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Endoscopy is an integral part of the diag-
nosis and therapy of several conditions 
related to liver disease. Over the past 
decade, there has been a dramatic improve-
ment in the technology and the number 
of endoscopic techniques available to the 
hepatologist or gastroenterologist with 
an interest in liver disease. This book 
fulfills the need for a comprehensive cover 
of all aspects of endoscopic procedures in 
the patient with liver disease including 
post‐liver transplantation. These range 
from well established procedures, such 
as endoscopic band ligation of varices, to 
novel approaches, such as EUS guided 
coil or glue injection of gastric varices 
and radiofrequency ablation of gastric 
antral vascular ectasia. The apparatus we 
use has improved continuously with the 
development of endoscopes for enhanced 

imaging, confocal probes, and dedicated 
stents for variceal tamponade, to mention 
but a few.

We, at the Mayo Clinic and at Royal 
Infirmary of Edinburgh, envisioned the 
utility of putting together a collection of 
articles about the role of endoscopy in liver 
disease, which would be of interest to those 
working or training in this area. We have 
been fortunate to enlist clinicians and 
scientists with international recognition in 
the field to contribute highly informative 
and practically useful chapters to the book. 
We acknowledge the support of Wiley for 
bringing this endeavor to fruition.

John N. Plevris
Peter C. Hayes

Patrick S. Kamath
Louis M. Wong Kee Song
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Introduction

Liver disease and cirrhosis remain com
mon causes of morbidity and mortality 
worldwide [1–3]. The significant advances 
in our understanding and treatment of 
liver disease, including liver transplanta
tion over the last 25 years, have resulted 
in hepatology increasingly becoming a 
separate specialty. Although in many 
countries hepatologists have received 
background training in gastroenterology 
and endoscopy, subspecialization often 
means that they are no longer practicing 
endoscopists.

On the other hand, there are healthcare 
systems where hepatologists come from 
an internal medicine background with no 
prior training in endoscopy. It is therefore 
important for the modern hepatologist to 
have a full appreciation and up to date 
knowledge of the potential of endoscopy 
in liver disease and to ensure that there is 
a close collaboration between hepatology 
and endoscopic departments. In parallel 
to this, endoscopy has undergone a period 
of rapid expansion with numerous novel 
and specialized endoscopic modalities 
that are of increasing value in the investi
gation and management of the patient 
with liver disease.

The role of endoscopy in liver disease is 
both diagnostic and interventional. Endos
copy is commonly offered to patients with 
relevant symptoms (unsuspected liver 
disease may be diagnosed in this manner) 
and has a role in the management of 
inpatients with pre‐existing liver disease, 
mainly for variceal screening and therapy. 
Furthermore, such patients can be chal
lenging to sedate and the complexity and 
number of endoscopies in liver disease 
continue to increase with rising numbers 
of end‐stage liver disease patients, patients 
who are considered for liver transplanta
tion, and in post‐liver transplant patients.

It is therefore not surprising that 
advanced endoscopic modalities, such as 
endoscopic ultrasound (EUS), endoscopic 
retrograde cholangiopancreatography 
(ERCP), cholangioscopy (e.g., SpyGlass™), 
confocal endomicroscopy, and double bal
loon enteroscopy, have all become integral 
in the detailed investigation and treatment 
of liver‐related gastrointestinal and biliary 
pathology (Figure 1.1).

It is now clear that the role of endoscopy 
in liver disease is well beyond that of just 
treating varices. As endoscopic technology 
advances, so do the indications and role 
of the endoscopist in the management of 
liver disease.

1

Equipment, Patient Safety, and Training
John N. Plevris1 and Scott Inglis2

1 Professor and Consultant in Gastroenterology, Centre for Liver and Digestive Disorders, Royal Infirmary of Edinburgh, 
University of Edinburgh, Edinburgh, Scotland, UK
2 Senior Clinical Scientist and Honorary Lecturer, Medical Physics, NHS Lothian/University of Edinburgh, 
Royal Infirmary of Edinburgh, Edinburgh, Scotland, UK
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Equipment

Endoscopy Room Setup

Optimum design and layout of the endos
copy room are important to ensure maxi
mum functionality and safety while 
accommodating all the state of the art 
technology likely to be needed in the 
context of investigating complex patients 
with liver disease. The endoscopy room 
needs to be spacious with similar design 
principles to an operating theatre. Gas 
installations and pipes should descend 
from the ceiling and the endoscopy stack 
unit and monitors should be easy to 
move around and adjust according to the 

desired procedure, or mounted on pendants 
to maximize floor space.

A multifunctional endoscopy room able 
to accommodate different endoscopic 
procedures, such as esophagogastrodu
odenoscopy (EGD), enteroscopy, ERCP, 
and EUS, is advantageous. As such, the 
room design should be able to contain the 
following equipment:

1) An endoscopic stack system contain
ing a light source and video processor 
unit that has advanced features (e.g., 
high definition (HD), alternate imaging 
modalities, image processing), HD 
capable monitor, and HD video and 
image capture device.

Endoscopic
imaging

Conventional
(white light)

Microscopic

Optical

Confocal

Optical

Digital

Digital
(post-processing)

Upper GI
endoscopy

Scope tracking
[Scope guide / 
Surescope 3Di]

Double balloon
colonoscopy

Double balloon
enteroscopy

Single balloon
enteroscopy

Cholangioscopy

Esophageal

Small bowel

Fuji FICE

Colon

Pentax I-scan

Olympus NBI

Fuji BLI/LCI

Colonoscopy

Ultrathin / TNE

Enteroscopy

ERCP

Capsule

Tone
enhancement

Autofluorescence

Narrow band
light source

Contrast dye

Absorbed dye

Radial miniprobe
EUS

Radial EUSEndoscopic ultrasound

Linear EUS

Optical – Digital
(pre-processing)

Chromoendoscopy

Magnification

Enhancement

Tomographic

Figure 1.1 Endoscopic modalities used in the investigation and treatment of hepatobiliary disease and 
related disorders. BLI/LCI, blue color imaging/linked color imaging; ERCP, endoscopic retrograde 
cholangiopancreatography; EUS, endoscopic ultrasound; FICE, flexible spectral imaging color 
enhancement; GI, gastrointestinal; NBI, narrow band imaging; TNE, transnasal endoscopy.
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2) A physiological stats monitor to 
monitor vital signs such as blood 
pressure, heart rate, blood oxygena
tion levels, and electrocardiographic 
(ECG) readings.

3) An ultrasound (US) scanner/processor 
compatible with EUS endoscopes. 
Such a scanner usually includes modal
ities such as tissue harmonics, Doppler, 
color and power flow, contrast, and 
elastography.

4) A reporting system that allows for the 
speedy capture of images and the gen
eration of reports connected to the 
central patient record system. This 
should be compatible with the hospital 
Picture Archiving and Communication 
System (PACS) for high resolution 
image transfer or videos.

5) A C‐arm installation connected to a 
central PACS system for image archiv
ing can be used in a well‐equipped 
endoscopy room shielded for radia
tion. Alternatively, in many hospitals, 
ERCP or other interventional proce
dures requiring fluoroscopic guidance 
are carried out in the radiology 
department in order to benefit from 
regular updates of high quality radiol
ogy equipment and the presence of a 
radiographer.

6) Basic equipment required for patient 
treatment and safety, such as suction, 
water jet units, argon plasma coagu
lation (APC), electrosurgery, and 
emergency trolleys for acute cardiores
piratory arrest, as well as equipment 
for elective and emergency intuba
tion and for delivery of general 
anesthesia.

7) Onsite pathology facilities (e.g., for real‐
time assessment of samples from EUS 
guided fine needle aspiration) may be 
found in many endoscopy units.

Endoscopic Stack

Modern endoscopic stacks have many 
common components  –  the light source 

to provide illumination and the video pro
cessor, which takes the endoscopic image 
from the charge coupled device (CCD) 
chip within the tip of the endoscope, pro
cesses the image and then displays it on 
the monitor in real time.

At present there are two methods 
employed for the transmission of light 
and display of the received image 
(Figure  1.2). One method is to transmit 
separate red (R), green (G), and blue (B) 
color spectrum wavelength components 
generated by RGB rotating filter lenses 
via an optical fiber bundle into the gas
trointestinal tract. The reflected light 
intensity changes obtained from each 
RGB light are detected via a monochrome 
CCD where the video processor com
bines these with the appropriate R, G, or 
B color to generate a “white light” or color 
image, where each element of the CCD is 
one pixel of each frame of the video. The 
second option is to transmit white light, 
without alteration, and then detect the 
image using a color or RGB CCD, where 
multiple elements of the CCD are used to 
create one pixel in the video frame. A 
newer method, not widely used currently, 
that removes the need for the fiber trans
mission bundles, is the introduction of 
light emitting diodes (LEDs) built into the 
tip or bending section of the endoscope. 
The anatomy is imaged using a RGB 
CCD. Each transmission method has 
advantages and disadvantages, but in 
general visible resolution and detail defi
nition of the image, due to advances in 
CCD manufacture and technology, have 
greatly improved irrespective of the tech
nique used.

Furthermore, as camera chip or CCD 
technology has increased in resolution 
and decreased in size, manufacturers 
have been able to take advantage of 
improvements in display technology 
to visualize the gastrointestinal tract in 
high resolution, thus giving the endos
copist a new dimension in detecting 
pathology.



Equipment, Patient Safety, and Training4

Image Enhancing Modalities

Manufacturers have introduced various 
image enhancement techniques (Figure 1.3) 
to aid in the detection and delineation of 
pathology for more accurate diagnosis 
and targeted treatment [4]. Examples of 
these include narrow band imaging (NBI; 
Olympus Corp., Tokyo, Japan), flexible 
spectral imaging color enhancement 
(FICE; Fujinon Corp., Saitama, Japan), 
and i‐Scan (Pentax Corp., Tokyo, Japan). 
NBI operates on a different principle to 
the other systems, as it limits the trans
mitted light to specific narrow band wave
lengths centered in the green (540 nm) 
and blue (415 nm) spectra. This allows for 
detailed mucosal and microvascular visu
alization, thus facilitating early detection 
of dysplastic changes. Alternatively, FICE 
and i‐Scan use post‐image capture process
ing techniques that work on the principle 

of splitting the images into “spectral” com
ponents. Specific spectral components 
are then combined, with the “white light” 
image, in a number of permutations, thus 
creating different settings that aim to 
enhance the original endoscopic image 
and delineate the gastrointestinal mucosa 
or vascular structures.

New Advances in Image 
Enhancement

An alternate image enhancement tech
nique to NBI, i‐Scan, and FICE has been 
introduced by Fujifilm with the release 
of the ELUXEO™ endoscopy system, con
sisting of a new video processor and light 
source. Within the light source, Fujifilm 
have replaced the standard xenon lamp 
and have instead incorporated four LEDs 
with wavelengths in the red, green, blue, 

Light source(a)

(b)

Endoscope

Light
guide

Monochrome
CCD

camera

Light intensity images
from monochrome

CCD

Reconstructed
white light image

Xenon
lamp

Xenon
lamp

Rotating
RGB optical

filter Gastrointestinal wall

Light
guide

Color
CCD

camera

Gastrointestinal wall

Video processor

Light source Endoscope Video processor

Figure 1.2 (a) Transmission of RGB (red, green, blue) light wavelengths that are detected using a 
monochrome charge coupled device (CCD). (b) Transmission of white light that is visualized using a 
color CCD.
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Figure 1.3 (a) Narrow band imaging (NBI) using a monochrome charge coupled device (CCD) camera (mainly used in UK and Japan). (b) 
Altered version of NBI for use with the color CCD camera (Europe and USA/rest of world). (c) Flexible spectral imaging color enhancement 
(FICE). B, blue; G, green; R, red; WL, white light.
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and blue‐violet spectra. They have replaced 
FICE with two dedicated image enhance
ment techniques: (i) blue light imaging 
(BLI); and (ii) linked color imaging (LCI). 
The incorporation of a dedicated blue‐
violet LED takes advantage of the short 
wavelength absorption of hemoglobin 
(410 nm), which can enhance the under
lying superficial vascularity and mucosal 
patterns (Figure  1.4). LCI is an image 
processing technique that separates the 
four color channels to allow for the 
enhancement of the difference in the red 
color spectrum and improve the detection 
and delineation of mucosal inflammation 
(Figure 1.5).

Endoscopes

The quality of modern endoscopes has 
greatly improved; they are far more 
ergonomic in design and lighter, with 
superior picture resolution and definition. 
Endoscopes have also become slimmer 
and this has significantly impacted on 
patient safety and comfort. The incorpo
ration of high resolution (up to 1 million 
pixels) and high definition (>1 million 
pixels) camera technologies into modern 
endoscopes and the introduction of new 
image enhancement techniques have 
significantly enhanced the endoscopist’s 
arsenal in the detection and treatment of 
gastrointestinal pathologies. With such 
advanced optics, fine mucosal details can 
be visualized which may reveal subtle 
pathology, such as angioectactic lesions, 
watermelon stomach, portal hypertensive 
gastropathy, enteropathy, and ectopic 
varices at a far earlier stage than with 
older generation endoscopes.

Modern endoscopes are far more 
advanced than previous generation ones, 
resulting in more space being available in 
the insertion tube, and therefore larger 
working channels can be included, allow
ing for more powerful air suction and 
insufflation, as well as water irrigation to 
clean the lenses. Powerful air insufflation 

can often flatten even large varices. This 
has to be taken into account when grading 
varices using a commonly used classifica
tion system by Westaby et  al. [5], which 
depends on the percentage of circumfer
ence of the esophageal lumen occupied 
by a varix and whether the varix can be 
flattened by air insufflation.

In general, the types of upper gastroin
testinal endoscopes used in the context of 
liver disease are the standard endoscopes 
that possess a working channel of 2.8 mm, 
the therapeutic endoscopes with a work
ing channel of 3.2 or 3.6 mm (often used 
in the context of upper gastrointestinal 
bleeding), and more recently the high res
olution ultrathin endoscopes (5.9 mm). 
The latter have become more popular in 
the last few years, not only in diagnostics, 
but also in the assessment of varices, 
particularly for patients who have been 
finding frequent surveillance endoscopies 
to monitor variceal progression stressful. 
Such endoscopes can be used transnasally, 
which has been shown in some studies 
and select patient populations to be more 
comfortable than standard endoscopy [6]. 
Ultrathin endoscopes improve patient tol
erance while maintaining an adequate or 
even near standard size working channel 
(2.4 mm) for endoscopic biopsies. Such 
endoscopes, however, are not suitable for 
endoscopic variceal banding (Figure 1.6).

Endoscopic Ultrasound
Side and front optical viewing endoscopes 
with appropriate technology have been 
used to perform EUS, and these are 
commonly used for diagnosis and therapy 
in the patient with liver disease. This 
technique can be of value in the diagno
sis of varices, particular ectopic varices 
(Figure  1.7), in assessing eradication of 
varices, and in delivering EUS guided ther
apies, such as thrombin or cyanoacrylate 
injection for variceal obliteration [7]. EUS 
guided measurement of the hepatic venous 
pressure gradient (HVPG) is possible, as 
are biopsies of the hepatic parenchyma 
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Figure 1.4 (a) The function of the four light emitting diodes (LEDs) in relation to the depth of 
penetration of the light spectra from the new ELUXEO™ light source. (b) The difference in the 
transmitted spectra when in white light, blue light imaging (BLI) and linked color imaging (LCI) modes. 
(c) The short wavelength absorption characteristics of hemoglobin in comparison to the transmitted 
light spectra of BLI. (d, e) Images of a polyp captured using (d) white light, and (e) BLI. 
Source: Reproduced with permission of Aquilant/Fujifilm.
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and masses in the left lobe of the liver. 
Both linear and radial echoendoscopes 
(Figure 1.8) should be available with appro
priate clinical expertise in a center dealing 
with complex patients with liver disease. 
Additional modalities, such as tissue harmo
nics, Doppler color and power flow, contrast, 
and elastography (for assessing tissue stiff
ness), are also of value in the context of liver 
disease. The use of high frequency (12 or 
15 MHz) ultrasound miniprobes through 
the working channel of a standard or double 
channel therapeutic endoscope can also 
be used for a quick assessment of variceal 
obliteration (Figure 1.9).

Endoscopic Retrograde 
Cholangiopancreatography
The latest ERCP scopes, together with the 
SpyGlass™ technology [8], have enabled 
direct visualization of the biliary tree and 
this has significantly improved our ability 
to diagnose malignant biliary disease. In 
2007, the first generation SpyGlass™ Direct 
Visualization System (Boston Scientific 
Corp., Natick, MA, USA) was introduced 
(Figure 1.10). This relied on a small fiber
optic bundle with an external CCD, 
introduced into a dedicated catheter, to 
visualize the biliary tree. The SpyGlass™ 
DS system introduced in 2015 has evolved 

(a) (b)

Figure 1.5 Views of the esophagus in (a) white light mode and (b) linked color imaging mode. 
Source: Reproduced with permission of Aquilant/Fujifilm.

Figure 1.6 Tip of a standard endoscope (9.2 mm, 
left) versus the tip of an ultrathin endoscope 
(5.9 mm, right).

Figure 1.7 Appearance of an ectopic varix under 
endoscopic ultrasound in the second part of the 
duodenum.
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to be a small digital endoscope, with 
improved optical resolution (approxi
mately × 4), a wider field of view (60%), 
and dedicated LED illumination.

Recently there have been safety con
cerns about the design of the ERCP endo
scopes and their ability to be sterilized 
adequately as bacterial transmission of 
resistant bacteria from patient to patient 

has been reported [9–12]. As can be 
appreciated by the complex design of the 
tip of the ERCP endoscope (Figure 1.11), 
meticulous cleaning is required to ensure 
high level decontamination of such endo
scopes. This has led to the revision of 
decontamination protocols [13] and calls 
for the revision of the design of the latest 
ERCP endoscopes [14].

(a) (b)

(c) (d)

Figure 1.8 Endoscopic ultrasound (EUS) equipment with (a) a miniprobe 2.6 mm in diameter; (b) and 
(c) are 360° radial views, one with side viewing optics and the other with front viewing optics, 
respectively; and (d) the linear or fine needle aspiration EUS instrument.

(a) (b) (c)

Figure 1.9 (a) Injection of thrombin for variceal obliteration using an endoscopic ultrasound miniprobe 
(grey arrow) and an injection needle (blue arrow). (b) Appearance of varices under a 12 MHz miniprobe 
(white arrow). (c) “Snow storm” appearance of an obliterated area of a varix (white arrow) following 
thrombin injection.
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There has been an increase in the use of 
deep enteroscopy (both single and double 
balloon) in the management of patients 
with chronic liver disease [15]. These 
endoscopes are used for deep intubation 
and access to the common bile duct 
(double balloon assisted– ERCP) in the con
text of altered anatomy (e.g., Roux‐en‐Y in 

cases of hepaticojejunostomy) or for the 
investigation and treatment of small bowel 
pathology in the patient with liver disease 
(e.g., treatment of ectopic varices or biop
sies of the small bowel in the post‐liver 
transplant patient to exclude sinister 
pathology such as lymphoma). Such pro
cedures require special expertise, are 
time consuming, and preferably should 
be performed under general anesthesia.

Colonoscopy
Colonoscopy in the patient with liver 
disease is not dissimilar to other patients. 
HD colonoscopes should be used to 
ensure diagnosis and therapy are opti
mized. Appropriate enhanced imaging 
modalities, such as NBI and FICE, are 
available although their value in the colon 
has been debated compared with that in 
the upper gastrointestinal tract.

High quality colonoscopy is particularly 
important in the workup of patients prior 
to liver transplantation to ensure that 
colon cancer is not missed. This is particu
larly important in the context of primary 

(a) (b)

Figure 1.10 (a) SpyGlass™ system and first generation catheter for the direct visualization of the biliary 
tree. (b) Second generation SpyGlass™ DS processor and single use endoscope.

Figure 1.11 Tip of an ERCP endoscope. The 
complex design to ensure effective movement 
of the bridge is associated with increased risk of 
infection transmission despite appropriate 
decontamination.
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sclerosing cholangitis. Colonoscopy may 
also be required in the evaluation of gas
trointestinal bleeding and the treatment 
of colonic (mainly rectal) varices.

Wireless Endoscopy
Wireless capsule endoscopy is valuable in 
the assessment of esophageal varices in a 
selected group of patients with liver dis
ease who for a number of reasons may not 
be keen to undertake routine endoscopic 
surveillance [16] and in patients with sus
pected small bowel sources of bleeding 
[17]. The basic schematic of the capsule 
and the procedure setup are detailed in 
Figure 1.12. They mainly consist of a power 
source (batteries), a CMOS (complemen
tary metal oxide semiconductor) or CCD 
chip, lens and associated imaging board, 
illuminating LEDs, and a transmitter to 
wirelessly transmit or stream the video to 
an external recorder. Several companies 
now compete and produce high quality 
wireless systems with slightly different 
capsule characteristics (Figure 1.13).

Accessories and Consumables

A number of accessories are routinely 
used in the context of endoscopy in liver 

disease. These include variceal band ligators, 
endoloops, injection needles for delivering 
sclerosants (rarely used nowadays), throm
bin or cyanoacrylate (superglue), and fine 
needle devices for the deployment of coils. 
All these techniques have been shown to 
be relatively minimally invasive but effective 
in controlling variceal bleeding [18–20]. 
Other modalities include APC for the 

Application specific
integrated circuit (ASIC)

transmitter
AntennaCapsule

Capsule
pathElectrode

array

Recorder

Wireless
transmission

Real-time
viewer

Batteries

Image
processing

circuit

Illuminating
LEDs

Optical
dome

CMOS
CCD

Figure 1.12 Wireless capsule measurement setup and basic capsule schematic. CCD, charge coupled 
device; CMOS, complementary metal oxide semiconductor; LED, light emitting diode.

(a)

(b)

(c)

Figure 1.13 Examples of the internal and 
external structure and components of the main 
capsule systems. Both (a) and (c) use 
radiofrequency (RF) transmission and dedicated 
RF receiver arrays for wireless video recording, 
whereas (b) uses the body to transmit the video 
to the recorder. Standard electrodes in an array 
are used to pick up the video signals.
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delivery of coagulation for bleeding from 
gastric vascular ectasia, as well as recently 
introduced radiofrequency ablation (RFA) 
probes for the therapy of obstructing 
cholangiocarcinoma. It is now widely 
accepted that single use accessories and 
consumables should be used to ensure 
maximum infection control.

In conclusion, a well‐designed and well‐
equipped endoscopy unit is important for 
the delivery of state of the art endoscopic 
therapy for patients with liver disease, 
whose diseases for the most part are high 
risk and of high complexity.

Patient Safety and Training

Patient safety is best achieved by high 
standards of equipment disinfection and 
maintenance, appropriate patient selec
tion, and endoscopy of high risk patients in 
a safe environment (e.g., critical care unit) 
with adequate support from anesthesiol
ogists and an appropriately trained team 
of endoscopists and nurses.

Cleaning and Disinfection 
of Endoscopes

Endoscopes need to go through a com
plex disinfection/sterilization procedure 
to eliminate the transmission of bacteria, 
viruses, parasites, fungi, and spores, as well 
as prions that can transmit spongiform 
encephalopathy. As such, strict operating 
protocols should be in place and followed 
in a very rigorous manner based on pub
lished guidelines and standards relating to 
disinfection/sterilization processes. This 
improves the safety and minimizes the risk 
of infection in patients undergoing endos
copy. Publications such as the Guidelines 
and Tools for the Sterile Processing Team [21] 
and sterile processing accreditation sur
veys [22] published by the Association of 
periOperative Registered Nurses’ (AORN) 
journal, and important communications 

and updates from regulatory bodies such 
as the Food and Drug Administration and 
Centers for Disease Control, raise aware
ness among healthcare professionals and 
ensure that a high level of safety is main
tained [23,24].

Accreditation surveys performed by 
specialist agencies and professional 
organizations are peer reviewed and focus 
on safety and quality of patient care, thus 
encouraging the development and adher
ence to robust processes for endoscopy 
units in order to achieve accreditation.

In most endoscopy units, automated 
cleaning/washing machines are available 
for cleaning and reprocessing the endo
scopes. Depending on the number of 
endoscopy rooms and the volume of 
endoscopic procedures per week, specific 
guidelines exist regarding the design of 
decontamination facilities to ensure effec
tive risk control. The Choice Framework 
for Local Policy and Procedures 01‐06 by 
the UK Department of Health [25] details 
the best evidence based policies and gives 
comprehensive guidance on the manage
ment and decontamination of reusable 
medical devices.

It is particularly important to ensure 
that the workflow within the endoscopy 
unit is from dirty to clean. Such workflow 
avoids recontamination of reprocessed 
endoscopes from unprocessed, and thus 
contaminated, devices. An example of a 
high throughput reprocessing unit is 
illustrated in Figure 1.14.

Employment of appropriately trained 
staff accountable to a management 
structure is important to ensure adher
ence to decontamination protocols and 
best utilization of resources. The pur
chase of suitable automated endoscope 
reprocessors is important. Optimal repro
cessing also depends on the local quality 
of water used, the decontamination agents 
used, and the endoscope manufacturer 
to ensure compatibility and minimization 
of the damaging effect of disinfection on 
endoscopes.



Patient Safety and Training 13

The previously used aldehyde based 
detergent (glutaraldehyde) should be 
avoided as this may result in fixing prions 
inside the endoscopes, thus increasing the 
risk of transmission of prions, leading to 
spongiform encephalopathy. In general, 
neutral pH or neutral enzymatic agents 
are recommended because of their effec
tive decontamination while having the 
least damaging effect on endoscopes.

Rigorous and regular microbiological 
tests reflecting the best evidence based 
practice are necessary to ensure that the 
decontamination process remains of high 
standard. The decontamination room staff 
should constantly be in communication 
with the infection prevention and control 
teams, which typically include medical 
and nursing personnel and a microbiolo
gist trained in infection control.

Transmission of hepatitis viruses is very 
rare if all standard operating procedures 
are followed. It is, however, particularly 
important in the context of liver disease to 
ensure that there are robust systems in 
place for tracking all endoscopes used 
through a unique endoscope identifier, as 
well as being able to trace the journey of a 

particular endoscope through its decon
tamination and clinical usage. Such infor
mation is critical in the unfortunate event 
of a safety breach, which may expose 
several patients to risks of infection, so 
as  to be able to recall all patients who 
underwent procedures with inadequately 
sterilized endoscopes and provide pro
phylactic therapy as appropriate.

Specifically in the context of prion trans
mission, it is of paramount importance that 
early action be taken in the event that the 
guidelines have not been followed during 
a procedure with a high risk for transmis
sion of variant Creutzfeldt–Jakob disease 
(vCJD), thus potentially contaminating the 
endoscope. Such endoscopes need to be 
quarantined immediately, as once they have 
been contaminated there is no safe method 
of disinfection. These endoscopes should 
be reserved exclusively for an individual 
patient at high risk of vCJD if future endo
scopic procedures are required. Specific 
guidelines regarding prion transmission 
are in place through the British and 
American Societies of Gastroenterology. 
A summary of these guidelines is pre
sented in Figure 1.15 [26,27].
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Figure 1.14 Optimum layout of a disinfection/decontamination unit as recommended by the UK 
Department of Health. PPE, personal protective equipment. Source: Adapted from © British Crown 
Copyright 2016, licensed under http://www.nationalarchives.gov.uk/doc/open‐government‐licence/
version/3/.
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Endoscopic
Imaging

Gastroscopy

Diagnostic (NI) Very low risk: as long as no biopsy is taken

Medium: as scope can come into contact with olfactory
epithelium. Risk of contamination should be determined by

consultant. If at risk then quarantine

Working Channel (WCh) likely to be contaminated: cytology is
negligible risk if sheathed technique used

Low risk: if sheathed cytology brush is used

No risk: no contamination of WCh likely

Increased risk of WCh contaminated: tissue can adhere to
catheter and likely to enter WCh

Increased risk of WCh contaminated: can be used to arrest
bleeding but tissue can adhere to probe and likely to enter WCh.

HP should be destroyed

Possible risk: injection needle can connect with submucosal
tissue. Ensure needle is sheathed before entering WCh. Poor
technique could lead to possible contamination and change

procedure to invasive

Low risk: submucosal lymphoid tissue should not be disrupted.
Tissue should have no contact with WCh

Very low risk: no disruption of lymphoid tissue. No
contamination of WCh

Very low risk: stent insertion does not disturb lymphoid tissue.
Re-scoping, WCh not likely to be contaminated

Increased risk of WCh contaminated: invasive procedure that is
liable to contaminate WCh

Very low risk: no contamination of WCh likely

Significant risk of contamination: as balloon is withdrawn into
channel + removal of stones, etc.

Significant risk of contamination: as knife has adherent tissue,
likely to contaminate WCh + removal of stones, etc.

Very low risk: as long as no biopsies are taken

Very low risk: BD disrupts lymphoid tissue; Balloon and scope
must be withdrawn from patient without entering WCh, cut off

balloon tip and destroy

Increased risk of WCh contaminated: tissue can adhere to snare
and polyp fragments can be sucked into WCh. See Note 2

Increased risk of WCh contaminated: tissue can adhere to
catheter and likely to enter WCh

Very low risk: stent insertion does not disturb lymphoid tissue.
Re-scoping, WCh not likely to be contaminated

Very low risk: as long as no biopsies are taken

WCh likely to be contaminated: if available, use sheathed forceps

Very low risk: as long as no biopsies are taken

Possible contamination: minimized as needle is sheathed before
entering working channel

WCh likely to be contaminated: use sheathed biopsy where
feasible. See Note 1

Possible risk: contamination of WCh possible depending on
technique. “Pull through” technique increases risk of

contamination and changes procedure to invasive. Either
perform radiologically or withdraw wire or thread without

entering endoscope WCh (Grasping device in full view at all times
during withdrawal)

Increased risk of WCh contaminated: tissue can adhere to snare
and polyp fragments can be sucked into Wch (Note 2. Some
endoscopists advocate slow continuous irrigation of WCh to
minimize possible contamination. However, if fragments enter

WCh it is deemed invasive)

Very low risk: BD disrupts lymphoid tissue; Balloon and scope
must be withdrawn from patient without entering WCh, cut off

balloon tip and destroy

(Note1. Practice of taking single biopsy and removing endoscope
with forceps protruding and then severing tip is discouraged.)

