
treated with a single 10 Fr plastic stent, changed 
every 3  months for a total stenting duration of 
12 months, Kahl et al. [89] found pancreatic head 
calcification was associated with a worse long-
term stricture outcome (successful treatment in 
8% (3/39) of patients with calcification of the 
pancreatic head vs. 59% (13/22) of patients with-
out calcification of the pancreatic head, RR 17.3 
(4.1–74), p < 0.001).

Similar observation was recorded in another 
study [90] (7% (1/15) vs. 37% (7/19) of patients 
with and without pancreatic head calcifications, 
respectively) among patients treated with a single 
plastic stent.

In contrast, this factor may be less relevant if 
simultaneous multiple plastic stents are used 
(success in 5/6 with calcific pancreatitis vs. 6/6 
with non-calcific pancreatitis) [90] or if 
FC-SEMS are used (stricture resolution at the 
6-month scheduled removal in 7/11 patients with 
pancreatic head calcifications vs. 5/6 patients 
without pancreatic head calcifications, p = 0.39) 
[100].

Concomitant Acute Pancreatitis
Biliary stenting resulted in complete resolution 
of the CBD stenosis in 11/12 patients (92%) with 
concomitant acute pancreatitis as opposed to 
only 11/46 patients (24%) in the group without 
concomitant acute pancreatitis (OR 33 (2.9–333), 
p = 0.005 in multivariate analysis) [91]. This sug-
gests that CBD stenosis due to compression by an 
edematous pancreas instead of a fibrotic pancre-
atic parenchyma could resolve spontaneously 
when the inflammation subsides.

Stricture Length
In one small study (10 patients), the stricture 
length was significantly associated with complete 
stricture improvement (stricture length of 
20.5 ± 3.0 mm in the complete group (n = 6) vs. 
29.0 ± 5.1 mm in the incomplete group (n = 4), 
p = 0.011) [96]. Successful results after multiple 
plastic stenting, during a mean period of 1 year, 
were recorded only in patients with a stricture 
length of <24 mm [96].

Finally, despite the feeling that CP patients 
likely needed longer duration of stenting to allow 
for adequate stricture remodeling [84, 102], no 
consistent association was identified between the 
stricture resolution rate and the duration of bili-
ary SEMS therapy in the metaanalysis [82].

48.3.2	 �Common Bile Duct Drainage 
by EUS

ERCP is the preferred procedure for biliary drain-
age in both benign and malignant obstructions. 
However, about 3–5% of cases cannot be man-
aged by ERCP because of surgically altered anat-
omy, variant anatomy, duodenal obstruction, 
gastric outlet obstruction, periampullary diver-
ticulum, or ampullary pathology.

Conventionally, such patients undergo percu-
taneous transhepatic biliary drainage. EUS-
guided biliary drainage has emerged as an 
alternative procedure after failed ERCP.

Two approaches have been described, the 
extra-hepatic approach, where the CBD is 
accessed through the duodenum or through the 
gastric antrum with transluminal stent placement 
(choledochoduodenostomy) or transpapillary 
stent placement (via the rendez vous technique), 
and the intra-hepatic approach, where the left 
intra-hepatic bile ducts were accessed from the 
gastric wall with transluminal stent placement 
(hepaticogastrostomy) or transpapillary stent 
placement (via the rendez vous technique or via 
the antegrade technique in case of inaccessible 
papilla) [107].

EUS-guided biliary drainage has mostly been 
used in malignant conditions. For example, in the 
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metaanalysis by Khan MA et al., [107] including 
20 studies and 1186 patients, only 163 patients 
(14%) had benign biliary strictures from various 
etiologies. In addition to the heterogeneity among 
studies, there was no separate analysis for effi-
cacy and safety in malignant vs. benign 
diseases.

In another systematic review [108], including 
42 studies and 1192 patients, data for benign 
diseases could be extracted from 7 studies (n = 71 
patients) and reported a technical success rate of 
95.8% and a functional success rate of 82.3%.

Overall, no difference statistically significant 
was identified between transduodenal and trans-
gastric approaches regarding technical and func-
tional success rate.

The average complication rate was 18.9% in a 
review of 14 studies with more than 50 patients, 
including 1244 patients [72].

Bile leakage and bleeding were found to be 
the most common post-procedure adverse events 
in both the extra-hepatic and intra-hepatic 
approaches [108] while choledochoduodenos-
tomy appeared significantly safer as compared to 
hepaticogastrostomy (pooled OR 0.40 (0.18–
0.87), p = 0.022) [107].

A higher technical success rate was associated 
with the distal location of the bile duct stricture 
(p = 0.0001), and a higher clinical success rate 
was associated with the transpapillary method of 
drainage (p = 0.0037) [107].

Functional success rate for malignant condi-
tions was higher than that for benign diseases 
although both of them had similar technical suc-
cess rate [108].

So biliary obstruction after failed ERCP that is 
caused by malignant diseases may be better 
suited for EUS-guided biliary drainage than 
benign diseases.

48.4	 �Conclusions

In painful chronic obstructive pancreatitis, MPD 
drainage through ERCP ± ESWL or under EUS 
guidance could provide adequate pain relief, in 
the long-term, for about two-thirds of patients. 
However, the quality of evidence of reported 

results remains low because most published 
series were retrospectively performed, in single 
centers, without control group, and the few RCTs 
were very small sized.

Factors predictive of clinical success have 
been identified, and it is suggested to treat 
appropriate candidates early in the disease 
course, i.e., within the first 2–3  years after 
symptom onset, with a limited number of endo-
scopic interventions. It should be acknowl-
edged that ET remains a potential option for 
patients with co-morbidities occurring in CP 
such as portal hypertension.

If no persistent pain relief was obtained after a 
limited trial of endoscopic treatments ± ESWL, 
that means that other factors than increased pan-
creatic ductal pressure could be involved in the 
pain syndrome and for these patients no further 
attempts at MPD drainage should be proposed.

Treatment of CBD stricture related to CP with 
a single plastic stent or uncovered SEMS has 
long been abandoned because of poor long-term 
results. Both multiple plastic stents and FC-SEMS 
are effective in the management of benign biliary 
stricture caused by CP.
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Pancreatic Fistulas

Stefanos M. Dokas

49.1	 �Initial Diagnosis: Symptoms

The clinical symptoms related with a pancreatic 
fistula are usually non-specific such as abdominal 
discomfort, bloating, nausea, and abdominal 
pain. These symptoms usually accompany a non-
typical postoperative course. Delayed gastric 
emptying is another frequent sign especially 
when a collection is formed [1]. Fever, along 
with increased leukocyte count and elevated 
CRP, denotes the presence of infection and pos-
sibly sepsis. Elevated procalcitonin and CRP 
may provide early evidence of complications 
including the presence of pancreatic fistula in the 
early postoperative period [2].

Identifying amylase-rich fluid in the postop-
erative drain provides the first working diagno-
sis. Amylase activity cut-off point between 
normal and abnormal values was defined by the 
International Study Group on Pancreatic 
Fistula (ISGPF) [3] as three times the upper 
normal serum amylase activity value at or after 
postoperative day 3. A more precise diagnosis 
requires locating the site of leakage. This is 
crucial to management. Both invasive and non-
invasive methods can be used to localize the 
leak.

The first imaging modality used is usually 
computed tomography (CT). The preferred pro-
tocol is thin slice, contrast-enhanced CT.  The 
leak is usually close to the fluid collection. The 
pancreatic duct can be visualized by applying 
post-processing techniques such as multiplanar 
reformation [4, 5]. The site of ductal disruption 
can be recognized during this process [6]. The 
presence of air bubbles within a peripancreatic 
collection is a valid indication for the presence of 
a pancreatic fistula [7].

Magnetic resonance is another option for 
localizing the site of ductal leak. MRCP with or 
without secretin enhancement has been shown 
to identify the leak in most cases [8]. Moreover, 
MRCP provides additional information regard-
ing concurrent conditions such as pancreatic 
duct stenosis or stones and ultimately for 
assessing the integrity of the pancreatic duct 
[9]. An important advantage is the ability to 
visualize the pancreatic duct upstream a com-
plete disruption.

Fistulography is a valuable imaging tech-
nique to establish the diagnosis of pancreatic 
fistula. It is easy to perform, readily available, 
and cost effective. Fistulograms are especially 
useful after pancreatectomy and particularly 
after Whipple’s procedure, in order to access 
the integrity of the pancreatic anastomosis and 
reveal dehiscence or anastomotic leaks [10]. 
This retrograde approach has therapeutic pos-
sibilities in some cases.
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The gold standard in evaluating pancreatic 
leaks is Endoscopic Retrograde Cholangio
pancreatography (ERCP). The real-time filling of 
the pancreatic duct with contrast medium is 
unique in revealing the site of the leak (Figs. 49.1, 
49.2, and 49.3). The major disadvantage is that 
the method is invasive and carries a small but 
nonnegligible risk of complications. ERCP 
should be considered whenever endotherapy can 
be provided on the spot. This entails careful 

assessment of the clinical condition and preoper-
ative and intraoperative imaging. Otherwise, the 
invasive nature of the procedure adds unneces-
sary risk to the treatment plan.

49.2	 �Management  
of Pancreatic Fistula

Pancreatic leaks vary in severity. The ISGPF in 
2005 defined and graded the severity of postop-
erative pancreatic fistulas [1]. The group classi-
fied postoperative pancreatic fistulas in three 
grades according to severity (Table  49.1). It is 
clear from the parameters used that prevention of 
infection and sepsis is crucial in the clinical course 
of these patients. Obviously one of the most 
important actions is to minimize the risk of infec-
tion early in the course of the leak. Electrolyte and 
fluid balance is another keystone. In particular 
sodium and bicarbonate depletion may be severe 
and depending on the volume of the leaking fluid 
may further deteriorate the general condition. 
Patient stabilization, resuscitation, and early con-
trol of infection are therefore the first steps toward 
successful management. Finally nutritional sup-
port with early enteral feeding or total parenteral 
nutrition aids in reversing the catabolic state.

Fig. 49.1  Pancreatic leak from pancreatic tail (fluoro-
scopic view) (Kindly granted by M. Mutignani)

Fig. 49.2  Pancreatic leak due to traumatic transection of 
the main pancreatic duct (fluoroscopic view) (Kindly 
granted by M. Mutignani)

Fig. 49.3  Pancreatic leak due to surgical transection of 
the main pancreatic duct with closed distal portion of the 
main pancreatic duct (fluoroscopic view) (Kindly granted 
by M. Mutignani)
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The first steps in managing pancreatic fistulas 
are therefore supportive and common in all 
cases, regardless of etiology. Drainage of the 
fluid and all associated collections is the next 
step. All collections should be appropriately 
drained in order to minimize the risk of infec-
tion. Undrained collections, if discovered, 
should be drained percutaneously. Broad-
spectrum antibiotics are mandatory at this stage. 
Nutritional support should be aggressive through 
either enteral feeding or total parenteral nutrition 
(TPN). Enteral feeding maintains the intestinal 
mucosal barrier function; it is easy to perform 
and cost-effective [11], but the longstanding 
presence of a nasoenteric tube is not well toler-
ated. On the other hand, TPN minimizes the pan-
creatic exocrine function; it is well tolerated but 
may be associated with line infections and par-
enteral nutrition–associated liver disease in pro-
longed cases [12].

Somatostatin inhibits the exocrine pancreatic 
function, as well as biliary and enteric secretions. 
In theory, it could aid in the treatment of pancre-
atic fistulas, promoting fistula closure time. 
Systematic reviews on the few trials/case series 
published concluded in conflicting results. 
Somatostatin is regularly used during the periop-
erative period in order to reduce the incidence of 
pancreatic fistula [13]. Yet, after the occurrence 
of a pancreatic fistula, the use of somatostatin 
offers no major benefit on fistula closure [14]. 
More research is needed in order to clarify the 
proper use of somatostatin and its analogues.

49.3	 �Biliary and Pancreatic Leaks

Biliary leaks are easily managed endoscopically. 
The treatment of choice is endoscopic sphincter-
otomy with or without biliary stent or nasobiliary 
drainage complemented with drainage of the bil-
ious fluid [15]. In general, the same principles are 
employed for a pancreatic fistula. The two condi-
tions share many similar attributes but also cru-
cial differences.

The main difference is in the fluid secretion 
pattern from the liver and the pancreas. Bile is 
secreted from hepatocytes [16] and modified by 
cholangiocytes as bile courses through the 
ducts. Bile production follows tonic pattern 
with low extrinsic interference. The rate of bile 
production is around 25 mL/h, or approximately 
620 mL/day [17].

On the other hand, pancreatic fluid secretion 
is a highly regulated process with both tonic 
and phasic pattern of production. In the fasting 
state, human pancreatic exocrine secretion is 
cyclical and closely correlated with upper gas-
trointestinal motility. Ingestion of a regular 
meal induces postprandial enzyme secretion. 
When maximally stimulated, from acetylcho-
line and cholecystokinine, pancreatic juice pro-
duction reaches a rate of 30–100 mL/min. As a 
consequence, this phasic burst in pancreatic 
juice production leads to high intraductal pres-
sure at the same time. This is the reason why a 
simple pancreatic sphincterotomy is not enough 
to cure the leak.

Table 49.1  Postoperative pancreatic fistula clinical severity classification

Grade A B C
Clinical conditions Well Often well Ill appearing/bad
Specific treatmenta No Yes/no Yes
Ultrasonography/CT (if obtained) Negative Negative/positive Positive
Persistent drainage (after 3 weeks)b No Usually yes Yes
Reoperation No No Yes
Death related to fistula No No Possibly yes
Signs of infections No Yes Yes
Sepsis No No Yes
Readmission No Yes/no Yes/no

Reproduced from [3]
aPartial (peripheral) or total parenteral nutrition, antibiotics, enteral nutrition, somatostatin analogue, and/or minimal 
invasive drainage
bWith or without a drain in situ
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49.4	 �General Principles of Fluid 
Circulation

Fluid flows following the pressure gradient from a 
region of high pressure to a lower pressure zone. 
This is a fundamental principle with application 
in fistula management and closure. In every case, 
the intraabdominal pressure is the highest, fol-
lowed by the enteric intraluminal pressure and the 
atmospheric pressure, which is the lowest of all. 
Furthermore, the presence of an intaabdominal 
drain modifies the pressure balance around it. A 
drain placed very close to the leakage lowers the 
local pressure and diverts the fluid through the 
drain, thus maintaining the external fistula.