Diagnostic TNE (I)

+ biopsy (I)

+ brush cytology (NI)

+ balloon dilation (BD) (NI)

+ bougie dilation (NI)

+ polypectomy (I)

+ endoscopic mucosal
resection (EMR) (I)

+ APC (I)
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+ injection of varices (NI)

+ banding of varices (NI)

+ mucosal clipping (NI)

+ stenting (NI)
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Colonoscopy
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Figure 1.15 Endoscopic procedures considered high risk for prion transmission in pink and low risk in 
green. APC, argon plasma coagulation; ERCP, endoscopic retrograde cholangiopancreatography; EUS, 
endoscopic ultrasound; I, invasive; NI, non‐invasive; TNE, transnasal endoscopy. Summarized from 
Transmissible Spongiform Encephalopathy Agents: Safe Working and the Prevention of Infection: Annex F: 
Endoscopy, 2015.
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It is now recommended to routinely use 
single use endoscopic accessories, which 
minimize the risk of transmission of infec
tion. Storage of disinfected endoscopes 
should be in designated clean and dry 
areas, preferably in dedicated storage 
cabinets with HEPA (high efficiency par
ticulate air) filtered air, which allows 
the endoscopes to be stored and dry for 
72 hours without the need for reprocessing. 
This is particularly useful in busy units 
with regular off hours endoscopy.

Patients

A detailed history of previous infection 
should be taken to ensure that high risk 
patients for viral hepatitis, as well as vCJD 
and other infectious diseases, are identified. 
In that respect, important information, such 
as travel to endemic areas for infections and 
previous blood transfusions or administra
tion of blood products or surgery in the 
past, needs to be carefully recorded.

Patients with liver disease at risk of cardi
orespiratory compromise should receive the 
endoscopy under anesthetic support. This is 
particularly important for patients with 
encephalopathy and those with alcohol with
drawal symptoms who are far more sensitive 
and run a high risk of permanent brain injury 
even after short periods of hypoxia following 
aspiration or cardiac arrest.

Endoscopy in patients at risk of multio
rgan failure should be performed in a crit
ical care environment. The decision and 
timing of endoscopy should always be bal
anced against the risks for the individual 
patient with liver disease. Optimization 
of the patient’s clinical condition by 
correction of coagulopathy, prophylactic 
antibiotics, and judicious use of blood 
transfusion is the cornerstone of safe 
endoscopy in such patients.

Health Personnel and Training Issues

Since each patient or health staff member is a 
potential source of infection, precautions 

are necessary from the personnel point of 
view to avoid being infected or to pass 
infection to patients. Personnel should be 
vaccinated in case of hepatitis A or B or 
other infection, such as typhoid, depending 
on the prevalence of such infections in 
their environment. Meticulous hand wash
ing before and after treating each patient 
should be practiced. It is also desirable that 
operators wear protective gowns during 
endoscopic procedures, as well as gloves, 
designated shoes, and, whenever appropri
ate, masks and protective eyewear. Training 
and operating protocols should be available 
in each endoscopy room, reviewed at regu
lar intervals, and evaluated to ensure that 
they are followed. Any incident should be 
immediately notified to the hospital safety 
team to ensure that the incident is investi
gated. Such incidents should be reviewed 
at regular endoscopy quality improvement 
meetings to ensure that policies and proce
dures can be modified to avoid similar 
incidents in the future.

All practitioners performing endoscopy 
in patients with liver disease should have 
adequate training to recognize and treat 
esophagogastric varices in the elective and 
acute setting. Familiarization with appro
priate equipment and accessories on mod
els and simulators in “hands‐on” workshop 
sessions can greatly enhance training prior 
to participating in real life cases.

Medical teams should be particularly 
aware that the patient with liver disease is 
often likely to have hepatic decompensa
tion in the context of significant bleeding 
or a complication. Therefore, further 
management is often required in a critical 
care environment. This is particularly 
important for the cirrhotic patient with 
bleeding varices who has become enceph
alopathic and runs the risk of aspiration. 
Appropriate training to recognize such 
patients for transfer to a critical care unit 
and assisted ventilation is important. 
Close collaboration between the endos
copist and hepatologist is necessary, so 
that the endoscopist is fully aware of 
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hepatic complication risks and, likewise, 
the hepatologist is fully aware of the latest 
endoscopic developments available that 
can be used to maximize the quality of 
care of the patient with liver disease.
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Introduction

Sedation for endoscopy in patients with 
liver disease can be a challenging issue. 
Endoscopists often face the dilemma 
over providing sufficient sedation to 
allow for maximum patient comfort 
whilst maintaining safety. Although per-
forming endoscopy under sedation is 
not always necessary in the context of 
liver disease it ensures patient comfort, 
improved  tolerance, and procedure suc-
cess. This translates to compliance with 
future  procedures, as repeat endosco-
pies are often necessary for screening 
or treatment of portal hypertension 
complications. Sedation is associated 
with increased patient satisfaction and 
greater willingness to have a repeat pro-
cedure [1].

Pharmacokinetics is altered in liver dis-
ease due to impaired metabolism and often 
coexisting renal impairment. An altered 
unbound drug fraction due to decreased 
albumin synthesis and portal–systemic 
shunting will affect drug distribution. This 
complex interplay alters first pass clearance 

and drug elimination. Furthermore, drug 
to drug interactions, coexisting alcohol 
consumption, cerebral sensitivity [2], and 
minimal hepatic encephalopathy (HE) also 
affect pharmacodynamics. The majority of 
patients with cirrhosis and portal hyper-
tension may have covert or minimal HE 
[3,4]; these patients are more sensitive to 
benzodiazepines, which may then precipi-
tate overt HE.

Deep sedation has substantial variability 
regarding its effect on portal pressure and 
hepatic blood flow [5]. Despite most drugs 
being metabolized in the liver, there are 
no widely agreed guidelines on sedation 
and analgesia for diagnostic or therapeu-
tic endoscopic procedures in patients with 
liver disease.

Conscious sedation in gastrointestinal 
endoscopy is commonly practiced in the 
UK, North America, and most European 
centers. Endoscopists often choose to 
administer opioid analgesics in addition 
to a sedative medication, particularly for 
therapeutic endoscopy.

The need for sedation and/or analgesia is 
dictated by the complexity of the procedure, 
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the presence of comorbidities, and the 
severity of the liver disease as determined 
by the Child–Pugh or Model for End-
stage Liver Disease (MELD) score. In gen-
eral, complex and prolonged therapeutic 
procedures require deeper sedation and 
the co‐administration of analgesia. In 
such instances, it is important to receive 
input from an anesthesiologist to assess 
the need for general anesthesia or deeper 
sedation with a combination of propofol 
and opiates in a controlled and closely 
monitored environment.

In this chapter we discuss the com-
monly used medications for sedation and 
analgesia (Table  2.1) and the indications 
for deeper sedation, including a general 
anesthetic.

Midazolam

General

Midazolam is a benzodiazepine that acts as 
a depressant of the central nervous sys-
tem, with a sedation potency 1.5–3.5 times 

greater than that of diazepam [6]. 
Benzodiazepines have anxiolytic, amne-
sic, and sedative properties; and at higher 
doses act as anticonvulsants and muscle 
relaxants. Midazolam is preferred in most 
centers due to its pharmacokinetic profile 
as well as its potent amnesic properties [3]. 
It has a dose dependent action mediated 
through gamma aminobutyric acid (GABA) 
receptors and is reversed by the specific 
antagonist flumazenil.

Midazolam reaches its maximum effect 
after 3 – 4 minutes, although the duration 
of the effect is between 15 and 80 minutes, 
depending on cofactors including obesity, 
advanced age, and comorbidities such as 
liver or kidney disease [7].

Administration

Midazolam is usually given as an initial 
bolus of 30–50 µg/kg body weight for 
upper and lower gastrointestinal endos-
copy [6]. This translates to an initial dose 
of 2–3 mg in a 70 kg male. Subsequent 
0.5–1 mg bolus doses can be given until 
the desired sedation depth is reached. 

Table 2.1 Summary of sedatives and analgesics commonly used in gastrointestinal endoscopy.

Drug Dose
Reversal 
agent Advantages Disadvantages

Topical agent (lidocaine 
pharyngeal anesthesia)

100–200 mg 
topical spray

None 45–90 seconds
Rapid action

Anaphylaxis, aspiration

Midazolam 30–80 µg/kg Flumazenil 3–5 minutes
Quick action

Slower recovery*
Higher risk of precipitating 
HE*

Propofol 2–2.5 mg/kg 
(<55 years)
1–1.5 mg/kg 
(>55 years)

None 30–45 seconds
Rapid action

Narrow therapeutic window
Expert administration 
needed
Advanced monitoring 
needed

Fentanyl 50–100 µg Naloxone 3–5 minutes
Quick onset

May precipitate HE

Pethidine (meperidine) 25–50 mg Naloxone 5–8 minutes
Quick onset

Higher risk of precipitating 
HE†

* Relative to propofol.
† Relative to fentanyl.
HE, hepatic encephalopathy.



Propofol 21

Lower starting doses are recommended 
for patients who are frail, elderly, and 
with more advanced liver disease [6]. 
Midazolam administration by non‐anes-
thesiologist is commonly practiced as 
there is an antagonist available (flumaze-
nil) that can rapidly reverse sedation [1]. 
McQuaid and Laine [8], in their system-
atic review and meta‐analysis, suggest 
that moderate sedation provides a high 
level of physician and patient satisfaction 
as well as a low risk of serious adverse 
events.

Midazolam is rapidly metabolized in 
the liver by the cytochrome P450 via 
hydroxylation and conjugation with 
glucuronic acid [9]; therefore, the elimi-
nation half‐life and clearance of its 
metabolites can be significantly altered in 
liver disease [10]. MacGilchrist et  al. [9] 
observed a twofold prolongation of the 
elimination half‐life of midazolam (3.9 
versus 1.6 hours) as a result of decreased 
clearance in patients with end‐stage liver 
disease. In comparison with propofol, 
midazolam is more likely to precipitate 
overt HE in chronic liver disease [6,11,12], 
and even more so in advanced liver dis-
ease [13]. Therefore, caution is advised 
during administration, with adherence 
to dosages as recommended above. 
Midazolam in patients with decompen-
sated cirrhosis can result in prolongation 
of the sedative effect for up to 6 hours 
following administration [2].

Chalasani et  al. [14] showed that the 
bioavailability of midazolam in patients 
with cirrhosis and a transjugular intrahe-
patic portosystemic shunt was increased 
almost threefold compared with cirrhotic 
controls or healthy volunteers.

Propofol

General

Propofol is a sedative with minimal 
analgesic and amnesic effects. It is very 

lipophilic, which explains its rapid mode 
of action. It readily crosses the blood–
brain barrier and acts on GABA receptors 
to induce its sedative effect. It has an onset 
of action of approximately 30–45 seconds, 
peaking at 2 minutes, with an overall 
duration of 4–8 minutes. The depth of 
propofol sedation depends on the dose; 
even a single dose can result in various 
levels of sedation, therefore administra-
tion of propofol requires significant clini-
cal expertise in assessing the level of 
sedation so the dose can be adjusted 
appropriately [7].

A meta‐analysis found evidence that 
propofol is superior to midazolam for 
rapid sedation and recovery, with mini-
mal risk of sedation‐related side effects 
[15]. Due to concerns of potential pro-
gression to general anesthesia from 
deep sedation, the American Society of 
Anesthesiologists (ASA) recommend 
propofol administration by trained 
healthcare professionals who are inde-
pendent from the endoscopist carrying 
out the procedure. Their consensus 
statement prohibits non‐anesthetists 
from using propofol [16]. The concept of 
non‐physician assisted propofol sedation 
has been much debated; in established 
practices it has been deemed safe, 
although not completely free of risk even 
in healthy individuals [17].

Due to higher risk of apnea, prolonga-
tion of the QT interval, and hypotension, 
continuous cardiac and respiratory moni-
toring with capnography is recommended 
during propofol administration. Further-
more, propofol does not offer analgesia, 
and physiological response to pain can still 
be seen. Combining opiates may have 
additive benefit but the risk of deeper 
sedation and prolongation of recovery may 
be an undesirable effect. Propofol sedation 
during colonoscopy appears to have lower 
odds of cardiopulmonary complications 
compared with traditional agents, but for 
other procedures the risk of complications 
is similar [18].
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Administration

The dose of propofol for anesthesia 
induction in those <55 years of age is 
2–2.5 mg/kg administered as 40 mg IV 
boluses every 10 seconds until the onset 
of deep sedation. For patients >55 years 
age or debilitated or with stage ASA III/
IV disease, the dose is 1–1.5 mg/kg 
administered as 20 mg IV boluses every 
10 seconds until onset of deep sedation. 
As there is no reversal agent for propofol, 
personnel fully trained in performing 
cardiopulmonary resuscitation with the 
necessary equipment should be readily 
available throughout the procedure.

New drugs and drug delivery systems for 
endoscopic sedation, including fospro-
pofol disodium, patient controlled seda-
tion, target controlled infusion (TCI), and 
computer assisted personalized sedation, 
are currently being evaluated for effective-
ness and safety [19]. TCI uses a mathemat-
ical model to calculate the initial dosage 
needed to achieve a desired concentration 
of drug and then makes appropriate 
adjustments in the rate of infusion to 
maintain that level. A computer assisted 
personalized sedation device (Sedasys, 
Ethicon Inc., Somerville, New Jersey, USA) 
has recently received US Food and Drug 
Adminis tration (FDA) approval. This inno-
vative device combines target controlled 
infusion of propofol, a unique feedback 
system based on patient response to 
audible and tactile stimuli, and a physio-
logical monitoring unit. This system is 
programmed with a drug specific, popula-
tion based pharmacokinetic model that 
calculates the infusion rate necessary to 
achieve the target or desired drug concen-
tration in the blood, thus minimizing the 
risk of oversedation. However, this device 
has not gained clinical traction and has 
been pulled off the market.

Propofol provides more rapid sedation 
and recovery than midazolam and the 
risk of sedation related side effects does 

not differ significantly from that of 
midazolam [15]. Pharmacokinetics and 
protein binding of propofol are not 
significantly affected by moderate or 
compensated cirrhosis and, therefore, 
propofol is deemed safe in Child–Pugh 
A and B cirrhosis, although data in 
advanced liver disease are lacking. 
Nevertheless, experienced anesthetists 
usually administer lower doses in liver 
disease patients. Propofol is preferred 
for sedation in patients with liver disease 
due to its short half‐life, reflected in 
rapid recovery and time to discharge 
[20]; additionally it has a lower risk of 
inducing HE compared with midazolam 
[1,6,11,15,21,22].

Opiate Analgesics

Opiates bind to receptors in the central 
nervous system and act by increasing the 
pain threshold and altering pain percep-
tion. The liver is the major site of biotrans-
formation for most opiates. The oxidation 
of pethidine (meperidine) is reduced in 
patients with cirrhosis and its clearance is 
diminished, resulting in increased bioa-
vailability. Thus, pethidine should be 
avoided in patients with liver disease. The 
onset of action for pethidine is 5 minutes, 
with the peak effect at 10 minutes, and 
duration of action lasting 2–4 hours.

Fentanyl, in contrast, is a lipophilic syn-
thetic morphine analog that is chemically 
related to pethidine but is about 600 times 
more potent [7]. The maximum effect is 
expected after 6 minutes and the duration 
of effect is 20 – 30 minutes. The initial dose 
is usually 50 – 100 µg. Conversely, fentanyl 
has a shorter duration of effect due to 
redistribution into lipid storage sites. 
Fentanyl is transformed into an inactive 
metabolite that is excreted by the kidneys. 
However, in repeated or higher doses, it 
tends to accumulate.
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Combination Therapy

Combination of Midazolam 
with Fentanyl or Pethidine 
(Meperidine)

Fentanyl and midazolam are a widely 
used combination that achieves ade-
quate conscious sedation with analgesia 
and is very commonly used for most 
therapeutic endoscopies. The preferred 
combination is midazolam with fentanyl 
rather than pethidine (meperidine). The 
endoscopist usually administers both 
medications as the existing antagonists 
flumazenil and naloxone can rapidly 
reverse deeper sedation. Fentanyl is 
initially administered followed by a 
slow administration of midazolam, with 
boluses being given at the rate of 1 mg 
every minute until the effects of sedation 
are apparent. Radaelli et al. [23] demon-
strated significant patient comfort and 
willingness to have repeat endoscopies 
when the combination of midazolam and 
pethidine were used. The combination 
of midazolam and fentanyl has a similar 
effect but with the additional benefit of 
rapid recovery [24].

Combination of Propofol 
with Midazolam

Owing to synergistic activity on GABA 
receptors, propofol and midazolam in 
combination mutually potentiate action. 
Midazolam has a longer half‐life and 
duration of action than propofol. 
Therefore, a prolonged recovery time 
must be expected as compared with 
propofol monotherapy [7]. Such a combi-
nation should only be given by an experi-
enced anesthetist as it has a higher risk of 
deeper sedation, and it is often used in 
procedures that are anticipated to be 
prolonged or associated with significant 
discomfort.

Combination of Propofol 
with Fentanyl or Pethidine 
(Meperidine)

VanNatta and Rex [25] showed a need 
for higher doses in propofol‐only seda-
tion and a more delayed recovery and 
discharge while achieving a similar level 
of sedation as compared with combina-
tion therapy of propofol and opiate or 
propofol and midazolam. The combina-
tion of propofol and opiate appears to be 
as safe as the combination of midazolam 
with opiate [26].

Administration
The usual analgesic dose for fentanyl is 
50–100 µg through slow IV administra-
tion, 5–10 minutes prior to procedure. 
For pethidine it is 25–50 mg IV prior to 
procedure, although as previously stated 
pethidine is not favored in the context of 
liver disease.

The severity of liver cirrhosis is an inde-
pendent variable in determining the dura-
tion of drug action. Mao et al. [27] showed 
that combined sedation with propofol 
plus fentanyl is safe for both screening and 
variceal banding in cirrhotic patients. 
Correia et al. [1] reported a similar safety 
profile for patients with cirrhosis who 
underwent endoscopy with propofol and 
fentanyl as compared with those who had 
midazolam and fentanyl.

Emergency Therapeutic 
Endoscopy

Emergency gastrointestinal endoscopy 
is often required in patients with liver 
disease to treat variceal bleeding. A com-
plete assessment of the severity of the 
liver disease before endoscopy, including 
physical examination with grading of the 
severity of liver disease and documenting 
the presence of HE, is necessary. As a gen-
eral rule, sedation significantly facilitates 
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endoscopy in patients undergoing liga-
tion of varices [28], although it may 
worsen pre‐existing HE. Patients with 
hematemesis are at serious risk of aspi-
ration leading to respiratory arrest and 
hypoxia induced brain damage. Therefore, 
airway protection by endotracheal intu-
bation and ventilation for airway support 
is mandatory in these patients. Patients 
at particular risk include those with alco-
hol withdrawal symptoms, overt HE, or a 
history of epilepsy. In these situations, 
complex endoscopy should take place in 
units with anesthesiologists present and, 
in addition, one to one nursing support 
for optimizing outcome.

Complex and lengthy procedures, such 
as endoscopic retrograde cholangiopan-
creatography (ERCP), double balloon 
enteroscopy (DBE) or interventional 
endoscopic ultrasound (EUS), require 
deeper sedation to ensure quality of endo-
scopic examinations and an adequate 
completion rate [29]. Therefore, when 
such procedures are contemplated in 
patients with liver disease, the use of 
general anesthesia or propofol based deep 
sedation with the use of carbon dioxide 
insufflation represents the safest practice.

Airway intubation not only protects the 
airway but also diminishes latent (post‐
procedural) side effects of sedation, such 
as prolonged recovery due to stimulation 
of central GABA receptors in patients 
with pre‐existing encephalopathy.

Unsedated Endoscopy

Commonly, topical anesthesia with 
 lidocaine is offered for unsedated oral 
gastroscopy to improve tolerability. 
Furthermore, the use of medical nitrous 
oxide and oxygen mixture (Entonox, BOC 
Healthcare, Manchester, UK) in lower 
gastrointestinal endoscopy is common. 
The advent of minimally invasive tech-
niques has become a useful and expand-
ing adjunct in gastrointestinal endoscopy. 

Capsule endoscopy remains a useful diag-
nostic modality that does not require any 
sedation. However, capsule endoscopy 
underperforms when compared with con-
ventional per oral gastroscopy in the diag-
nosis and staging of esophageal varices [30].

The introduction of high definition, 
ultrathin endoscopes or single use (dis-
posable) endoscopes via the transnasal 
approach have provided a convenient 
method to diagnose and stage esophageal 
varices. Trans‐nasal gastroscopy with 
topical lidocaine and phenylephrine nasal 
application was found to be feasible, safe, 
and accurate for evaluating the presence 
of varices and red color signs in patients 
with cirrhosis; even in those with marked 
bleeding diathesis [31]. It was found to be 
significantly better tolerated by patients, 
without compromising endoscopists’ con-
fidence in diagnosis [31].

The main disadvantage of the above 
modalities is that they cannot offer 
therapeutic capabilities. Therefore, when 
treatment is required, conventional gas-
troscopy with sedation is still necessary.

Conclusion

When practicing sedation in endoscopy, 
geographic differences and preferences in 
practice across the world are inevitable. 
They depend on local facilities, equipment 
and personnel availability, expertise, and 
both patients’ and endoscopists’ prefer-
ences. For instance, due to limited anes-
thetic resources in many countries, the 
administration of propofol sedation by 
endoscopists has gained popularity [29]. 
The optimal sedation should be tailored to 
the individual patient’s needs and should 
balance risks versus benefits in relation to 
the type of procedure performed [29].

The introduction of new “non‐barbitu-
ric” intravenous anesthetics (propofol, 
ketamine, etomidate), with shorter half‐
lives and minimum accumulation of active 
metabolites, have greatly increased the 
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safety and efficacy of sedation, including 
in patients with liver disease.

Sedation and analgesia in liver disease 
are more challenging, and knowledge of 
the pharmacokinetics and pharmacody-
namics of the administered agents, as well 
as potential drug-to-drug interactions 
are essential, including reversal agents. 
Careful drug administration, balancing 
patient comfort and safety, and knowledge 
of time to peak effect are all vital in avoid-
ing oversedation. Furthermore, the choice 
of sedative either in isolation or in combi-
nation with opiates is at the endoscopist’s 
discretion but should be based on national 
guidelines and locally approved protocols. 
In the UK, most endoscopic procedures 
are performed under conscious sedation 
achieved by a combination of an opioid 

(typically fentanyl) and a benzodiazepine 
(typically midazolam). In countries such 
as the USA and Australia, and certain 
European centers, propofol is more fre-
quently used. Consumers (particularly in 
the USA) may expect largely painless 
medical procedures, and gastroenterolo-
gists may strive to enhance patient satis-
faction as well as compliance with 
screening recommendations as a practice 
marketing strategy [19].

Finally, the purpose, type of procedure, 
ASA grade, and severity of the liver 
 disease dictate the choice of sedation, 
with or without analgesia. Although max-
imum comfort is high desirable, patient 
safety is of paramount importance and 
the endoscopic consent process should 
reflect this.
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Introduction

It is well recognized that patients with 
cirrhosis have altered hemostasis mecha
nisms, with impaired regulation of both 
bleeding and clotting [1,2]. The distur
bance of hemostatic balance in liver 
disease poses a problem since existing 
diagnostic tests fail to adequately predict 
the clinical fate of the cirrhotic patient. 
Giannini et  al. state that one in five 
 cirrhotic patients who undergo various 
minimally invasive procedures have 
procedure related bleeding – a risk that 
garners any endoscopist’s attention [3]. It 
is well known that patients with chronic 
liver disease are prone to hemorrhagic 
events due to multiple factors, including 
defects in primary hemostasis, coagulation 
pathway, and fibrinolysis [2]. In addition, 
hemodynamic alterations, both in the 
micro‐ and macrovasculature, contribute 
to the incidence of bleeding. There is, how
ever, no accurate method of predicting 
post‐procedural bleeding in patients with 
liver disease. More recently, it has been 
recognized that patients with cirrhosis also 
have thrombotic events and their presumed 
“hypocoagulopathy” does not have a pro
tective effect against deep vein thrombosis 
[4,5]. In this chapter, we review coagulation 

abnormalities associated with liver disease 
and describe the risk stratification, moni
toring, and treatment of these patients in 
the setting of endoscopic intervention.

Coagulation Mechanism

The “Normal” Patient

The mechanisms of coagulation and 
hemostasis in the normal state are shown 
in Figure  3.1. Based on the practical 
perspective of the cell based model of 
hemostasis, the three phases of clotting 
are: primary hemostasis, coagulation, and 
fibrinolysis [2,6]. The hemostatic cascade 
can further be viewed as involving ini
tiation (or priming), propagation, and 
amplification. Hemostasis in the normal 
individual is initiated at the site of injury 
when tissue factor is released. This quickly 
forms a complex with factor VIIa, which 
in turn begins the cascade of activation of 
various factors until a priming amount of 
thrombin is formed. Thrombin cleaves 
fibrinogen to fibrin and participates in 
further activation of platelets, which serve 
as a phospholipid scaffold on which the 
reactions are amplified [2,4,7]. These acti
vated platelets bind to a complex of multi
meric endothelial derived von Willebrand 

3

Endoscopy in the Setting of Coagulation Abnormalities 
in the Patient with Liver Disease
Bezawit Tekola1 and Stephen Caldwell2 

1 Senior Fellow GI/Hepatology, Digestive Health Center, University of Virginia, Charlottesville, VA, USA
2 Professor of Medicine, GI/Hepatology, Digestive Health Center, University of Virginia, Charlottesville, VA, USA



Endoscopy in the Setting of Coagulation Abnormalities in the Patient with Liver Disease30

factor (vWF) and factor VIII to form a 
platelet plug, after which the coagulation 
cascade is amplified at the site of injury. 
This amplification process requires the 
platelet’s second function as the site of 
assembly for activated factors for the 
generation of thrombin, ultimately stabi
lizing the thrombus matrix via complex 
interactions [2,6,7]. During the course of 
these hemostatic reactions, counter‐regu
latory elements (such as protein C) are also 
activated, as is fibrinolysis, which serve as a 
counterbalance to the coagulation cascade. 
The proenzyme plasminogen is converted to 
its active form, plasmin, which in turn lyses 
fibrin and ultimately degrades the clot [2]. 
This is a highly regulated process whereby 

the plasminogen to plasmin ratio is bal
anced by platelet derived activators, such 
as tissue plasminogen activator (t‐PA), 
urokinase plasminogen activator, and acti
vated factor XII, and anti‐activators, such 
as plasminogen activator inhibitor (PAI), 
plasmin inhibitor, and thrombin activata
ble fibrinolysis inhibitor (TAFI) [2,4]. Any 
disturbance in this process may lead to 
excessive bleeding or clotting.

The “Liver” Patient

Historically, patients with cirrhosis were 
thought to have primarily a bleeding diath
esis, with presumed decreased ability to 
clot based on the presence of an elevated 
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international normalized ratio (INR) and 
low platelet count. However, recent evi
dence reveals that multiple aspects of the 
coagulation cascade are affected in liver 
disease [2,4,7] and, more importantly, con
ventional assays do not accurately reflect 
the true hemostatic state of the cirrhotic 
patient, especially with regard to the poor 
performance of the INR.

In 2011, Tripodi and Mannucci reviewed 
the key elements of the “procoagulant 
imbalance” in liver disease [2]. Patients 
with cirrhosis have reset to a new equilib
rium of hemostasis whereby the newly 
established antihemostatic elements in 
the cirrhotic state are compensated by 
prohemostatic elements (Table  3.1) [2]. 
Much of this hinges on diminished levels 
of liver derived protein C, which is a key 
counter‐regulatory element. Its role has 
been revealed by thrombin generation 
assays performed with and without a key 
protein C co‐activator: endothelial derived 
thrombomodulin.

In liver disease, each of the three phases 
of clotting described in the “normal” 
patient (primary hemostasis, coagulation, 
and fibrinolysis) is altered [2,6]. Patients 
have low procoagulant factors, low and 
possibly dysfunctional platelets, decreased 
thrombopoietin production, and increased 
endothelial derived nitric oxide and prosta
cyclin production (Table 3.1) [2,8]. These 
elements are in turn balanced by low anti
coagulant factors (protein C, protein S, 
and antithrombin) and high endothelial 

derived factors (factor VIII and vWF). 
When each defect is seen in isolation in 
the context of normal physiology, one 
would expect either active bleeding or 
clotting. However, in the patient with liver 
disease, it is basically “organized dysfunc
tion,” which has essentially reset a new 
and sometimes precariously balanced 
state of hemostasis.

Thus, the question naturally arises as to 
what leads to the tendency of these 
patients to bleed? Portal hypertension, 
leading to significant hemodynamic alter
ations, plays a significant role, as well as 
renal failure and endothelial dysfunction 
(possibly due to bacterial infections) that 
tip the hemostatic scale (Table 3.2) [2]. We 
now recognize that patients with cirrhosis 
are also at risk for venous thrombotic 
events [5]. One explanation may be the 
relative protein C resistant state that favors 
clotting, in addition to relative hemody
namic changes (i.e., stasis in hospitalized 
patients) [4,9].

Measuring the Bleeding Risk 
in Liver Disease: Knowns 
and Unknowns

Some studies demonstrate the bleeding 
risk to be as high as 20% amongst patients 
with advanced liver disease undergoing 
minimally invasive procedures or non‐
major surgeries [3]. With a relatively high 
rate for bleeding, one understands the 

Table 3.1 Drivers of hemostasis in cirrhosis. Source: Adapted from Tripodi et al. 2006 [7].

Prohemostatic drivers Phases of hemostasis Antihemostatic drivers

↑ von Willebrand factor
↓ ADAMTS13

Primary hemostasis ↓ Platelet count

↓ Anticoagulant factors 
(protein C, antithrombin)

Blood coagulation ↓ Procoagulants (fibrinogen, factors II, 
V, IX, X, and XI)

↓ Plasminogen Fibrinolysis ↑ Tissue plasminogen activator
↓ Plasmin inhibitor
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reservation and concern that endoscopists 
have for cirrhotic patients. Thus, in an 
attempt to reduce this bleeding risk, it is 
important to tease out and identify the 
primary drivers (Table 3.2) so that meas
ures can be taken to specifically mitigate 
or optimize them, or make appropriate 
plans to manage complications should 
they occur. Traditional tests, such as the 
INR and even platelet count, poorly reflect 
the hemostatic state of bleeding or clot
ting in cirrhotic patients, making risk 
assessment difficult. Although platelet 
levels over 50 × 109/L are an important 
indicator of thrombin (and hence fibrin) 
generation, both in vivo and in vitro 
studies suggest that the best predictor of 
bleeding in patients with cirrhosis is the 
degree of portal hypertension and changes 
in their hemodynamics [4,9,10].

Portal hypertension can thus be moni
tored clinically by assessing for the 
presence of varices, portal hypertensive 
gastropathy, ascites, renal dysfunction, and 
encephalopathy. Although the use of INR 
in the model for end‐stage liver disease 
(MELD) score may not accurately reflect 
bleeding risk, Reverter et  al. have shown 
that the MELD score may be a good predic
tor of mortality in the setting of acute 
variceal bleeding [11]. The Child–Pugh 
classification may be another relatively 
objective method of clinical assessment, 

whereby patients with Child–Pugh class C 
tend to have increased risk of bleeding 
[11]  –  this could well reflect increasing 
portal pressure and associated endothelial 
dysfunction.

Patients with renal dysfunction in the 
setting of cirrhosis may have a higher risk 
of bleeding, not only due to hemodynamic 
changes, but also due to endothelial 
dysfunction and volume expansion. Blood 
urea nitrogen (BUN) and creatinine can 
be used in these patients, although the 
exact levels at which uremic bleeding 
diatheses occur are difficult to ascertain. 
Infection can exert complex effects, 
including increased clot lysis through the 
activity of endogenous heparin‐like sub
stances from the endothelium [12,13].

Prothrombin time (PT) is a measure of 
the activity of fibrinogen (factor I), throm
bin (factor II), and factors V, VII, and X. In 
the cirrhotic patient, the prolonged PT/
INR ratio is an unreliable, if not misleading, 
value. The INR was devised to standardize 
the PT in various patients who were 
receiving vitamin K antagonists, such as 
warfarin. In light of the hemostatic state 
of the patient with liver disease (low 
fibrinogen, thrombin, and factor VII), it is 
difficult to establish a normal value for 
these patients. Thus, comparing a “nor
mal” PT/INR to that of a cirrhotic patient’s 
PT/INR is essentially comparing “apples 

Table 3.2 Likely triggers for bleeding in patients with decompensated liver disease. Source: Adapted 
from Tripodi et al. 2006 [7].

Trigger Proposed pathophysiology

Hemodynamic changes due to portal 
hypertension

↑ Intrahepatic resistance
↑ Splanchnic blood flow, thus engorged collateral vessels
↑ Afterload, thus profound vasodilation

Endothelial dysfunction ↑ vWF and FVIII
Change in nitric oxide

Renal failure (i.e., HRS, ATN) Renal vasoconstriction
↑ RAAS

Bacterial infections May lead formation of bacterial heparin‐like products

ATN, acute tubular necrosis; HRS, hepatorenal syndrome; RAAS, renin–angiotensin–aldosterone; vWF, von 
Willebrand factor.
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and oranges” and fails to account for the 
diminished liver derived protein C, which 
results in a relatively procoagulant state. 
Without a clear normal value for the 
patient with chronic liver disease who has 
a reset hemostatic equilibrium, the PT/
INR ratio is not an accurate predictor of 
bleeding or clotting, thus making it a poor 
target for therapeutic intervention.

Platelet count has been extensively stud
ied, both in vivo and in vitro, in patients 
with cirrhosis [6,7,14]. In extrapolating in 
vitro data, a platelet count of ≥50 × 109/L 
in cirrhotic patients appears sufficient to 
achieve adequate thrombin formation [7], 
and fibrin production would also be 
expected to be suitable provided adequate 
stores of fibrinogen are available. Thus, it 
should be standard practice to monitor 
platelet count for bleeding risk, although 
further clinical studies are warranted to 
confirm this.

Fibrinogen levels can be easily monitored 
in patients and possibly even restored 
with cryoprecipitate, a less voluminous 
alternative to using plasma. It is com
prised of factors VIII and XIII, vWF, and 
fibrinogen, and should be given to reach a 
target value of 100–150 mg/dL or greater 
[15] in the setting of bleeding or anti
cipated bleeding. As with platelet levels, 
suggested values can only be surmised 
from laboratory studies until the comple
tion of prospective clinical studies.

Multiple other tests have been used, 
including thromboelastograms (TEGs) 
and bleeding time. Although bleeding 
time has fallen out of favor, TEGs may 
eventually be shown to be useful. How
ever, variation in methodology and lack of 
standardization and clinical translational 
trials have hampered the use of TEGs. 
Recent studies have shown that the appli
cation of TEGs as a clinical tool diminishes 
the use of blood products, such as plasma, 
without compromising the bleeding risk [16]. 
Given the uncertainty surrounding the 
measurement of bleeding risk, it remains to 
be seen whether prophylactic intervention 

in the form of minimizing volume and 
focusing on a targeted rescue approach is 
ultimately a better strategy [4,9].

In the future, we anticipate studies on 
the development of diagnostic tests that 
will accurately demonstrate the bleeding 
risk in patients with cirrhosis. One such 
test may be sonorheometry, which is a 
very sensitive form of TEG that is under
going investigation as a clinical tool [17].

Prophylactic Interventions: 
Advantages 
and Disadvantages

Once bleeding risk is assessed in patients 
with liver disease, carefully targeted pro
phylactic measures may be undertaken to 
prevent bleeding. The current day prac
tice is shifting with the understanding 
that patients with cirrhosis have reset to 
a new “normal” hemostatic equilibrium. 
An attempt to correct the myriad of 
abnormal serological values in the cirrhotic 
patient may be more dangerous than 
beneficial. For instance, Shah et al. found 
that hospitalized patients with cirrhosis 
received up to 40% of the plasma dis
pensed in their institution, mostly given as 
prophylactic intervention, which is likely 
similar to standard practice in many 
institutions [17]. As discussed below, the 
effects of this intervention may be more 
detrimental than beneficial. Of course, 
given the possibility of malnutrition in the 
cirrhotic patient, it is always prudent to 
replete vitamin K, especially if there is a 
suspicion of deficiency.

Plasma

Since the hemodynamic state of the cirrhotic 
patient may be a predictor of bleeding, it 
is imperative to limit interventions that 
may alter this variable in the hemostatic 
equilibrium. Attempts to correct the INR 
with plasma (factors II, V, VII, IX, X, and XI) 
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have been shown to add significant volume 
to the cirrhotic patient. One needs to be 
aware of the expected increase in portal 
pressure for a given volume of plasma 
transfused with the aim of correcting the 
INR. For instance, to correct an INR of 
2.0 to a procedural “standard target” of 
1.5, approximately 1.5 L of fresh frozen 
plasma (FFP) would have to be infused. 
An old study suggested that an increase of 
1.4 mmHg in portal pressure would result 
from every 100 mL of plasma infused [18]. 
Therefore, correcting the INR from 2.0 to 
1.5 would result in a >15 mmHg increase 
in portal pressure in the patient [3,18,19]. 
The literature supports this observation; 
Massicotte et  al. also noted that changes 
in the central volume directly correlated 
with changes in portal pressure gradient 
[20]. This significant increase in portal 
pressure may lead to a paradoxical bleed
ing event, thus highlighting the need to 
cautiously interpret the INR in the cir
rhotic patient (Table 3.3). Moreover, Argo 
et  al. estimated that with the infusion of 
1 L of FFP one may only replete about 
10% of the clotting factors in the setting 
of cirrhosis [15,19]. Another possible 
pitfall of plasma administration includes 
the risk of transfusion related acute lung 
injury (TRALI), which can occur within 
6 hours of transfusion. Although more 
common with FFP due to the amount of 
volume infused, TRALI may also be seen 
with platelet transfusions due to high 
concentrations of antileukocyte alloanti
bodies [15,21].

Platelets

In contrast to the INR, the platelet count 
is possibly the closest currently available 
predictor of bleeding in liver disease and 
is a good target for prophylactic inter
vention prior to invasive procedures [3]. 
Additionally, platelet infusion is not asso
ciated with significant volume expansion: 
1 unit of platelets is only about 50 mL and 
contains platelets pooled from five to six 
donors. This unit dose would give an 
expected platelet rise of 20–25 × 109/L, 
although the response may be blunted in 
cirrhosis. The risk of intervention should 
dictate the target platelet count to aim for. 
For high risk procedures, it is reasonable 
to transfuse platelets to >50 × 109/L [7]. 
One could possibly aim for a platelet 
count of 100 × 109/L, but this is usually a 
difficult goal to achieve in liver disease. 
These suggested platelet thresholds are 
based on extrapolated data from the liter
ature [2,4,6,7] and, unfortunately, there 
are no prospective studies that set targets 
to aim for in liver disease. Similar to other 
blood product infusions, platelet transfu
sions carry a small (2%) risk of infections 
and fever.

Thrombopoietin Receptor 
Agonists

Eltrombopag and romiplostim are throm
bopoietin receptor agonists that increase 
platelet count significantly by stimulating 
bone marrow production. Data are limited 
regarding the use of these agents in the 
cirrhotic patient, and the risk of thrombo
sis in the setting of elevated vWF is high 
enough to warrant caution [4,22].

Cryoprecipitate

Cryoprecipitate is an alternative to plasma 
which can be used in liver disease to 
replete, in particular, one of the proco
agulant factors, fibrinogen. The hypofi
brinogenemia seen in liver disease plays 

Table 3.3 Calculated increase in portal pressure 
needed to reach a target INR of 1.5. Source: 
Adapted from Giannini et al. 2010 [3].

Initial 
INR

Volume 
transfused (L)

Expected increase in 
portal pressure (mmHg)

2.0 1.5 15.5
3.0 2.0 20.6
4.0 2.5 25.8
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a role in perpetuating bleeding by virtue 
of depleted levels of substrate for clot 
formation. Although directed fibrinogen 
repletion makes conceptual sense, pro
spective studies are needed to confirm 
the utility of such an intervention. 
Cryoprecipitate is especially attractive for 
both prophylactic and rescue therapy due 
to the small volume required to adequately 
replenish systemic fibrinogen levels, as 
well as the repletion of other possibly 
useful procoagulants, such as factors VIII 
and XIII.

Clotting Factors

Factor repletion has been done in the 
form of recombinant factor VIIa and 
“balanced” prothrombin complex concen
trates (PCCs), which contain factors II, 
VII, IX, and X, and proteins C and S. The 
administration of these agents is some
what limited by cost and lack of strong 
evidence demonstrating significant effi
cacy in preventing bleeding. Recombinant 
factor VIIa (rFVIIa) at 40 g/kg IV has been 
used prophylactically during intracranial 
pressure monitor placement in the setting 
of acute liver failure with presumed coag
ulopathy and significant INR elevation 
[23,24]. However, this practice is question
able since Stravitz et al. recently reported 
that patients with acute liver failure had 
normal or balanced TEG parameters 
despite a high INR, indicating that these 
patients have the ability to form a stable 
clot and may even be hypercoagulable 
[16,24]. rFVIIa has also not shown benefit 
in controlled studies of acute variceal 
rebleeding. However, it is the authors’ 
opinion that rFVIIa has not been sys
tematically studied as a rescue agent, for 
example, when ongoing hemorrhage 
impedes endoscopic treatment. Costs and 
thrombotic risks temper its use in this 
setting [23]. Balanced PCCs are relatively 
new to the field and further studies are 
needed to investigate their role as prophy
lactic or rescue agents.

Desmopressin

Desmopressin (1‐deamino‐8‐d‐arginine 
vasopressin, abbreviated DDAVP) has 
been studied as a procoagulant agent in 
cirrhosis for many years. It is one of the 
few procoagulant agents to have under
gone prospective study in the setting 
of  procedures and prophylaxis against 
bleeding in cirrhotic patients. Stanca et al. 
randomized cirrhotic patients undergo
ing dental extractions to either plasma 
(10 mL/kg) and/or platelets, depending 
on pre‐procedure laboratory values, or 
DDAVP (300 µg administered intrana
sally) prior to the extraction [25]. No 
bleeding occurred in the DDAVP group as 
compared with one episode of bleeding 
and one episode of hypersensitivity in the 
plasma/platelet groups. Intervention with 
DDAVP was also significantly less expen
sive. While caution is warranted regarding 
hyponatremia, these results offer promise 
for a more rational approach to prophy
laxis in this population. Notably, this 
study lacked a placebo group, which may 
now be justifiably considered based on a 
refined understanding of the coagulopa
thy of liver disease.

Antifibrinolytic Agents

The occurrence of a hyperfibrinolytic 
state in cirrhotic patients has remained 
controversial, probably as a result of the 
challenges in measuring this process in 
the clinical laboratory, patient heteroge
neity, and variable dominance of opposing 
clotting mechanisms, as mentioned pre
viously [10,26,27]. Biochemical hyperfi
brinolysis is estimated to be present in 
about one third of hospitalized cirrhotic 
patients and to be clinically apparent in 
about 6% of cases [28]. As a result, pro
phylactic measures using antifibrinolytic 
agents are limited and they are probably 
better utilized in the setting of recurrent 
or ongoing bleeding and as “rescue agents” 
in post‐procedural bleeding.
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Relative Risk of Endoscopic 
Procedures

Colonoscopy with Polypectomy

Diagnostic colonoscopy is a low risk 
procedure even in patients with chronic 
liver disease. Approximately 12–38% of 
cirrhotic patients undergoing pre‐trans
plant screening colonoscopy are found to 
have polyps [29,30]. Given the increased 
bleeding risk associated with chronic liver 
disease, there is reasonable concern for 
polypectomy related bleeding, especially 
with the evidence of diffusely increased 
mucosal vascularity in this patient popu
lation [31,32]. In fact, the increased vascu
larity is proportional to the degree of 
portal hypertension [29]. Despite these 
data, there is little evidence to support an 
actual overall increased bleeding risk with 
polypectomy in the cirrhotic population. 
Thus, prophylactic measures are not usu
ally recommended. However, it is prudent 
to evaluate the specific clinical situation 
and size of polyp to be removed, and to 
discuss with the patient and referring 
team when a particularly high risk polyp 
(i.e., large and hypervascular) is encoun
tered. In addition, one should have a lower 
threshold when using mechanical pro
phylactic intervention, such as endoscopic 
clip placement, after the removal of high 
risk polyps in this patient population.

Variceal Band Ligation and  
Post‐Banding Ulcer Bleeding

Post‐banding ulcer bleeding occurs in 
about 4–7% of patients with cirrhosis [33]. 
Those at high risk appear to be patients 
with Child–Pugh class C cirrhosis and 
possibly those with a high aspartate ami
notransferase (AST) to platelet ratio [33]. 
Otherwise, there appears to be no direct 
relationship between post‐banding ulcer 
bleeding and PT/INR, platelet count, and 
levels of factor V, fibrinogen, D‐dimer, 
protein C or S, as well as vWF, TEG 

 pattern, or the use of beta‐blockers [34]. 
Although the evidence does not support 
the routine administration of prophylactic 
blood products or procoagulants, it is rea
sonable to approach patients with Child–
Pugh class C cirrhosis cautiously, especially 
those with a  clinically apparent bleeding 
diathesis, with  the aim of optimizing the 
platelet count in order to increase throm
bin (and thus fibrin) production.

Endoscopic Retrograde 
Cholangiopancreatogaphy 
and Sphincterotomy

Studies of patients with chronic liver 
disease who require pancreaticobiliary 
intervention with endoscopic retrograde 
cholangiopancreatography (ERCP) have 
reported rates of post‐sphincterotomy 
hemorrhage in the 4–30% range and a 
related mortality of about 15% [35,36]. 
These adverse events are especially 
increased in Child–Pugh class C patients, 
without a clear relationship to platelet 
count or PT/INR [35,36]. We surmise the 
role of portal hypertension related vascu
lar congestion to be directly correlated to 
sphincterotomy related bleeding and 
mortality. Optimal ERCP techniques in 
these patients have been debated, with 
some supporting the use of balloon dila
tion instead of sphincterotomy, without 
significant differences in rates of post‐
ERCP pancreatitis [36]. There are also 
data that describe no difference in the 
rates of bleeding between sphincterotomy 
and balloon dilation [35]. Given the lack of 
clear evidence regarding the best ERCP 
approach, the latter is left to the discretion 
of the endoscopist, with close monitoring 
for bleeding being essential. In addition, 
since other prophylactic measures are 
not well described in particularly high 
risk patients, we recommend minimizing 
adverse events by the administration of 
octreotide at the time of the procedure, 
with the aim of reducing portal pressure 
and mucosal congestion.
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Rescue Approach

Given the risks of procedure related 
bleeding and the limitations of risk strati
fication, a rescue plan is essential when 
procedures are needed in the patient with 
cirrhosis who subsequently has a bleeding 
complication. The key to choosing the 
appropriate therapy is identifying and 
targeting the defect that may be driving 
the bleeding diathesis.

Pharmacological Management 
of Portal Hypertension

Since portal hypertension is one of the 
main contributors to the bleeding diath
esis in cirrhotic patients, it becomes an 
important prophylactic or even rescue 
target. It is associated with increased 
portal inflow and outflow resistance, and 
a hepatic venous pressure gradient of 
>12 mmHg has been shown to be closely 
associated with esophageal variceal bleed
ing [37]. Although the systemic sequelae 
of portal hypertension are extensive, the 
most notable is the hyperdynamic circula
tion, characterized by splanchnic as well 
as systemic vasodilation, resulting in 
low systemic resistance [38]. This in turn 
leads to sodium retention, with resultant 
plasma volume expansion and ultimately 
an increased cardiac index. As a result, 
portosystemic collateral circulation devel
ops as a physiological response to mitigate 
the increasing portal pressure. Although 
several therapeutic options aimed at man
aging portal hypertension and variceal 
bleeding are available, the best studied 
agents currently utilized in the clinical 
setting are terlipressin and octreotide.

Octreotide is a somatostatin analog 
whose use is well established for esopha
geal variceal bleeding. It acts by primarily 
reducing portal pressure via portosystemic 
collateral vasoconstriction and possibly 
even intrahepatic resistance, thus restor
ing some degree of vascular tone [39]. One 
of the rationales for the use of octreotide 

is that it inhibits the secretion of glucagon, 
a humoral vasodilator associated with 
portal hypertension [40]. Terlipressin is a 
vasopressin analog and a potent vasocon
strictor used in the setting of acute variceal 
bleeding for its effects of immediate, sig
nificant systemic and splanchnic vasocon
striction and, thus, a reduction in portal 
pressure [41–43]. Although its side effects 
are less frequent than vasopressin, terli
pressin does have its pitfalls, including a 
risk of bradycardia and myocardial infarc
tion [44]. When a vasoactive agent is used 
in conjunction with targeted blood prod
uct repletion and antibiotics, we believe 
that this multimodal rescue approach can 
lead to successful hemostasis and may 
even be considered for prophylaxis in high 
risk patients.

Platelets and Procoagulants

In addition to prophylactic transfusions, as 
discussed earlier, blood components may 
be used for rescue purposes. Standard 
resuscitation measures are appropriate if 
significant hemodynamic instability due to 
hypovolemia is encountered, although one 
should avoid over‐transfusion and volume 
over‐expansion. Once stabilized, targeted 
rescue therapy is essential. Platelet admin
istration may be one of the most important 
interventions in the bleeding cirrhotic 
patient, with a target platelet count of 
≥50 × 109/L. The above‐mentioned proco
agulants, such as rFVIIa and PCCs, may be 
considered, but these agents are costly with 
as yet no proven role and with the potential 
for thrombosis.

Antifibrinolytics

If hyperfibrinolysis is established or strongly 
suspected based on clinical findings, one 
may consider the early use of antifibrino
lytics to avoid unnecessary blood product 
administration and volume. Aminocaproic 
acid and tranexamic acid are two of the 
most commonly used agents, which work 
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Risk stratify
Patient history (history of bleeding,
easy bruising or other indication of 

bleeding diathesis?)

Low
Child–Pugh class A
Platelets >100 x 109/L
MELD score <11

Moderate
Child–Pugh class B
Platelets 50 – 100 x 109/L
MELD score 11 – 15

High
Child–Pugh class C
Platelets <50 x 109/L
MELD score >15

No prophylaxis needed

Prophylaxis needed

• Administer platelets (target
>50 x 109/L)

• Fibrinogen >120 mg/dL
• Consider prophylactic 

antibiotics
• Check renal function
• Minimize volume expansion
• Less concern for INR
• Consider prophylactic

octreotide
• Consider desmopressin

Rescue

Proceed to
procedure

• Administer platelets (target >100 x 109/L)
• Fibrinogen >120 mg/dL (cryoglobulin)
• Start empirical antibiotics
• Control uremia
• Minimize volume expansion
• Less concern for INR
• Start octreotide
• Consider specific agents (desmopressin,

antifibrinolytics)
• Non-thermal mechanical intervention

when possible (clips, stents, etc.)

Yes

Bleeding?

No

Figure 3.2 Proposed algorithm for endoscopy in the setting of coagulation abnormalities due to 
chronic liver disease. INR, international normalized ratio; MELD, model for end‐stage liver disease.
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by inhibiting plasmin [45]. They are 
generally more effective for bleeding in 
body cavities (e.g., after dental extraction 
or soft tissue bleeding). These agents can 
be administered topically, orally, or intra
venously, thus making them versatile 
and potentially effective for difficult to 
control bleeding with minimal adminis
tered volume. A significant concern about 
these agents is the clotting risk, although 
this seems infrequent, especially when 
weighed against the alternative of signifi
cant hemorrhage [45].

Conclusion

A basic understanding of the reset equi
librium of hemostasis in the patient with 
chronic liver disease is needed – a com
plex process with many moving and 
relatively unstable parts. However, our 
growing understanding of the hemostatic 

mechanisms in cirrhosis will likely require 
inclusion of placebo controlled studies to 
fully define optimal interventions.

Based on existing literature, we suggest 
a systematic approach to performing 
endoscopy in patients with coagulation 
abnormalities of chronic liver disease, 
starting with pre‐procedure risk stratifi
cation to guide prophylactic measures 
(Figure 3.2). Because it is difficult to accu
rately measure the associated bleeding 
risk in these patients, it is also critical that 
the endoscopist be prepared for a possible 
rescue intervention should there be 
 significant bleeding. As the field of study 
regarding coagulopathy in liver disease 
continues to grow, we anticipate that the 
suggested algorithms and guidelines will 
need updating in the near future. Measures 
aimed at controlling sepsis, improving 
renal function, and lowering portal pres
sure are equally critical to reducing pro
cedure related bleeding risks.
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 Introduction

Portal hypertension is defined by a patho-
logical increase in portal venous pressure 
in which the hepatic venous pressure gra-
dient (HVPG) is increased above normal 
values (>5 mmHg) [1]. In cirrhosis, portal 
hypertension results from the combination 
of: (i) increased intrahepatic vascular 
resistance secondary to fibrosis or regen-
erative nodules and the contraction of 
sinusoidal and pre‐sinusoidal contractile 
cells; and (ii) increased blood flow through 
the portal venous system due to splanchnic 
vasodilation [2]. Low levels of intrahepatic 
nitric oxide contribute to an increased 
resistance to portal flow [2]. When the 
HVPG rises above 10 mmHg, complica-
tions of portal hypertension, such as the 
development of esophageal varices, can 
arise. Therefore, this value represents the 
threshold for defining portal hypertension 
as being clinically significant and plays a 
crucial role in the transition from the pre-
clinical to the clinical phase of the disease. 
The threshold for varices to bleed is an 
HVPG of ≥12 mmHg [3].

The management of the patient with cir-
rhosis and variceal bleeding depends on 
the phase of portal hypertension  –  from 
the patient who has not yet developed 

varices to the patient with acute variceal 
hemorrhage for whom the objective is to 
control the active episode and prevent 
rebleeding. At the time of initial diagnosis, 
about half of patients with cirrhosis have 
esophageal varices [3]. During progression 
of the disease, up to 80–90% of patients 
develop esophageal varices in the latter 
stages of the disease (Child–Pugh class C 
cirrhosis). The risk of bleeding in these 
patients relates to several factors, such as 
the size and characteristics of varices and 
the stage of cirrhosis. Preventing the first 
episode of bleeding from varices is termed 
primary prophylaxis.

 Natural History of Varices

Increased resistance to portal blood flow is 
the initial and most important factor lead-
ing to the development of portosystemic 
collaterals. As collaterals develop, the por-
tal venous inflow increases because of 
splanchnic vasodilation, which maintains 
and worsens portal pressure elevation. 
The maintenance of an increased intravas-
cular pressure, together with a high collat-
eral blood flow, causes dilatation of the 
varices and, as the varices dilate, their walls 
become thinner. At this point, any further 
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increase in variceal pressure or size, or any 
defect in the variceal wall, will cause rup-
ture and hemorrhage.

The development of varices in cirrhotic 
patients is associated with a risk of death 
of 1–3% per year, and bleeding varices will 
increase this risk even more with a 1‐year 
mortality rate as high as 55–60% [4]. In 
patients without varices at initial endos-
copy, the rate of appearance of varices is 
6–7% per year (>10% in those with an 
HVPG >10 mmHg). In the absence of pri-
mary prophylaxis, bleeding occurs within 
2 years in 10–30% of patients with varices, 
depending on variceal size, presence of 
red color signs, degree of liver failure, and 
elevation of HVPG [5]. Patients without 
varices have a bleeding risk of <2% per 
year, whereas this risk increases to 5% in 
those with small varices and up to 15% 
in  those with large varices. Current 
 medical  treatment decreases the risk of 
first and/or recurrent variceal bleeding by 
 approximately 50–60% [6].

 Variceal Screening 
and Staging

The majority of patients with cirrhosis 
need to be screened for varices in order 
to determine the need for primary 
prophylaxis.

Esophagogastroduodenoscopy

Esophagogastroduodenoscopy (EGD) is 
considered the gold standard for diagnosis 
of gastroesophageal varices as it permits 
direct visualization of the varices, as well 
as the ability to determine their size and 
the presence of overlying red signs.

One of the most important risk factors 
for variceal hemorrhage is variceal size. 
According to the Baveno Consensus 
Statement and the American Association 
for the Study of Liver Diseases (AASLD) 
guidelines, varices can be classified as 
small or large, based on a cut‐off diame-
ter of 5 mm (Figure 4.1) [7,8]. Other clas-
sifications systems, such as the Beppu 

classification that grades varices as small, 
medium, and large, are also commonly 
used. Since medium/large varices are 
treated in the same fashion, the simpler 
classification scheme of small versus large 
varices is preferred due to ease of use.

The mucosal red signs, such as red wale 
markings and hematocystic spots, refer to 
small areas of a varix with a thin and weak 
wall due to maximum distension of the 
vessel (Figure  4.2). These red signs also 
indicate a risk of rupture [9].

When performing EGD for screening 
purposes, a complete examination is 
mandatory in order to also evaluate for 
portal hypertensive gastropathy and/or 
gastric varices. Grading of esophageal 
varices is performed during withdrawal 
of the endoscope. The esophagus must be 
maximally inflated with air after the 
stomach has been decompressed. This 
flattens out any esophageal folds that may 
masquerade as varices. Varices are usu-
ally present in the middle to distal third of 
the esophagus and special attention must 
be paid when examining the gastroesoph-
ageal junction and cardia since gastroe-
sophageal varices may be present in these 
locations. Uphill varices in the upper 
third of the esophagus are not related to 
portal hypertension and are mostly due 
to conditions that occlude the superior 
vena cava.

The frequency of surveillance endos-
copy in patients with no or small varices 
depends on the degree of hepatic dysfunc-
tion. In patients with compensated cir-
rhosis who have no varices on screening 
EGD, the procedure should be repeated in 
2–3 years [8,10]. In those with small 
varices, EGD should be repeated in 1–2 
years. Any patient with decompensated 
cirrhosis should undergo screening EGD 
on a yearly basis [8,10].

Capsule Endoscopy

De Franchis et al. published the first pro-
spective multicenter study comparing 
capsule endoscopy (CE) with EGD [11]. 
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The study included 228 patients of whom 
195 underwent screening and 93 under-
went surveillance of known varices. All 
patients had both procedures. During the 

EGD, varices were graded according to 
the proportion of the radius of the esoph-
agus occupied by the largest varix at full 
insufflation. By CE, varices were graded as 
small or large if the largest varix occupied 
less or more than 25% of the circumfer-
ence of the capsule picture frame, respec-
tively. The sensitivity, specificity, positive 
predictive value, and negative predictive 
value of CE to detect varices were 84%, 
88%, 92%, and 77%, respectively [11]. 
Additional studies and a Cochrane sys-
tematic review revealed lower sensitivities 
for capsule detection of large varices, so 
CE appears to be less effective than EGD 
for the detection of esophageal varices. 
However, it may be an option for patients 
who are unable to tolerate or unwilling to 
undergo EGD [12–14].