For the fistula to close, the goal is to divert the 
fluid from the leakage site toward the intestine. 
The preferable route is through the existing ana-
tomic structures, i.e., the pancreatic duct. If this 
is impossible, the next best thing is to create a 
new route, usually through gastric or enteric wall 
puncture and stent placement. Bearing in mind 
all these barometric conditions, a review of cur-
rent literature on the endoscopic management of 
pancreatic fistulas follows.

49.5	 �Endoscopic Management 
of Pancreatic Fistulas

The majority of uncomplicated type A fistulas 
will close spontaneously a few weeks after drain-
age. In patients with a stable course and low-
volume leaks, a gradual drain removal can be 
performed. This begins with the removal of suc-
tion at first. Later, if the condition remains good, 
downsizing of the drainage catheter is done and 
afterward the catheter is withdrawn slightly every 
day while monitoring the volume of drained 
fluid. Grade B and C fistulas will, most certainly, 
require some sort of further intervention.

Endoscopic therapy for pancreatic leaks is 
being performed for more than 20 years. The prog-
ress made during these two decades is consider-
able, given the low incidence of the condition.

As mentioned above, the goal is to establish a 
favorable pressure gradient so as to facilitate fluid 
flow toward the intestine. The choice of endother-
apy offered depends on the location (side branch/

main pancreatic duct, head, body, and tail) and the 
postsurgical anatomy. In many cases, especially 
when leaks develop in the context of chronic pan-
creatitis, pancreatic duct stones or stenosis down-
stream may represent a key factor of fistula 
perpetuation. Such conditions, whenever encoun-
tered, should be accordingly dealt with, either 
with dilation/stenting or stone extraction to ensure 
free flow within the Wirsung duct. A comprehen-
sive endoscopic classification including a treat-
ment algorithm from a recent publication from 
our group is listed in Table 49.2 [18].

Small side branch leaks or “parenchymal” 
leaks can be treated with stenting of the main 
pancreatic duct (Fig. 49.4). Pancreatic head and 
body leaks are the easiest to treat. A pancreatic 
stent, after sphincterotomy, placed beyond the 
leakage site is the treatment of choice. 

Table 49.2  Endoscopy-oriented classification of pancre-
atic leaks

Leak type Subtype Endoscopic intervention
I (Parenchymal 
or small side 
branch leaks)

Head 
(IH)

Bridging stent or 
nasopancreatic drain (NPD)

Body 
(IB)

Bridging stent or NPD

Tail (IT) Bridging stent if duct 
caliber allows
Cyanoacrylate/fibrin glue/
other polymer injection at 
pancreatic tail/fistulous tract

II (Main 
pancreatic duct 
leaks)

Open 
proximal 
stump 
(IIO)

Bridging stent or NPD
Extrapancreatic 
transpapillary protruding 
stent

Closed 
proximal 
stump 
(IIC)

EUS + transmural drain of 
fluid collection from the 
distal gland into stomach/
intestine
EUS-guided 
pancreaticogastrostomy
Conversion to 
open + bridging stent/NPD

III (Post 
pancreatectomy 
leaks)

Proximal 
(IIIP)

Transpapillary protruding 
stent to drain the collection

Distal 
(IIID)

Drain the CBD and the 
jejunum at the level of 
anastomosis + EUS for 
transmural drain of 
peripancreatic collections 
or pancreaticogastrostomy

Reproduced from [18]
Obstruction of the duct (stricture/stone), whenever 
encountered, should be accordingly addressed to comple-
ment proposed endotherapy
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Nasopancreatic drain is an alternative, but prob-
lematic for long-term treatment due to patient 
discomfort. The stenting treatment has been vali-
dated from many studies and has high success 
rates. The series from Kozarek et al. were among 
the first published on the topic [19, 20]. Others 
have published series with similar results [21].

Pancreatic tail leaks, on the other hand, may 
present with technical difficulties for the endos-
copist. The narrow caliber of a normal pancreatic 
duct at the tail is the main difficulty. A stent may 
not be able to reach beyond the leakage site in the 
tail. Furthermore, if the leak is at the very end of 
the tail, there is no distal duct to stent. This may 
hinder endoscopic therapy, but in any case stent-
ing of the duct up to the closest to the leak should 
be attempted.

To overcome this difficulty, plugging the leak 
with different sealing material has been pro-
posed. Fibrin glue can be injected into the distal 
pancreatic duct to seal the leak. The treatment is 
complemented with nasopancreatic drainage and 
possibly with several and sequential fibrin glue 
injections [22]. The retrograde approach, i.e., 
injecting through the fistulous tract has been used 
to deliver fibrin glue successfully [23]. Other 
substances used for the same purpose are cyano-
acrylates and Onyx [24–26]. Both substances act 

as plugs. The experience with cyanoacrylate and 
Onyx is limited and better be reserved only as a 
rescue method to avoid surgery in persisting 
cases and/or high-risk surgical candidates.

When the leakage originates from the main pan-
creatic duct, we use the term “disruption” to 
describe a partial transection. The term “discon-
nected pancreatic duct” is used to describe total 
transection of the Wirsung duct. Both conditions are 
usually accompanied by peripancreatic fluid collec-
tions and/or pseudocysts. In every case, the goal of 
endoscopic treatment is to bridge the duct and 
restore continuity and ductal patency. This can be 
accomplished in most cases of disruption. Fluid col-
lections can be drained transpapillary with stenting 
or nasopancreatic drainage at the same time.

Kozarek et  al. [19] were the first to publish 
their series. Both transpapillary stenting and 
transpapillary drainage of peripancreatic fluid 
were performed with success. Varadarajulu et al. 
[27] published their retrospective series which is 
the largest in the literature. They studied 92 cases 
in 7 years and they treated successfully 52 
patients. They concluded that ductal disruption 
and bridging stenting were associated with a pos-
itive outcome. Similarly, Telford et al. [28] con-
cluded that bridging stenting and prolonged 
stenting was associated with a positive outcome. 
In the study by Rana et al. [29], the authors used 
nasopancreatic drain instead of stents. The advan-
tage of the nasopancreatic drain catheter is that it 
can be flushed and cleaned with saline in case of 
obstruction. Furthermore, a pancreatogram can 
be obtained easily without the need for ERCP.

In the scenario of disconnected pancreatic 
duct, quite often the proximal stump at the time of 
ERCP is already closed, so access to the distal 
duct is impossible in most cases. Endoscopic 
ultrasonographic (EUS)–guided transmural drain 
of the fluid collection maintained with double pig-
tail stents is probably the best and easiest 
approach. The technique is well known. Under 
EUS guidance, a puncture is made on the gastric 
or duodenal wall in order to enter the fluid collec-
tion. After dilation with dilating balloon, two or 
more double pigtail stents are inserted into the 
cavity. These stents are to be left indefinitely as 
shown by the only prospective study in the field 

Fig. 49.4  Pancreatic leak treated by stent placement in 
the main pancreatic leak (fluoroscopic view) (Kindly 
granted by M. Mutignani)

49  Pancreatic Fistulas



556

by Arvanitakis et al. [30]. The effectiveness of this 
approach has been validated also from other stud-
ies [31–34]. Another option is to perform an EUS-
guided distal pancreaticogastrostomy in order to 
divert the distal gland juice into the stomach [35, 
36]. Pancreaticoduodenostomy is another similar 
repair [31]. A final option is to perforate the closed 
proximal stump with a stiff wire, or a catheter, and 
try to cannulate the distal duct with bridging stent-
ing being the ultimate goal [18].

Recently, there is a trend to treat associated 
fluid collections with the implantation of fully 
covered lumen-apposing metal stents (LAMS), 
placed under EUS guidance. Some delivery sys-
tems have an electrocautery tip, enabling the pro-
cedure to be completed very fast, as a single-step 
intervention. This technique is particularly valu-
able in the case of walled-off necrosis where endo-
scopic necrosectomy may be indicated [37, 38].

Leaks after pancreatic resection is another con-
dition encountered relatively frequently. Several 
risk factors (gland texture, underlying pathology, 
blood loss during surgery, technical issues regard-
ing the anastomosis, etc.) have been identified that 
may affect the occurrence of pancreatic fistula in 
the postoperative period. Leaks after distal pan-
createctomy are best amenable to endoscopic 
treatment because the access to the papilla is not 
hampered. The endotherapy of choice is transpap-
illary stenting with the stent protruding outside 
the gland into the collection in order to divert fluid 
toward the intestine, which is very effective in 
closing the leak [39, 40]. If a percutaneous drain 
is in placed at the vicinity, the tube should be 
withdrawn slightly to facilitate internal drainage.

Leaks after pancreaticoduodenectomy are more 
complex (Figs.  49.5 and 49.6). These leaks are 
most likely due to anastomotic dehiscence rather 
than true pancreatic fistulas (Fig. 49.7). The condi-
tion usually deteriorates quickly partly due to 
enzyme activation in the presence of enterokinase. 
The limited access to the anastomosis due to 
altered anatomy after pancreaticoduodenectomy is 
another major factor limiting the implementation 
of endotherapy. The best approach is to drain thor-
oughly the leaking fluid (both enteric and pancre-
atic) and to avoid sepsis. EUS-guided transgastric 
drainage and, in the presence of a dilated pancre-

Fig. 49.5  Leak of telescopic pancreatic-jejunal anastomo-
sis (endoscopic view) (Kindly granted by M. Mutignani)

Fig. 49.6  Leak of Wirsung-to-jejunum anastomosis 
(endoscopic view) (Kindly granted by M. Mutignani)

Fig. 49.7  Complete dehiscence of Wirsung-to-jejunum 
anastomosis (endoscopic view). MPD: main pancreatic duct 
(Kindly granted by M. Mutignani)
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atic duct, EUS transgastric pancreaticogastros-
tomy are valid and tested options with good results 
[41]. Access to the dehiscence site is easy when a 
pancreaticogastric anastomosis is performed. In 
this situation, the dehiscence is easily identified 
with a gastroscope and double pigtail stents can be 
inserted to maintain internal drainage (Fig. 49.8) 
as described by Bartoli et al. [42].

49.6	 �Endotherapy Complications

Although safe, endotherapy may be complicated 
with adverse events. Besides the usual complica-
tions related with sedation, post-ERCP pancreati-
tis is the most frequent adverse event, especially 
if stenting fails. But even in this case, a small 
stent may help downgrading the severity of post-
ERCP pancreatitis by maintaining papillary flow 
[43]. Bleeding from the sphincterotomy or perfo-
rations occur with the usual incidence. Bacterial 
contamination of fluid collections is another seri-
ous complication. Administration of antibiotics 
prior to ERCP should be the rule in such cases. If 
however contamination occurs, continuation of 
antibiotics and percutaneous drainage are 
indicated.

In the long term, stents can induce pancreatic 
duct changes [44]. Stent caliber should be 

selected not to exceed the ductal width. Stent 
length should also be chosen wisely according to 
the distance between the papilla and the leak. A 
5Fr stent suits most normal caliber ducts and can 
be inserted over a 0.035 wire, whereas a 3Fr stent 
is inserted over a 0.025 guide, thus requiring wire 
exchange. Moreover, 3Fr stents tend to migrate 
easily. In dilated ducts, 7Fr or even 8.5Fr stents 
may be inserted depending on duct diameter. In 
order to minimize stent-related ductal changes 
[44] and to reduce the risk of pancreatic sepsis 
[45], transpapillary stents should be removed 
within 7–10 days after fistula closure.

49.7	 �Surgical Treatment

Surgical treatment is the final solution in pancre-
atic leaks not responding to conservative and 
minimally invasive management. The main indi-
cations are the disconnected pancreatic duct syn-
drome, surgical debridement of pancreatic 
necrosis, and concurrent ductal stenosis not 
responding to endotherapy in the context of 
chronic pancreatitis. The usual approach is distal 
pancreatectomy, especially when splenic vein 
thrombosis is present [46]. When the leak is 
located at the head/jenu region, a fistulojejunos-
tomy after maturing of the fistulous tract is 
another valid option in order to preserve the pan-
creas [47]. Total pancreatectomy is the last resort.

49.8	 �Conclusion

Patients presenting with pancreatic leaks are best 
managed by a multidisciplinary group of surgeons, 
gastroenterologists, and interventional radiologists. 
Endotherapy provided during ERCP is a pillar in 
current management. Transpapillary stenting is the 
most frequent intervention to treat pancreatic leaks. 
EUS-guided transmural drainage is a valuable and 
effective treatment option for disconnected pancre-
atic duct syndrome and pseudocysts. Surgical treat-
ment is related with substantial morbidity and 
mortality and therefore should be reserved for 
cases refractory to endotherapy or other interven-
tional treatments.

Fig. 49.8  Pancreatic fistula after duodenopancreatec-
tomy treated by naso-retroperitoneal drain. The yellow 
pancreatic stump has been drawn to illustrate the com-
plete dehiscence (Kindly granted by M. Mutignani)
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50.1	 �Introduction

EUS-guided FNA has been in use since the early 
1990s [1, 2], and its role has increased exponen-
tially. EUS FNA permits the pathological diagno-
sis by means of tissue acquisition (TA) in 
otherwise difficult anatomic locations within 
abdomen, retroperitoneum, mediastinum, and 
perirectal space. Pancreatic neoplasms, diseases 
involving lymph nodes at various mediastinal and 
abdominal sites, gastrointestinal submucosal 
lesions, perirectal, adrenal, and mediastinal 
masses are now routinely diagnosed by EUS 
FNA.  Despite its important diagnostic role, this 
technique has some limitations: the need of on-
site cytopathologist, dependence sometimes on 
histology to achieve diagnostic material, and 
inability to reliably assess for molecular markers.

EUS FNA is a multistep procedure that 
requires proper clinical indication, correct selec-
tion of needles and adoption of evidence-based 
techniques for tissue sampling.

EUS FNA is most commonly performed to 
confirm the diagnosis of cancers clinically 
suspected.