Figure 4.1 Upper endoscopy showing three possible scenarios when a patient is screened for varices: 
(a) no varices; (b) small varices; and (c) large varices. For staging purposes, varices are classified as 
small or large.

(a) (b)

(c)

Figure 4.2 Large varices with red wales; both of 
these features place the patient at risk for 
variceal bleeding.
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Ultrasonography

Ultrasound with Doppler examination 
of  the liver is routinely performed to 
e valuate the architecture of the liver and to 
examine for complications of portal hyper-
tension, including ascites and the develop-
ment of collaterals. Ultrasound can detect 
signs of portal hypertension, including 
splenomegaly and reversal of flow in the 
portal vein. A portal vein diameter of 
>13 mm on ultrasound correlates with the 
presence of esophageal varices (odds ratio 
of 2.92). Ultrasound also can detect portal 
vein thrombosis [15]. Although ultrasound 
is not considered a screening tool for  
the detection and  staging of varices, the 
above‐mentioned features of ultrasound 
in patients with suspected cirrhosis should 
prompt an endoscopic examination.

Transient Elastography

Bureau et  al. evaluated the correlation 
between liver stiffness, as measured by 
transient elastography (TE; FibroScan®), 
and an increase in portal pressure [16]. 
The optimal cut‐off value was found to be 
21 kPa (which correlates with an HVPG of 
>10 mmHg), with an accurate prediction 
of significant portal hypertension in 92% 
of the 144 patients in whom TE was suc-
cessful [16]. TE also has been used for the 
prediction of esophageal varices. Kazemi 
et  al. [17] evaluated 175 consecutive 
patients with cirrhosis who underwent 
endoscopy for variceal screening. The pri-
mary objective of the study was the pre-
diction by liver stiffness measurement of 
the “presence of esophageal varices” com-
pared to the “absence of varices.” The area 
under the receiver operating curve was 
0.84 (95% confidence interval 0.78–0.90). 
The cut‐off value defined by a higher total 
of sensitivity and specificity was 19.0 kPa. 
The overall sensitivity and specificity for a 
cut‐off of 13.9 kPa were 95% and 92%, 
respectively.

Spleen stiffness measurement has also 
been studied as a promising non‐invasive 

alternative to EGD for the diagnosis of 
varices in patients with cirrhosis, although 
data are limited. Based on a meta‐analysis, 
the current techniques for measuring 
spleen stiffness are suboptimal and, thus, 
preclude its widespread use in clinical 
practice at this time [18].

TE has been extensively studied and 
validated in patients with cirrhosis due to 
hepatitis C and current guidelines suggest 
that patients with HCV and elastography 
values of stiffness <20 kPa and a platelet 
count over 150,000 could avoid screening 
endoscopy because the risk of having 
varices is extremely low [10]. Although 
TE seems to be an acceptable tool that 
predicts clinically significant portal 
hypertension, it cannot confidently pre-
dict the presence of esophageal varices 
and, thus, should not be used as a tool to 
screen  all cirrhotic patients [19].

 Primary Prophylaxis 
of Esophageal Varices

Preprimary Prophylaxis

Forty to sixty percent of patients with com-
pensated and decompensated cirrhosis 
develop varices. In cirrhotic patients with-
out esophageal varices, the incidence of 
new varices is <5% per year. In cirrhotic 
patients without varices but with an HVPG 
>10 mmHg, there is double the risk of 
developing esophageal varices compared 
with those with an HVPG <10 mmHg (50% 
versus 25% at 5 years) [20]. Varices increase 
in size with time, and the progression rate 
ranges from 5% to 30% per year.

In a trial of 213 cirrhotic patients 
 without varices who received timolol or 
placebo, no difference was noted in the 
incidence of new varices between the two 
groups [21]. A significantly larger propor-
tion of patients with moderate and severe 
adverse events was observed in the timo-
lol group (48%) compared with the pla-
cebo group (32%). Serious symptomatic 
adverse events occurred in 20 patients 
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(18%) in the timolol group and in 
six  patients (6%) in the placebo group. 
Current evidence, therefore, suggests that 
beta‐blockers cannot be recommended 
for the prevention of the development of 
varices. In patients without esophageal 
varices, screening EGD should be per-
formed every 2–3 years [9,21].

Patients with Small Varices

Variceal hemorrhage occurs at an annual 
rate of about 15%, and although current 
mortality from an episode of variceal 
hemorrhage is lower than that in the past 
two decades, it still remains significant at 
7–15% [22,23]. The size of varices, pres-
ence of red wale markings on varices, and 
severity of liver disease (Child–Pugh class 
C) identify patients at the highest risk of 
variceal hemorrhage.

Compensated cirrhotic patients with 
small varices and an absence of high risk 
features at endoscopy should have repeat 
EGD in 1–2 years [8–10]. These patients 
have an annual bleeding risk of 7% over 2 
years. A large, multicenter, placebo con-
trolled study showed that nadolol (n = 
83) reduced the rate of growth from small 
to large esophageal varices compared 
with placebo (n = 78) [24]. During the 
study period, nine patients randomized 
to nadolol and 29 randomized to placebo 
had growth of esophageal varices. 
Variceal growth was more likely in 
patients with advanced liver disease. 
Therefore, it is recommended that 
patients with small esophageal varices 
who are of Child–Pugh class B or C 
should be placed on non‐selective beta‐
blockers (NSBBs) [7–10].

Patients with Large Varices 
and High Risk Features

Non‐Selective Beta‐Blockers
Esophageal varices may rupture and bleed 
when the HVPG exceeds a critical thresh-
old of 12 mmHg. A reduction in the risk 
of  bleeding has been observed when a 

reduction of HVPG to <12 mmHg or 
by more than 20% its baseline level is 
achieved. NSBBs decrease portal pressure 
and, consequently, HVPG through block-
ade of both beta‐1 and beta‐2 adrenergic 
receptors. Beta‐1 blockade decreases car-
diac output and beta‐2 blockade increases 
splanchnic vascular resistance. The com-
bination of beta‐1 and beta‐2 blockade 
decreases portal pressure. When com-
pared with placebo, NSBBs (e.g., propran-
olol or nadolol) reduce the risk of a first 
variceal bleeding event and of mortality in 
patients with large varices. A systematic 
review of 11 trials that included 1189 
patients confirmed the benefit of NSBBs 
in patients with small/large varices in 
 preventing a first bleeding episode [25]. 
The risk of a first episode of bleeding was 
reduced significantly from 24% on placebo 
to 15% on an NSBB [25].

Propranolol and nadolol are adminis-
tered in a stepwise fashion until maxi-
mum  tolerance or the resting heart rate 
decreases to between 50 and 60 beats/min. 
Propranolol is typically started at 20 mg 
twice daily and nadolol at 40 mg once 
daily. The dose of propanolol can be 
titrated up, depending on how the patient 
responds, to a maximum tolerated dose of 
160 mg twice daily. Nadolol can be titrated 
up to 240 mg once daily.

The advantages of NSBBs include: (i) 
low cost; (ii) expertise is not required for 
their use; and (iii) prevention of other 
complications, such as bleeding from por-
tal hypertensive gastropathy, ascites, and 
hepatorenal syndrome, by virtue of a 
reduction in portal pressure. The disad-
vantages of NSBBs include relatively com-
mon side effects (e.g., lightheadedness, 
fatigue, impotence, and shortness of 
breath) that preclude treatment or require 
discontinuation in 15–20% of patients. 
Contraindications to their use occur in 
nearly 15% of patients (e.g., in asthma, 
severe chronic obstructive pulmonary 
disease, poorly controlled diabetes, 
peripheral vascular disease, and cardiac 
conduction abnormalities).
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Carvedilol, an anti‐alpha‐adrenergic 
agent, may be more effective than pro-
pranolol in primary prophylaxis, and 
results in reduced rates of bleeding com-
pared with band ligation. Carvedilol at 
low doses (6.25–12.5 mg/day) was com-
pared with endoscopic variceal ligation in 
a recent randomized controlled trial [26]. 
Carvedilol was associated with lower 
rates of first variceal hemorrhage (10% 
versus 23%) and had an acceptable side 
effect profile, unlike band ligation, for 
which compliance was low and the rate of 
first hemorrhage was at the upper end 
of   published rates in previous studies 
[26]. A meta‐analysis of five studies has 
shown  that carvedilol reduced portal 
hypertension significantly more than 
propranolol [27].

Endoscopic Band Ligation
Endoscopic band ligation (EBL) is an alter-
native to NSBBs for primary prophylaxis in 
patients who have contraindications to or 
cannot tolerate NSBBs due to side effects 
(Figure 4.3 and Video 4.1). Meta‐analyses 
have shown that EBL reduces the risks of 
variceal bleeding and mortality compared 
with untreated controls [28–31]. Several 
studies have compared EBL with propran-
olol for primary prophylaxis of variceal 

bleeding. Meta‐analyses of these trials 
show that EBL is superior to NSBBs in 
reducing bleeding but that there are no dif-
ferences in survival [28–31]. The most 
recent meta‐analysis, which included a 
study that compared EBL with carvedilol, 
suggested that EBL is superior to NSBBs in 
reducing the occurrence of first variceal 
hemorrhage, with no differences in mor-
tality. Although EBL appears to be supe-
rior to NSBBs, the data are limited by the 
quality of the trials included in the analysis 
(Figure 4.4) [31]. Since EBL requires sev-
eral sessions and can result in significant 
adverse events (e.g., post‐ligation bleeding 
ulcers in up to 7% of patients), and varices 
may recur post‐ligation needing re‐eradi-
cation, a reasonable approach is to initiate 
therapy with NSBBs if there are no con-
traindications [9]. Patients who develop 
side effects or have contraindications to 
NSBBs should be offered EBL.

There is no consensus as regards EBL 
schedules for variceal eradication and the 
interval between sessions varies from 2 to 
4 weeks among trials. Shortening the 
interval between endoscopic sessions 
increases the risk of having to omit a ses-
sion due to the presence of ulcers or 
retained bands from the previous session. 
In a trial comprised mostly of patients 

(a) (b)

Figure 4.3 (a) Large esophageal varices. (b) Endoscopic band ligation performed for primary 
prophylaxis of variceal bleeding.
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without previous variceal bleeding, a 
comparison of biweekly versus bimonthly 
EBL sessions showed a higher rate of 
variceal eradication and lower rate of 
recurrence in favor of the bimonthly 
schedule [32].

Measurement of Hepatic 
Venous Pressure Gradient

In patients receiving NSBBs for primary 
prophylaxis, one therapeutic target is to 
decrease the resting heart rate by 25%. 
There is, however, no evident correla-
tion between the reduction in heart rate 
and that of portal pressure. An HVPG 
reduction to <12 mmHg eliminates the 
risk of bleeding and need for surveil-
lance with endoscopy [20]. Although 

measurement of HVPG in all patients 
may be impractical, the determination 
of  HVPG can identify patients with a 
beneficial treatment effect using the 
 criterion of a ≥10% reduction in HVPG 
during an acute infusion of a beta‐
blocker. This allows a more rapid 
increase in dosage regime in order to 
achieve the  desired reduction in pres-
sure [20]. The hemodynamic response to 
beta‐blockers can predict the risk of the 
first variceal bleeding. A study of 105 
patients showed that a hemodynamic 
response to an  intravenous beta‐blocker 
in terms of a reduction in HVPG of >10 
mmHg from baseline was a predictor 
of the long term efficacy of primary pre-
vention [33]. A second retrospective 
study of 166 patients showed that a 

Figure 4.4 Meta‐analysis of randomized controlled trials comparing endoscopic band ligation (EBL) 
with beta‐blockers in the prevention of first variceal bleeding stratified according to trial size and 
publication status. No differences in the risk of bleeding could be demonstrated in fully published 
trials with large sample size (over 100 patients). *Carvedilol was used as beta‐blocker. Source: Abraldes 
et al. 2014 [31]. Reproduced with permission of Clinical Liver Disease.
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reduction in portal pressure of 12% after 
use of an intravenous beta‐blocker was 
the optimal cut‐off point to identify 
patients who significantly benefited 
from treatment in terms of rebleeding 
and death [34].

 Gastric Varices

The prevalence of gastric varices is esti-
mated to be 17–20%, but these numbers 
are based only on one study; therefore, the 
actual magnitude of the problem is not well 
known. Screening for gastric varices is 
always performed in the setting of EGD 
when patients are screened for esophageal 
varices. At endoscopy, gastric varices are 
categorized according to Sarin classifica-
tion based on the presence or absence of 
anatomical continuation with esophageal 
varices, as well as their location in the 
stomach [35,36]. Gastric varices are classi-
fied as follows:

1) Type 1 gastroesophageal varices 
(GOV1). These extend below the gas-
troesophageal junction along the 
lesser curve of the stomach. They are 
considered an extension of esopha-
geal varices and the recommended 
management is the same as that of 
esophageal varices.

2) Type 2 gastroesophageal varices (GOV2). 
These extend along the fundus and tend 
to be longer and more tortuous than 
GOV‐1.

3) Isolated gastric varices (IGV1). These 
are located in the fundus in the 
absence of esophageal varices and 
tend to be tortuous and complex 
(Figure 4.5).

4) Isolated gastric varices (IGV2). These 
are located in the body, antrum, or 
around the pylorus.

According to Sarin et  al. [36], GOV1, 
GOV2, IGV1, and IGV2 constitute about 
75%, 21%, <2%, and 4% of all gastric 
varices, respectively.

Primary Prophylaxis

According to a large study, the incidence of 
bleeding from gastric varices is 16%, 36%, 
and 44% at 1, 3, and 5 years, respectively 
[37]. Similar to esophageal varices, the 
bleeding risk depends on the size of varices, 
the presence of red signs, and the degree of 
liver dysfunction. The risk of bleeding 
ranges from an annual incidence of 4% in 
patients with Child–Pugh A cirrhosis with 
small varices and without red signs to 65% 
in patients with Child–Pugh C cirrhosis 
with red signs. The 1‐year bleeding risk of 
a small, untreated  subgroup of patients (n 
= 30) involved in a recent randomized trial 
comparing cyanoacrylate injection (n = 
30) with NSBBs (n = 29) was about 10% 
[38]. Injection of cyanoacrylate was 
favored for the prevention of bleeding and 
survival when compared with the no treat-
ment group, and only for the prevention of 
bleeding when compared with proprano-
lol. Given the risk of serious adverse events 
with cyanoacrylate injection (2–3% 
embolic risk) and limited data, we do not 
currently recommend primary prophylaxis 
with cyanoacrylate injection in patients 
with isolated gastric varices.

Figure 4.5 A large isolated gastric varix (IGV1) as 
seen in retroflexion on upper endoscopy. Note 
the red spot (arrow), which indicates that the 
patient recently had a bleeding episode.
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 Conclusion

Patients with cirrhosis should be screened 
for varices. The currently recommended 
tool is EGD since it allows assessment of 
variceal size and high‐risk features, such as 
red color signs. In addition, EGD determines 
the presence and classification of gastric 
varices. If no esophageal varices are found, 
repeat EGD is recommended in 2–3 years, 
depending on the Child–Pugh class. If small 
varices are present in high‐risk patients or 
large varices are seen, both NSBBs and EBL 
are effective modalities at reducing the risk 
of a first episode of bleeding from varices. 

We do not favor primary prophylaxis of 
 gastric varices using cyanoacrylate injection 
until additional evidence supports such 
a  practice. A recommended management 
algorithm for primary prophylaxis of esoph-
ageal varices is depicted in Figure 4.6.
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 Introduction

Acute variceal bleeding (AVB) is a common 
and life threatening complication occurring 
in patients with portal hypertension and 
represents a leading cause of death in 
patients with cirrhosis [1]. Hemorrhage 
from varices is still associated with substan
tial mortality; traditionally the mortality rate 
associated with each episode of AVB was 
quoted as 30–50% [1–3]. With advances 
in  care, mortality in more recent studies 
has  significantly improved but remains at 
11–20% [4–7]. The improvement in out
comes following an episode of AVB is 
undoubtedly multifactorial and relates to 
recognition of the importance of adequate 
resuscitation, early endoscopy, and accurate 
diagnosis. The therapeutic armamentarium, 
which now includes endoscopic, adjunctive 
pharmacological, and radiological therapies, 
has also significantly expanded, and several 
practice guidelines that outline optimal care 
for patients presenting with AVB have been 
developed [8–10]. In addition, secondary 
prevention, consisting of either endoscopic 
eradication of varices or use of non‐selective 
beta‐blockers, has been shown to improve 
patient outcomes.

Several factors have been validated for the 
prediction of complications, such as early 

rebleeding and mortality, following an epi
sode of variceal bleeding. Overwhelmingly, 
mortality is dictated by the severity of the 
underlying liver disease, and scores – such 
as the model for end‐stage liver disease 
(MELD) score [11,12] and the Child–Pugh 
score – along with the presence of hepatic 
encephalopathy are predictive of outcome 
[13]. Other risk factors that confer a poorer 
prognosis include shock, renal failure, 
 bacterial infection at admission or shortly 
after, hepatocellular carcinoma, certain 
characteristics and severity of the bleed 
(active bleeding at the time of endoscopy, 
high risk stigmata on varices, red cell trans
fusion requirements), presence of portal 
vein thrombosis, and measures of portal 
hypertension (hepatic venous pressure 
gradient (HVPG) >20 mmHg) [14–18].

This chapter presents the evidence for the 
treatment of acute variceal hemorrhage with 
a focus on endoscopic treatment strategies.

 Pathophysiology of Variceal 
Bleeding

The pathophysiology of portal hyperten
sion and variceal formation is important in 
conceptualizing variceal hemorrhage and 
the rationale behind treatment  strategies. 
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Portal hypertension is a well known and 
common complication of chronic liver dis
ease, in which a combination of increased 
splanchnic blood flow and intrahepatic 
resistance to portal blood flow can lead to 
the development of  portosystemic collat
erals, of which the most clinically signifi
cant are those from gastroesophageal 
varices. Therapeutic strategies tend to be 
directed towards reducing portal inflow, 
reducing portal pressure, or compressing 
or obliterating the varices [19].

The presence of varices is common in 
patients with cirrhosis, although bleed
ing will occur in only approximately one 
third of patients [19]. Many factors have 
been implicated in precipitating hemor
rhage, the most significant of which are 
large varices [20], the presence of high 
risk variceal stigmata collectively known 
as “red signs,” and a HVPG >12 mmHg 
[21,22].

The presence of large varices has been 
demonstrated to be a major risk factor for 
the development of variceal hemorrhage; 
in patients with nearly identical portal 
hypertension, the likelihood of AVB is 
markedly increased in patients with large 
varices (Figure  5.1) [20]. In addition, 
 certain endoscopic findings have been 
associated with a significantly increased 
risk of AVB. These include red signs (red 
wale markings, cherry red spots, nipple 

sign, hematocystic spots) (Figure  5.2), 
blue varices, giant coiled varices and pan‐
esophageal varices [22–24]. Patients with 
severe liver disease (Child–Pugh score C) 
are also more likely to experience AVB.

The HVPG is a useful clinical marker of 
portal pressure that has been shown to 
correlate well with portal pressure in 
both  alcoholic cirrhosis and hepatitis C. 
It  is defined as the gradient between the 
wedged hepatic venous pressure and the 
free hepatic venous pressure (normal 
HVPG <5 mmHg) [19,25,26]. Many inves
tigators have demonstrated that a portal 
pressure gradient of 12 mmHg is the base
line elevated pressure above which 
variceal bleeding may occur. Reducing the 
HVPG by at least 20% or below 12 mmHg 
is associated with significant protection 
against bleeding [27]. In practice, how
ever, HVPG is rarely measured due to the 
invasiveness of the test.

 Definitions

Gastroesophageal variceal hemorrhage is 
defined as (i) active bleeding from an 
esophageal or gastric varix (Figure  5.3); 
(ii) the presence of varices with an over
lying clot or fibrin plug (Figure  5.4); or 
(iii) the presence of large esophageal and/or 
gastric varices with blood in the stomach 

Figure 5.1 Large esophageal varices.

Figure 5.2 Larges esophageal varices with 
red signs.
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and no other recognizable cause of bleed
ing at the time of endoscopy [8].

Rebleeding is defined as the occurrence 
of new hematemesis or melena more than 
24 hours after the patient has had stable 
vital signs and hemoglobin/hematocrit 
levels following an index bleed.

 General Treatment Measures

The management of patients with AVB 
includes not only treatment and control of 
active bleeding, but also the prevention 
of complications, such as rebleeding, infec
tions, and renal failure [28,29]. Primary 

management goals upon presentation of a 
patient with AVB include hemodynamic 
resuscitation, prevention and treatment of 
complications, and early endoscopic inter
vention aimed at controlling bleeding.

Resuscitation

Acute variceal bleeding is often a dramatic 
event and patients may be hemodynami
cally unstable or in hemorrhagic shock on 
presentation. Initial resuscitation should 
be aimed at restoring appropriate delivery 
of oxygen to the tissues [30]. All patients 
with suspected AVB should receive imme
diate large bore intravenous access and 
consideration of central line insertion. 
Blood volume replacement should be ini
tiated as soon as possible with plasma 
expanders, aiming to maintain a systolic 
blood pressure around 90–100 mmHg. 
Avoiding prolonged periods of hypoten
sion is particularly important in prevent
ing complications, such as infection and 
renal failure, which are both associated 
with increased risks of rebleeding and 
death [30,31].

Transfusion of blood should be done cau
tiously using a restrictive strategy aimed at 
maintaining the hemoglobin level between 7 
and 8 g/dL. Aside from risks inherent with 

(a) (b)

Figure 5.3 (a) Actively bleeding varix (arrow) at the gastroesophageal junction. (b) Successful band 
ligation of the bleeding varix.

Figure 5.4 Esophageal varices with multiple 
fibrin plugs (arrows).
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blood transfusion, a restrictive strategy has 
been associated with significantly improved 
outcomes in patients with acute upper gas
trointestinal bleeding [32]. Patients with 
rapid ongoing bleeding and those with 
underlying ischemic heart disease may ben
efit from a more liberal transfusion policy. 
Correction of coagulopathy and thrombo
cytopenia is widely practiced with the use of 
fresh frozen plasma (FFP) and platelets. 
However, there is no evidence to support 
this practice and endoscopy should not be 
delayed. Two randomized controlled trials 
(RCTs) have examined the use of recombi
nant activated factor VII [33,34]; these 
 studies failed to show any beneficial effect 
compared with standard therapy and, thus, 
this expensive therapy cannot be currently 
recommended.

Protection of the airway is paramount 
in order to prevent pulmonary aspiration. 
Endotracheal intubation is mandatory if 
there is any concern about the safety of 
the airway, and should be considered at an 
early stage in encephalopathic patients, in 
those with an altered conscious state or a 
Glasgow coma scale score <9, and in those 
with active hematemesis or severe uncon
trolled bleeding.

Ascites and Renal Function

Patients with AVB and tense ascites 
should be treated with paracentesis along 
with albumin replacement as this inter
vention has been shown to decrease both 
portal and variceal pressures [35–37]. 
Acute kidney injury occurs in approxi
mately 11% of cirrhotic patients following 
an AVB and confers an extremely poor 
prognosis with a mortality rate of 55% 
[31,38]. The presence of hypovolemic 
shock, number of packed red blood 
cells  transfused, Child–Pugh class on 
admission, and baseline platelet count are 
independent predictors of renal failure 
[31]. Renal function should be closely mon
itored and supported by adequate fluid 
resuscitation. Nephrotoxic drugs, such as 

aminoglycosides and non‐steroidal anti‐
inflammatory agents, should be avoided.

Nutrition

Malnutrition is highly prevalent among 
patients with chronic liver disease and is 
associated with increased morbidity and 
mortality [39–41]. Malnutrition may also 
be an independent risk factor for variceal 
bleeding [42]. The vast majority of patients 
presenting with AVB are fasted to facili
tate treatment. Feeding should be resumed 
as  soon as possible after hemostasis 
is  achieved; practically this tends to be at 
least 24 hours following the control of 
bleeding. Enteral nutrition is always prefer
able due to lower cost and complications 
when compared with parenteral nutrition. 
If a nasogastric tube is ever required, cur
rent guidelines recommend delaying inser
tion until at least 72 hours after hemostasis 
and the use of a fine bore tube [43].

The possibility of alcohol withdrawal 
should be considered in all patients. 
Judicious use of benzodiazepines may be 
necessary to treat an acute withdrawal 
syndrome. Administration of thiamine 
should also be given to alcoholic or mal
nourished patients to prevent Wernicke 
syndrome.

 Pharmacological Management

Prophylaxis and Treatment 
of Infection

Infection is a poor prognostic indicator 
in  AVB and is associated with both 
early  rebleeding and greater mortality 
[15,44–47]. Bacterial infections are fre
quently associated with upper gastrointes
tinal bleeding in cirrhotic patients, with 
Gram negative bacilli as the most frequent 
 pathogens [48,49]. Multiple studies have 
shown that use of empirical prophylactic 
antibiotics significantly reduces the  inci
dence of infection, resulting in a decreased 
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risk of rebleeding [50], all‐cause mortality 
[51], and hospital length of stay [47]. Thus, 
it is considered standard of care that all 
cirrhotic patients presenting with gastro
intestinal bleeding should receive prophy
lactic antibiotic therapy on admission 
[52–54].

A Cochrane review noted that survival 
benefits are observed independently of the 
type of antibiotic used [47]; therefore the 
choice of agent should be made consider
ing local conditions, such as bacterial 
resistance profile and treatment cost. Oral 
quinolones, such as norfloxacin (400  mg 
bid for 7 days) or ciprofloxacin (500 mg 
bid for 7 days), have frequently been used 
due to low cost and ease of administration 
[55,56]. If oral administration is not possi
ble, quinolones can also be given intrave
nously. In the setting of concerns about 
increasing fluoroquinolone resistance, 
third generation  cephalosporins such as 
ceftriaxone (1 g IV daily) have been stud
ied and may in fact be more efficacious in 
patients with advanced cirrhosis present
ing with AVB [57]. Third generation 
 cephalosporins or other agents with broad 
Gram negative coverage, such as piperacil
lin‐tazobactam, are used in many centers.

Pre‐Endoscopic Vasoactive 
Therapy

Vasoactive medications aim to decrease 
splanchnic blood flow and portal pres
sure, and are commonly used in the treat
ment of AVB. Medications include 
vasopressin and its analog, terlipressin, 
and somatostatin and its analog, octreo
tide. In a meta‐analysis of 30 randomized 
trials involving 3111 patients presenting 
with AVB, the use of vasoactive medica
tions (compared with placebo) was associ
ated with improved hemostasis, decreased 
7‐day mortality, decreased transfusion 
requirements, and/or shorter hospital 
length of stay [58]. However, terlipressin is 
the only agent individually shown to 
reduce mortality [59].

Vasoactive therapy should be consid
ered at the time of presentation in patients 
presenting with hematemesis who have 
known varices or are at risk for varices; it 
should not be delayed until diagnosis is 
confirmed. In situations where endoscopy 
is unavailable, vasoactive therapy should 
be considered to be first line therapy. 
Treatment is generally continued for up to 
5 days.

Vasopressin
Due to its short half‐life, vasopressin 
necessitates delivery by continuous intra
venous infusion. Significant systemic side 
effects are common, including increased 
risk of myocardial infarction and mesen
teric ischemia [60]. Multiple trials have 
shown improved hemostasis but this did 
not result in any significant improvement 
in mortality [2,60–63]. In these trials seri
ous adverse effects were encountered: 
25% of patients were withdrawn from 
the trials and 3% died due to side effects; 
vasopressin is no longer recommended 
as monotherapy in AVB. The addition of 
nitrates (potent vasodilators) to vasopres
sin reduces its side effects and the com
bined therapy may lower portal pressure 
more effectively [64–67].

Terlipressin
Terlipressin is a synthetic vasopressin 
analog with a longer half‐life (enabling 
bolus administration) and less adverse 
effects [29,68]. It is given as a 1–2 mg IV 
bolus every 4–6 hours. Terlipressin is the 
preferred vasoactive agent in many 
countries outside the USA. Multiple 
studies have shown increased hemosta
sis and improved mortality. Terlipressin 
achieves control of bleeding in 75–80% 
and 67% of patients at 48 hours and 
5  days, respectively [29,59,69]. A 
Cochrane review of 20 RCTs (of which 
seven  compared terlipressin with pla
cebo) found terlipressin to be associated 
with a 34% relative risk reduction in 
mortality [59]. This study concluded that 
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terlipressin is effective in the treatment 
of AVB and since no other vasoactive 
agent has been shown to reduce mortal
ity in single studies or meta‐analyses, it 
represents the vasoactive agent of choice 
in AVB, where available [59]. Importantly, 
adverse events were uncommon and not 
statistically higher than in the control 
group.

Somatostatin
Somatostatin is administered as an initial 
bolus of 250 μg IV followed by a 250–500 
μg continuous infusion until a bleed‐
free  period of 24 hours is achieved [28]. 
Somatostatin has shown superior hemo
stasis compared with vasopressin in 
 multiple studies, and also has a superior 
safety profile with fewer side effects [70–
74]. Studies have shown somatostatin to be 
as effective as either terlipressin [75,76] or 
sclerotherapy [77].

Octreotide
Octreotide is a synthetic analog of soma
tostatin with a longer half‐life and is the 
most common agent used in the USA. It is 
given as a 50 μg IV bolus, followed by a 
continuous infusion at a rate of 25–50 
μg/h. Octreotide has been compared with 
terlipressin [78,79], sclerotherapy [80,81], 
and endoscopic variceal banding [82]; 
studies have shown octreotide to be more 
effective than vasopressin but equivalent 
to other treatments. Terlipressin and 
octreotide appear to be equivalent as 
adjuvant therapy for the control of AVB in 
conjunction with endoscopic variceal 
band ligation. No difference in in‐hospital 
mortality was observed, although hospi
tal length of stay was shorter in the 
 terlipressin group [83]. The addition of 
octreotide to terlipressin does not appear 
to have any additive effect over terlipres
sin  monotherapy [84].

Both somatostatin and octreotide have 
a good safety profile. Possible side effects 
include hyperglycemia and abdominal 
cramping.

Summary of Vasoactive Therapy
Vasoactive therapy should be considered 
in all patients presenting with possible 
AVB. Vasoactive drugs are safe and effec
tive, especially in scenarios where endo
scopic therapy is not promptly  available. 
Vasoactive therapy should be commenced 
early, with endoscopy performed after 
initial resuscitation [30,53,85]. Meta‐
analyses and guidelines advocate that 
combined vasoactive drug and  endoscopic 
therapy is superior to either intervention 
alone. Recent systematic reviews also 
indicate that, in conjunction with endo
scopic treatment, all vasoactive agents 
are  comparable in terms of reduction 
in  rebleeding [86,87], although only 
 terlipressin has been shown to reduce 
mortality [59].

A Cochrane analysis in 2010 compared 
vasoactive drugs to emergency endoscopic 
sclerotherapy, a largely superseded treat
ment for AVB, in the management of 
bleeding esophageal varices in cirrhotic 
patients. No convincing evidence was 
found to favor emergency sclerotherapy 
as the first, single treatment when com
pared with vasoactive drugs, which were 
associated with less adverse events than 
sclerotherapy [79,88].

 Esophageal Varices

Endoscopic Management 
of Acute Esophageal Variceal 
Bleeding

The gold standard for the diagnosis and 
treatment of variceal hemorrhage is 
endoscopy. Current guidelines recom
mend performing emergency endoscopy 
as soon as safely possible after admission 
in order to confirm a variceal origin of 
the  hemorrhage  –  which represents the 
leading cause of upper gastrointestinal 
bleeding in cirrhotic patients  –  and to 
perform definitive hemostatic therapy 
[52,53,85,89,90]. About 80–90% of AVB 
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episodes are successfully controlled with 
endoscopic therapy [29]. Delayed endos
copy (variably defined as endoscopy more 
than 12–15 hours after admission) is asso
ciated with both increased rebleeding and 
mortality [91,92].

The two principal methods for manage
ment of esophageal varices are endoscopic 
injection sclerotherapy (EIS) and endo
scopic variceal band ligation (EVL). Both 
have been shown to be effective in the 
control of AVB.

Endoscopic Injection Sclerotherapy
Endoscopic injection sclerotherapy was 
first described by Crafood and Frenckner 
in 1939 [93] and has been used to treat 
AVB for over 50 years. EIS is a technique 
whereby a flexible catheter with a needle 
tip is passed through the accessory chan
nel of the endoscope and used to inject a 
sclerosing agent either into the variceal 
lumen (intravariceal) or adjacent to the 
varix (paravariceal). Sclerosing agents are 
oily or aqueous chemicals, which induce 
thrombosis of the vessel and inflamma
tion of the surrounding tissues [94–96]. 
The technique was widely adopted in the 
1970s using rigid endoscopes, and was 
then replaced by flexible endoscopic scle
rotherapy in the 1980s [24]. During an epi
sode of AVB, EIS can achieve hemostasis 
by variceal thrombosis and/or external 
compression of the varix by tissue edema 
[94]. Widespread introduction of EIS cor
responded to a significant improvement in 
survival of patients presenting with AVB 
[94]. EIS is successful in controlling active 
bleeding in at least 90% of patients [97] 
and can reduce the frequency and severity 
of recurrent variceal bleeding [10,98].

EIS varies widely in its application, with 
considerable differences in:

 ● Technique  –  type of endoscope, use 
of  overtubes, sclerotherapy needles, 
intra‐ versus paravariceal injections, 
sclerosant volumes, number of injec
tions, and operator expertise.

 ● Sclerosant – sodium morrhuate, sodium 
tetradecyl sulfate, ethanolamine oleate, 
polidocanol, and absolute ethanol.

 ● Follow‐up practice – treatment intervals 
[24].

This variability makes both individual 
and comparative EIS trials difficult to 
interpret. Multiple sclerosing agents have 
been effective in controlled trials [99]; the 
most commonly used agents are ethanol
amine oleate or polidocanol in Europe, 
and sodium morrhuate or sodium tetra
decyl sulfate in the USA [94,100,101]. 
The concentration and volume of sclero
sant used, and the number of injections 
used, differ widely among endoscopists. 
Although trials have been attempted 
to  compare different sclerosants, results 
have been conflicting and no definitive 
conclusions have been drawn [102–107]. 
More frequent EIS treatments achieve 
more rapid variceal obliteration but are 
associated with greater mucosal ulcera
tion [108–110].

EIS has a number of advantages. It is a 
low cost and easy to use technique, the 
injection catheter can fit through the 
working channel of a diagnostic endo
scope, it can be quickly assembled, and 
treatment of bleeding varices does not 
require a second oral intubation as is the 
case with band ligation. Additionally, the 
sclerosants induce rapid thrombosis [94].

A major disadvantage of EIS is the 
local and systemic adverse events (AEs) 
associated with the procedure. Minor 
AEs are common following EIS, includ
ing low grade fever, retrosternal chest 
discomfort or pain, dysphagia, asympto
matic pleural effusions, and non‐specific 
transient chest radiographic changes 
[95]. These AEs do not generally require 
treatment and resolve spontaneously. 
More significant AEs can be classified  
as local, cardiorespiratory or systemic 
(Table 5.1).

Bacteremia [111], post‐EIS esophageal 
ulcer bleeding, and esophageal strictures 
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[112] are the most frequent and signifi
cant AEs encountered [113–116]. These 
hazardous complications can be a conse
quence of incorrect injection technique, 
with either a large volume or a high con
centration of sclerosant being injected, 
resulting in extensive wall necrosis [117]. 
Ulceration of the esophageal mucosa is 
the most common local AE, occurring in 
up to 90% of patients within 24 hours of 
injection, although it heals rapidly in most 
cases [94]. Sclerosant induced esophageal 

ulcers are also common and may cause 
bleeding in up to 20% of patients 
[118,119]; thus, ulcerated variceal col
umns found at follow‐up endoscopy 
should not be injected [94]. EIS induced 
esophageal strictures are well docu
mented, with a frequency between 2% 
and 10%, and can present with dysphagia 
or food bolus obstruction; strictures usu
ally respond to dilation [94,120,121]. 
Esophageal complications are often 
treated with proton pump inhibitors, 
although the usefulness of this practice is 
questionable [122]. Sucralfate has also 
been utilized to facilitate esophageal ulcer 
healing and to lower the risk of rebleed
ing, although it remains a controversial 
treatment [123,124].

Bacteremia may occur in up to 35% 
patients and lead to other complications, 
such as spontaneous bacterial peritonitis 
or distal abscesses [111,125–127]. However, 
the risk of EIS related infectious complica
tions is mitigated by the recommended 
use of prophylactic antibiotics in cirrhotic 
patients presenting with AVB.

Chest pain (38%), dyspnea (31%), and 
pleural effusion (23%) are the most com
mon cardiorespiratory AEs experienced 
after EIS [128]. The most clinically 
 significant pulmonary AE is delayed 
 perforation with the formation of 
esophagopleural or esophagobronchial 
fistulae. Pneumonia, empyema, pulmo
nary infarction, and atelectasis can also 
occur. Post‐procedure pulmonary func
tion tests often show a transient restric
tive deficit [129,130].

The reported frequency of AEs of 
 sclerotherapy varies greatly among series. 
AEs are undoubtedly related to the experi
ence of operators and the frequency and 
completeness of follow‐up examinations 
[94]. Mortality as a direct result of post‐
EIS AEs may occur in 2% of patients and is 
usually the result of recurrent bleeding, 
perforation, sepsis, or severe respiratory 
disorders [116].

Table 5.1 Adverse events of endoscopic 
injection sclerotherapy (EIS).

Category Adverse event

Minor 
post‐procedure

Low grade fever
Retrosternal chest pain
Transient dysphagia
Non‐specific chest X‐ray 
changes

Local Injection‐induced bleeding
Esophageal ulcers/mucosal 
ulcerations
Post‐EIS delayed ulcer 
bleeding
Esophageal strictures
Perforation

Cardiorespiratory Pleural effusions
Adult respiratory distress 
syndrome (ARDS)
Pericarditis
Mediastinitis
Bronchoesophageal fistula

Systemic/
infectious

Fever
Bacteremia
Spontaneous bacterial 
peritonitis
Distant embolism
Distant abscess
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EIS Versus Placebo or Non‐Active Treatment  
A meta‐analysis of five studies comparing 
EIS with either sham or non‐active 
 treatment found EIS to be associated with 
significantly increased control of acute 
bleeding, and a significant reduction in 
early rebleeding and mortality [131].

EIS Versus Vasoactive Drugs A Cochrane 
review of 17 trials in 2010 compared vaso
active drugs with emergency EIS in the 
management of bleeding esophageal 
varices in cirrhotic patients [88]. No sig
nificant difference was found between the 
two therapies regarding initial bleeding 
control, rebleeding, or mortality. Treatment 
with vasoactive drugs was associated with 
significantly less AEs than EIS. Overall, no 
convincing evidence was found to favor 
emergency EIS as the first  treatment for 
bleeding esophageal varices compared 
with vasoactive drugs [88].

EIS Versus Balloon Tamponade Four trials 
have compared sclerotherapy with bal
loon tamponade, showing significantly 
higher control of bleeding with EIS [19].

Combination Therapy Versus Monotherapy 
with Vasoactive Agents or EIS Combination 
EIS and vasoactive therapy appears to 
improve initial control of bleeding and 
to decrease treatment failure when com
pared with either modality alone. A  sys
tematic review compared endoscopic 
treatment (EIS or EVL) alone with com
bination therapy, and demonstrated 
increased control of bleeding initially and 
at day 5 with combination therapy, with a 
similar serious AE rate in both groups. No 
survival benefit was seen with combina
tion therapy [132].

One trial [133] and one abstract [134] 
have been published comparing combined 
EIS and vasoactive therapy with vasoac
tive treatment alone, using somatostatin 
and octreotide, respectively. Combination 
therapy was associated with increased 
control of bleeding and increased AEs, 

with no significant effect on mortality 
[36]. Higher doses of somatostatin in com
bination with EIS were also associated 
with a lower rebleeding rate [135].

Summary of EIS EIS of esophageal varices 
remains an effective method of control
ling acute variceal hemorrhage, although 
it is associated with significant AEs. EIS 
has been superseded by EVL and should 
be considered in cases where band liga
tion is unsuccessful or not available 
(Video  5.1) [136]. EIS is more effective 
than balloon tamponade or placebo, but is 
not superior to vasoactive agents.

Endoscopic Variceal Ligation
Banding of esophageal varices evolved 
from the established treatment of ligating 
hemorrhoids and was first presented in 
1986 [137]. In 1989, a seminal study by 
Stiegmann and Goff reported the success
ful application of EVL to esophageal 
varices in 68 consecutive patients, with an 
88% success rate in controlling acute 
bleeding [138]. EVL involves suction of a 
variceal column into a hollow plastic 
 cylinder attached to the tip of the endo
scope, followed by placement of a rubber 
ring onto the column, which ligates 
and  ultimately strangulates the varix 
(Figure  5.3) [94,139]. Original devices 
consisting of single‐shot ligators that were 
time consuming and required the use of 
an overtube were associated with poten
tially serious complications. These have 
now been replaced by multiple‐shot 
devices, which make the procedure much 
faster and simpler. In addition, the origi
nal opaque caps have now been replaced 
with transparent caps, which significantly 
improve visibility (visual field with the 
old caps may be reduced by 30%) [100]. 
Several commercial, single use, multiband 
devices are available for EVL, which carry 
between four and 10 preloaded bands, 
enabling multiple varices to be easily 
ligated in a single banding session.
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EVL comprises a two step process. 
Initially, a diagnostic endoscopy is per
formed, which enables examination of the 
entire upper gastrointestinal tract and 
the  identification of culprit or high risk 
esophageal varices; markings on the endo
scope enable the distance from the mouth 
to the varices to be measured. The endo
scope is then withdrawn and the ligation 
device is attached. A second procedure is 
then performed. Esophageal intubation 
can be challenging with the ligation device 
attached, but with flexion of the neck, 
visualization of the pharynx, gentle scope 
pressure, and slight torque of the scope 
shaft left and right, it is successful in the 
vast majority of cases [94,140]. The scope 
is advanced to the location of the varices 
based on the distance measured previ
ously. Once the varix is identified, the tip 
of the endoscope is pointed toward it and 
continuous suction applied so the varix 
fills the cap. Once inside the cap, a “red 
out” should appear and at this point the 
band is fired, ligating the varix [94,140]. 
As the variceal blood supply originates 
from the gastroesophageal junction (GEJ), 
variceal ligation is typically performed by 
applying bands at the GEJ first and work
ing upwards (Video 5.2).

In the setting of active variceal bleeding, 
the visual field can be significantly 
impaired by both blood and the banding 
cap. This significantly increases the com
plexity of the procedure, making bleeding 
points difficult to locate and requiring 
active flushing with water and suction as 
necessary. Ideally, the rubber band should 
be delivered on the varix at the site of 
active bleeding (Video  5.3). Unlike the 
injection of a sclerosant, which may cause 
side effects, banding esophageal varices is 
generally not harmful. If vision is impaired 
and a point of bleeding cannot be identi
fied, several bands can be placed onto the 
varices at the GEJ; this may reduce torren
tial bleeding, enabling visualization of the 
actual bleeding site and allowing further 
bands to be accurately placed [94,141].

Following variceal banding, the ligated 
tissue undergoes ischemic necrosis, 
accompanied by variceal thrombosis [142]. 
The ligated tissue, along with the band, 
generally falls off within a few days (range 
1–10 days), leaving esophageal ulcers 
(Figure 5.5). The ligation induced ulcers are 
shallower, have a greater surface area, and 
heal more rapidly than ulcers caused by EIS 
[143,144]. Some studies have suggested 
that the use of a proton pump inhibitor 
 following EVL can reduce the size of post‐
banding ulcers [145,146], although this 
practice is not routine.

The most common AEs associated with 
EVL include chest discomfort and post‐
banding ulceration; rarer AEs include 
esophageal strictures and bleeding 
r esulting from a band falling off [29]. To 
minimize chest pain and band dislodg
ment, patients are generally maintained 
on a full liquid diet for the first 12 hours, 
followed by gradual diet advancement 
thereafter as tolerated. The incidence of 
bacteremia and infectious complications 
are significantly reduced with EVL com
pared with EIS [139].

The incidence of bleeding from band 
induced ulcers appears to be higher in 
patients undergoing EVL for acute bleed
ing compared with elective EVL for 
 primary or secondary prophylaxis [147]. 

Figure 5.5 Post‐band ligation ulcers with only a 
few retained bands.
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Patients with more severe liver disease, 
as  evidenced by a higher Child–Pugh 
score or impaired synthetic function (i.e., 
hypoalbuminemia and/or coagulopathy), 
may be more likely to experience post‐
EVL bleeding [148,149]. In addition, the 
incidence of bacterial infections is also 
higher in patients experiencing post‐EVL 
bleeding [148]. The rate of bleeding from 
post‐banding ulcers varies widely among 
studies, and is reported to be as high as 
12% in patients with AVB [147].

Combination Therapy (EVL and  Vasoactive 
Therapy) Versus Vasoactive Therapy Alone  
One trial has compared combination ther
apy (EVL and vasoactive therapy) with vas
oactive therapy alone. The combination of 
EVL and terlipressin infusion for 2 days 
demonstrated superiority to infusion of 
terlipressin alone for 5 days with regard to 
reduction of very early rebleeding and 
treatment failure [150].

Combination Therapy (EVL and  Vasoactive 
Therapy) Versus EVL EVL alone was com
pared with the combination of EVL and 
octreotide infusion. Although rebleeding 
was significantly reduced in the combina
tion therapy arm, there was no significant 
difference in mortality [151].

EVL Versus EIS
Both EVL and EIS have been shown to be 
effective in the control of AVB. Four meta‐
analyses and 10 RCTs have compared EVL 
and EIS (Table 5.2). In the RCTs, EVL was 
found to be superior to EIS for eradicating 
varices more rapidly [97,98,139,152–156], 
with significantly less recurrent bleeding 
[98,139,153,155–157]. Three of the RCTs 
also demonstrated a survival advantage in 
patients treated with EVL [98,139,158]. 
EVL was associated with significantly fewer 
AEs compared with EIS [98,139,154,156–
159] (Table 5.3). EVL is equivalent or supe
rior to EIS in achieving initial hemostasis. 
Three meta‐analyses also confirmed the 
superiority of EVL compared with EIS for 

all major outcomes (recurrent bleeding, 
local AEs including ulceration and stricture 
formation, time to variceal obliteration), 
[97,160,161] and two showed better sur
vival [97,160]. In addition, one study meas
uring HVPG before and after endoscopy 
demonstrated that EIS, but not EVL, may 
increase portal pressure in AVB [162]. 
Finally, a meta‐analysis found the combina
tion of EVL and EIS was not superior to 
EVL alone [163].

Thus, EVL should be considered the gold 
standard endoscopic treatment for the 
control of acute esophageal variceal hem
orrhage, with EIS considered in situations 
where EVL is technically unsuccessful or 
not available.

Rescue Therapies for Refractory 
Esophageal Variceal Bleeding

Despite best practice management, 
10–20% of patients with AVB will still 
experience treatment failure or early 
rebleeding [30,36,164]. A consensus defi
nition is commonly used to define treat
ment failure in AVB [85]. Treatment is 
considered to have failed if the patient dies 
or if any of the following occurs:

 ● Fresh hematemesis or nasogastric tube 
aspiration of ≥100 mL of fresh blood ≥2 
hours after the start of a specific drug 
treatment or therapeutic endoscopy.

 ● Development of hypovolemic shock.
 ● A 3 g/dL drop in hemoglobin (or a 9% 

drop in hematocrit) within any  
24‐hour period if no transfusion is 
administered.

It is important to exercise clinical judg
ment in all cases, as these criteria can 
potentially be met without continued 
bleeding.

Any bleeding that occurs more than 48 
hours after the initial admission for variceal 
hemorrhage, provided there has been at 
least a 24‐hour period without bleeding, 
is  considered to represent rebleeding. 
Rebleeding that occurs within 6 weeks of 
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the onset of active bleeding is considered 
“early rebleeding,” while rebleeding epi
sodes after 6 weeks are referred to as “late 
rebleeding” [8]. Approximately 40% of 

rebleeding episodes will occur within 
5 days of the initial variceal bleed [160]. 
The mortality rate in this group remains 
high (30–50%) and rebleeding remains a 

Table 5.2 Studies comparing the outcomes of endoscopic variceal band ligation (EVL) versus 
endoscopic injection sclerotherapy (EIS).

Study, year
Study 
type

No. 
patients Arms Hemostasis Rebleeding 30‐day mortality

Stiegmann 
et al. 1992 
[139]

RCT 129 EVL vs EIS 86% vs 77% 
(p >0.05)

36% vs 48% 
(p = 0.072)

28% vs 45% 
(p = 0.041)a

Laine et al. 
1993 [152]

RCT 77 EVL vs EIS NT 26% vs 44% 
(difference 17%, 
CI –4% to +38%)

ND

Gimson et al. 
1993 [153]

RCT 103 EVL vs EIS 91% vs 92% 
(p >0.05)

30% vs 53% 
(p <0.05)

ND

Laine & Cook 
1995 [97]

Meta‐
analysis

EVL vs EIS NT OR 0.52b 
(CI 0.37–0.74)

OR 0.67b (CI 
0.46–0.98)

Lo et al. 1995 
[98]

RCT 120 EVL vs EIS 94% vs 80% 
(p = 0.23)

33% vs 51% 
(p <0.05)

Lower with EVL 
(p = 0.011)

Hou et al. 1995 
[157]

RCT 134 EVL vs EIS 100% vs 88% 
(p >0.05)

19% vs 42% 
(p <0.01)

ND

Lo et al. 1997 
[159]

RCT 71 EVL vs EIS 97% vs 76% 
(p = 0.009)

17% vs 33% 
(p = 0.19)

19% vs 35% 
(p = 0.19)

Baroncini et al. 
1997 [154]

RCT 111 EVL vs EIS NT ND ND

Sarin et al. 
1997 [155]

RCT 95 EVL vs EIS 80% vs 86% 
(p >0.05)

6% vs 21% 
(p <0.05)

ND

Masci et al. 
1999 [156]

RCT 100 EVL vs EIS NT 12% vs 42% 
(p = 0.001)

NT

Gross et al. 
2001 [287]

Meta‐
analysisc

EVL vs EIS 91% vs 81% 
(p >0.05)

NT NT

Villanueva 
et al. 2006 
[158]

RCT 179 EVL vs EISd 96% vs 85% 
(p = 0.02)

NT Lower with EVL 
(p = 0.01)

Abraldes & 
Bosch 2007 
[160]

Meta‐
analysis

EVL vs EIS RR 0.47e 
(CI 0.27–0.81) 
(p = 0.007)

NT RR 0.59e (CI 
0.35–0.98) 
(p = 0.04)

Dai et al. 2015 
[161]

Meta‐
analysis

1236 EVL vs EIS 1.06e (CI 
1.01–1.12)

21.7% vs 33.1%; 
RR 0.68e 
(CI 0.57–0.81)

22.8% vs. 24.6%; 
RR 0.95e (CI 
0.77–1.17)

a Survival over 10 months (30‐day mortality lower in EVL group compared with EIS group).
b Odds ratio favoring EVL over EIS.
c Included patients only with ongoing variceal bleeding.
d Both groups given combination therapy with somatostatin.
e Relative risk favoring EVL over EIS.
CI, 95% confidence interval; ND, no significant difference; NT, not tested; OR, odds ratio; RCT, randomized 
controlled trial.
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strong predictor of death from variceal 
bleeding [132,160]. Treatment options in 
the setting of rebleeding include a sec
ond endoscopy with therapeutic intent, 
balloon tamponade, esophageal stent 
tamponade, transjugular intrahepatic 
portosystemic shunt (TIPS), or a surgical 
shunt.

Second Endoscopy
Current guidelines state that in the setting 
of failure of initial combined treatment 
(endoscopy and vasoactive therapy), it is 
reasonable to consider a second attempt 
at endoscopic therapy [52,85,90]. Second 
endoscopy can occur either before or after 
a period of balloon tamponade.

Table 5.3 Studies comparing adverse events between endoscopic variceal band ligation (EVL) 
and endoscopic injection sclerotherapy (EIS).

Study, year
Study 
type

Esophageal 
strictures

Bacterial 
infections

Complex 
ulcers

Significant 
AE rates

No. treatments 
required to 
achieve 
eradication

Stiegmann 
et al. 1992 [139]

RCT 0% vs 12% 
(NS)

2% vs 11% 
(NS)

2% vs 22% 
(p <0.001)

Lower with 
EVL (p = 0.056)

Laine et al. 
1993 [152]

RCT 0% vs 33% 
favoring EVL 
(p <0.001)

NT 2.6% vs 15% 
(p = 0.11)

Lower with 
EVL

Gimson et al. 
1993 [153]

RCT ND Lower with 
EVL (p = 0.006)

Laine & Cook 
1995 [97]

Meta‐
analysis

OR 0.10a 
(CI 0.03–0.29)

ND NT Lower with 
EVL

Lo et al. 1995 
[98]

RCT NR NR NR 3.3% vs 19% 
(p <0.01) 
favoring EVL

Lower with 
EVL

Hou et al. 1995 
[157]

RCT 4% vs 22% 
(p <0.01)

Lo et al. 1997 
[159]

RCT 5% vs 29% 
(p =0.007)

Baroncini et al. 
1997 [154]

RCT 11% vs 31% 
(p = 0.001) 
favoring EVL

Lower with 
EVL (p = 0.004)

Sarin et al. 
1997 [155]

RCT 0% vs 10% Lower with 
EVL (p <0.01)

Masci et al. 
1999 [156]

RCT 2% vs 18% 
(p <0.005)

10% vs 36% 
(p <0.005) 
favoring EVL

Lower with 
EVL (p <0.001)

Villanueva et al. 
2006 [158]

RCT 4% vs 13% 
(p = 0.04)

Dai et al. 2015 
[161]

Meta‐
analysis

Lower with 
EVL (NS)

Lower 
with EVL 
(p <0.05)

Lower with 
EVL (NS)

0.28b (CI 
0.13–0.58)

a Odds ratio favoring EVL over EIS.
b Relative risk favoring EVL over EIS.
AE, adverse events; CI, 95% confidence interval; ND, no difference; NR, not reported; NS, not significant 
(p >0.05).
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Balloon Tamponade
Balloon tamponade with a Sengstaken–
Blakemore or Minnesota tube is a tem
porizing measure that pneumatically 
compresses the gastric fundus and lower 
esophagus to achieve hemostasis in 
60–90% of refractory variceal bleeding 
cases [30,165]. In cases of massive bleed
ing where endoscopic treatment is una
vailable, this form of treatment may be life 
saving. Patients should remain endotra
cheally intubated and the tube should be 
deflated within 24 hours to minimize the 
risk of pressure tissue necrosis. Patients 
require further endoscopy immediately 
after deflation.

The Sengstaken–Blakemore tube 
should ideally be kept in a refrigerator as 
this eases its passage. Once inserted, the 
gastric balloon should be inflated with 
150–300 mL of air; traction should then 
be applied and maintained [19]. It is highly 
effective at stopping bleeding, yet on 
removal of the balloon 50% of patients will 
rebleed [166]. Tamponade is also associ
ated with serious AEs in 6–20% of patients, 
including aspiration, esophageal ulcera
tion, and perforation [2,19]; the latter is 
associated with very high mortality. 
Ideally, insertion of the device should be 
performed by an experienced operator as 
this is associated with fewer complica
tions [167]. Balloon tamponade only 
serves as a bridge to definitive therapy, 
such as an endoscopic procedure, TIPS, or 
surgery.

Self‐Expandable Metal Stents
Case studies have documented the suc
cessful use of dedicated covered self‐
expandable metal stents (SEMSs) in 
controlling refractory esophageal variceal 
bleeding [168–171]. Similar to balloon 
tamponade, this procedure is used as 
bridging therapy due to a high rate of 
bleeding with conservative management 
following stent removal [168]. Insertion of 
a stent does appear to be efficacious 
at  stopping ongoing bleeding, thereby 

providing time to perform a definitive 
interventional or surgical procedure to 
lower portal pressures. However, no rand
omized trials have been published com
paring this technique with established 
treatments, such as balloon tamponade. 
One case report also showed the success
ful use of SEMSs to treat post‐banding 
ulcer hemorrhage [172].

Transjugular Intrahepatic 
Portosystemic Shunt
TIPS is a radiologically placed portosys
temic shunt that achieves hemostasis in 
approximately 95% of patients with refrac
tory variceal bleeding [19]. It was first 
described in 1988 [173,174]. TIPS is 
only  available in specialized centers and 
involves the creation of a low resistance 
channel between the hepatic vein and the 
intrahepatic portion of the portal vein 
(usually the right branch) using angio
graphic techniques. The tract is kept pat
ent by the deployment of an expandable 
metal stent through it, which functions 
like a side to side portacaval shunt, allow
ing portal blood to return to the systemic 
circulation. TIPS does not require general 
anesthesia for placement [175].

Contraindications to TIPS placement 
are listed in Table 5.4. The survival benefit 
of TIPS in patients with severe liver failure 
(defined as Child–Pugh class C cirrhosis, 
MELD score >24, serum bilirubin >3 mg/
dL) remains unclear [176]. Chronic portal 
vein thrombosis does not absolutely pre
clude TIPS insertion, but makes the proce
dure technically challenging. Acute portal 
vein thrombus is not a contraindication 
for TIPS, but it necessitates extensive 
stenting to prevent shunt occlusion.

Treatment guidelines for AVB have cat
egorized TIPS as second line treatment, 
applicable for patients in whom combined 
pharmacological and endoscopic therapy 
has failed to control bleeding [36,85,177–
180]. Its role as salvage therapy stems from 
the fact that although TIPS is extremely 
effective in controlling variceal bleeding, 
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two early meta‐analyses demonstrated that 
TIPS increased the risk of hepatic enceph
alopathy without improving survival com
pared with endoscopic therapy [181,182].

Several uncontrolled series that evaluated 
the use of TIPS in patients with acute treat
ment failure [183–187] have confirmed 
that TIPS is highly successful (90–100%) in 
controlling bleeding esophageal and gastric 
varices [188]. Despite the high rate of hemo
stasis with TIPS, a significant proportion of 
patients still die of liver and multiorgan 
 failure as a consequence of sepsis, hemo
dynamic instability requiring inotropes, 
multiple blood transfusions, repeated endo
scopic treatments, and development of 
hepatic encephalopathy [189]. In patients 
with a Child–Pugh score >13, early mortal
ity after TIPS is almost inevitable. Thus, a 
good prognosis following TIPS relies on the 
general condition of the patient, status of 
the liver function reserve, associated comor
bidities, and timing of the procedure [176].