Although EUS FNA has changed the land-
scape of diagnosis in gastrointestinal endoscopy 

by increasing the accuracy of tissue acquisition, 
it is important to recognize its pitfalls. In situa-
tions such as pancreatic masses in chronic pan-
creatitis (CP) and autoimmune pancreatitis (AIP), 
EUS FNA can yield false positivity as atypical 
cells in CP as well as in AIP may mimic 
malignancy.

Similarly, false negativity, due to technical 
difficulties, sampling, or interpretative errors, is 
also an area of concern. Moreover, diagnosing 
malignancy in hypocellular samples, marked 
desmoplastic background, and well-differenti-
ated adenocarcinoma are challenging [3].

The basic difference between EUS FNA and 
EUS FNB is that the last technique allows man-
taining tissue architecture. In particular, core 
biopsy is needed when FNA is nondiagnostic or 
inadequate, in special pathological fields (AIP), 
when special stains (immunoistochemistry) are 
necessary for the diagnosis (gastro intestinal 
stromal tumors, lymphomas) and in cases in 
which tissue profiling or cell cultures are needed 
for targeted therapies. The American Society of 
Gastroenterology and Endoscopy has recom-
mended that the use of new FNB needles because 
highly effective for the acquisition of core speci-
mens. They should be considered first-line for 
tissue sampling of nonpancreatic mass lesions, 
as a rescue technique after inadequate FNA sam-
ples and for lesions requiring immunoistochem-
istry (IHC).
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50.2	 �Handling of Aspirated 
Samples

The use of stylet, as material is expelled drop by 
drop is the technique preferred to spread the 
material onto the slides after aspiration.

50.2.1	 �Fixation of Slides

Fixation is done either by air dry or alcohol:

	1.	 Air-dried fixation: The slides are dried using 
air blower or hair dryer until their complete 
drying. After air fixation, slides are usually 
stained with Romanowsky-type staines.

	2.	 Alcohol fixation: As soon as the slides are pre-
pared and still wet, they are immersed in etha-
nol or sprayed on. These slides are stained 
with Papanicolau stain.

50.2.2	 �Rapid On-Site Diagnostic 
Evaluation (ROSE)

There is a theoretical advantage that on-site eval-
uation of slides would lead to less false-negative 
results as well as few passes would be required to 
ascertain the diagnosis. Studies have shown that 
ROSE increases diagnostic accuracy by up to 
20%, also decreasing inadequate samples and the 
number of passes [4–8]. However, published 
meta-analyses concluded that ROSE is associ-
ated with improvement in adequacy rates (AR) at 
sites where AR without ROSE is less than 90% 
[9, 10]. Apart from these considerations, an on-
site cytopathologist may have a role during the 
training phase and in centers with a low diagnos-
tic accuracy [11].

50.2.3	 �Cell Block

In clinical situations, such as pancreatic ductal 
malignancy, lymphoma, neuroendocrine tumor 
(NET), and gastro intestinal stromal tumors 
(GIST), cell blocks provide additional material for 
histology as well as IHC and molecular profiling. 

Cell blocks are prepared by expelling the sample 
from the FNA needle into a container with a cell-
preservative solution. The container with the sam-
ple is centrifugated to harvest the cells, and fibrin 
glue is commonly used to hold the cells and to 
form tissue fragments. Then, tissue is processed 
for histological examination.

50.3	 �Handling of Core Biposy 
Specimens

Once FNB specimen is procured, it can be pro-
cessed in one of the following ways:

	1.	 Tissue sample is transferred to 10% formalin 
containing solution and then processed for 
histopathological examination.

	2.	 Sample is placed on a glass slide and with the 
help of needle is microdissected to form tissue 
cores.

50.4	 �Diagnostic Role  
of EUS-Guided Sampling

The increased cellularity along with preserved 
histologic architecture of the FNB samples makes 
this technique ideal for the diagnosis and even-
tual ancillary studies. FNB may provide benefit 
for nonpancreatic solid masses and lesions where 
FNA has been nondiagnostic [11, 12].

Solid pancreatic lesions mostly include ductal 
adenocarcinoma, but also lymphoma, neuroendo-
crine tumors, matastases, and other neoplasms 
together with benign conditions such as autoim-
mune pancreatitis and focal pancreatitis. In the 
last two cases (benign conditions), especially 
when associated with pancreatic masses, EUS-
guided sampling that does not confirm cancer 
should be interpreted with caution. EUS-guided 
sampling has become the method of choice for 
the pathological diagnosis of solid pancreatic 
masses as it is very accurate [9, 13, 14], and it is 
an advantage staging method that allows the sam-
pling of locoregional and distant lymph nodes, 
liver lesions, and small amounts of ascites unde-
tected by other imaging techniques [15].
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EUS-guided sampling could be useful also in 
diagnosing indeterminate biliary strictures, either 
as an alternative or in combination with endolu-
minal biliary sampling, while there is not suffi-
cient evidence to recommend it for the diagnosis 
of ampullary lesions.

For pancreatic cystic lesions (PCLs), EUS-
guided sampling should be used for biochemical 
analyses plus cytopathological examination if a 
precise diagnosis may change patient manage-
ment, except for lesions <10 mm in diameter with 
no high-risk signs. Anyway, cytopathological 
examination of PCL aspirate was found to present 
low sensitivity in differentiating mucinous from 
nonmucinous cysts [16]. Moreover, mucin or 
mucin-producing cells of the gastrointestinal wall 
should not be misinterpreted as the mucin or epi-
thelial cells of a mucinous cyst [17]. In mucinous 
cysts, the cytopathological diagnosis serves to tri-
age patients for surgery as it is strongly correlated 
with the risk of malignancy [18].

For subepithelial lesions (SEL) of the gastroin-
testinal tract, bite-on-bite biopsy is considered the 
first diagnostic procedure. The term “SEL” refers 
to lesions located in the deep mucosa or beneath it, 
and they mostly correspond to benign or premalig-
nant neoplasms and rarely to overtly malignant 
tumors [19]. If bite-on-bite biopsy does not yield a 
diagnostic specimen, EUS-guided sampling is 
suggested in the following clinical situations:

	1.	 Asymptomatic hypoechoic SEL >2 cm of the 
stomach or gastroesophageal junction if sur-
veillance is being considered,

	2.	 Targeted therapy of a suspected gastrointesti-
nal stromal tumor is being considered.

	3.	 A carcinoma, neuroendocrine tumor, lym-
phoma, or intramural metastasis is suspected.

Moreover, EUS-guided sampling is always 
suggested as the first choice in the following clin-
ical situations:

	1.	 Symptoms making resection necessary.
	2.	 Small (<2 cm) lesion located in the esophagus 

or stomach.
	3.	 Pathognomonic EUS appearance of a lipoma 

or duplication cyst.
	4.	 Patient is not candidated for treatment.

It is important for pathologists to remember 
that the mitotic count (Ki-67) determined on 
samples acquired under EUS guidance from gas-
tro intestinal stromal tumors should not be used 
as evidence of low malignant potential of the 
tumor, due to the risk of underestimating the 
tumor proliferative activity [20, 21].

For duodenal and colorectal SELs, data are 
not sufficient to allow recommendations.

In patients with diffuse esophageal/gastric/
rectal wall thickening, after failure of standard 
biopsy techniques, EUS-guided sampling is sug-
gested with the aim to obtain a core biopsy. 
Diffuse GI wall thickening is predominantly 
observed in the stomach and, less frequently, in 
the esophagus and rectum. Malignant causes 
include linite plastica and lymphoma or diffuse 
metastasis. Benign causes are multiple, including 
eosinophilc infiltration, Zollinger-Ellison syn-
drome, Menetrier’s disease, amyloidosis, and 
newly recognized entity such as IgG4-related dis-
ease [22, 23]. The possibility of a GI lymphoma 
should always be evaluated in patients with GI 
wall thickening as, in such cases, similarly to 
those of nodal lymphomas, samples should be 
preserved in conditions that will permit the appli-
cation of ancillary methods.

For esophageal luminal cancers, EUS-guided 
sampling is suggested for the assessment of 
regional lymph nodes (Lns) in T1 adenocarcino-
mas and of lesions suspicious for metastasis such 
as distant Lns, left liver lobe lesions, and sus-
pected peritoneal carcinomatosis. The true impact 
of EUS-guided sampling on patient management 
is difficult to measure because treatment deci-
sions are influenced, not only by the presence of 
Lns or distant metastases but also by many other 
factors, including patient performance status and 
tumor location, histology, and infiltration depth 
(T-stage).

For lymph nodes restaging and for predicting 
complete pathological response after neoadjuvant 
therapy, EUS-guided sampling should only be 
considered in highly selected cases.

In patients with gastric cancer, the main utility 
of EUS-guided sampling is to avoid unnecessary 
surgery by demonstrating distant metastasis. 
Malignant involvement of distant intra-abdominal 
Lns or mediastinal Lns distant from the tumor is 
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indicative of metastatic disease that qualifies the 
patients suitable for palliation rather than resec-
tion with curative intent [24].

In rectal cancer staging, EUS-guided tech-
nique is not indicated for sampling of local Lns. 
Instead, it should be useful in patients with a his-
tory of rectal cancer for sampling perirectal 
masses if it may influence treatment decisions.

In general, the possibility of a false-positive 
diagnosis should be kept in mind when interpret-
ing cytopathological samples, particularly in 
patients with a cancer located in GI lumens.

Common indications for EUS-guided sam-
pling are shown in Table 50.1.

50.5	 �Conclusions

The currently available FNB needles have the 
potential to change the way the diseases of pan-
creas, GI tract, and deep lymph nodes are diag-
nosed. The increased cellularity along with the 
preserved histologic architecture of samples 
makes this technique ideal for ancillary analyses, 
such as immunoistochemistry and molecular 
biology. With such promising advantages, the use 
of EUS FNB is going to be widespread. A multi-
disciplinary team including the endosonographer 
and the pathologist is recommended in order to 
manage these techniques in the best way and to 

reach a diagnostic accuracy >90% as interna-
tional guidelines suggest.

References

	 1.	Vilmann P, Jacobsen GK, Henriksen FW, et  al. 
Endoscopic ultrasonography with guided fine needle 
aspiration biopsy in pancreatic disease. Gastrointest 
Endosc. 1992;38:172–3.

	 2.	Wiersema MJ, Hawes RH, Tao LC, et al. Endoscopic 
ultrasonography as an adjunct to fine needle aspira-
tion cytology of the upper and lower gastrointestinal 
tract. Gastrointest Endosc. 1992;38:35–9.

	 3.	Atul R, Surinder SR. Endoscopic ultrasound-guided 
tissue acquisition: techniques and challenges. J Cytol. 
2019;36(1):1–7.

	 4.	Klapman JB, Logrono R, Dye CE, et  al. Clinical 
impact of on-site cytopathology interpretation on 
endoscopic ultrasound-guided fine needle aspiration. 
Am J Gastroenterol. 2003;98:1289–94.

	 5.	Erickson RA, Sayage-Rabie L, Beissner RS. Factors 
predicting the number of EUS-guided fine-needle 
passes for diagnosis of pancreatic malignancies. 
Gastrointest Endosc. 2000;51:184–90.

	 6.	 Iglesias-Garcia J, Dominguez-Munoz JE, Abdulkader 
I, et  al. Influence of on-site cytopathology evalu-
ation on the diagnostic accuracy of endoscopic 
ultrasound-guided fine needle aspiration (EUS-FNA) 
of solid pancreatic masses. Am J Gastroenterol. 
2011;106:1705–10.

	 7.	Kulesza P, Eltoum IA.  Endoscopic ultrasound-
guided fine needle aspiration: sampling, pitfalls, and 
quality management. Clin Gastroenterol Hepatol. 
2007;5:1248–54.

	 8.	Wani S, Mullady D, Early DS, et  al. The clinical 
impact of immediate on-site cytopathology evaluation 
during endoscopic ultrasound-guided fine needle aspi-
ration of pancreatic masses: a prospective multicenter 
randomized controlled trial. Am J Gastroenterol. 
2015;110:1429–39.

	 9.	Hebert-Magee S, Bae S, Varadarajulu S, et  al. The 
presence of a cytopathologist increases the diagnostic 
accuracy of endoscopic ultrasound-guided fine needle 
aspiration cytology for pancreatic adenocarcinoma : a 
meta-analysis. Cytopathology. 2013;24:159–71.

	10.	Schimdt RL, Witt BL, Matynia AP, et al. Rapid on-site 
evaluation increases endoscopic ultrasound-guided 
fine needle aspiration adequacy for pancreatic lesions. 
Dig Dis Sci. 2013;58:872–82.

	11.	Wani S, Muthusami VR, Komanduri S. EUS-guided 
tissue acquisition: an evidence-based approach (with 
videos). Gastrointest Endosc. 2014;80:939–59.

	12.	Aadam AA, Wani S, Amick A, et  al. A randomized 
controlled cross-over trial and cost analysis com-
paring endoscopic ultrasound fine needle aspira-
tion and fine needle biopsy. Endosc Int. 2016;4: 
E497–505.

Table 50.1  Common indications for EUS-guided 
sampling

1. Pancreatic mass (solid and cystic)
2. Bile duct strictures
3. �Focal solid liver lesions (matastasis, hepatocellular 

carcinoma)
4. Diffuse esophageal or gastric wall thickening
5. �Nodal staging in the setting of esophageal, gastric, 

rectal, or lung cancer
6. �Subepithelial tumors (GIST, schwannoma, 

leiomyoma, NET, others)
7. �Evaluation of lymphadenopathy (mediastinal, 

abdominal, pelvic)
8. Adrenal gland lesions (left adrenal more common)
9. Prostate mass
10. Peritoneal carcinomatosis
11. Splenic mass
12. �Perivascular tumor extension, tumor thrombus, 

extramural tumor recurrence

L. Saragoni



567

	13.	Hewitt MJ, Mc Phail MJW, Possamai L, et  al. 
EUS-guided FNA for diagnosis of solid pancreatic 
neoplasms: a meta-analysis. Gastrointest Endosc. 
2012;75:319–31.

	14.	Puli SR, Bechtold ML, Buxbaum JL, et al. How good 
is endoscopic ultrasound-guided fine needle aspira-
tion in diagnosing the correct etiology for a solid pan-
creatic mass? A meta-analysis and systematic review. 
Pancreas. 2013;42:20–6.

	15.	Suzuki R, Irisawa A, Bhutani MS, et al. An automated 
spring-loaded needle for endoscopic ultrasound-
guided abdominal paracentesis in cancer patients. 
World J Gastrointest Endosc. 2014;6:55–9.

	16.	Thornton GD, Edelweiss M, Tong LC, et  al. 
Endoscopic ultrasound guided fine needle aspiration 
for the diagnosis of pancreatic cystic neoplasms: a 
meta-analysis. Pancreatology. 2013;13:48–57.

	17.	Sigel CS, Edelweiss M, Tong LC, et al. Low interob-
server agreement in cytology grading of muci-
nous pancreatic neoplasms. Cancer Cytopathol. 
2015;123:40–50.

	18.	Tanaka M, Fernandez-del Castillo C, Adsay V, et al. 
International consensus guidelines 2012 for the 
management of IPMN and MCN of the pancreas. 
Pancreatology. 2012;12:183–97.

	19.	Menon L, Buscaglia JM.  Endoscopic approach 
to subepithelial lesions. Ther Adv Gastroenterol. 
2014;7:123–30.

	20.	Lee M, Min BH, Lee H, et al. Feasibility and diagnos-
tic yield of endoscopic ultrasonography-guided fine 
needle biopsy with a new core biopsy needle device in 
patients with gastric subepithelial tumors. Medicine 
(Baltimore). 2015;94:e1622.

	21.	Ricci R, Chiarello G, Attili F, et  al. Endoscopic 
ultrasound-guided fine needle tissue acquisition 
biopsy sample do not allow a reliable proliferation 
assessment of gastrointestinal stromal tumors. Dig 
Liver Dis. 2015;47:291–5.

	22.	Reeder MM, Olmsted WW, Cooper PH.  Large 
gastric folds, local or widespread. JAMA. 1974; 
230:273–4.

	23.	Kawano H, Ishii A, Kimura T, et al. IgG4-related dis-
ease manifesting the gastric wall thickening. Pathol 
Int. 2016;66:23–8.

	24.	Waddell T, Verheij M, Allum W, et al. Gastric cancer: 
ESMO-ESSO-ESTRO clinical practice guidelines for 
diagnosis, treatment and follow-up. Radiother Oncol. 
2014;110:189–94.

50  EUS Tissue Sampling: What Are We Talking About?



569© Springer Nature Switzerland AG 2020 
M. Mutignani et al. (eds.), Endotherapy in Biliopancreatic Diseases: ERCP Meets EUS, 
https://doi.org/10.1007/978-3-030-42569-2_51

Molecular Biology 
of Biliopancreatic Lesions

Michela Visani, Giorgia Acquaviva, 
Annalisa Pession, Giovanni Tallini, 
and Dario de Biase

51.1	 �Molecular Biology 
of Biliopancreatic Lesions

The management of patients with a pancreatic 
lesion is still challenging. Endoscopic ultra-
sound–guided fine-needle aspiration (EUS-FNA) 
has improved pre-operative diagnosis [1–3]. 
Although EUS-FNA plus cytological evaluation 
increase clinical sensitivity, in a subset of cases 
the pre-operative diagnosis remains inconclusive 
with an atypical/suspicious cytopathologic diag-
noses [4]. Molecular testing could help in solve 
these inconclusive cases.

Genetic alterations can be classified in (1) 
mutational activation of oncogenes (e.g. KRAS-
mutation, found in >90% of pancreatic cancers), 
(2) inactivation of tumor suppressor genes (e.g. 
TP53, p16/CDKN2A, and SMAD4), or (3) inacti-
vation of genome maintenance genes controlling 
the repair of DNA damage (e.g. hMLH1 and 
MSH2). However, to date, there are not targetable 

molecules for personalized patient treatment in 
clinical practice, as stated by the current ESMO 
(European Society for Medical Oncology) guide-
lines [5].

51.2	 �Deep Sequencing of PDAC

Pancreatic adenocarcinoma (PDAC) contains an 
average of about 60 genetic alterations according 
to whole exome sequencing analyses, the major-
ity of which are point mutation [6, 7]. These 
alterations may define a core of 12 cellular path-
ways that are genetically altered in pancreatic 
tumors [6]. Deep sequencing studies performed 
on PDAC samples revealed some genes signifi-
cantly mutated, discovering known mutated 
genes (e.g. KRAS, TP53, CDKN2A, SMAD4, 
MLL3, TGFBR2, ARID1A, SF3B1, and ROBO1) 
or novel ones. The novel mutated genes may be 
involved in chromatin modification (EPC1 and 
ARID2), DNA damage repair (ATM), or pancre-
atic carcinogenesis (KDM6A and PREX2) [8].

According to expression analysis, it is possi-
ble to cluster PDAC in four subtypes: (1) squa-
mous, (2) pancreatic progenitor, (3) immunogenic, 
and (4) aberrantly differentiated endocrine exo-
crine [9].

Moreover, according to the structural altera-
tion found in PDAC, it has been possible to 
identify other four subtypes of pancreatic cancer: 
(1) “stable” (tumors containing ≤50 structural 
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variation); (2) “locally rearranged” (tumors 
exhibiting a significant focal event on one or two 
chromosomes); (3) “scattered subtype” (tumors 
exhibiting a mild range of non-random chromo-
somal damage and <200 structural variations); 
(4) “unstable” (tumors exhibiting >200 structural 
variation events) [10].

Whole-exome sequencing of pancreatic can-
cer has defined some putative therapeutic targets, 
as RBM10 mutations associated with longer sur-
vival, KRAS-Q61H mutation associated with 
improved survival or BRAF mutations defining 
sensitivity to vemurafenib in PDAC models [11].

51.3	 �Most Commonly Mutated 
Genes in Biliopancreatic 
Lesions

51.3.1	 �KRAS

KRAS is the most frequently mutated gene in 
pancreatic cancers (>95%) [6, 12] (Table 51.1).

KRAS protein bound to guanosine triphos-
phate (GTP) mediates cell survival and differen-
tiation. Mutations in KRAS gene inhibit the 
ability to hydrolyze GTP, leaving the protein 

constitutively active. KRAS alterations are har-
bored by over 90% of pancreatic intraepithelial 
neoplasia (PanIN) [13]. Targeting of mutant 
KRAS specifically to the murine pancreas is suf-
ficient to initiate development of PanINs and 
IPMNs [14–18]. In PDAC, the acquisition of a 
mutation in KRAS is an early and initiating event; 
however, the low frequency of progression of 
precursor lesions to PDAC suggests that addi-
tional genetic aberrations are needed for disease 
progression [16].

Mutation in KRAS gene were identified in car-
cinomas of the exocrine pancreas in 1988 for the 
first time [19]. KRAS is the most frequent gene 
mutated up to 90% of pancreatic adenocarcinoma 
(from 70 to 95%) [11] (Table 51.1).

Mutations in KRAS gene in PDAC have been 
detected not only in exon 2 but also in exon 3 [8, 
11, 20]. While all mutations in  KRAS exon 2 
exhibited similar association with survival, it has 
been observed that cases mutated in KRAS exon 3 
had a remarkably favorable prognosis [11].

In pancreatic specimens, multiple KRAS 
mutations could be detected in the same tumoral 
mass [20–22].

Several studies have suggested that cytopa-
thology together with KRAS analysis improves 

Table 51.1  Main genetic alteration detectable in pancreatic tumors

Features
Reported frequency of 
genetic alterations

Type of pancreatic 
lesion

Preferable Detection 
methods

KRAS 90–95%
45–50%
20–50%

PDAC
IPMN
MCN

Extractive techniques

TP53 50–75%
30–40%

PDAC
PAAC

Extractive techniques, IHC

CDKN2A/p16 90–98% PDAC IHC
SMAD4 40–60% PDAC IHC
GNAS 35–50%

25–50%
IPMN
MCN

Extractive techniques

CTNNB1 90–100%
5–10%

SPN
PAAC

Extractive techniques, IHC

VHL 45–50% SCA IHC
MGMT promoter methylation 10–40% PDAC Extractive techniques
BRAF 1.3% PDAC Extractive techniques
MSI 0–1% PDAC Extractive techniques, IHC

PDAC Pancreatic Ductal Adenocarcinoma, IPMN Intraductal Papillary Mucinous Neoplasms, SPN Solid Pseudopapillary 
Neoplasm, PAAC Pancreatic Acinic Adenocarcinoma, SCA Serous Cystoadenoma, IHC Immunohistochemistry. The 
percentages quoted are estimated from the literature cited in the text
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the diagnosis of PDAC in EUS-FNA material 
[23–30].

KRAS analysis may be particularly useful 
mainly in case of inconclusive (e.g. acellular 
samples) or doubtful diagnoses (e.g. specimens 
with presence of cytological atypia). Even if 
molecular tests cannot replace a morphological 
diagnosis, the presence of a KRAS mutation in 
EUS-FNA material may support a re-evaluation 
of the original cytopathology report (especially if 
doubtful), an indication for a second FNA or sur-
gery [20], and allows a significant reduction of 
false-negative diagnoses [31].

KRAS is the most frequently mutated gene in 
IPMN (45–50%) and MCN (20–50%), while it 
is  not altered in  SCA (Serous Cystoadenoma) 
and SPN (pancreatic solid pseudopapillary 
neoplasms) [32–34]. Mutations  in KRAS are 
more frequently observed in gastric and 
pancreatobiliary-type IPMN [32].

Analysis of pancreatic cyst fluid is useful in 
identifying IPMNs and MCNs from non-
neoplastic pancreatic cysts. This has significant 
implications in clinical intervention and on per-
sonalized follow-up strategies. The presence of 
a KRAS mutation is highly specific for muci-
nous differentiation (Table  51.1) but is inade-
quate in identifying MCNs [35]. In fact, KRAS 
has a very high specificity but a low (~70%) or 
very low sensitivity (~15%) for IPMNs and 
MCNs, respectively. This sensitivity increases 
when KRAS analysis is combined with GNAS 
[36, 37].

Moreover, KRAS mutations are found in stric-
tures induced by pancreatic cancers and are less 
frequently found in those induced by bile duct 
cancers [38]. For biliary tract cancers, the rates of 
KRAS mutations vary widely, ranging between 
0% and 100% [39].

KRAS mutations together with the loss of 
heterozygosity (LOH) and analysis of PCR-
amplified DNA from biliary brush cytology 
allow discriminating reactive from malignant 
cells [40].

The analysis of KRAS and LOH helps also in 
the differential diagnosis of cystic mucinous pan-
creatic lesions (IPMN and MCN) when pre-

operative cytology is non-diagnostic or 
carcinoembryonic antigen (CEA) cyst fluid levels 
are indeterminate [41].

In contrast with the majority of pancreatic 
cancers, cholangiocarcinomas does not show 
KRAS mutations, or the frequency of KRAS muta-
tions is lower than in pancreatic ductal adenocar-
cinomas [40]. Thus, the presence of a KRAS 
mutation in the cytology specimens of a biliary 
stricture is no reason to assume that the malig-
nancy is of pancreatic origin.

KRAS mutations in PDAC may also help in 
prognostic stratification of patients. In fact, coex-
istence of KRAS mutations together with TP53 
alterations and SMAD4 loss of function has been 
associated with worst prognosis [42, 43].

Of the several markers investigated, KRAS 
remains the one most commonly utilized for single 
gene testing, although its use is greatly limited by 
the identification of mutated KRAS in about 10% 
of chronic pancreatitis and/or low-grade pancrea-
tobiliary epithelial cell dysplasia [44–47]. Thus, 
“The Papanicolaou Society of Cytopathology 
guidelines” does not support KRAS testing of solid 
pancreatic masses and bile duct strictures as a use-
ful single gene ancillary test.

51.3.2	 �TP53

P53 protein plays a key role in cell–cycle regula-
tion, in the maintenance of genomic stability, and 
in the apoptotic process. Mutations in the TP53 
gene lead to inactivation of the normal protein 
function. A large majority of TP53 inactivating 
alterations are single point mutations [48]. 
Functional loss of the protein leads to cellular 
survival also in the presence of DNA damage, 
promoting the accumulation of more genetic 
mutations [49].

Inactivation of the TP53 gene is a very com-
mon event in almost all human cancers, and from 
50% to 75% of pancreatic cancers demonstrate 
TP53 mutations [6, 48, 50] (Table 51.1).

TP53 status evaluation can improve the sensi-
tivity of EUS-FNA to diagnose pancreatic malig-
nant lesions [51–53].
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P53 protein overexpression was observed in 
FNA biopsy specimens with pancreatic cancer 
but not in samples with chronic pancreatitis. 
Combining p53 protein evaluation and histologi-
cal examination, the sensitivity of diagnosis of 
pancreatic cancers improve, maintaining a high 
specificity [51, 52]. Combining p53 and Ki67 
staining increases further the sensitivity of EUS-
FNA in the diagnosis of PDAC [52]. Also, the 
combination of p53 and CA19.9  echances the 
sensitivity of cytology [53]. However, the combi-
nation of cytology with p53 and CA19.9 evalua-
tion may decrease the specificity [53].

Loss of p53 protein was correlated with a 
worst patient prognosis, mainly if combined with 
KRAS mutation and loss of expression of SMAD4 
protein [42, 43].

In IPMN, mutations in TP53 are not a com-
mon event (~10%). The overexpression of TP53 
was more commonly observed in IPMNs of the 
pancreatobiliary type with invasion [32]. Loss of 
SMAD4 and overexpression of TP53 were 
strongly associated with patient survival in a 
cohort of IPMN patients [32].

51.3.3	 �SMAD4

SMAD4/DPC4 is located on chromosome arm 
18q and plays a key role in the signal transduc-
tion cascade involving TGF-β. Loss of SMAD4 
protein gives rise to unregulated cellular prolif-
eration [54]. SMAD4 is inactivated in about 50% 
of pancreatic cancers by homozygous deletion 
and by intragenic mutations (Table  51.1) [55–
58]. Loss of SMAD4 nuclear reactivity is gener-
ally observed late in pancreatic carcinogenesis. 
SMAD4 loss of function frequently occurs in 
pancreatic adenocarcinomas, but not in extrapan-
creatic lesions [59].