The role of TIPS in AVB is cur
rently being re‐evaluated in the setting of 
technical advances and new studies. The 
development of extended polytetrafluoro
ethylene (PTFE) covered stents has sig
nificantly improved stent patency and 
reduced the incidence of encephalopathy 
when compared with bare stents [190], 
which may contribute to improved 

 outcomes. An RCT by Monescillo et al. in 
2004 used invasive criteria (HVPG ≥20 
mmHg) to select high risk patients who 
should receive early TIPS using an uncov
ered stent and compared results to EIS as 
the control therapy. Early TIPS was asso
ciated with reduced treatment failure and 
in‐hospital and 1‐year mortality [191]. In 
addition, a multicenter RCT by Garcia‐
Pagán et al. in 2010 tested the hypothesis 
that an early decision to use TIPS made on 
the basis of clinical criteria can improve 
the prognosis of high risk patients with 
variceal bleeding [192]. Patients were ran
domized to receive either combination 
treatment (vasoactive drugs and EVL) or 
TIPS (using expanded PTFE‐covered 
stents). Only patients at high risk of bleed
ing related mortality (Child–Pugh class B 
patients with active bleeding at endoscopy 
or Child–Pugh class C patients with a 
score <14) were included. The early use of 
TIPS (within 3 days of admission) was 
associated with a reduced 6‐week mortal
ity rate of 3% (33% with combination 
treatment) and a 1‐year mortality rate of 
14% (39% with combination treatment). 
When TIPS was used as rescue therapy 
following failure of medical and endo
scopic treatment, the mortality rate was 
high and comparable to previous results. 
Other beneficial effects of early TIPS 

Table 5.4 Absolute and relative contraindications to transjugular intrahepatic portosystemic shunt 
insertion. Source: Adapted from Boyer and Haskal 2005 [294].

Absolute contraindications Relative contraindications

Congestive cardiac failure
Severe pulmonary hypertension 
(mean pulmonary pressure >45 
mmHg)
Severe systemic infection or 
sepsis
Severe tricuspid regurgitation
Unresolved biliary obstruction

Portal vein thrombosis
Hepatocellular carcinoma (especially if central)
Hepatic encephalopathy
Severe coagulopathy
Obstruction of all hepatic veins
Polycystic liver disease (technically challenging with high 
risk of hemorrhagic complications)
Severe thrombocytopenia (<20,000 mm3)
Moderate pulmonary hypertension
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placement included reduced rates of 
ascites, hepatorenal syndrome, and spon
taneous bacterial peritonitis, and signifi
cantly reduced hospital and intensive 
care unit length of stay [180,192]. No 
increase in the risk of hepatic encepha
lopathy was noted. The same authors 
conducted a retrospective review of all 
patients admitted for AVB and at high 
risk of treatment failure (defined by 
Child–Pugh class C with a score <14 or 
Child–Pugh class B with active bleeding 
at endoscopy despite vasoactive drug 
treatment, as in the RCT) at the centers 
participating in the original RCT in 2010. 
Patients treated with early TIPS were 
again found to have a significantly lower 
incidence of failure to control bleeding or 
rebleeding than patients receiving standard 
combination therapy, as well as improved 
1‐year survival [193].

These studies suggest using simple clin
ical parameters (Child–Pugh score) and 
findings at endoscopy to select high risk 
patients who may benefit from early 
TIPS. Initial management with vasoactive 
drugs, antibiotics, and endoscopy with 
EVL performed within 12 hours of admis
sion would be unchanged in the treat
ment paradigm. In high risk patients 
(Child–Pugh class C with a score <14 and 
Child–Pugh class B patients with active 
bleeding at endoscopy), TIPS with 
expanded PTFE covered stents would be 
offered within 72  hours of admission 
instead of adopting a conservative treat
ment strategy with TIPS as late salvage 
therapy [180].

This treatment strategy has not yet 
been adopted in management guide
lines, and in many centers TIPS remains 
a salvage therapy for patients with 
uncontrolled variceal bleeding. Further 
studies are currently underway evaluat
ing the benefits of early TIPS in high risk 
patients with AVB. In addition, while 
these studies are promising, it should be 

noted that, in both  trials, patients in the 
control arms experienced mortality rates 
higher than expected with current 
standards of care for AVB (combination 
therapy with vasoactive agents, EVL, 
and prophylactic antibiotics), which 
potentially overestimates the possible 
benefit of early TIPS [36]. Another limit
ing factor in adopting early TIPS is the 
increase in demand experienced by 
interventional radiology departments 
and the limited number of centers that 
can offer TIPS. In the 2010 RCT [192] 
and 2013 retrospective review [193] by 
Garcia‐Pagán et  al., only 63 of 359 
patients and 75 of 659 patients admitted 
with AVB met the inclusion criteria, 
respectively. This suggests that, in real 
life settings, only about 15–20% of 
patients presenting with AVB may ben
efit from the early TIPS strategy and, 
thus, the increase in demand for TIPS 
may not be as high as imagined [180].

Recently published international 
guidelines [194] and a meta‐analysis 
[195] both support consideration of early 
TIPS with PTFE‐covered stents within 
72 hours (ideally <24 hours) in patients 
with AVB who are at high risk of treat
ment failure (Child–Pugh class C with a 
score <14 or Child–Pugh class B with 
active bleeding at endoscopy) after ini
tial pharmacological and endoscopic 
therapy [194]. In this  setting, early TIPS 
is associated with decreased rebleeding, 
superior 1‐year survival, and no 
increased incidence of hepatic encepha
lopathy [195].

Surgical Procedures
Since the introduction of TIPS, surgi
cal  shunting procedures are now rarely 
 performed and no longer represent a first 
line rescue therapy. There are, however, 
two basic types of operations utilized in 
the setting of refractory variceal bleeding: 
shunt and non‐shunt operations.
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Shunt Operations Shunt operations can be 
categorized as non‐selective (if they divert 
all portal blood flow to the inferior vena 
cava bypassing the liver, such as the porta
caval shunt) and selective (if they are 
intended to at least partly preserve some 
portal blood flow to the liver, such as the 
distal splenorenal shunt or the calibrated 
small diameter portacaval H‐graft shunt) 
[188]. Selective and non‐selective shunts 
have equivocal clinical outcomes at 
medium or long term follow‐up [2,188].

Similar to TIPS, shunt surgery also 
 significantly increases the incidence of 
hepatic encephalopathy. In addition, port
acaval shunts alter vascular anatomy, 
which can complicate future liver trans
plant surgery [2].

Non‐Shunt Operations Non‐shunt opera
tions include esophageal transection or 
devascularization of the gastroesophageal 
junction (GEJ) [188,196]. Data on the effi
cacy of these treatments are difficult to 
combine because of differences in patient 
population and types of operations used, 
and heterogeneity in supportive manage
ment. Portal decompressive surgery and 
esophageal transection both appear to be 
highly effective in achieving hemostasis 
and controlling bleeding, although they 
are associated with significant mortality 
(approximately 45–75%) [178,188].

 Gastric Varices

Although less common than esophageal 
variceal hemorrhage, gastric variceal bleed
ing (GVB) represents a serious complica
tion of portal hypertension [197]. Gastric 
varices (GVs) develop in approximately 
20% of patients with portal hypertension 
and represent 5–10% of all upper gastroin
testinal bleeding episodes in cirrhotic 
patients [30,198]. They are also commonly 
seen in patients with non‐ cirrhotic portal 

hypertension, especially in patients with 
splenic vein thrombosis [197]. The risk of 
first bleeding from GVs is lower than that 
for esophageal varices, estimated at 4% and 
9% within the 1‐ and 3‐year time intervals, 
respectively [199]. Bleeding rates are higher 
in patients of Child–Pugh class C with 
large gastric varices. Hemorrhage from 
GVs is generally more severe and is associ
ated with higher morbidity, transfusion 
requirements, and mortality than esopha
geal varices [200]. GVs can be found alone 
or in combination with esophageal varices 
(Figure 5.6). Risk factors for GVB are given 
in Table 5.5.

GVs are most commonly subtyped 
according to Sarin’s classification [198,200] 
based on their location in the stomach and 

GOV1 GOV2

IGV1 IGV2

Figure 5.6 Sarin classification of gastric varices. 
GOV, gastroesophageal varix; IGV, isolated gastric 
varix. Source: Adapted from Sarin 1997 [293]. 
Reproduced with permission of American Society 
for Gastrointestinal Endoscopy.
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their relationship to esophageal varices 
(Figure  5.6). Gastroesophageal varices 
(GOVs) are associated with esophageal 
varices, which extend along the lesser 
curve of the stomach (GOV1) or along the 
fundus (GOV2). Isolated gastric varices 
(IGVs) are GVs without any associated 
esophageal varices; these can be localized 
to the fundus (IGV1) or at ectopic sites in 
the stomach or the first part of the duode
num (IGV2). GVs may be primary (at ini
tial presentation) or secondary (appearing 
after obliteration of esophageal varices) 
[201]. GOV1 represents the most com
mon of all GVs (74%); they are also known 
as cardial varices. GOV2 and IGV1, which 
comprise 21% and 7% of GVs respectively, 
are together referred to as fundal varices. 
Although less common than GOV1, fun
dal varices are much more likely to bleed 
and account for 80% of patients presenting 
with GVB (Figure 5.7) [197,201].

The diagnosis of GVs is made at endos
copy. Endoscopic ultrasound (EUS) can be 

used to clarify or further differentiate GVs 
if required. If only IGV1 are present, 
exclusion of portal or splenic vein throm
bosis as the underlying cause with Doppler 
ultrasound is imperative [29].

Management Overview

The initial management of GVB is the 
same as for esophageal variceal hemor
rhage, including fluid resuscitation, air
way protection, empirical antibiotic 
prophylaxis, and use of vasoactive agents. 
Evidence for the use of vasoactive drugs 
in acute GVB is limited; their efficacy in 
controlling esophageal variceal bleeding 
favors their use in the setting of acute 
GVB [202]. Therapeutic options for acute 
GVB include balloon tamponade, endo
scopic therapies (tissue adhesives such 
as  cyanoacrylate (superglue), thrombin, 
EIS, EVL), radiological therapies (TIPS or 
balloon‐occluded retrograde transvenous 
obliteration (BRTO)), and surgical proce
dures. Evidence in the management of 
GVB is scarce, with few RCTs and little 
consensus as to the gold standard 
treatment.

Balloon Tamponade

Balloon tamponade with pneumatic com
pression of gastric varices is a temporizing 
measure or bridge to further definitive 

Table 5.5 Risk factors for gastric variceal 
bleeding [202]. Source: Adapted from Sarin 
and Kumar 2014 [202]. Reproduced with 
permission of Elsevier.

Risk factor Explanation

Location of 
gastric varices

IGV1 > GOV2 > GOV1

Size of gastric 
varices

Large (>10 mm) > medium 
(5–10 mm) > small (<5 mm)

Severity of liver 
disease

Child–Pugh class C > B > A
MELD score ≥17

Concomitant 
hepatocellular 
carcinoma
Presence of 
portal 
hypertensive 
gastropathy
Presence of 
high risk 
stigmata

Red color signs

GOV, gastroesophageal varix; IGV, isolated gastric 
varix; MELD, model for end‐stage liver disease.

Figure 5.7 Large fundal varices with stigmata of 
recent bleeding (arrow).
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therapy. It can achieve hemostasis in up 
to 80% of patients with GVB, but rebleed
ing occurs frequently [201]. The AEs of 
 balloon tamponade are the same as 
those  described previously. The maxi
mum volume of air in the gastric balloon 
of a Sengstaken–Blakemore or Minnesota 
tube may be insufficient to adequately 
tamponade large GVs; a Linton–Nachlas 
tube has a larger 600 mL gastric balloon 
and may be more successful in this cir
cumstance [203], although it is not readily 
available.

Endoscopic Management

Endoscopic therapy remains the initial 
treatment of choice, and all cirrhotic 
patients presenting with upper gastroin
testinal bleeding should undergo endos
copy within 12 hours of presentation. The 
endoscopic therapies utilized for GVB 
often depend on availability and local 
expertise.

Endoscopic Injection Sclerotherapy
Prior to the introduction of newer tech
niques, EIS with conventional sclerosants, 
such as alcohol or sodium tetradecyl sul
fate, was used to control acute GVB [201]. 
EIS was found to be less efficacious for 
GVB compared with bleeding esophageal 
varices, with larger volumes of sclero
sant  required and more AEs described 
[19,204,205]. Fundal varices, in particular, 
can be quite large in size, necessitating 
large quantities of sclerosant, which places 
the patient at risk of systemic (especially 
pulmonary) embolization. In addition, 
AEs, such as fever, chest or abdominal 
pain, and extensive mucosal ulceration 
may also be increased [197,202].

In acute GVB, EIS was associated with 
initial hemostasis rates of 67–100%, 
although unacceptably high rebleeding 
rates of up to 90% were noted [202,206]. 
Approximately 50% of rebleeding episodes 
resulted from EIS induced ulcers [202]. 
Overall, the success of EIS is questionable 

in the management of GVB [205] and it is 
not a preferred hemostatic method.

Endoscopic Variceal Ligation
While EVL is the gold standard endo
scopic therapy for esophageal varices, it 
is less effective for GVs and potentially 
harmful. This is due to the fact that GVs 
are larger and propagate deep in the sub
mucosa, making ligation difficult [207]. 
One RCT compared EVL with cyanoacr
ylate injection; EVL was inferior to 
cyanoacrylate for hemostasis of large 
GVs (45% versus 87%) and was associ
ated with a higher rebleeding rate (54% 
versus 31%) [208].

The main indication for EVL in acute 
GVB is the banding of GOV1 (cardial 
varices), which are extensions of esopha
geal varices into the stomach along the 
lesser curvature (Video 5.4). Studies sug
gest that EVL of GOV1 varices results in 
equivalent hemostasis and comparable 
rebleeding rates to EVL of esophageal 
varices [197,206].

Endoscopic Variceal Obturation
Obturation is the term used for GVs 
treated by cyanoacrylate (glue) injection 
(Figure 5.8), because the varix can be visi
ble as a hardened structure after it has 
been effectively treated [202]. Endoscopic 
variceal obturation (EVO) utilizes tissue 
adhesives such as n‐butyl‐2‐cyanoacrylate 
(BCA), a monomer that rapidly undergoes 
exothermic polymerization on contact 
with the hydroxyl ions present in water or 
blood, and which changes from a liquid to 
a hard brittle acrylic plastic [201]. This 
stems the flow of blood within the varix. 
In EVO, a disposable sclerotherapy injec
tion needle is passed through the working 
channel of a standard gastroscope and 
used to puncture the varix lumen 
(Video 5.5). Cyanoacrylate is then injected 
into the varix in 1–2 mL aliquots, followed 
by a flush of saline or sterile water as the 
needle is withdrawn [209]. Commonly, a 
mixture of BCA and lipiodol is injected in 
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a 1:1 or 1:1.5 ratio; lipiodol is used to slow 
down the polymerization of BCA and 
avoid premature glue solidification in the 
injection catheter. Following variceal 
injection, the needle should be withdrawn 
immediately to prevent adherence to the 
varix, then flushed again with saline or 
sterile water. Additional 1 mL aliquots of 
tissue adhesive can be injected until oblit
eration of the varices is achieved. EVO can 
be confirmed by blunt palpation of the 
varices using the injector with the needle 
retracted. Successful EVO is character
ized by a hardened feel to the varix. On 
subsequent endoscopy, the patency of the 
varix can be assessed by either blunt pal
pation or EUS.

Multiple studies worldwide have 
reported hemostasis rates of over 90% 
with EVO for GVB; rebleeding rates vary 

from 15% to 30% [210–218]. One to three 
injections are generally needed to achieve 
variceal obliteration, and higher eradica
tion rates have been noted for GOV1 and 
GOV2 than for IGV1 [202].

A number of AEs have been docu
mented in association with cyanoacrylate 
injection. The majority of these AEs relate 
to post‐procedure thromboembolic phe
nomena, including pulmonary embolism, 
cerebral stroke, portal vein embolization, 
splenic infarction, and renal, coronary, or 
spinal emboli, with rare deaths docu
mented [201]. One case series reported 
non‐fatal pulmonary emboli in 5% of cases 
[219]. Embolic and thrombotic phenom
ena are associated with larger volumes of 
glue injection and thus it is recommended 
not to exceed 2 mL per variceal column 
per session [202,219,220]. Other AEs 

(c)

(b)(a)

Figure 5.8 (a) Acute bleeding from fundal varices. (b) Cyanoacrylate injection into the fundal varices. 
(c) Eradicated varices with a small retained glue cast at the injection site at 1 month follow-up.
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include needle entrapment in the varix, 
gastric ulceration, retrogastric abscess, 
visceral fistula formation, and bacteremia 
or sepsis [202]. Endoscopic ultrasound 
(EUS) guided insertion of cyanoacrylate 
and/or coils is emerging as a promising 
alternative to standard glue injection, and 
may enhance safety and efficacy of the 
procedure [9,220].

EVO Versus EIS
Three studies have examined the efficacy of 
glue injection in comparison with sclero
therapy. In a non‐randomized prospective 
study of 53 patients with acute GVB, Oho 
et al. found EVO to be superior to EIS in 
achieving hemostasis (93% versus 67%) and 
with improved mortality [221]. In a retro
spective study, Ogawa et  al. also found 
 significantly better hemostasis in favor of 
glue injection [222]. An RCT by Sarin et al. 
demonstrated a trend towards superior 
hemostasis (89% versus 62%) with glue 
compared to EIS with alcohol [223], 
although only a small proportion of patients 
(n = 17) presented with acute GVB.

EVO Versus EVL
Two studies have found EVO to be supe
rior to EVL in the treatment of GVs. A 
RCT by Tan et  al. demonstrated a lower 
rebleeding rate in favor of EVO (cyanoacr
ylate mixed 1:1 with lipiodol) compared 
with EVL (27% versus 63%) with no differ
ence in long term survival [224]. Another 
RCT by Lo et al. showed a 1‐year rebleed
ing rate of 15% with EVO versus 60% with 
EVL, with a significant survival advantage 
in the EVO group [208].

EVO Versus TIPS
A RCT by Lo et al. comparing EVO with 
TIPS following initial control of GVB 
showed similar survival and complication 
rates in both groups, although TIPS was 
associated with a lower rebleeding rate 
(11% versus 38%) [225]. Two retrospective 
studies have compared EVO to TIPS. 
Mahadeva et  al. demonstrated TIPS to 
have a lower initial rebleeding rate than 

EVO (15% versus 30%), but at higher cost 
and with no difference in survival [226]. 
Procaccini et  al. found equivalent hemo
stasis rates in both groups, although TIPS 
was associated with a higher rate of 
hepatic encephalopathy [227].

Overall, there is good evidence for the 
efficacy of tissue adhesives in the manage
ment of GVB and most guidelines support 
EVO as first line treatment [10,52,85].

Thrombin Injection
Thrombin is a hemostatic agent first used 
for the management of GVs in 1947 [228]. 
Bovine thrombin was originally used, 
but  owing to the increased risk of prion 
transmission, human thrombin has been 
adopted. Thrombin induces hemostasis 
by converting fibrinogen to fibrin clot 
and  also influences platelet aggregation 
[201,229]. In rare cases where there is a 
primary clotting disorder resulting in the 
absence of fibrinogen, thrombin will fail 
to clot blood. A 5 mL solution of thrombin 
containing 1000 units/mL of thrombin 
will clot a liter of blood in under 60 sec
onds. A standard gastroscope is used for 
the procedure and no specific preparation 
is required.

To date no RCTs have investigated the 
use of thrombin for bleeding GVs and, 
thus, comparison with EVO is unavailable. 
Eight non‐randomized trials involving 
more than 200 patients have been pub
lished, which demonstrate high rates of 
hemostasis, low rebleeding rates, and 
minimal AEs (Table 5.6). The initial study 
by Williams et  al. used bovine thrombin 
for control of GVB and reported 100% 
hemostasis with no significant complica
tions and a rebleeding rate of 27% [230]. 
Similarly, Ramesh et  al. reported 92% 
hemostasis for GVB using bovine thom
bin, with no rebleeding or AEs during the 
follow‐up period [231]. The largest study 
evaluating the efficacy of human thrombin 
in the management of bleeding gastric and 
ectopic varices was performed by McAvoy 
et al. in 2012. This study found that human 
thrombin was safe and effective, with 
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100% initial hemostasis and a rebleeding 
rate of 10% [232].

Overall, thrombin is a promising and 
efficacious therapy for GVB that is easy to 
use and has an enviable safety profile. 
Controlled studies comparing thrombin 
with other treatment modalities are 
required before it can be universally 
recommended.

Rescue Therapies for Refractory 
Gastric Variceal Bleeding

When patients with GVB experience 
treatment failure or early rebleeding, a 
second attempt at endoscopic therapy 
should be considered [85]. If endoscopic 
attempts fail to control bleeding, rescue 
therapy options include radiological pro
cedures (TIPS or BRTO) or surgery.

Transjugular Intrahepatic 
Portosystemic Shunt
As previously described, TIPS is well 
studied and validated in the management 
of esophageal varices. Since GVB is rela
tively uncommon, there are few studies 
(and no randomized trials) that assessed 
its efficacy in the setting of bleeding GVs. 
One of the largest studies investigating 
TIPS in acute GVB was performed by 
Barange et  al. [233] in 1999. Thirty‐two 
cirrhotic patients with GVB from GOV1 

(68%) and GOV2 (32%) were included, all 
of whom had been unresponsive to treat
ment with vasoactive agents, sclerother
apy, and/or balloon tamponade. TIPS 
resulted in hemostasis in 90% of patients, 
with a rebleeding rate of 31% at 1 year 
[233]. Similarly, a study by Chau et al. of 
28 patients with acute GVB who had failed 
vasoactive therapy only showed a hemo
stasis rate of 96% and a rebleeding rate of 
29% with salvage TIPS [184]. A later study 
by Choi et  al. demonstrated a primary 
hemostasis rate of 92.3% and a rebleeding 
rate of 8% with TIPS for acute GVB [234].

Despite the lack of randomized trials, 
TIPS with a PTFE‐covered stent remains 
the treatment of choice for patients with 
acute GVB who fail first line medical and 
endoscopic therapy.

Balloon‐Occluded Retrograde 
Transvenous Obliteration
Balloon‐occluded retrograde transvenous 
obliteration is an advanced radiological 
procedure first described by Kanagawa 
et al. [235] in 1996 for the management of 
GVs. Cardiofundal varices usually have 
unique vascular anatomy, with spontane
ous splenorenal or gastrorenal shunts that 
divert blood flow into the systemic circu
lation [236]. This provides a pathway for 
interventional radiologists to access and 
allow transvenous obliteration of the 

Table 5.6 Summary of studies using thrombin for the management of gastric variceal bleeding.

Study, year
Type of 
thrombin used

No. patients 
(follow‐up) Hemostasis Rebleeding

Williams et al. 1994 [230] Bovine 11 (9 months) 100% 27%
Przemioslo et al. 1999 [288] Bovine 52 (15 months) 94% 18%
Ramesh et al. 2008 [231] Bovine 13 (25 months) 92% 0%
Yang et al. 2002 [289] Human 12 (17.8 months) 100% 25%
Heneghan et al. 2002 [290] Human 10 (8 months) 70% 0%
Datta et al. 2003 [291] Human 15 (1 month) 93% 27%
McAvoy et al. 2012 [232] Human 37 (22 months) 100% 10.8%
Smith et al. 2014 [292] Human 30 (22 months) 90% 35%
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varices. With BRTO, the right femoral 
or  internal jugular vein is accessed and 
a  balloon‐occlusion catheter is inserted 
through the left renal vein into the gastro
renal shunt. After balloon inflation, 
venography is performed to delineate the 
GVs and collateral veins. The veins drain
ing the GV can be embolized with micro
coils or gelfoam, and a sclerosant mixed 
with a contrast agent is injected into the 
GV until obliteration [209].

Hong et al. compared BRTO with EVO 
in patients with acute GVB and/or high 
risk varices (≥5 mm, presence of red spots, 
and Child–Pugh class B or C). Hemostasis 
rates were higher in the EVO group (100% 
versus 77%), but the rebleeding rate was 
significantly lower in the BRTO group 
(15% versus 71%); AEs were similar 
between groups [237]. Min et  al. com
pared BRTO to both EVO and EVL in 103 
patients with acute GVB. No significant 
differences in either rebleeding or survival 
rates were found between groups, and 
BRTO was associated with a rebleeding 
rate of 7% [238]. A small randomized 
study by Choi et al. compared BRTO with 
TIPS for treatment of active GVB. No 
 differences were found between the 
groups with regard to rates of hemostasis, 
rebleeding, or encephalopathy [234].

Adverse events of BRTO include hemo
globinuria, abdominal pain, pyrexia, and 
pleural effusion; hemodynamic shock and 
atrial fibrillation have been documented 
to occur rarely [202]. In addition, hepatic 
portal blood flow and portal pressure have 
been shown to increase after BRTO. This 
may improve liver function (50% of 
patients had an improvement in Child–
Pugh score in one study), but may worsen 
the size of esophageal varices [239–241]. 
Hepatic encephalopathy may also improve 
following BRTO, but whether this benefi
cial effect is sustained long term remains 
unknown [241].

BRTO may be an alternative to TIPS for 
the management of acute GVB in the 
presence of a gastrorenal shunt. The pro

cedure is not commonly performed out
side of Asia, but should be considered an 
option for the treatment of GVB where 
available.

 Ectopic Varices

Ectopic varices are defined as dilated por
tosystemic collateral veins occurring any
where in the gastrointestinal tract other 
than the esophagogastric region [242]. 
They account for 2–5% of all variceal 
bleeds, but are the cause of bleeding in 
20–30% of patients with extrahepatic por
tal hypertension [243–245]. The most 
common sites for ectopic varices include 
the duodenum, jejunum, ileum, colon, 
rectum, and surgical stoma sites. Although 
rare, bleeding from ectopic varices can be 
massive and life‐threatening.

Endoscopy is the most important diag
nostic tool and an accurate examination of 
the duodenum is essential; the door to 
scope time should be less than 6 hours 
[52]. In patients with portal hypertension, 
acute bleeding, and negative findings on 
upper endoscopy, bleeding from ectopic 
varices must be considered. Colonoscopy 
is the principal method used for the 
 diagnosis of colonic and rectal varices, 
although the diagnostic yield may be 
increased with EUS [246]. Double balloon 
enteroscopy may be required to diagnose 
jejunal and ileal varices. Other methods of 
diagnosing ectopic varices include tech
netium‐99m red blood cell scintigraphy, 
video capsule endoscopy, computed 
tomography (CT) angiography, multislice 
helical CT, CT enterography, contrast 
enhanced 3D magnetic resonance angiog
raphy (MRA), EUS, laparoscopy, and lapa
rotomy [247].

Management Overview

Bleeding ectopic varices represent a 
 difficult management problem and may 
require a multidisciplinary team of 
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endoscopists, hepatologists, surgeons, 
and interventional radiologists. The diver
sity of their location, presentation, and 
complications increases the challenges of 
successful treatment and precludes devel
opment of standardized guidelines. The 
optimal therapeutic modality depends on 
a number of factors, including the loca
tion of the varices, the patient’s clinical 
condition, locally available expertise and 
facilities, and the cause of portal hyper
tension. Management incorporates urgent 
resuscitation and immediate workup to 
localize the site/source of bleeding, fol
lowed by application of a suitable treat
ment modality or transfer to a tertiary 
referral center for specialized therapy 
[247]. As with other forms of variceal 
hemorrhage, vasoactive therapy and anti
biotics are used, although there are no 
specific data related to ectopic variceal 
bleeding.

Endoscopic Variceal Ligation
A small number of case series and single 
reports detail the successful use of EVL 
for the treatment of ectopic varices in the 
rectum and duodenum (Figure 5.9) [248–
251]. One study also reported that EVL, 
together with BRTO, demonstrated effi
cacy in the management of bleeding 

 duodenal varices [252]. EVL is not appro
priate for large varices and case reports 
have described rebleeding following EVL 
of duodenal varices; additional treatment 
following initial hemostasis with EVL may 
therefore be required [29,253].

Injection Therapies
Injection sclerotherapy and EVO have the 
greatest body of evidence in the manage
ment of ectopic varices and are usually 
considered to be first line therapy. Most 
ectopic varices are within the reach of a 
standard gastroscope or colonoscope 
[243], and injections using cyanoacrylate 
(Figure  5.10), thrombin, or sclerosants 
have successfully controlled bleeding from 
duodenal, jejunal, colonic, and rectal 
varices in case reports [254–259].

Transjugular Intrahepatic 
Portosystemic Shunt
Multiple publications have reported the 
successful use of TIPS in controlling bleed
ing ectopic varices, which has typically 
been employed as a salvage therapy. TIPS 
has been successful in treating duodenal 
[260–262], intestinal [263], anorectal 
[264–266], and stomal [267–270] ectopic 
varices. Larger case series have also dem
onstrated TIPS to be a highly effective 

(b)(a)

Figure 5.9 (a) Actively bleeding duodenal varix. (b) Hemostasis secured with endoscopic band ligation 
(EBL); a clip was placed distal to the bleeding point to serve as a visual aid during reinsertion of the EBL 
loaded endoscope to the bleeding varix.
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modality for controlling bleeding [271–
275], although there are multiple reports of 
ectopic variceal rebleeding despite a reduc
tion in the HVPG to <12 mmHg. Thus, 
additional treatment modalities, such as 
angiographic embolization or endoscopic 
therapy, may be required [274,275].