SMAD4 nuclear reactivity is preserved in 
reactive and inflammatory diseases of the pan-
creas, such as chronic pancreatitis. In PDAC, loss 
of SMAD4 has been associated with a worst 
prognosis and an increased risk of metastases 
[42, 43, 58, 60, 61].

The loss of SMAD4 was observed also in 
IPMN, and  more commonly in IPMNs of the 
pancreatobiliary type with invasion [32].

51.3.4	 �CTNNB1

Codons from 32 to 37 of the CTNNB1 gene 
encode for a region critical for the regulation of 
the protein β-catenin [62, 63]. When phosphory-
lated at residues between codons 32 and 37, 
β-catenin is degraded by ubiquitin ligases. 
Mutations within this region that blocks the 
phosphorylation inhibit the degradation of the 
β-catenin protein [64].

CTNNB1 gene mutations are molecular hall-
mark for pancreatic solid pseudopapillary neo-
plasms (SPN) [65–67]. In these types of tumors, 
CTNNB1 mutations are the only molecular alter-
ation detected [68], and, on the contrary, CTNNB1 
mutations are uncommon in PDAC [11, 67].

51.3.5	 �GNAS

The GNAS gene encodes the α-subunit of the 
stimulatory G-protein (Gαs), which mediates 
the regulation of adenylate cyclase activity. 
Mutated GNAS may alter the  expression pro-
files  of several other genes, as that of mucin 
ones (e.g. MUC2 and MUC5AC). These molec-
ular alterations may determine the characteristic 
IPMN phenotype [69].

GNAS activating mutations are reported preva-
lently in IPMN (~40–60%) (Table  51.1) [32, 33, 
36, 68, 70], and in some invasive pancreatic cancers 
only if arising in association with an IPMN [13, 
71]. At least one of GNAS or KRAS genes is mutated 
in the vast majority (~90%) of IPMNs [72].

In about 40% of IPMN, GNAS mutation 
coexists with KRAS alterations [70]. The combi-
nation of GNAS and KRAS mutation analysis 
provides high sensitivity and specificity for dis-
tinguishing between serous carcinomas (SCAs) 
and IPMNs. Most IPMNs has a GNAS and/or a 
KRAS whereas no SCAs  have either mutation. 

M. Visani et al.



573

In addition, the presence of a GNAS mutation in 
cyst fluid can also help in distinguishing IPMNs 
from MCNs [73].

51.3.6	 �CDKN2A

CDKN2A/p16 maps on chromosome 9p and 
encodes the proteins p14ARF and p16INK4a. The 
p16 protein suppresses the progression of the 
cell cycle at the G1-S checkpoint by binding 
the cyclin-dependent kinases (CDKs), as CDK4 
and CDK6 [57]. CDKN2A/p16 was the first 
tumor suppressor gene that was shown to 
undergo promoter hypermethylation and silenc-
ing in pancreatic cancer [74]. The Rb/p16 path-
way was abrogated in about all pancreatic 
adenocarcinoma, all through inactivation of the 
p16 gene [74].

Mutations in the CDKN2A gene are associated 
with an increased risk of several cancers. This 
gene is inactivated in more than 95% of sporadic 
pancreatic carcinomas (Table  51.1) by several 
different mechanisms, such as intragenic muta-
tion coupled with the loss of the other allele, 
homozygous deletion of both alleles, or promoter 
hypermethylation [75–77]. Moreover, CDKN2A 
is a causative gene in familial pancreatic cancer 
[78], even if it has been observed that germline 
mutations of CDKN2A among patients with pan-
creatic cancer are  uncommon (0.6%) [79]. 
However, patients carrying CDKN2A mutations 
are more likely to report a family history of pan-
creatic cancer [79].

It has been described a tendency for the tumor 
to be larger in patients with decreased expression 
of p16 protein than in those with normal expres-
sion levels. Patients with pancreatic carcinoma 
with p16 mutation or hypermethylation have a 
tumor significantly larger, and the survival 
period  is significantly shorter if compared with 
patients with a pancreatic carcinoma harboring 
an intact p16 gene [43, 80, 81].

Other than in pancreatic adenocarcinoma, 
inactivating mutations of CDKN2A/p16 are found 
also in IPMNs with high-grade dysplasia [82].

51.3.6.1	 �Other Genetic Alterations
Besides genes previously reported as important 
in pancreatic cancer (e.g. KRAS, TP53, SMAD4, 
CDKN2A, GNAS), other molecular markers have 
been observed mutated at lower prevalence. 
ARID1A oncosuppressor protein deficiency was 
significantly associated with poor outcome 
PDAC, and mutations have been identified in 
KDM6A gene [11]. It has been observed that pan-
creatic tumors may harbor amplifications and 
copy-number gains of known oncogenes as 
ERBB2, MET, FGFR1 [10]. An aberrant WNT 
signaling is implicated due to the frequent inacti-
vation of several genes as ROBO1, ROBO2, 
SLIT2, and RNF43 [10].

Contrarily to what happens in melanoma, 
BRAF gene is rarely mutated in biliopancreatic 
lesions (Table 51.1) [83]. Similarly, microsatel-
lite instability (MSI) phenotype is found in only 
less than 1% of pancreatic adenocarcinoma 
(Table 51.1) [84].

Unresectable non-metastatic pancreatic carci-
nomas may harbor mutations in ARID, GRM8, 
and TRIM33 [85].

VHL mutations are frequently (~40% of cases) 
reported in SCA [34] (Table 51.1).

Mutations in BRCA pathway genes and defects 
in DNA maintenance (genomic instability and 
the BRCA mutational signature) have potential 
implications for therapeutic selection for pancre-
atic cancer [10].

An additional tumor suppressor pathway 
altered in pancreatic cancers involves STK11/
LKB1 genes: germline mutations of STK11/LKB1 
are responsible for Peutz-Jeghers syndrome and 
are associated with IPMNs and invasive pancre-
atic cancer [86, 87]. In addition, somatic muta-
tions of STK11/LKB1 are observed in 5% of 
patients with sporadic IPMNs and pancreatic 
cancers [86, 87].

Cyclin E is overexpressed in a small fraction 
(~5%) of pancreatic adenocarcinomas [88].

O-6-methylguanine-DNA methyltransferase 
(MGMT) promoter can be found hypermethylated 
in PDAC [42, 89] (Table 51.1). MGMT promoter 
hypermethylation confers sensitivity to alkylating 
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agents (e.g. temozolomide) in patients with glio-
mas [90]. The treatment of advanced pancreatic 
cancer with temozolamide has been attempted in a 
phase II study in 1998 [91], but no clinical 
response was seen in the 15 patients subjected to 
treatment. However, it is worth noting that treat-
ment was performed without selecting patients 
according to MGMT promoter methylation 
status.

Malignant cystic lesions are identifiable, also 
evaluating the pancreatic cyst fluid: in fact, an 
elevated amount of DNA and high-amplitude 
mutations are indicators of malignancy [37]. 
Moreover, the presence of a KRAS mutation in 
cyst fluid may help in the diagnosis of mucinous 
cysts [37].

51.4	 �Techniques

Immunohistochemistry is usually the gold stan-
dard to evaluate the protein expressed and cellu-
lar localization. Some antibodies allow 
recognizing the mutated protein and could be 
used for “mutation detection.” In this case, it 
could be reported which type of mutation(s) the 
antibody is able to recognize or if the antibody is 
against the mutated isoform of the protein or the 
wild-type one.

Extractive techniques (e.g. sequencing or muta-
tion specific assay) are usually used for the evalu-
ating gene mutations. These techniques include 
Sanger sequencing, next-generation sequencing 
[6], real-time PCR, or digital PCR [92].

References

	 1.	Dumonceau JM, Polkowski M, et  al. Indications, 
results, and clinical impact of endoscopic ultra-
sound (EUS)-guided sampling in gastroenter-
ology: European Society of Gastrointestinal 
Endoscopy (ESGE) Clinical Guideline. Endoscopy. 
2011;43(10):897–912.

	 2.	Hong SK, Loren DE, et al. Targeted cyst wall punc-
ture and aspiration during EUS-FNA increases the 
diagnostic yield of premalignant and malignant 
pancreatic cysts. Gastrointest Endosc. 2012;75(4): 
775–82.

	 3.	 Jenssen C, Hocke M, et al. EFSUMB Guidelines on 
Interventional Ultrasound (INVUS), Part IV—EUS-
guided interventions: general aspects and EUS-
guided sampling (long version). Ultraschall Med. 
2016;37(2):E33–76.

	 4.	Varadarajulu S, Fockens P, et  al. Best practices in 
endoscopic ultrasound-guided fine-needle aspiration. 
Clin Gastroenterol Hepatol. 2012;10(7):697–703.

	 5.	Ducreux M, Cuhna AS, et al. Cancer of the pancreas: 
ESMO Clinical Practice Guidelines for diagnosis, 
treatment and follow-up. Ann Oncol. 2015;26(Suppl 
5):v56–68.

	 6.	 Jones S, Zhang X, et al. Core signaling pathways in 
human pancreatic cancers revealed by global genomic 
analyses. Science. 2008;321(5897):1801–6.

	 7.	Wang L, Tsutsumi S, et  al. Whole-exome sequenc-
ing of human pancreatic cancers and characterization 
of genomic instability caused by MLH1 haploin-
sufficiency and complete deficiency. Genome Res. 
2012;22(2):208–19.

	 8.	Biankin AV, Waddell N, et  al. Pancreatic cancer 
genomes reveal aberrations in axon guidance pathway 
genes. Nature. 2012;491(7424):399–405.

	 9.	Bailey P, Chang DK, et  al. Genomic analyses iden-
tify molecular subtypes of pancreatic cancer. Nature. 
2016;531(7592):47–52.

	10.	Waddell N, Pajic M, et  al. Whole genomes redefine 
the mutational landscape of pancreatic cancer. Nature. 
2015;518(7540):495–501.

	11.	Witkiewicz AK, McMillan EA, et  al. Whole-exome 
sequencing of pancreatic cancer defines genetic 
diversity and therapeutic targets. Nat Commun. 
2015;6:6744.

	12.	Hruban RH, van Mansfeld AD, et al. K-ras oncogene 
activation in adenocarcinoma of the human pancreas. 
A study of 82 carcinomas using a combination of 
mutant-enriched polymerase chain reaction analysis 
and allele-specific oligonucleotide hybridization. Am 
J Pathol. 1993;143(2):545–54.

	13.	Kanda M, Matthaei H, et  al. Presence of somatic 
mutations in most early-stage pancreatic intraepithe-
lial neoplasia. Gastroenterology. 2012;142(4):730–3.. 
e739

	14.	Guerra C, Schuhmacher AJ, et al. Chronic pancreatitis 
is essential for induction of pancreatic ductal adeno-
carcinoma by K-Ras oncogenes in adult mice. Cancer 
Cell. 2007;11(3):291–302.

	15.	Hingorani SR, Petricoin EF, et  al. Preinvasive and 
invasive ductal pancreatic cancer and its early detec-
tion in the mouse. Cancer Cell. 2003;4(6):437–50.

	16.	Morris JP IV, Wang SC, et  al. KRAS, Hedgehog, 
Wnt and the twisted developmental biology of pan-
creatic ductal adenocarcinoma. Nat Rev Cancer. 
2010;10(10):683–95.

	17.	Pylayeva-Gupta Y, Grabocka E, et  al. RAS onco-
genes: weaving a tumorigenic web. Nat Rev Cancer. 
2011;11(11):761–74.

	18.	Seidler B, Schmidt A, et al. A Cre-loxP-based mouse 
model for conditional somatic gene expression and 

M. Visani et al.



575

knockdown in vivo by using avian retroviral vectors. 
Proc Natl Acad Sci U S A. 2008;105(29):10137–42.

	19.	Almoguera C, Shibata D, et al. Most human carcino-
mas of the exocrine pancreas contain mutant c-K-ras 
genes. Cell. 1988;53(4):549–54.

	20.	de Biase D, Visani M, et al. Next generation sequenc-
ing improves the accuracy of KRAS mutation analysis 
in endoscopic ultrasound fine needle aspiration pan-
creatic lesions. PLoS One. 2014;9(2):e87651.

	21.	Gormally E, Caboux E, et al. Circulating free DNA 
in plasma or serum as biomarker of carcinogenesis: 
practical aspects and biological significance. Mutat 
Res. 2007;635(2-3):105–17.

	22.	Visani M, de Biase D, et al. Multiple KRAS mutations 
in pancreatic adenocarcinoma: molecular features 
of neoplastic clones indicate the selection of diver-
gent populations of tumor cells. Int J Surg Pathol. 
2013;21(6):546–52.

	23.	Bournet B, Selves J, et  al. Endoscopic ultrasound-
guided fine-needle aspiration biopsy coupled with a 
KRAS mutation assay using allelic discrimination 
improves the diagnosis of pancreatic cancer. J Clin 
Gastroenterol. 2015;49(1):50–6.

	24.	Bournet B, Souque A, et al. Endoscopic ultrasound-
guided fine-needle aspiration biopsy coupled with 
KRAS mutation assay to distinguish pancreatic cancer 
from pseudotumoral chronic pancreatitis. Endoscopy. 
2009;41(6):552–7.

	25.	Ginesta MM, Mora J, et  al. Genetic and epigenetic 
markers in the evaluation of pancreatic masses. J Clin 
Pathol. 2013;66(3):192–7.

	26.	Maluf-Filho F, Kumar A, et al. Kras mutation analysis 
of fine needle aspirate under EUS guidance facilitates 
risk stratification of patients with pancreatic mass. J 
Clin Gastroenterol. 2007;41(10):906–10.

	27.	Ogura T, Yamao K, et  al. Clinical impact of K-ras 
mutation analysis in EUS-guided FNA specimens 
from pancreatic masses. Gastrointest Endosc. 
2012;75(4):769–74.

	28.	Pellise M, Castells A, et  al. Clinical usefulness of 
KRAS mutational analysis in the diagnosis of pancre-
atic adenocarcinoma by means of endosonography-
guided fine-needle aspiration biopsy. Aliment 
Pharmacol Ther. 2003;17(10):1299–307.

	29.	Tada M, Komatsu Y, et  al. Quantitative analysis of 
K-ras gene mutation in pancreatic tissue obtained 
by endoscopic ultrasonography-guided fine needle 
aspiration: clinical utility for diagnosis of pancreatic 
tumor. Am J Gastroenterol. 2002;97(9):2263–70.

	30.	Takahashi K, Yamao K, et  al. Differential diagnosis 
of pancreatic cancer and focal pancreatitis by using 
EUS-guided FNA.  Gastrointest Endosc. 2005;61(1): 
76–9.

	31.	Bournet B, Gayral M, et al. Role of endoscopic ultra-
sound in the molecular diagnosis of pancreatic cancer. 
World J Gastroenterol. 2014;20(31):10758–68.

	32.	Kuboki Y, Shimizu K, et al. Molecular biomarkers for 
progression of intraductal papillary mucinous neo-
plasm of the pancreas. Pancreas. 2015;44(2):227–35.

	33.	Rosenbaum MW, Jones M, et  al. Next-generation 
sequencing adds value to the preoperative diagnosis 
of pancreatic cysts. Cancer. 2017;125(1):41–7.

	34.	Springer S, Wang Y, et al. A combination of molecu-
lar markers and clinical features improve the clas-
sification of pancreatic cysts. Gastroenterology. 
2015;149(6):1501–10.

	35.	Nikiforova MN, Khalid A, et al. Integration of KRAS 
testing in the diagnosis of pancreatic cystic lesions: 
a clinical experience of 618 pancreatic cysts. Mod 
Pathol. 2013;26(11):1478–87.

	36.	Dal Molin M, Matthaei H, et al. Clinicopathological 
correlates of activating GNAS mutations in intra-
ductal papillary mucinous neoplasm (IPMN) of the 
pancreas. Ann Surg Oncol. 2013;20(12):3802–8.

	37.	Khalid A, Zahid M, et  al. Pancreatic cyst fluid 
DNA analysis in evaluating pancreatic cysts: a 
report of the PANDA study. Gastrointest Endosc. 
2009;69(6):1095–102.

	38.	Van Laethem JL, Bourgeois V, et  al. Relative con-
tribution of Ki-ras gene analysis and brush cytology 
during ERCP for the diagnosis of biliary and pan-
creatic diseases. Gastrointest Endosc. 1998;47(6): 
479–85.

	39.	Gress TM.  Molecular diagnosis of pancreatobiliary 
malignancies in brush cytologies of biliary strictures. 
Gut. 2004;53(12):1727–9.

	40.	Khalid A, Pal R, et  al. Use of microsatellite marker 
loss of heterozygosity in accurate diagnosis of pancre-
aticobiliary malignancy from brush cytology samples. 
Gut. 2004;53(12):1860–5.

	41.	Al-Haddad M, DeWitt J, et al. Performance character-
istics of molecular (DNA) analysis for the diagnosis 
of mucinous pancreatic cysts. Gastrointest Endosc. 
2014;79(1):79–87.

	42.	Masetti M, Acquaviva G, et al. Long-term survivors of 
pancreatic adenocarcinoma show low rates of genetic 
alterations in KRAS, TP53 and SMAD4. Cancer 
Biomark. 2018;21(2):323–34.

	43.	Oshima M, Okano K, et al. Immunohistochemically 
detected expression of 3 major genes (CDKN2A/p16, 
TP53, and SMAD4/DPC4) strongly predicts survival 
in patients with resectable pancreatic cancer. Ann 
Surg. 2013;258(2):336–46.

	44.	Layfield LJ, Ehya H, et  al. Utilization of ancil-
lary studies in the cytologic diagnosis of biliary 
and pancreatic lesions: the Papanicolaou Society of 
Cytopathology guidelines for pancreatobiliary cytol-
ogy. Diagn Cytopathol. 2014;42(4):351–62.

	45.	Lohr M, Kloppel G, et al. Frequency of K-ras muta-
tions in pancreatic intraductal neoplasias associ-
ated with pancreatic ductal adenocarcinoma and 
chronic pancreatitis: a meta-analysis. Neoplasia. 
2005;7(1):17–23.

	46.	Lohr M, Maisonneuve P, et  al. K-Ras mutations 
and benign pancreatic disease. Int J Pancreatol. 
2000;27(2):93–103.

	47.	Luttges J, Reinecke-Luthge A, et al. Duct changes and 
K-ras mutations in the disease-free pancreas: analysis 

51  Molecular Biology of Biliopancreatic Lesions



576

of type, age relation and spatial distribution. Virchows 
Arch. 1999;435(5):461–8.

	48.	Forbes SA, Beare D, et  al. COSMIC: exploring the 
world's knowledge of somatic mutations in human 
cancer. Nucleic Acids Res. 2015;43(Database 
issue):D805–11.

	49.	Vogelstein B, Kinzler KW. Cancer genes and the path-
ways they control. Nat Med. 2004;10(8):789–99.

	50.	Scarpa A, Capelli P, et  al. Pancreatic adenocarci-
nomas frequently show p53 gene mutations. Am J 
Pathol. 1993;142(5):1534–43.

	51.	 Itoi T, Takei K, et  al. Immunohistochemical analy-
sis of p53 and MIB-1  in tissue specimens obtained 
from endoscopic ultrasonography-guided fine needle 
aspiration biopsy for the diagnosis of solid pancreatic 
masses. Oncol Rep. 2005;13(2):229–34.

	52.	Jahng AW, Reicher S, et  al. Staining for p53 and 
Ki-67 increases the sensitivity of EUS-FNA to detect 
pancreatic malignancy. World J Gastrointest Endosc. 
2010;2(11):362–8.

	53.	Mu DQ, Wang GF, et al. p53 protein expression and 
CA19.9 values in differential cytological diagnosis of 
pancreatic cancer complicated with chronic pancre-
atitis and chronic pancreatitis. World J Gastroenterol. 
2003;9(8):1815–8.

	54.	Siegel PM, Massague J.  Cytostatic and apoptotic 
actions of TGF-beta in homeostasis and cancer. Nat 
Rev Cancer. 2003;3(11):807–21.

	55.	Hahn SA, Schutte M, et al. DPC4, a candidate tumor 
suppressor gene at human chromosome 18q21.1. 
Science. 1996;271(5247):350–3.

	56.	 Iacobuzio-Donahue CA, Wilentz RE, et al. Dpc4 pro-
tein in mucinous cystic neoplasms of the pancreas: 
frequent loss of expression in invasive carcinomas 
suggests a role in genetic progression. Am J Surg 
Pathol. 2000;24(11):1544–8.

	57.	Maitra A, Hruban RH. Pancreatic cancer. Annu Rev 
Pathol. 2008;3:157–88.

	58.	Tascilar M, Skinner HG, et al. The SMAD4 protein 
and prognosis of pancreatic ductal adenocarcinoma. 
Clin Cancer Res. 2001;7(12):4115–21.

	59.	Schutte M, Hruban RH, et al. DPC4 gene in various 
tumor types. Cancer Res. 1996;56(11):2527–30.

	60.	Blackford A, Serrano OK, et al. SMAD4 gene muta-
tions are associated with poor prognosis in pancreatic 
cancer. Clin Cancer Res. 2009;15(14):4674–9.

	61.	Singh P, Srinivasan R, et al. SMAD4 genetic alterations 
predict a worse prognosis in patients with pancreatic 
ductal adenocarcinoma. Pancreas. 2012;41(4):541–6.

	62.	Nelson WJ, Nusse R.  Convergence of Wnt, 
beta-catenin, and cadherin pathways. Science. 
2004;303(5663):1483–7.

	63.	Rubinfeld B, Robbins P, et  al. Stabilization of beta-
catenin by genetic defects in melanoma cell lines. 
Science. 1997;275(5307):1790–2.

	64.	Tanaka Y, Kato K, et al. Frequent beta-catenin muta-
tion and cytoplasmic/nuclear accumulation in pan-
creatic solid-pseudopapillary neoplasm. Cancer Res. 
2001;61(23):8401–4.

	65.	Abraham SC, Klimstra DS, et  al. Solid-
pseudopapillary tumors of the pancreas are geneti-
cally distinct from pancreatic ductal adenocarcinomas 
and almost always harbor beta-catenin mutations. Am 
J Pathol. 2002;160(4):1361–9.

	66.	Kubota Y, Kawakami H, et  al. CTNNB1 mutational 
analysis of solid-pseudopapillary neoplasms of the 
pancreas using endoscopic ultrasound-guided fine-
needle aspiration and next-generation deep sequenc-
ing. J Gastroenterol. 2015;50(2):203–10.

	67.	Zeng G, Germinaro M, et  al. Aberrant Wnt/beta-
catenin signaling in pancreatic adenocarcinoma. 
Neoplasia. 2006;8(4):279–89.

	68.	Wu J, Jiao Y, et  al. Whole-exome sequenc-
ing of neoplastic cysts of the pancreas reveals 
recurrent mutations in components of ubiquitin-
dependent pathways. Proc Natl Acad Sci U S A. 
2011a;108(52):21188–93.

	69.	Komatsu H, Tanji E, et al. A GNAS mutation found in 
pancreatic intraductal papillary mucinous neoplasms 
induces drastic alterations of gene expression pro-
files with upregulation of mucin genes. PLoS One. 
2014;9(2):e87875.

	70.	Amato E, Molin MD, et al. Targeted next-generation 
sequencing of cancer genes dissects the molecular 
profiles of intraductal papillary neoplasms of the pan-
creas. J Pathol. 2014;233(3):217–27.

	71.	Furukawa T, Kuboki Y, et al. Whole-exome sequenc-
ing uncovers frequent GNAS mutations in intraductal 
papillary mucinous neoplasms of the pancreas. Sci 
Rep. 2011;1:161.

	72.	Singhi AD, Nikiforova MN, et al. Preoperative GNAS 
and KRAS testing in the diagnosis of pancreatic muci-
nous cysts. Clin Cancer Res. 2014;20(16):4381–9.

	73.	Wu J, Matthaei H, et al. Recurrent GNAS mutations 
define an unexpected pathway for pancreatic cyst 
development. Sci Transl Med. 2011b;3(92):92ra66.

	74.	Schutte M, Hruban RH, et al. Abrogation of the Rb/
p16 tumor-suppressive pathway in virtually all pancre-
atic carcinomas. Cancer Res. 1997;57(15):3126–30.

	75.	Bartsch D, Shevlin DW, et  al. Frequent mutations 
of CDKN2  in primary pancreatic adenocarcinomas. 
Genes Chromosomes Cancer. 1995;14(3):189–95.

	76.	Caldas C, Hahn SA, et  al. Frequent somatic muta-
tions and homozygous deletions of the p16 (MTS1) 
gene in pancreatic adenocarcinoma. Nat Genet. 
1994;8(1):27–32.

	77.	Rozenblum E, Schutte M, et  al. Tumor-suppressive 
pathways in pancreatic carcinoma. Cancer Res. 
1997;57(9):1731–4.

	78.	Bartsch DK, Sina-Frey M, et al. CDKN2A germline 
mutations in familial pancreatic cancer. Ann Surg. 
2002;236(6):730–7.

	79.	McWilliams RR, Wieben ED, et  al. Prevalence of 
CDKN2A mutations in pancreatic cancer patients: 
implications for genetic counseling. Eur J Hum 
Genet. 2011;19(4):472–8.

	80.	Gerdes B, Ramaswamy A, et al. p16INK4a is a prog-
nostic marker in resected ductal pancreatic cancer: an 

M. Visani et al.



577

analysis of p16INK4a, p53, MDM2, an Rb. Ann Surg. 
2002;235(1):51–9.

	81.	Ohtsubo K, Watanabe H, et  al. Abnormalities of 
tumor suppressor gene p16 in pancreatic carcinoma: 
immunohistochemical and genetic findings compared 
with clinicopathological parameters. J Gastroenterol. 
2003;38(7):663–71.

	82.	Abe T, Fukushima N, et al. Genome-wide allelotypes 
of familial pancreatic adenocarcinomas and familial 
and sporadic intraductal papillary mucinous neo-
plasms. Clin Cancer Res. 2007;13(20):6019–25.

	83.	Forbes SA, Beare D, et  al. COSMIC: somatic can-
cer genetics at high-resolution. Nucleic Acids Res. 
2017;45(D1):D777–83.

	84.	Laghi L, Beghelli S, et  al. Irrelevance of microsat-
ellite instability in the epidemiology of sporadic 
pancreatic ductal adenocarcinoma. PLoS One. 
2012;7(9):e46002.

	85.	Valero V 3rd, Saunders TJ, et  al. Reliable detec-
tion of somatic mutations in fine needle aspirates of 
pancreatic cancer with next-generation sequencing: 
implications for surgical management. Ann Surg. 
2016;263(1):153–61.

	86.	Sato N, Rosty C, et  al. STK11/LKB1 Peutz-
Jeghers gene inactivation in intraductal papillary-

mucinous neoplasms of the pancreas. Am J Pathol. 
2001;159(6):2017–22.

	87.	Su GH, Hruban RH, et  al. Germline and somatic 
mutations of the STK11/LKB1 Peutz-Jeghers gene 
in pancreatic and biliary cancers. Am J Pathol. 
1999;154(6):1835–40.

	88.	Calhoun ES, Jones JB, et  al. BRAF and FBXW7 
(CDC4, FBW7, AGO, SEL10) mutations in distinct 
subsets of pancreatic cancer: potential therapeutic tar-
gets. Am J Pathol. 2003;163(4):1255–60.

	89.	Peng DF, Kanai Y, et  al. DNA methylation of mul-
tiple tumor-related genes in association with over-
expression of DNA methyltransferase 1 (DNMT1) 
during multistage carcinogenesis of the pancreas. 
Carcinogenesis. 2006;27(6):1160–8.

	90.	Hegi ME, Diserens AC, et al. MGMT gene silencing 
and benefit from temozolomide in glioblastoma. N 
Engl J Med. 2005;352(10):997–1003.

	91.	Moore MJ, Feld R, et al. A phase II study of temo-
zolomide in advanced untreated pancreatic cancer. 
Invest New Drugs. 1998;16(1):77–9.

	92.	Azuara D, Ginesta MM, et  al. Nanofluidic digi-
tal PCR for KRAS mutation detection and quan-
tification in gastrointestinal cancer. Clin Chem. 
2012;58(9):1332–41.