Radiological Embolization
Several case reports have demonstrated 
successful hemostasis of ectopic varices 
with percutaneous transhepatic oblitera
tion (PTO). The goal of PTO is to occlude 
the feeding veins supplying the varix 
rather than occluding the varix itself; 
feeding veins can be reached via percuta
neous transhepatic or transjugular routes. 
PTO has successfully treated duodenal 
[276], jejunal [277], rectal [278], and peri
stomal [279] varices. Embolization can be 
achieved with a variety of agents, includ
ing steel coils, thrombin, gel foam, tissue 
adhesives, collagen, and autologous blood 
clot. Steel coils are preferred because they 
result in a permanent focal occlusion, 
come in a variety of sizes, and allow the 
occlusion of large veins [247]. Since angio
graphic embolization does not decom
press the portal venous system, high 
rebleeding rates are noted with mono
therapy. Therefore, combination therapy 
with TIPS is usually recommended.

Two studies have demonstrated that 
TIPS combined with variceal emboliza
tion resulted in superior hemostasis com
pared with TIPS alone, and should be the 
preferred salvage procedure if local thera
pies fail [274,280]. The combined therapy 
constitutes an effective and minimally 
invasive management option in patients 
with bleeding ectopic varices, can be per
formed in patients unfit for surgery, and 
does not preclude subsequent liver trans
plantation if required [280].

Surgery
If endoscopic and/or interventional radio
logical procedures fail to control bleeding 
or are not feasible, surgery is a potential 
option if the expertise is available. Careful 
patient selection is important based on an 
assessment of underlying liver function. 
Surgery is preferred in patients with 
Child–Pugh class A cirrhosis and in those 
with extrahepatic portal vein occlusion 
[281]. Direct surgery or local devasculari
zation of ectopic varices is a useful and 
minimally invasive procedure that does 
not involve resection of long segments of 
small bowel and can be done in the setting 
of portal vein thrombosis or in a patient 
with Child–Pugh class B or C cirrhosis 
[247,282,283]. Other surgical interven
tions reported to successfully control 

(b)(a)

Figure 5.10 (a) Jejunal varices with stigmata of recent bleeding diagnosed by double balloon 
enteroscopy. (b) Cyanoacrylate injection of the jejunal varices.
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bleeding ectopic varices include simple 
oversewing of duodenal varices through a 
duodenotomy [284], duodenal dearteriali
zation and stapling [285], and circumfer
ential stapled anoplasty [286]. Major 
surgical interventions, such as shunt pro
cedures, are now rarely performed.

 Conclusion

Variceal hemorrhage is a common medi
cal emergency in patients with cirrhosis, 
and is associated with high morbidity and 
mortality. Advances in care, incorporating 
a multidisciplinary approach, resuscita
tion, antibiotics, vasoactive therapy, and 
enhanced endoscopic and interventional 
radiological techniques, have improved 

patient outcomes in the setting of acute 
variceal bleeding.
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Introduction

Secondary prophylaxis of variceal bleeding 
refers to the prevention of variceal 
rebleeding in patients who have survived 
an initial episode of variceal hemorrhage. 
Since these patients already have advanced 
liver disease and portal hypertension, they 
have a much higher risk of rebleeding 
and death than patients who have never 
bled. Therefore, an aggressive treatment 
approach to prevent variceal rebleeding is 
justified.

This chapter reviews current recom
mended therapy for secondary prophylaxis, 
approach to treatment failures, and new 
treatments on the horizon.

Natural History, Prognosis, 
and Rationale for Therapy

Patients who survive the first variceal 
bleeding episode are at high risk of rebleed
ing and death. The rebleeding risk in 
untreated patients approximates 60–70% 
at 2 years, which is much higher than the 
risk of first variceal bleeding in the same 

timeframe in patients with large varices 
(15–35%) [1]. This increased risk of bleed
ing is due to the fact that if no treatment is 
provided, the factors leading to the first 
variceal hemorrhage will persist. With 
regard to rationale for therapy, it is worth 
noting that the factors leading to variceal 
pressure increase variceal wall tension [2]. 
Variceal wall tension (WT), as defined by 
Laplace’s law, is determined by the follow
ing equation:

WT variceal pressure esophageal 
luminal pressure varice

[(
) aal radius

variceal wall thickness
]

/

This equation explains why variceal 
bleeding is more frequent in patients with 
very high portal pressure (or advanced 
decompensated cirrhosis as its surrogate), 
increased size of the varices, and thin 
varices (reflected endoscopically by the 
presence of red color signs) (Figure 6.1). 
It follows that any rational therapy should 
attempt to modify these three factors.

This has been studied in humans in whom 
variceal wall tension has been calculated 
from endoscopic measurements of variceal 
pressure combined with endosonographic 
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measurements of variceal radius and 
volume [3]. Non‐selective beta‐blockers 
(NSBBs) influence dramatically variceal 
wall tension as these drugs decrease 
significantly the portal pressure (the 
direct determinant of variceal pressure), 
portal collateral flow, and variceal volume 
(thus decreasing variceal size), and prob
ably wall thickness as well (because the 
thin wall of the varices is likely to behave 
as an elastic structure, where dilation is 
accompanied by thinning of the vessel 
wall) [3,4]. Drugs that decrease portal 
pressure without significantly modifying 
portal collateral blood flow (vasodilators 
such as isosorbide mononitrate, angiotensin 
II inhibitors, and alpha‐adrenergic antag
onists) cause a less profound decrease in 
variceal wall tension and have a lesser 
effect on variceal size [5]. It follows that 
the threshold for protection from variceal 
rebleeding established for beta‐blockers 
may not be applicable to drugs acting 
primarily on portal collateral resistance 
without reduction in blood flow. This may 
also explain why one should aim for a 
much more profound decrease in portal 
pressure when using a transjugular intra
hepatic portosystemic shunt (TIPS) than 
when using NSBBs, since TIPS causes 
worsening of the hyperkinetic syndrome, 
with a resulting increased portal blood 
inflow. Endoscopic treatments in turn 

may be highly effective during the acute 
bleeding episode when successfully oblit
erating the bleeding point and/or feeding 
vessel(s), but the effect on preventing 
bleeding is linked to the ability to eradi
cate the varices or decrease their size – 
an effect that is neither constant nor 
permanent.

With regard to the risk of death, patients 
who survive a variceal bleeding episode, 
by definition, have entered the decom
pensated phase of cirrhosis and, there
fore, have a much greater risk of dying 
than patients with compensated cirrhosis 
(30–57% versus 3.5% at 1 year) [6]. The 
potential of reducing this increased 
mortality risk is limited to trying to ame
liorate the cirrhosis, which up to now has 
been mostly based on treating the under
lying cause of portal hypertension (e.g., 
antivirals for hepatitis B or C related 
cirrhosis, abstinence from alcohol, and 
weight reduction). Limitations in current 
therapies make consideration of liver trans
plantation mandatory in these patients, 
especially when the model for end‐stage 
liver disease (MELD) score increases 
above 12–14 points.

Risk Stratification 
in Secondary Prophylaxis

The risk of rebleeding and death is not 
equal in all patients surviving a variceal 
bleeding episode. Prognostic factors 
allow for stratifying the risk, which has 
important connotations in individualiz
ing therapy.

Considering the risk of subsequent 
bleeding episodes, a very important factor 
is the time interval from the index bleed. 
The risk of rebleeding is high during the 
first 6 weeks; at about 20% between day 5 
(end of the acute bleeding episode) and 
day 42 [7,8]. After 6 weeks, the risk of 
recurrent bleeding decreases to approxi
mately the same as in patients on primary 
prophylaxis.

Figure 6.1 Large varices with red signs.
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During this initial period after a bleed, 
circumstances that may have worsened 
portal hypertension and precipitated the 
original bleeding (e.g., infections, alcoholic 
hepatitis, and surgical stress) are still act
ing and maintaining an increased risk of 
further hemorrhage. Therefore, treatment 
to prevent rebleeding should be instituted 
immediately after the completion of the 
acute variceal bleeding episode (day 5 
following admission for acute variceal 
bleeding). During the initial 6 weeks when 
rebleeding episodes are more likely to 
occur, treatment should be especially 
well conducted and patients should be 
instructed to avoid any further risk and to 
pay special attention to compliance with 
treatment. Patients referred beyond these 
6 weeks have already survived the higher 
risk period, and have a relatively better 
prognosis than those seen immediately 
following the index bleed.

Other risk factors include failure of 
primary prophylaxis with NSBBs (and 
probably with endoscopic therapy), lack 
of adequate hemodynamic response to 
beta‐blockers, and the presence of ascites 
or hepatic encephalopathy, among others 
(Table 6.1). It is important to note that 
the protection against recurrence of 
bleeding and death conferred by second
ary prophylaxis also applies to patients 

with hepatocellular carcinoma [9]. In this 
subgroup of patients, not providing 
 secondary prophylaxis independently 
increases by four times the risk of death 
after a first variceal bleeding episode. 
Not surprisingly, other independent 
predictors of death relate to tumor stage 
(Barcelona Clinic Liver Cancer classifica
tion and malignant portal vein thrombo
sis) and to liver function (Child–Pugh 
score) [9].

Therapies for Secondary 
Prophylaxis of Variceal 
Bleeding

The available armamentarium for pre
venting variceal rebleeding includes phar
macological therapy (NSBBs with or 
without isosorbide mononitrate (ISMN)), 
endoscopic therapy, combined pharmaco
logical and endoscopic therapy, TIPS, and 
surgical shunts. These are briefly summa
rized below.

Non‐Selective Beta‐Blockers With 
or Without Isosorbide Mononitrate

Non‐selective beta‐blockers (e.g., propran
olol and nadolol) reduce portal pressure 

Table 6.1 Prognostic factors in patients requiring secondary prophylaxis.

Prognostic factors for 6‐week mortality Prognostic factors for late rebleeding (>6 weeks) and mortality

Child–Pugh score (presence of ascites 
and/or hepatic encephalopathy)

Child–Pugh and MELD scores
Alcohol use
Renal failure
Hepatocellular cancer
Lack of adequate hemodynamic response to NSBBs 
(↓ ≥ 20% of baseline value or ≤12 mmHg)
Failure of primary prophylaxis with NSBBs (clinical  
non‐responders to NSBBs)

MELD score
Hepatocellular cancer
Bacterial infection
Renal failure
Early rebleeding

Dose of NSBBs received

MELD, model for end‐stage liver disease; NSBBs, non‐selective beta‐blockers.
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in patients with cirrhosis. In patients who 
are treated for prevention of recurrent 
variceal bleeding, NSBBs are associated 
with an absolute risk reduction in rebleed
ing of about 20% (from 63% in controls to 
42% in treated patients) [10]. In addition, 
NSBBs reduce overall mortality (from 
27% to 20%) [10] and bleeding related 
mortality [11]. The number of patients 
needed to be treated (NNT) with NSBBs 
to prevent one episode of rebleeding is 5, 
and the NNT to avoid one death is 14 
[10], indicating that this therapy is highly 
effective.

ISMN can be administered orally 
together with an NSBB in order to achieve 
a greater reduction in portal pressure [12]. 
This drug combination was found to fur
ther reduce the rebleeding risk in one 
study as compared with propranolol alone 
[13]. Other studies have shown that the 
addition of ISMN to NSBBs achieves the 
target decrease in hepatic venous pressure 
gradient (HVPG) (≥20% from baseline 
and/or ≤12 mmHg) in one third of patients 
deemed “non‐responders” to NSBBs and, 
consequently, reduces the rebleeding risk 
[14,15].

NSBBs are usually well tolerated, but 
an average of 18% of patients experience 

unpleasant side effects that require dis
continuation of therapy. However, there 
have been no deaths associated with the 
use of NSBBs in clinical trials. Dosing is 
shown in Table 6.2.

Recently, a concern has been expressed 
about the possibility that the reduction in 
cardiac output caused by NSBBs may 
lead to renal failure in patients with 
refractory ascites [16]. This has been 
debated but not proven by research based 
on outcomes in large patient populations 
[17]. Nevertheless, it is appropriate to 
carefully monitor renal function when 
giving NSBBs. On the other hand, 
patients with refractory ascites on NSBBs 
are high risk patients that are often man
aged by TIPS, thus circumventing the 
need for NSBBs.

ISMN is usually well tolerated at low 
doses (10 mg twice daily). The most com
mon side effect is headache, which usually 
decreases within a few days. Headache is 
much less common when ISMN is first 
introduced as a single dose at bedtime and 
increased to twice daily after 3–4 days 
(Table 6.2). Simvastatin administration in 
patients with cirrhosis improves endothelial 
dysfunction, decreases hepatic vascular 
tone and fibrogenesis, improves liver 

Table 6.2 Standard approach used for the prevention of recurrent variceal hemorrhage.

Therapy Dosing Duration

Propranolol
Nadolol

Begin with 20 mg orally twice daily
Begin with 40 mg orally once daily
For both: titrate up to maximum tolerated dose or 
until heart rate is 50–55 beats/min

Indefinite

Isosorbide 
mononitrate

Begin with 10 mg orally once daily at bedtime
Titrate up to a maximum of 20 mg twice daily; 
maintain systolic arterial pressure >90 mmHg

Indefinite

Simvastatin 20 mg/day, which is increased to 40 mg if tolerated 
and there is no increase in AST/ALT after 2 weeks
Child C patients: 10 mg/day, which is titrated to a 
maximum of 20 mg/day

Indefinite

Endoscopic 
variceal ligation

Sessions to be repeated every 2–4 weeks Until variceal obliteration 
has been achieved (usually 
<5 sessions are needed)

AST/ALT, aspartate aminotransferase/alanine aminotransferase.
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function, and has shown to improve sur
vival after variceal bleeding.

Endoscopic Therapy

Endoscopic therapy is aimed at eradicat
ing varices. This locoregional treatment 
has no beneficial effect in decreasing 
portal pressure. The two techniques that 
have been more extensively used are 
endoscopic injection sclerotherapy (EIS) 
and endoscopic variceal ligation with elas
tic bands (EVL). The latter has proven to 
be superior to EIS [18,19], allowing an 
effective reduction in the risk of rebleeding 
with less frequent and less severe adverse 
events, as well as achieving eradication 
with a lower number of sessions [18]. 
Moreover, EIS increased the HVPG in 
some studies. Because of these draw
backs, EIS has been superseded by EVL, 
which is currently the endoscopic treat
ment of choice [8]. Nonetheless, EVL does 
not confer any survival benefit as com
pared with EIS. EVL has been compared 
with NSBB + ISMN in four randomized 
controlled trials (RCTs) [20–23], with con
troversial results. A meta‐analysis of the 
studies showed significant heterogeneity 
[24], but the two treatment modalities 
were comparable in terms of preventing 
rebleeding and complications. However, 
long term follow‐up [25] of the study ini
tially reporting superiority of EVL in pre
venting rebleeding [21] showed that the 
combination of nadolol + ISMN enhanced 
long term survival, suggesting that EVL 
alone should not be used in these patients.

Other studies have evaluated the com
bined use of EIS plus EVL versus either 
treatment alone. A meta‐analysis of these 
studies has shown that this combined 
approach does not reduce rebleeding or 
mortality, but marginally increases the 
rate of complications [26], suggesting that 
there is no indication for its use.

Lifelong endoscopic follow‐up is indi
cated in patients undergoing endoscopic 
treatment, since variceal recurrence is 

common after the initial eradication [8]. 
Outpatient sessions of EVL are carried out 
under conscious sedation or monitored 
anesthesia care at 2–4‐week intervals 
until varices are eradicated (or too small 
to be banded), which is achieved in about 
70% of cases following a median of two or 
three sessions (Figure 6.2). Although EVL 
is safer than EIS, adverse events are not 
negligible. The more common adverse 
events are thoracic pain and dysphagia 
soon after the procedure, and post‐
banding esophageal ulcers (9%) that may 
cause bleeding in about 3–5% of cases 
(Figure 6.3).

Combination of Endoscopic 
Variceal Ligation and Non‐
Selective Beta‐Blockers: Current 
Standard Therapy

Based on meta‐analyses of published data 
[27], current guidelines and expert recom
mendations [8,28] suggest combination of 
EVL plus NSBBs as the best available first 
line treatment for secondary prophylaxis 
of variceal bleeding.

Studies comparing EVL plus drug ther
apy versus EVL alone uniformly showed 
better outcomes for combined therapy 
[29,30]. More recently, two RCTs com
pared the combination of EVL plus drug 
therapy to pharmacological treatment 
alone (NSBBs + low dose ISMN) [31,32]. 
Both trials showed a significantly lower 
rate of variceal rebleeding with the combi
nation of EVL plus drug therapy. However, 
the risk of rebleeding from any cause was 
not significantly decreased, as the lower 
rebleeding risk from varices with EVL was 
accompanied by an increased risk of 
bleeding from post‐banding esophageal 
ulcers and from portal hypertensive gas
tropathy. Similarly, no survival benefit was 
noted in these studies and in a meta‐anal
ysis [27], suggesting that the additional 
beneficial effect of combination therapy is 
rather small and that further studies are 
needed for confirmation.
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Figure 6.3 Self‐limited bleeding from post‐
banding esophageal ulcers.

Rescue Therapy when 
Standard Treatment Fails

Transjugular Intrahepatic 
Portosystemic Shunts

In patients who rebleed despite being on 
state of the art medical and endoscopic 
treatment, TIPS is the first option. TIPS 
is a “calibrated” shunt [33], designed to 
decompress the portal system to prevent 
rebleeding and other complications of 
portal hypertension [34] while attempting 
to maintain sufficient liver perfusion so as 
not to cause severe hepatic encephalopathy. 

Figure 6.2 (a) Acute variceal bleeding status post band ligation. (b) Residual varices on follow‐up 
endoscopy. (c) Secondary prophylaxis with band ligation (third treatment session). (d) Eradicated 
varices with post‐band ligation scarring.

(a) (b)

(c) (d)
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TIPS is carried out by creating a shunt 
between the right hepatic vein and the 
right branch of the portal vein using min
imally invasive interventional radiology 
techniques, which avoids the complica
tions of surgery [33]. When using polyte
trafluoroethylene (PTFE) covered stents, 
the rate of primary unassisted patency 
with TIPS is comparable to that of surgical 
shunts [35,36].

TIPS is highly effective in reducing the 
risk of rebleeding, with rebleeding rates 
of 9–23% in published series (including 
patients treated using the old bare stents), 
and is superior to both endoscopic and 
pharmacological therapy (NSBB + ISMN) 
for the prevention of rebleeding [37,38]. 
TIPS is also highly effective in decreasing 
the risk of bleeding from portal hyperten
sive gastropathy, as well as in reducing 
the risk of ascites, spontaneous bacterial 
peritonitis, and hepatorenal syndrome. 
However, these beneficial effects are in part 
counterbalanced by an increase in the risk 
of hepatic encephalopathy, and TIPS does 
not provide a clear‐cut survival benefit. 
These findings are mostly derived from ini
tial studies using bare stents, and should be 
revised in new studies using PTFE covered 
stents that are more effective in preventing 
complications from portal hypertension 
and show much lower obstruction and 
reintervention rates [35,36], together with 
trends for less hepatic encephalopathy and 
improved survival [39,40].

Encephalopathy is more likely in 
patients over 65 years of age, as well as in 
those receiving large diameter TIPS (e.g., 
12 mm in diameter) that causes total 
shunting of portal blood flow and an 
excessive drop in the portal pressure gra
dient. From a hemodynamic point of view, 
the optimal TIPS should decrease the 
portacaval pressure gradient slightly 
below 12 mmHg (which confers absolute 
protection from the risk of rebleeding), 
but not below 9–10 mmHg (which is asso
ciated with an increased risk of hepatic 
encephalopathy). In practice, however, it 

is difficult to tailor the decrease in porta
caval pressure gradient very accurately. 
About 60–75% of patients may have an 
adequate decrease in portal pressure with 
an 8 mm shunt, and about 90% with a 
10 mm shunt. Larger shunts are very rarely 
required. If the portacaval pressure gradi
ent is still above 12 mmHg after TIPS, the 
administration of propranolol achieves an 
appropriate final reduction in portal pres
sure in the majority of patients [41].

Surgical Shunts

In well compensated, Child–Pugh class A 
patients, shunt surgery is a possible alter
native, with comparable outcomes relative 
to TIPS [42]. The use of surgical shunts 
has rapidly declined because of limited 
availability of surgeons with expertise in 
this type of surgery.

Special Situations

The above recommendations are adequate 
as a starting point for most patients sur
viving an episode of variceal bleeding. 
However, the presence of high risk factors 
poses the question of whether patients in 
special high risk situations (see Table 6.1) 
should receive the same treatment as the 
more usual patient with a lower risk of fail
ure and death. There is limited objective 
evidence in such high risk situations and, 
therefore, the strength of the recommen
dations is weaker than that for the current 
standard of care. Nevertheless, as these 
special situations are quite frequent in 
clinical practice, potential new approaches 
that may improve the outcomes of stand
ard therapy are now highlighted.

Hepatic Venous Pressure 
Gradient Guided Therapy

As previously stated, the pharmacological 
reduction of HVPG to ≤12 mmHg or by 
≥20% of the baseline value nearly abolishes 
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the risk of rebleeding and significantly 
reduces mortality [43]. In patients with a 
good hemodynamic response to NSBBs 
alone (“responders”), the rebleeding risk is 
as low as that of patients treated with TIPS 
[44], so that these patients probably do 
not require the addition of EVL, a combi
nation that might even result in an 
increase in adverse events. It should be 
noted, however, that a portion of patients 
will lose the hemodynamic response over 
time, especially with clinical deterioration 
(signaled by the appearance of new 
complications from portal hypertension). 
On the other hand, it is largely unknown 
whether patients with an insufficient 
hemodynamic response to pharmacologi
cal therapy (“non‐responders”), who are 
also at higher risk of rebleeding (46–65% 
in a recent survey [44]), would benefit 
from alternative treatments. The availa
ble evidence relies on only a few studies 
[14,31]. In one study, non‐responders to 
NSBB ± ISMN were referred to EVL [14]; 
despite the change in therapy, non‐
responders showed an extremely high rate 
of rebleeding (87%). In an RCT comparing 
NSBB + ISMN versus NSBB + ISMN + EVL, 
the rebleeding rate was similar in non‐
responders treated only with drug therapy 
compared with those who also received 
EVL, suggesting no added benefit from 
the inclusion of EVL. In addition, current 
recommended therapy already includes 
both pharmacological and endoscopic 
treatments, so other more aggressive ther
apies, such as TIPS, might be needed in 
non‐responders.

Pre‐Emptive TIPS

The potential use of pre‐emptive TIPS in 
secondary prophylaxis of variceal bleed
ing is increasingly being considered, since 
the same approach has been shown to be 
highly effective in the management of 
acute variceal bleeding in high risk patients 
[39,45]. However, there are still no ran
domized trials evaluating pre‐emptive 

TIPS in any high risk situation. The only 
evidence consistent with its use in these 
circumstances is the study by Gonzalez 
et  al. [46] in which high risk patients, 
identified by the total lack of hemody
namic response to NSBBs (<10% decrease 
in HVPG), received TIPS, while good 
responders received only NSBBs, and 
intermediate responders (decrease in 
HVPG >10% but <20% of baseline value) 
received NSBB + EVL. The study showed 
that high risk null responders treated with 
TIPS fared as well in terms of rebleeding 
and death relative to the low risk hemody
namic responders [46]. TIPS has not been 
evaluated in other high risk scenarios, but 
it is conceivable that it could be a good 
alternative in the prevention of rebleeding 
in patients with ascites. These patients 
could benefit from TIPS with regard to 
both rebleeding and ascites. Until rand
omized clinical trials are available, the 
decision to use pre‐emptive TIPS in high 
risk patients should be made on an indi
vidual basis. Clinicians should take into 
consideration other factors, such as 
whether the patient is a candidate for liver 
transplantation, as well as the age of the 
patient since those over 65 years may have 
too high a risk of hepatic encephalopathy.

Novel Drug Therapies

Carvedilol is an NSBB with intrinsic anti‐
alpha‐adrenergic activity that has a greater 
portal pressure reducing effect than other 
NSBBs [47,48], alone or in combination 
with ISMN [49,50]. The portal hypo
tensive effect of carvedilol is especially 
evident in patients with advanced liver 
failure, and can be achieved with low 
doses (6.25–12.5 mg/day) that usually do 
not cause systemic hypotension and are 
well tolerated [48,49,51,52]. However, 
there is limited experience with the use of 
carvedilol in patients with ascites, in whom 
there is the concern that the treatment will 
have potentially negative consequences 
on sodium retention and renal function. 
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These factors should be carefully evalu
ated before making specific recommenda
tions on the use of carvedilol in such 
patients. The same holds true for another 
drug combination, nadolol (NSBB) and 
prazosin (anti‐alpha‐adrenergic agent) [53].

Another promising approach currently 
being evaluated in a large RCT is whether 
the addition of simvastatin (20–40 mg/day) 
can improve the results of treatment 
with NSBB and EVL. The rationale for 
this approach comes from several studies 
demonstrating that statins improve intra
hepatic endothelial dysfunction and lower 
hepatic vascular resistance in experimen
tal cirrhosis [54,55]. Statins are associated 
with increased intrahepatic nitric oxide 
availability, presumably through an 
increased expression of the transcription 
factor KLF2 and the ensuing overexpres
sion of endothelial nitric oxide synthase 
(eNOS), and through enhanced eNOS 
phosphorylation and activity [56]. In 
addition, simvastatin has been proven to 
decrease HVPG in patients with cirrhosis 
[57,58]. The effect is additive to that of 
propranolol and is accompanied by 
improved quantitative liver function [58].

Gastric Varices

Gastric varices are classified in two cate
gories, depending on whether these are 
in continuity with esophageal varices 
(gastroesophageal varices (GOVs)) or if 
they occur in the absence of esophageal 
varices (isolated gastric varices (IGVs)). 
GOVs are further subdivided into GOV1, 
which are considered an extension of 
esophageal varices along the lesser curve 
of the stomach (cardial varices), and GOV2, 
which are esophagogastric varices that 
extend into the fundus. IGVs are subclas
sified as occurring in the fundus (IGV1) or 
elsewhere in the stomach (IGV2) [59]. 
IGVs are more frequent in patients with 
prehepatic portal hypertension than in 

patients with cirrhosis. Patency of the 
splenic and portal vein should be formally 
investigated in any patient found to have 
gastric varices [59,60].

In western countries, GOV1 are treated 
in the same way as esophageal varices, and 
separate considerations are given to fun
dal varices (GOV2 and IGV1) [8]. These 
differ from esophageal varices in that they 
are less prone to bleed, but may bleed at 
relatively low HVPG values, close to the 
threshold value of 12 mmHg and some
times even lower. These differential 
aspects likely reflect the fact that gastric 
varices typically drain in large splenorenal 
collaterals (usually associated with less 
marked increases in portal pressure) and 
that they may be much larger than esoph
ageal varices (and therefore may reach 
high variceal wall tension at relatively low 
portal pressure).

The most important differential aspect 
in the treatment of gastric varices is 
that EVL is not an adequate technique 
(Figure  6.4). In patients with gastric 
varices, endoscopic variceal obturation 
using tissue adhesives (cyanoacrylate) has 
been proven effective [61]. Some centers 
have used successfully intravariceal 
thrombin injection for this purpose [61]. 
These techniques are not devoid of risk, 
and adverse events include thrombosis 

Figure 6.4 Significant bleeding from post‐
banding ulcers involving fundal varices.



Prevention of Recurrent Bleeding from Esophageal Varices106

extending to the portal vein, pulmonary 
embolism, and systemic embolism (e.g., 
stroke) in patients with intracardiac 
shunts. Gastric variceal obturation is usu
ally performed during the acute bleeding 
episode in conjunction with vasoactive 
therapy, such as terlipressin, somatostatin, 
or a somatostatin analog. After bleeding 
has been controlled, the patient is started 
on an NSBB [61]. There is no consensus 

on whether further sessions of variceal 
obturation are required in terms of sec
ondary prophylaxis.

Since gastric variceal bleeding is 
 relatively infrequent, conclusions have to 
be drawn from small studies in a markedly 
heterogeneous population [61]. Therefore, 
it is necessary to establish cooperative 
studies to provide high quality evidence so 
that firm recommendations can be made.
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Introduction

Acute variceal bleeding (AVB) is the most 
severe and life threatening complication 
of portal hypertension. Intensive care 
management, together with the use of 
combination treatment with endoscopic 
therapy, vasoactive drugs, and antibiotics, 
has been able to reduce the 6‐week 
mortality from AVB to about 15% [1]. 
Current recommendations for AVB entail 
the combination of a pharmacological 
vasoactive agent (e.g., terlipressin, soma
tostatin, somatostatin analog) and endo
scopic treatment (e.g., band ligation, 
sclerotherapy) [2]. Mortality from AVB 
can occur due to hemodynamic instability 
and also from complications related to liver 
insufficiency that require correction of 
hypovolemic shock, prevention of bacte
rial infections, and management of hepatic 
decompensation and renal failure.

Despite standard therapy, up to 
10–20% patients present with refractory 
variceal bleeding and require further 
intensive management. Mortality after 
early rebleeding varies between 30% and 

50% and accounts for 90% of deaths 
related to AVB [3,4]. Inability to control 
bleeding within the first 5 days is consid
ered treatment failure and requires a 
change in management [2]. This chapter 
reviews management strategies available 
if standard therapy (pharmacological plus 
endoscopic treatment) fails to control 
bleeding.

Rescue Therapies

Second Endoscopic Treatment

Rebleeding during the first 5 days, if mild 
and without hemodynamic instability, 
can be managed by a second endoscopic 
attempt [2]. This is especially true when 
the initial endoscopic treatment was not 
performed under the best circumstances 
nor by an experienced endoscopist. How
ever, if the patient is hemodynamically 
unstable or the second endoscopic attempt 
fails to control bleeding, local treatments, 
such as balloon tamponade or self‐
expandable metal stents, should be used.
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Balloon Tamponade

Since the first description of its use in the 
1950s, balloon tamponade still remains a 
valuable procedure and is highly suc
cessful in stopping bleeding from varices. 
The Sengstaken–Blakemore tube has 
 gastric and esophageal balloons together 
with a gastric suction port and should 
be used when hemorrhage is due to 
esophageal varices [5]. The Linton–
Nachlas tube consists of a single gastric 
balloon and has proven more effective 
than the Sengstaken–Blakemore tube in 
the control of fundal variceal bleeding 
[6]. However, if the Linton–Nachlas tube 
is not available, compression with the 
 maximally inflated gastric balloon of a 
Sengstaken–Blakemore tube may be used 
to control gastric variceal bleeding.