51  Molecular Biology of Biliopancreatic Lesions



Part VII

Clinical Algorithms



581© Springer Nature Switzerland AG 2020 
M. Mutignani et al. (eds.), Endotherapy in Biliopancreatic Diseases: ERCP Meets EUS, 
https://doi.org/10.1007/978-3-030-42569-2_52

Suspected Common Bile Duct 
Stones (Algorithm)

Maximilian David Schneider

Abbreviations

CBDS	 Common bile duct stone
CT	 Computed tomography
EHL	 Electrohydraulic lithotripsy
EPBD	 Endoscopic papillary balloon dilation
ERCP	 Endoscopic retrograde 

cholangiopancreatography
EST	 Endoscopic sphincterotomy
EUS	 Endoscopic ultrasound
LFTs	 Liver function tests
LL	 Laser lithotripsy
MRCP	 Magnetic resonance 

cholangiopancreatography
PTCD	 Percutaneous transhepatic cholangial 

drainage
US	 Ultrasound

Explanation
Common bile duct stones can be suspected in a 
patient presenting with biliary colic, elevated liver 

enzymes, jaundice, cholangitis or pancreatitis. 
Beside clinical features, laboratory evaluation and 
adequate abdominal imaging (primarily abdomi-
nal ultrasound) have to be performed to assess the 
likelihood for the presence of CBDS.  Recent 
ESGE guidelines recommend direct ERCP in 
patients with visible stones or cholangitis only. In 
other cases (intermediate likelihood) EUS or 
MRCP before ERCP are recommended.

ERCP is the standard treatment for 
CBDS.  Stone extraction should be performed 
with a basket or a balloon catheter after sphinc-
terotomy. When stone extraction is incomplete, 
further treatment can be performed using endo-
scopic papillary balloon dilation and/or litho-
tripsy (mechanical, electrohydraulic, laser) 
during index ERCP or at a second timepoint. In 
more complex cases alternative procedures like 
PTCD, surgical CBD exploration or EUS-guided 
bile duct cannulation are treatment options in 
referral centres.

An elective cholecystectomy in nearly all 
patients is mandatory to avoid stone recurrence.
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Suspected common bile
duct stones (CBDS) 

Low likelihood
normal LFTs and

normal US

Assessing the likelihood for CBDS*     

Intermediate likelihood
abnormal LFTs and/or

abnormal US

High likelihood
features of cholangitis or
CBDSs identified at US

ERCP*** 

• vital signs 
• clinical examination 
• laboratory tests 
• diagnostic imaging (primarily US) 

EUS or MRCP**  

CBDS present?

Alternative diagnosis

yes
no 

CBDS still
suspected

Complete stone extraction
using sphincterotomy +
balloon and/or basket?

Cholecystectomy
yes 

Biliary stenting, consider
antibiotic prophylaxis****,

referal to tertiary care center

SecondERCP

Large stones Multiple stones 

Repeat ERCP, biliary
stenting and antibiotic

prophylaxis**** until stone
clearance

 

Cholangioscopy +
intraductal lithotripsy (EHL

or LL) 

Alternative procedure: EUS-assisted
/ PTCD (rendez-vous) / surgical (lap.

CBD exploration) 
 

no 

complete stone clearance

 

Limited
sphincterotomy +

EPLBD (same session)

complete stone clearance

incomplete stone clearance

incomplete stone clearance

complete stone clearance

Pt. presenting with
bilary colic, elevated
liver enzymes,
jaundice, cholangitis
or pancreatitis

Mechanical
lithotripsy
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Footnotes:
∗The assessment of the likelihood for the presence 
of CBDS is different between European and 
American Guidelines. A retrospective analysis 
showed that the positive predictive value of ASGE 
high-risk criteria (bilirubin level >4 mg/dL or CBD 
stone on US or bilirubin level 1.8–4  mg/dL plus 
dilated CBD or clinical cholangitis) is 64%, there-
fore around one-third of patients receive unneces-
sary ERCP. Recent ESGE guidelines are more strict 
in suggesting direct ERCP and recommend using 
EUS or MRCP in patients without visible stones on 
US or cholangitis (intermediate likelihood).

∗∗Alternatively direct cholecystectomy with 
intraoperative cholangiography or laparoscopic 
ultrasound can be performed.

∗∗∗The timepoint of ERCP mainly depends 
on the presence of acute cholangitis (see 
Flowchart Acute Cholangitis) or acute pancreati-
tis (see Chap. 31 Acute Pancreatitis).

∗∗∗∗Antibiotic prophylaxis is recommended, 
if biliary drainage is incomplete.
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Acute Cholangitis (Algorithm)

Maximilian David Schneider

Abbreviations

AC	 Acute cholangitis
Amp/Sul	Ampicillin/sulbactam
CRP	 C-reactive protein
CT	 Computed-tomography
DDx	 Differential diagnosis
Dori	 Doripenem
ERCP	 Endoscopic retrograde 

cholangiopancreatography
Erta	 Ertapenem
EST	 Endoscopic sphincterotomy
Gen.	 Generation
ICU	 Intensive care unit
Imi	 Imipenem-cilastatin
Mero	 Meropenem
MRCP	 Magnetic resonance 

cholangiopancreatography
PCT	 Procalcitonin
Pip/Taz	 Piperacillin/tazobactam
T	 Temperature
US	 Ultrasound
Vanco	 Vancomycin
WBC	 White blood count

Explanation
AC can be suspected in a patient with clinical or 
laboratory signs of infection and abdominal pain, 
jaundice, or a former history of cholangitis, espe-
cially when a biliary stent is implanted.

According to the Tokyo Guidelines clinical or 
laboratory signs of infection plus laboratory 
markers of cholestasis and/or biliary pathology 
on abdominal imaging are necessary to diagnose 
AC. When AC is confirmed, severity assessment 
of the disease is mandatory for the development 
of the further treatment strategy: For example, 
patients with evidence of organ dysfunction (e.g. 
sepsis) need broad spectrum antibiotics and 
urgent biliary drainage after clinical stabilization, 
whereas mildly affected patients can be treated in 
a more conservative manner.
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Suspected Acute
Cholangitis (AC) 

Diagnostic criteria fulfilled?

• vital signs
• clinical examination (jaundice, abdominal pain, fever = 

Charcot‘s triad)
• laboratory tests
• diagnostic imaging (primarily US)

Inflammation: 
Fever/ Chills (T >38°C) or CRP >1mg/dl or PCT elevated or WBC <4.000/ul or >10.000/ul

Laboratory results:
Jaundice (Bilirubin > 2mg/dl)

or abnormal liver function tests (ALP, 

GGT, AST, ALT >1,5x upper limit of 

normal)

Diagnostic imaging:
biliary dilatation/ stone/ 

stricture/ stenosis/ 

implanted stent

No AC
look for DDx: 

One or more criteria of box B 

or C fulfilled:

Suspected AC

One or more criteria of box B 
and C fulfilled:

Definite AC

Severity assessment of AC

no

yes

No criteria of box B or C 

fulfilled

DDx:

Cholecystitis

Liver abscess

Appendicitis

Pancreatitis

Peritonitis

Acute Hepatitis

Pneumonia

Grade III (severe)
Organ dysfunction:
1. Cardiovascular dysfunction: hypotension requiring 

dopamine ≥5 lg/kg per min, or any dose of 
norepinephrine 

2. Neurological dysfunction: disturbance of 
consciousness 

3. Respiratory dysfunction: PaO2/FiO2 ratio <300
4. Renal dysfunction: oliguria, serum creatinine >2.0 

mg/dl
5. Hepatic dysfunction: PT-INR >1.5
6. Hematological dysfunction: platelet count 

<100,000/mm3 
Grade II (moderate)
any two of the following conditions: 
1. Abnormal WBC count (>12,000/mm3, <4,000/mm3)
2. High fever (≥39°C)
3. Age (≥75 years old)
4. Hyperbilirubinemia (total bilirubin ≥5 mg/dl)
5. Hypoalbuminemia (< lower limit of normal x 0.7)
Grade I (mild)
does not meet the criteria of “Grade III (severe)” 
or “Grade II (moderate)” acute cholangitis

Grade I Grade II Grade III*

Medical treatment Broad-spectrum antibiotics 

(Amp/Sul)** Pip/Taz Pip/Taz+ Vanco

Cephalosporins Gen. Cephalosporins Gen.
3a or 3b or 4*** 

Cephalosporins Gen.
3b or 4 (anti-

pseudomonal 

Erta Erta or Imi or Mero

or Dori 

Imi or Mero or Dori

or Erta + Vanco 

General
management 

General
management 

Sepsis management 

(ICU, organ support)

Endoscopic

treatment

biliary decompression, preferably ERCP with biliary stenting or  

nasobiliary drainage ± EST****

single session stone removal***** two session stone 

removal

Timepoint of 

intervention

elective

if patient does not 

respond to initial 

treatment

early, within 24 

hours

urgent, after 

stabilization, 

preferably within 12

hours

2 or 3a *** 

activity)*** + Vanco 
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Footnotes:
∗Antibiotic therapy in healthcare-associated/nos-
ocomial infections is equal to grade III infec-
tions; in case of colonization or high-rates of 
vancomycin-resistant enterococci (VRE) or prior 
vancomycin exposure, linezolid, daptomycin or 
tigecyclin should be used instead

∗∗Low susceptibility rates especially for E. 
coli

∗∗∗Addition of anti-anerobic therapy (e.g. 
metronidazole) is recommended in case of 
biliary-enteric anastomosis

∗∗∗∗EST generally not required for biliary 
drainage, caution especially in case of coagulop-
athy (medical and sepsis-induced) and antithrom-
botic therapy. PTCD is an alternative option, 
when ERCP is not possible, surgery should be 
avoided

∗∗∗∗∗Consider two sessions if endoscopic 
papillary large balloon dilation for large or mul-
tiple stones is required
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Diagnosis of Etiology in Acute 
Pancreatitis

Nicolò de Pretis and Luca Frulloni

Acute pancreatitis is an acute inflammatory dis-
ease of the pancreas representing a leading 
cause of hospital admission in Gastroenterology 
units [1].

Different etiological factors have been 
described over the last decades. A correct identi-
fication of etiology is crucial for the clinical man-
agement of acute pancreatitis and to prevent 
recurrent attacks.

The aim of this chapter is to review the etiol-
ogy of acute pancreatitis, suggesting a clinical 
approach to identify the cause of the disease. 
Post-ERCP acute pancreatitis and acute pancre-
atitis secondary to pancreatic trauma are not con-
sidered in the present chapter.

Biliary pancreatitis, mainly secondary to gall-
stones, is the most frequent form of acute pancre-
atitis and accounts for up to 70% of cases [2]. 
The obstruction of the main pancreatic duct due 
to stones and/or to papillary edema might lead to 
pancreatic ductal hypertension, which is consid-
ered the main trigger of the inflammatory 
process.

In patients with biliary pancreatitis, liver tests 
(particularly AST and ALT) are generally ele-
vated. In detail, the higher the serum level of 
ALT, the greater are specificity and positive pre-
dictive value in diagnosing biliary pancreatitis. 

The probability of biliary pancreatitis is up to 
95% with a threefold elevation of ALT [3]. 
Therefore, transaminase dosage is suggested in 
patients with acute pancreatitis as the first step of 
diagnostic process. A transient elevation of liver 
tests is so specific that, even with negative imag-
ing (US, MRI, or EUS), a diagnosis of biliary 
acute pancreatitis can be achieved. Biliary acute 
pancreatitis includes mainly gallstones and 
microlithiasis, but also, more rarely, sphincter of 
Oddi disfunction, anatomic abnormalities, or 
peri-ampullary tumors. MRI or EUS can be per-
formed in patients with persistent elevation of 
transaminases to better define the cause of biliary 
obstruction [4]. If transaminases are normal, a 
biliary etiology may be safely excluded, even in 
the presence of sludge or stones in gallbladder at 
imaging at the clinical onset of the disease.

The second most common etiological factor of 
acute pancreatitis is alcohol, which is responsible 
for 20–30% of cases [5]. The underlying mecha-
nism of pancreatic injury is still not understood. 
A correct medical and personal history is impor-
tant to identify these patients. A threshold of 
alcohol consumption definitely associated to the 
development of acute and/or chronic pancreatitis 
has not been identified yet. Therefore, even con-
sidering the low prevalence of pancreatitis in 
heavy alcohol drinkers, a definitive diagnosis of 
alcohol-related acute pancreatitis should be made 
with caution. Some authors suggest 40 or 50 g/
day of alcohol consumption as a clinically useful 
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threshold under which a pancreatitis should not 
be considered as alcohol related [5–7]. In patients 
with personal history of heavy alcohol consump-
tion, with normal or slightly (but not transient) 
elevated transaminase, alcohol should be consid-
ered as possible etiology of the pancreatitis. 
However, in these patients, an imaging technique 
needs to be performed to exclude other causes of 
acute pancreatitis or the presence of chronic 
pancreatitis.

Hypertriglyceridemia has been identified as 
another important cause of acute pancreatitis 
accounting for 1–14% of cases [8]. Serum tri-
glyceride levels >1000  mg/dL are considered 
necessary to induce acute pancreatitis. However, 
there is no clear threshold above which hypertri-
glyceridemia is known to trigger the inflamma-
tory process. Serum triglyceride levels >1000 mg/
dL has been suggested as a criterion to make a 
definitive diagnosis of hypertriglyceridemic 
acute pancreatitis. Diagnosis might be consid-
ered as probable if serum triglycerides levels are 
between 500 and 1000  mg/dL [9]. Considering 
that the hypertriglyceridemia may be transient, 
we strongly suggest dosing triglycerides at 
admission to avoid a misdiagnosis of hypertri-
glyceridemic acute pancreatitis. Moreover, 
hypertriglyceridemic acute pancreatitis seems to 
be clinically more aggressive compared to other 
forms [10], and a correct diagnosis might have a 
significant prognostic impact.

In patients with normal liver tests, low or 
absent alcohol intake, and triglycerides levels 
lower than 500 mg/dL, other rare causes of acute 
pancreatitis should be investigated. First, in all 
these patients, an imaging procedure (MRI and/
or CT scan) is strongly suggested for evaluating 
both the pancreatic parenchyma and the ductal 
system. Benign, pre-malignant, and malignant 
tumors might be associated to acute pancreatitis. 
Solid and/or cystic lesions detected at imaging 
might be considered the etiological factor of 
acute pancreatitis if the more frequent causes 
have been excluded. Autoimmune pancreatitis 
may be a cause of acute pancreatitis. In these 
patients, imaging should suggest the diagnosis 
particularly in diffuse but also in focal forms. 
International Consensus Diagnostic Criteria need 

to be applied to confirm the autoimmune etiology 
[11]. In patients without typical imaging features 
of autoimmune pancreatitis, the diagnosis can be 
excluded and serum IgG4 should not be 
measured.

Anatomic abnormalities of the pancreatic duc-
tal system, such as pancreas divisum, have been 
suggested as a cause of acute pancreatitis. 
However, the true role of pancreas divisum in the 
pathogenesis of acute pancreatitis is still debated. 
The postulated mechanism is an obstruction of 
the pancreatic juice outflow through the minor 
papilla, too small to drain adequately the large 
part of pancreatic secretion, leading to an 
increased ductal pressure able to induce acute 
pancreatitis. However, considering the high prev-
alence of pancreas divisum (up to 10%) in the 
general population [12], the detection of pancreas 
divisum as an etiological factor should be care-
fully managed. More investigations are required 
before considering the pancreatitis as related to 
pancreas divisum. The presence of dilation of 
pre-papillary main pancreatic duct (Santorinicele) 
can be considered the cause of pancreatitis. A 
secretin-enhanced US or MRI is able to better 
define the presence of Santorinicele and, also, to 
show a prolonged dilation of the main pancreatic 
duct that might be considered as indirect signs of 
outlet obstruction [13]. In these selected patients, 
pancreas divisum should be strongly considered 
as a probable cause of the pancreatitis.

If all the above-reported causes of acute pan-
creatitis are not diagnosed, pharmacological his-
tory should be carefully investigated. More than 
100 medications have been identified as related 
to pancreatitis, but acute pancreatitis due to med-
ications is rare, probably less than 5% [14]. Only 
few medications have been clearly related to 
acute pancreatitis based on a large body of evi-
dence. The great majority of drugs are considered 
as potential cause of pancreatitis based on few or 
single case reports. Some authors proposed a 
classification of drugs associated to pancreatitis, 
based on the strength of the scientific evidence, 
into four categories. Drugs belonging to class 1 
have at least one case report with positive re-
challenging after the exclusion of the most fre-
quent causes of pancreatitis while drugs 
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belonging to class 4 are based on a single case 
report [15]. Therefore, a diagnosis of drug-related 
acute pancreatitis should be made with caution 
only after a rigorous exclusion of other etiologi-
cal factors.

Etiological factor of acute pancreatitis remains 
unknown in around 20% of patients. In this clini-
cal setting, the search for gene mutations may be 
considered. Genetic tests are suggested in young 
patients with the clinical onset of the disease 
before 20 years and in patients with positive fam-
ily history for pancreatitis, independently from 
the presence of other causes of pancreatitis.

Many pancreatitis-associated genetic muta-
tions have been identified over the last decades. 
Patients with genetic predisposition for pancreati-
tis might present as acute, recurrent, or chronic 

pancreatitis. In the clinical management, the most 
important mutations have been described on the 
following genes, PRSS1, SPINK1, and CFTR.

PRSS1 encodes a cationic trypsinogen, and its 
mutation is related to a premature activation of 
digestive enzymes in the pancreas, leading to a 
dominantly inherited hereditary pancreatitis [16]. 
SPINK1 encodes a pancreatic secretory trypsin 
inhibitor, and a mutation in SPINK1 may inter-
fere with its protective action, promoting the 
development of pancreatitis with low penetrance 
[17]. Mutations in the gene of cystic fibrosis 
(CFTR) is related to pancreatitis not only in 
homozygous and compound mutations (patients 
suffering from cystic fibrosis), but even in 
patients with heterozygous mutations (patients 
not affected by cystic fibrosis) [18].

AP

no

no

yes

Acute biliary
Pancreatitis

(micro)lithiasis
biliary malformation

SOD
periampullary tumors

Alcoholic or
HTG pancreatitis

yes

↑ ALT (transient)

Alcohol > 50 g/day
TG > 1000 mg/dL

noyes

Consider
genetic tests

(to be performed in
patients<20 yrs or with

familiarity)

Drug-induced
pancreatitis

Drug(s)

Idiopathic
pancreatitis

noyes

Autoimmune pancreatitis
Associated with Santorinicele/PD

Secondary to Pancreatic solid/cystic tumor

MRI + secretin stimulation
abnormal

 

Diagnostic algorithm for diagnosis of etiology in acute pancreatitis. AP is acute pancreatitis; HTG is hyertriglyceride-
mia; PD is pancreas divisum. In the algorithm post-ERCP acute pancreatitis and post-traumatic pancreatitis are excluded
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Palliative treatment

Suspicious of distal bile duct stricture

Jaundiced

EUS±FNA followed by ERCP with placement of biliary SEMS
covered1 or uncovered2 or plastic biliary stent3

(in the same session if possible) 

CT Scan

Periampullary
Tumor No Periampullary Tumor

Signs of irresectability.
Distant metastasis.
Poor surgical candidate.

Surgery
(consider

neoadjunvant
therapy)

No 

EUS-guided biliary drainage (either 
rendezvous, 

choledochoduodenostomy or 
hepaticogastrostomy) or 
percutaneous drainage

Successful
ERCP? 

Successful
ERCP? 

Yes1,3 No Yes1,2No 

EUS-guided biliary drainage
(either rendezvous or

choledochoduodenostomy)
or percutaenous drainage

Successful
ERCP? 

Yes1,3

No 

Yes 

Treatment individualized
according to final diagnose
and patient clinical status

and characteristics (see not
jaundiced algorithm)   

 

J. J. Vila



595

Palliative treatment after
citology/histology by means
of percutaneous puncture

(Metastasis) or EUS-FNA (No
metastasis)    

Yes 

No 

Suspicious of distal bile duct stricture

Not jaundiced

CT Scan

Periampullary Tumor No Periampullary Tumor

Signs of irresectability.
Distant metastasis.
Poor surgical candidate.

EUS±FNA

Malignancy not 
confirmed

Malignancy
confirmed 

Surgery
(consider neoadjunvant

therapy)

Benign stricture secondary to:
Chronic pancreatitis.
Recurrent cholangitis.
Papillary oriffice stenosis.
Ampullary adenoma

Consider endoscopic therapy

55  Periampullary Biliary Strictures (Algorithm)
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Hilar Strictures: Algorithm

Mario de Bellis and Elena Di Girolamo

Hilar biliary strictures (HBS) are both a diagnostic 
and a therapeutic challenge. Although the majority 
of HBS are malignant, approximately 20% of 
them are benign and, therefore it is mandatory to 
determine their etiology [1]. If a diagnosis cannot 
be made after a complete diagnostic work-up, 
HBS strictures are considered to be indeterminate 
[1, 2]. However, new imaging and endoscopic 
techniques, with ameliorated sampling methods, 
and broader knowledge of hepato-biliary diseases 
have significantly reduced the number of patients 
diagnosed with indeterminate HBS.

The diagnostic approach to patients with HBS 
strictures varies according to the presence or 
absence of jaundice, the location of obstruction in 
the intrahepatic biliary system, and evidence of a 
mass lesion in the liver [2]. Laboratory tests, 
physical examination, and acquisition of a detailed 
history are the initial steps of the diagnostic work-
up. Elevated CA19.9 (>130  U/mL), hypoalbu-
minemia, leukocytosis, thrombocytosis, anorexia, 
weight loss, and symptoms duration have been 
associated with malignant HBS [3, 4]. The subse-
quent radiological work-up includes abdominal 
ultrasound, magnetic resonance imaging (MRI), 
and magnetic resonance cholangiopancreatogra-

phy (MRCP), multidetector computed tomogra-
phy (MDCT), with rapid injection of contrast 
media, and positron emission tomography (PET) 
[1, 2, 4, 5]. These imaging techniques allow us to 
define the level of the stricture, and the presence 
or absence of intrahepatic biliary dilation evaluat-
ing its severity; moreover, they are crucial for 
excluding the presence of intrahepatic stones and 
ruling out a mass lesion [1, 2, 5]. If this is identi-
fied and the subsequent staging of the patient sug-
gests that the mass is resectable, then the patient 
should undergo surgery directly [1, 4, 5].

In approximately 30% of cases, a definite diag-
nosis is not obtained and there is a need for further 
investigation to rule out malignancy. Serum levels 
of immunoglobulin G4 should be measured in all 
patients with HBS, since IgG4-related diseases 
can mimic cholangiocarcinoma [4]. EUS+FNAB 
should be considered the first choice in potentially 
resectable patients because it avoids bile contami-
nation. ERCP with multiple brushing is recom-
mended in patients with indeterminate HBS, in 
order to obtain cytology specimens for making a 
diagnosis [2, 5]. FISH, Kras/p53 analysis, and 
flow cytometry should be used to improve the 
yield of brush cytology [2]. If a certain diagnosis 
is not made and there is still a clinical suspicion of 
malignancy, a repeat ERCP with cholangioscopy 
could obtain more tissue by means of targeted 
biopsies under direct cholangioscopic vision [1, 
2, 4, 5].  Lastly, intraductal ultrasonography 
(IDUS) and confocal laser endomicroscopy 
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(CLE) could be useful to identify patients with 
malignant HBS [2, 5]. However, these techniques 
are not widely used in clinical practice.

If eventually a diagnosis of malignancy is not 
made, close observation and follow-up of the 

patients with HBS are recommended to confirm 
the benign etiology of HBS [1, 2, 4, 5].

The decision-making process for the diagno-
sis of patients with HBS can be summarized in 
the following algorithm (Fig. 56.1):

Suspicion of
malignant

Hilar Biliary Stricture

Physical Exam and
History 

Laboratory tests
such as albumin level

CEA, CA19.9
and IgG4

Abdominal
Ultrasound

MRI and MRCP

Potentially
resectable

EUS+FNAB+IDUS

Unresectable/unfit
for surgery

MDCT PET

No malignancy

No malignancy

ERCP+brushing
+transpapillary

biopsies+
cholagioscopy 

ERCP+brushing
+transpapillary

biopsies+
cholagioscopy 

No malignancy

No malignancy

Fig. 56.1  Diagnostic work-up of patients with hilar biliary strictures
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AP	 Acute pancreatitis
BD-IPMN	 Branch-duct intraductal papillary 

mucinous neoplasm
CE-CT	 Contrast-enhanced computed 
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CE-EUS	 Contrast-enhanced endoscopic 
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EUS	 Endoscopic ultrasound
HGD	 High-grade dysplasia
IPMN	 Intraductal papillary mucinous 

neoplasm

MCN	 Mucinous cystic neoplasm
MPD	 Main pancreatic duct
MRCP	 Magnetic resonance 

cholangiopancreatography
MRI	 Magnetic resonance imaging
NET	 Neuroendocrine Tumor
RP	 Recurrent pancreatitis
SCA	 Serous cystadenoma
SPN	 Solid pseudopapillary neoplasm
TA	 Tissue acquisition (fluid cytology, 

cyst wall fine-needle aspiration/
biopsy, through-the-needle biopsy)
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INCIDENTALLY DISCOVERED PANCREATIC CYST

Patient fit for pancreatic surgery?
no

yes

No further examinations 
or 

follow-up

Imaging studies*

yes
Are features of suspected IPMN present? **See IPMN algorithm

no

Unilocular/oligocystic lesion
Lesion morphology suggestive for
microcystic SCA ***

Follow-up

≥40mm with thickened wall/nodules

Strongly Consider Surgery

NET

SPN

Evaluate size, grade of dysplasia at cytology, thickening
of wall/nodules, patient age and preference

SCA

≥2cm or G2

<2cm, G1

MCN

EUS ± TA

yes

no

<15mm with regular wall****
yes

no

 

Footnotes:
∗Gadolinium-enhanced MRI with MRCP (pre-
ferred) and/or pancreatic protocol CE-CT
∗∗Communication with pancreatic ducts, multi-
focality, bunch of grapes morphology

∗∗∗Lobulated honeycomb shape ±  central scar/
calcification

∗∗∗∗Consider a first close follow-up for the risk 
of retention cyst in isodense pancreatic cancer
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SUSPECTED BD-IPMN ON IMAGING

Are absolute indication for surgery = high-risk stigmata present?*Surgery
yes

Are relative indication for surgery = worrisome features present?**

no

yes

no
Follow-up

EUS ± TA

Involvement
of the MPD***

Enhancing nodule
≥ 5mm at CE-EUS

Positive cytology
for malignancy/HGD

or or noyes

 

Footnotes:
∗Solid mass, enhancing mural nodule ≥5  mm, 
MPD ≥10 mm
∗∗Enhancing mural nodule <5  mm, MPD 
5–9  mm; thickened/enhancing wall, abrupt 
change in caliber of MPD with distal atrophy; 

SYMPTOMATIC CYST

Jaundice or mass effect

Surgery/palliation

History of AP

Is the cyst cause or consequece of AP?*

Cause (i.e., cystic neoplasm) Consequence (i.e., pancreatic collection)Doubtful

EUS ± TA
Fit for surgery patient?

yes

EUS-guided drainage if indicated**

Pancreatic sphincterotomy if RP in suspected IPMN

no

Footnotes:
∗Evaluate the relation between the presence of 
the cyst and the onset of pancreatitis (i.e., was the 
cyst already present at the time of AP?) and the 
cyst morphology

lymphadenopathy; new onset of diabetes melli-
tus; CA 19-9 ≥37 U/mL; grow rate ≥5 mm/year 
(or 2  years, depending on evaluated guideline); 
cyst size ≥30 mm (or 40 mm, depending on eval-
uated guideline)
∗∗∗MPD thickened wall/nodule or intraductal 
mucin 

∗∗Symptoms (mass effect, vomiting, jaundice, 
abdominal pain), sign of infection, or increasing 
size

57  Diagnosis of Pancreatic Cyst: Algorithm
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