Both devices aim to obtain hemostasis 
by direct compression of bleeding varices 
and, in experienced hands, are very effec
tive in achieving hemostasis in more than 
90% of cases. Within 24 hours, however, 
the balloon needs to be deflated to mini
mize pressure tissue necrosis, and that 
time point represents a critical moment 
since in about half of patients hemor
rhage will recur [7]. Major adverse events 
(AEs) are commonly associated with 
inadvertent inflation of the gastric bal
loon in the esophagus and, unfortunately, 
this situation is not infrequent. Indeed, 
fatal AEs (e.g., esophageal rupture) has 
been reported in 6–20% of patients [8] 
and the incidence of AEs increases with 
inexperience [9].

The use of balloon tamponade should 
be considered as a temporary “bridge” for a 
maximum of 24 hours [2] until definitive 
treatment can be performed, and should be 
placed by skilled and experienced person
nel in the intensive care unit.

Self‐Expandable Metal Stents

Self‐expandable metal stents (SEMSs) are 
an alternative method to balloon tamponade 

that compress varices in the lower esopha
gus to control bleeding [10].

The SX‐Ella Danis stent (Ella‐CS, 
Hradec Kralove, Czech Republic) is a 
covered SEMS dedicated for esophageal 
variceal tamponade that can be easily 
placed and removed at endoscopy. The 
stent can be left in place for up to 14 days. 
A few uncontrolled trials have evaluated 
the role of the SX‐Ella Danis stent in 
massive ongoing bleeding [10] or in the 
setting of active bleeding despite previ
ous therapy [11], and demonstrated that 
the stent migration rate is low, the tech
nique is safe with a very low rate of AEs, 
and the efficacy is over 85% for securing 
hemostasis. A preliminary analysis of a 
multicenter randomized clinical trial 
comparing SEMSs to balloon tamponade 
in refractory esophageal variceal bleed
ing suggests that SEMSs are at least as 
effective but safer than balloon tampon
ade in this setting [12]. Further evidence 
based data will likely refine and support 
the role of SEMS in the treatment of 
refractory variceal bleeding.

Shunting Procedures

Once hemodynamic stability is achieved 
with either balloon tamponade or SEMS 
placement, definitive treatment should 
be performed. Shunting procedures are 
most effective and represent the gold 
standard therapy for refractory bleeding.

Surgical Shunt
Although not used as frequently as in 
previous decades due to the development 
of less invasive techniques, the use of 
surgical shunts still represents a valuable 
treatment strategy in select cases. Now
adays, the main indication for a surgical 
shunt involves the rare situation in which 
transjugular intrahepatic portosystemic 
shunt (TIPS) placement is technically 
unfeasible (e.g., thrombosis with cavernous 
transformation of intrahepatic portal vein 
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branches) and the patient is a good surgical 
risk (Child–Pugh class A cirrhosis) [2].

Briefly, the surgical shunt consists of 
diverting blood flow from the portal 
venous axis to the inferior vena cava, 
bypassing the liver (portacaval shunt), or 
more selectively in an attempt to preserve 
portal blood flow (distal splenorenal shunt 
and small diameter portacaval H‐graft 
shunt), although selectivity is commonly 
lost with time. Despite achieving hemo
stasis in the vast majority of patients, a 
high rate of complications, such as hepatic 
encephalopathy and procedure related 
mortality when performed on an emer
gency basis in very ill patients [8,13], is the 
main reason for the scant use of surgical 
shunts nowadays.

Transjugular Intrahepatic 
Portosystemic Shunt
When placed as rescue therapy for 
uncontrolled gastric or esophageal 
variceal bleeding, TIPS is successful in 
over 95% of cases [14,15]. With the use 
of covered expandable polytetrafluoro
ethylene (e‐PTFE) stents as opposed to 
bare stents, rates of shunt dysfunction, 
clinical relapse, and the need for reinter
vention have significantly diminished. 
Thus, e‐PTFE covered stents are cur
rently the preferred stents for use during 
TIPS placement.

However, the outcome of patients 
needing a rescue emergency TIPS remains 
poor (30–50% mortality) [8,16,17]. The 
long term survival depends on the severity 
of the underlying liver disease and on 
the complications associated with uncon
trolled hemorrhage, especially renal fail
ure and superimposed bacterial infections, 
rather than on the variceal bleeding per 
se. The poor outcome of patients who fail 
initial treatment and require rescue ther
apy makes it mandatory to identify such 
patients, with the aim of testing more 
aggressive approaches that can prevent 
treatment failure and, thus, favorably alter 
patient outcome.

Balloon‐Occluded Retrograde 
Transvenous Obliteration

Balloon‐occluded retrograde transvenous 
obliteration (BRTO) can successfully 
obliterate cardiofundal varices in patients 
with spontaneous portosystemic (gastro
renal or splenorenal) shunts through the 
inflation of a balloon catheter into the 
shunt followed by injection of a sclerosing 
agent into the gastric varices. Although 
high quality trials are still needed, there is 
evidence reporting the efficacy of BRTO 
in the management of acute gastric 
variceal bleeding. A small study of 15 
patients with acute cardiofundal variceal 
bleeding and gastrorenal shunts com
pared one cohort of eight patients treated 
with BRTO versus another cohort of 
seven patients treated with TIPS [18]. 
There were no differences between the 
two strategies in terms of rates of hemo
stasis, rebleeding, hepatic encephalopa
thy, and survival.

Although further evidence is clearly 
needed, BRTO may be an alternative in 
patients who are not candidates for TIPS, 
such as those with recurrent hepatic 
encephalopathy.

High Risk Patients: Strategies 
to Prevent Rebleeding

The identification of factors associated 
with a poor outcome and high risk of 
treatment failure using current standard 
of care is a strategy that could help to 
individualize treatment and, therefore, 
improve the outcome of patients with 
cirrhosis and acute variceal bleeding. 
Predictors of prognosis include the 
Child–Pugh class and score, aspartate 
aminotransferase (AST) levels, shock on 
admission, presence of portal vein throm
bosis, presence of hepatocellular carcinoma, 
active bleeding at endoscopy on admis
sion, hepatic venous pressure gradient 
(HVPG) ≥20 mmHg, and a high model for 
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end‐stage liver disease (MELD) score 
[19–25]. Most of these indicators do not 
have appropriate external validation and 
are not systematically used, and studies on 
the accurate identification of high risk 
patients are needed to help individualize 
treatment. Nevertheless, some of these 
criteria have been proposed already to 
select high risk patients and, thus far, two 
strategies are recommended for these 
patients: intensification of pharmacologi
cal therapy and pre‐emptive TIPS.

Pharmacological Therapy

The doubling of the somatostatin dose to 
500 µg/h produces a bigger reduction in 
portal pressure than the standard dose of 
250 µg/h [26]. These two doses were com
pared for the treatment of AVB in one 
randomized controlled trial without find
ing significant differences in terms of 
bleeding control or mortality [26]. Active 
bleeding at endoscopy was the only pre
dictor of failure to control bleeding. In 
this specific high risk group, somatostatin 
at 500 µg/h improves bleeding control, 
reduces blood transfusion needs, and 
improves survival [27]. Therefore, when 
active bleeding is found at endoscopy, 
doubling the somatostatin dose may help 
to better control bleeding and improve 
outcome.

A hemodynamic study comparing high 
dose somatostatin (500 µg/h) with terli
pressin showed that the latter further 
reduced HVPG; a decrease in HVPG of 
more than 20% was observed in 36% of 
patients on terlipressin versus 5% of 
patients on somatostatin [28]. However, 
specifically designed trials are needed to 
evaluate whether this higher reduction in 
HVPG correlates with better efficacy in 
controlling AVB.

Pre‐Emptive TIPS

The TIPS procedure is very effective 
for the control of acute bleeding and for 

preventing rebleeding. Therefore, it appears 
reasonable to place a TIPS in patients at 
high risk of treatment failure before 
uncontrolled bleeding or rebleeding 
occurs. An initial study, selecting high 
risk patients using the hemodynamic 
criteria of an HVPG ≥20 mmHg within 
the first hours after admission, showed 
that early placement of a TIPS improved 
survival and reduced treatment failure in 
comparison with medical and endo
scopic treatment [25]. Due to important 
study limitations (use of sclerotherapy 
instead of band ligation, discontinuation 
of vasoactive drugs right after endoscopy, 
and use of non‐covered stents), together 
with the impracticability of performing 
HVPG measurement in all patients, the 
early use of TIPS in this setting was 
not adopted. These limitations were 
addressed in a multicenter European ran
domized controlled trial [29]. In this 
study, high risk patients were identified 
based on clinical parameters of Child–
Pugh class C (up to 13 points) or class B 
with active bleeding at endoscopy despite 
adequate administration of vasoactive 
agents. Once the AVB episode was con
trolled, patients were randomized to 
receive TIPS using e‐PTFE covered 
stents within the first 72 hours after 
admission or to continue with current 
standard of care (i.e., non‐selective beta‐
blocker ± isosorbide mononitrate, endo
scopic band ligation, and antibiotics). 
The early TIPS strategy strongly reduced 
failure to control AVB and rebleeding 
within 1 year, and reduced mortality 
without significant changes in the rates 
of hepatic encephalopathy.

The beneficial effects regarding the 
early use of TIPS have been confirmed in 
a retrospective surveillance study from 
the same centers, which included 75 
patients [30].

Preliminary data from two small pro
spective cohorts using the same high risk 
criteria have reported similar results in 
terms of rates of rebleeding, survival, and 
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hepatic encephalopathy [31,32]. More 
recently, data form one Parisian center 
have corroborated the beneficial effect of 
early TIPS in the prevention of rebleeding 
in high risk patients [33].

Thus, the available data strongly sup
port the early use of TIPS using e‐PTFE 
covered stents in patients at high risk of 
treatment failure, because this approach 
reduces failure to control bleeding and 
the rebleeding rate (Figure  7.1) [34]. 
Nonetheless, the main challenge remains 
that of recognizing more accurate prog
nostic factors in order to stratify patients 
according to their real risk. Larger studies 
are needed to validate high risk criteria 
and to strengthen the recommendation 
on the use of early TIPS in this population, 
as well as to identify new prognostic mod
els that may help refine even more the 

subgroup of patients who would benefit 
from early use of TIPS.

Conclusion

Despite the implementation of intensive 
care management and the use of vasoactive 
drugs, endoscopic therapy, and antibiotics, 
mortality from AVB remains significant 
(up to 20%) and treatment failure occurs in 
up to 10–20% of patients. A more accurate 
method of identifying patients with a high 
likelihood of failure to control bleeding 
with standard means and who may benefit 
from alternative treatment measures would 
improve the overall management and out
come of patients with AVB. Personalized 
medicine based on risk stratification may 
lead research studies in the near future.

Endoscopic treatment (EBL
or sclerotherapy)

- Intensive care management
- Vasoactive drug
- Antibiotic

LOW-MEDIUM RISK PATIENTS

Bleeding controlled?

Second
endoscopic
treatment

Rescue

TIPS

Balloon tamponade
or SEMS

Bleeding
controlled?

Acute variceal bleeding

HIGH RISK PATIENTS

- Child C (up to 13 points)

- Child B + active bleeding

- HVPG ≥20 mmHg

No

Mild rebleeding
Severe rebleeding

Hemodynamic instability

Secondary
prophylaxis

NoYes

Yes

Complete vasoactive drug
for up to 5 days
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Figure 7.1 Proposed management algorithm for acute variceal bleeding. EBL, esophageal band 
ligation; HVPG, hepatic venous pressure gradient; SEMS, self‐expandable metal stent; TIPS, transjugular 
intrahepatic portosystemic shunt.
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 Introduction

Patients with cirrhosis frequently undergo 
endoscopy for the diagnosis and/or 
treatment of varices. Besides the identi
fication of varices, other endoscopic 
findings related to liver disease include 
portal hypertensive gastropathy (PHG) 
and gastric vascular ectasia (GVE). These 
entities can either remain asymptomatic 
or result in anemia from gastrointestinal 
(GI) blood loss. Chronic anemia is pre
sent in 21–87% of patients with cirrhosis 
[1,2], and is due to iron deficiency in most 
cases [3]. While these conditions may 
occasionally present acutely, this presen
tation is relatively infrequent so that other 
causes of acute GI bleeding should first 
be ruled out, such as variceal and peptic 
ulcer hemorrhage [4].

Although PHG and GVE affect the 
same organ and may present in a similar 
fashion clinically, it is important to 
 distinguish between the two conditions 
because they are managed differently 
(Table 8.1).

 Portal Hypertensive 
Gastropathy

Pathophysiology

Portal hypertension is a sine qua non for 
the development of PHG. Cirrhosis is 
the most common cause of portal hyper
tension in the western world and the 
available data on PHG relate primarily to 
cirrhotic patients. The reported preva
lence of PHG ranges from 20% to 80%, 
depending on the severity of liver disease 
[5,6] and previous therapy with endoscopic 
band ligation [7–9].

Although portal hypertension plays a 
central role, the pathophysiological mech
anisms underlying PHG have not been 
completed elucidated. The role of portal 
hypertension is supported by the correla
tion between the hepatic venous pressure 
gradient (HVPG), an estimate of portal 
pressure, and the presence and severity of 
PHG [10–12]. Furthermore, patients with 
PHG have lower systemic and pulmonary 
vascular resistance, which is associated 
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with portal hypertension, compared with 
cirrhotic patients without PHG [11]. How
ever, the association between HVPG and 
PHG is not consistently present in all 
studies [13,14] and other pathophysio
logical mechanisms have been proposed, 
including alteration in gastric mucosal 
blood flow [14,15], reduction in mucosal 
prostaglandin production, alteration in 
microcirculatory responsiveness to nitric 
oxide [16,17], hypoxia [18,19] and enhanced 
expression of vascular endothelial growth 
factor (VEGF) [19].

Portal hypertension leads to increased 
susceptibility to noxious agents and 
impaired healing of the gastric mucosa, 
both in experimental models and in portal 
hypertensive patients [20–23]. Although 
an increased prevalence of intestinal meta
plasia has been reported in patients with 
PHG as a consequence of chronic irrita
tion [24], an increased risk in gastric cancer 
has not been described.

PHG is associated with typical histo
pathological changes consisting of vascular 

dilation in the mucosa and submucosa with
out significant inflammation (Figure  8.1) 
[25], although biopsies are rarely required 
for diagnosis. If histological diagnosis 
becomes necessary, deep biopsies should 
be obtained since the histopathological 
features can be patchy and situated pre
dominantly in the submucosa.

Diagnosis

The diagnosis of PHG is typically estab
lished at endoscopy. The characteristic 
findings include a snakeskin mosaic 
mucosal pattern, with or without red or 
black‐brown spots, localized primarily in 
the proximal stomach. The extent of the 
spots overlying the background mosaic 
mucosa is used to categorize PHG as mild 
(none to few spots) or severe (many to 
extensive spots) (Figure 8.2). This simple 
classification scheme distinguishes bet
ween two different risk groups with regard 
to the incidence of bleeding, which is 
evidently higher in severe PHG [5,26].

Table 8.1 Comparison of portal hypertensive gastropathy and gastric vascular ectasia.

Characteristic Portal hypertensive gastropathy Gastric vascular ectasia

Frequency in liver disease Relatively common Uncommon
Presence of portal hypertension Always Sometimes
Present in non‐hepatic disease No* Yes
Lesion distribution in stomach Mainly proximal stomach Mainly antrum
Potential gut involvement aside 
from stomach

Yes† No

Endoscopic findings Mosaic mucosal pattern with or 
without red/brown spots

Angioectatic red spots without 
background mosaic mucosa

Endoscopic classification Mild or severe Linear (watermelon variant) 
or diffuse

Histological findings Dilated vessels, no 
inflammation

Vascular thrombi, 
fibrohyalinosis, spindle cell 
proliferation

Mainstay of therapy Portal pressure reducing agents Endotherapy
Salvage therapy TIPS Antrectomy‡

* Includes portal vein thrombosis as hepatic disease.
† Portal hypertensive enteropathy and colopathy.
‡ In selected patients.
TIPS, transjugular intrahepatic portosystemic shunt.
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Recently, several studies have described 
polypoid gastric lesions associated with 
portal hypertension [26–29]. These lesions 
are more commonly located in the antrum 
and are histologically distinct from other 
gastric polyps, with findings of vascular 
proliferation and increased vascular den
sity [26–28]. They are friable in nature 
and can excacerbate bleeding in the setting 
of PHG (Figure 8.3). The effects of portal 
hypertension can also extend to other 
parts of the GI tract, such as the small 
bowel (portal hypertensive enteropathy) 
[30–37] and colon (portal hypertensive 
colopathy) [32,38].

(a) (b)

Figure 8.1 (a) Histopathology showing vascular dilation without surrounding inflammation (arrows) in 
portal hypertensive gastropathy. (b) Histopathology showing typical fibrin thrombi (arrows) in gastric 
vascular ectasia.

(a) (b)

Figure 8.2 (a) Typical mosaic (snakeskin) mucosa without red spots in mild portal hypertensive 
gastropathy (PHG). (b) Mosaic mucosa with extensive red spots in severe PHG.

Figure 8.3 Portal hypertensive gastropathy 
associated gastric polyps.
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The diagnosis of PHG primarily relies 
on endoscopic interpretation of findings 
and is, therefore, subject to observer vari
ation. Interobserver agreement on the dif
ferent features of PHG has been evaluated, 
and the most reliable and best predictive 
value was obtained when assessing the 
presence or absence of features instead 
of grading their severity, which further 
emphasizes the clinical utility of a sim
plified classification [26,39]. Of note, the 
mosaic snakeskin pattern is not specific 
for PHG. This feature can be found in up to 
1.4% of non‐cirrhotic patients with condi
tions such as Helicobacter pylori infection 
and eosinophilic gastritis [40–43].

The use of non‐endoscopic modalities 
for the diagnosis of PHG is mainly anec
dotal. Knowledge of the features of PHG 
during the performance of tests, such as 
computed tomography (CT) and mag
netic resonance imaging (MRI), might be 
useful in order to avoid unnecessary 
evaluation in these patients. However, the 
description of findings associated with 
PHG  –  including enhancement of the 
inner gastric layer in the delayed phase [44], 
transient gastric perfusion defect sign 
(in which a lack of perfusion in the arte
rial phase is observed) [45], and increased 
spleen volume [46]  –  is heterogenous. 
The evaluation of the size of gastroesoph
ageal varices with MRI is not useful for 
the identification of PHG [47].

Association with Portal Hypertensive 
Enteropathy and Colopathy

Besides the stomach, congestive mucosal 
abnormalities due to portal hypertension 
may be observed in other segments of 
the GI tract. Lesions that are considered 
markers of portal hypertensive enteropathy 
(PHE) include erythema, angioectasias, 
villous edema, erosions, and varices 
(Figure  8.4). The extent of small bowel 
involvement in PHE can be assessed with 
capsule endoscopy [30,33,35,36,48,49], 
although its diagnostic utility is limited 

for gastric lesions [50]. PHE is observed in 
approximately two thirds of patients with 
cirrhosis and anemia [36,48,49,51]. In one 
study involving 60 patients with Child–
Pugh class A and B cirrhosis and anemia 
(hemoglobin <12 g/dL), a variety of lesions 
were observed in 67% of cases, predomi
nantly distributed in the proximal and 
mid small bowel [49]. On univariate anal
ysis, PHE was associated with the presence 
of PHG and increased severity of liver 
disease, as outlined in previous studies 
[36,48]. On multivariate analysis, however, 
only the presence of ascites was an inde
pendent predictor of PHE.

Portal hypertensive colopathy (PHC) is 
characterized by the presence of diffuse 
hyperemia, edema, angioectasias, spon
taneous bleeding, and varices (Figure 8.5) 
[12,38,51,52]. The reported prevalence 
for PHC ranges from 50% to 65%, depend
ing on the presence or absence of anemia 
in the study population. Its association 
with portal hypertensive changes, includ
ing PHG and severity of liver disease, is 
more controversial than in the case of 
PHE [12,38,51,52].

Relationship of Portal Hypertensive 
Gastropathy with Variceal Eradication

Endoscopic variceal eradication and beta‐
blockers are the main pillars of prophylaxis 

Figure 8.4 Portal hypertensive enteropathy with 
mucosal edema and ectatic vessels identified 
during retrograde double balloon enteroscopy.
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against variceal bleeding. Variceal eradica
tion leads to an increase in portal pressure, 
which is sustained for a longer period 
following sclerotherapy compared with 
endoscopic band ligation (EBL) [53]. An 
acute increase in portal pressure is associ
ated with functional and structural changes 
in the gastric mucosa [54].

Although variceal sclerotherapy [9,55–63] 
and EBL [57,62–64] have been associated 
with the development or worsening of 
PHG, the mucosal alterations are usually 
transient [9,57]. The natural history of 
these lesions has not been fully elucidated. 
Some studies suggest no significant impact 
of endoscopic therapy on the natural 
history of PHG [8], whereas others report 
that the development of PHG after 
variceal eradication follows a more benign 
course and frequently disappears [9,57]. 
Nevertheless, patients who have PHG 
prior to endoscopic therapy may develop 
worsening lesions that are subject to 
bleeding during follow‐up [9]. Post‐endo
therapy changes of the mucosa have been 
described in the small bowel [37], but not 
in the colon [65,66]. Indeed, the preva
lence of PHE increased from 6.6% to 
46.7% (p <0.001) in a study of 30 cirrhotic 
patients who underwent gastric and small 
bowel biopsies before and after band liga
tion of varices [37]. At histopathology, an 

increase in angiogenesis, manifested by a 
surge in VEGF, vascular ectasia, and blood 
extravasation, was observed. Furthermore, 
these findings were clinically relevant, 
with a decrease in hemoglobin following 
variceal obliteration.

Management

Patients with PHG but without signs of 
occult GI bleeding require no specific 
therapy. These patients are typically diag
nosed during screening endoscopy for 
varices. For primary prophylaxis of large 
esophageal varices, either EBL or non‐
cardioselective beta‐blockers can be used. 
In the presence of PHG, especially when 
severe, prophylaxis with a beta‐blocker 
may be favored unless there is intolerance 
or contraindication to the medication. As 
previously mentioned, EBL may worsen 
or convert PHG from an asymptomatic to 
symptomatic state in some patients.

In the setting of secondary prophy
laxis for variceal bleeding, patients may 
either develop or demonstrate worsen
ing PHG as a result of repeated EBL 
 sessions. Nevertheless, standard therapy 
for secondary prophylaxis includes EBL, 
along with a beta‐blocker, which has 
been shown to reduce the incidence of 
PHG [64].

(a) (b)

Figure 8.5 (a) Portal hypertensive colopathy with mucosal edema and (b) angioectatic red spots in the 
transverse colon.
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Chronic Bleeding
Before establishing PHG as the cause of 
iron deficiency anemia, other etiologies 
should be ruled out, particularly when 
PHG is mild in severity. In addition to 
iron replacement therapy, specific man
agement of PHG relies on measures that 
reduce portal pressure. The mainstay of 
therapy for PHG involves the use of non‐
selective beta‐blockers, as supported by 
randomized trials (Figure  8.6) [67,68]. 
Other drugs, such as losartan [69], thalid
omide [70], or corticosteroids [71], have 
been reported for the management of 
symptomatic PHG, although the evidence 
supporting their routine use is lacking.

Endoscopic therapy is of limited value in 
the management of chronic GI blood loss 
due to PHG. Although a small case series 
(n = 11) with limited follow‐up reported 
on the utility of argon plasma coagulation 
(APC), there is under‐reporting of studies 
that show limited to no impact of endo
therapy in managing chronic bleeding 
secondary to PHG. A recent observational 
report on a small number of patients with 
bleeding PHC (n = 7) suggested APC to be 
effective in this setting, although sustained 
efficacy in the long term remains doubtful 
[72]. Similarly, the application of hemo
static sprays (Hemospray, Cook Medical, 
Bloomington, IN, USA) was found to be 

useful in a small series of patients with 
acute bleeding from PHG and PHC (n = 4), 
although it is not likely to be of benefit 
for the control of chronic blood loss [73].

Patients with ongoing blood loss despite 
adequate non‐selective beta‐blockers and 
iron therapy are considered non‐responders 
and should be managed on an individual 
basis. Portosystemic shunt therapies, either 
surgical or through transjugular intrahe
patic portosystemic shunt (TIPS) place
ment, should be considered in patients with 
severe PHG and frequent blood transfu
sions. Surgical shunts may be contem
plated mainly in patients with reasonable 
liver function and performance status and 
in those with non‐cirrhotic portal hyper
tension. Such surgical shunt procedures 
should be performed by experienced 
surgeons [74–77]. TIPS placement, the less 
invasive alternative, has been shown to 
improve the endoscopic findings of PHG 
and PHC within 6–12 weeks [78–82] and 
to decrease transfusion requirements.

Acute Bleeding
Cirrhotic patients who present with acute 
GI hemorhage should initially be man
aged as potential variceal bleeders, with 
the administration of a vasoconstrictor 
(e.g., somatostatin analog or terlipressin) 
and antibiotics, maintenance of a restrictive 

Acute

Bleeding
controlled

Refractory
bleeding

Refractory
bleeding

Non-selective
beta-blocker

Rescue treatment:

TIPS

Surgical shunt

APC of active
bleed sites

Octreotide/
terlipressin

Chronic

Figure 8.6 Management algorithm for portal hypertensive gastropathy. APC, argon plasma 
coagulation; TIPS, transjugular intrahepatic portosystemic shunt.



Gastric Vascular Ectasia 125

blood transfusion policy, and performance 
of urgent endoscopy [4,83,84]. Once 
variceal and other non‐variceal bleeding 
causes (e.g., peptic ulcer) have been 
excluded, PHG can potentially be identi
fied as the bleeding etiology, particularly 
if severe and in the presence of stigmata 
of hemorrhage, such as adherent blood 
flecks or blood oozing from the congested 
mucosa. In cases where the endoscopic 
findings are ambiguous as to the cause of 
hemorrhage (e.g., small esophageal varices 
without obvious bleeding stigmata coex
isting with severe PHG), the clinical pres
entation can be helpful in ascertaining 
the cause of bleeding. A variceal source is 
more likely in the case of significant 
hematemesis and hemodynamic instability, 
whereas acute bleeding from severe PHG 
is more likely to present as melena without 
hemorrhagic shock.

The use of a vasoactive agent is recom
mended for acute hemorrhage from PHG 
and, per treatment guidelines, should 
already have been initiated prior to 
endoscopy in the setting of an acutely 
bleeding cirrhotic patient. Although the 
earliest study on medical therapy demon
strated a beneficial effect of beta‐blockers 
for acute bleeding from PHG [85], it is 
preferable to use a vasoactive agent with 
a more rapid hypotensive effect on portal 
pressure. Several studies have demon
strated adequate control of hemorrhage 
with the use of somatostatin [86], octreo
tide [86,87], and terlipressin [88] in this 
setting. Terlipressin is more effective at 
higher dosage (1 mg/4 h) than lower 
 dosage (0.2 mg/4 h) for acute control of 
hemorrhage and prevention of rebleed
ing [88]. In one study, vasopressin offered 
no advantage over omeprazole, and it 
should therefore be avoided [87]. Although 
no trials have specifically evaluated the 
role of antibiotics in acutely bleeding 
PHG, it is likely that the benefit observed 
in the setting of variceal hemorrhage 
would extend to other types of portal 
hypertensive bleeding.

There are no established endoscopic 
therapies for the management of acute 
bleeding due to PHG. APC may be applied 
to focal areas of hemorrhage to obtain 
initial hemostasis. Hemostatic sprays 
may be more practical when bleeding is 
diffuse. However, definitive therapy rests 
primarily on non‐endoscopic measures, 
such as vasoactive agents or shunting pro
cedures (see Figure 8.6).

Therapeutic failure should be defined 
by the same criteria as in acute variceal 
bleeding [89]. However, this is a rare 
event in the setting of PHG and, thus, 
 re‐evaluation of the patient is warranted in 
order to establish whether another source 
of hemorrhage has been overlooked. 
In the event that no other source is identi
fied, the patient should be managed in a 
similar fashion to non‐responders with 
chronic GI bleeding from PHG.

 Gastric Vascular Ectasia

Pathophysiology

Gastric vascular ectasia typically causes 
chronic GI bleeding with iron deficiency 
anemia. In addition to chronic liver dis
ease, it has been associated with other 
conditions, such as autoimmune connective 
tissue disorders, bone marrow transplanta
tion, and chronic renal failure [90–94]. Its 
prevalence approximates 2% in patients 
with liver disease and 1% in patients with 
systemic sclerosis [95], although it has been 
described in as many as 23% of cases with 
the latter condition [96].

The pathophysiology of GVE is not 
completely elucidated. Vasodilating medi
ators, such as gastrin or prostaglandin 
E2, have been implicated [97,98]. It has 
been proposed that liver insufficiency per 
se (rather than portal hypertension) could 
lead to the accumulation of vasodilating 
substances, thereby contributing to the 
development of GVE [81,99–101]. Other 
postulated mechanisms, especially when 
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the disease distribution is limited to the 
antrum (gastric antral vascular ectasia 
(GAVE)), are abnormal antral motility 
[102] and mechanical stress [97], which 
are supported by the histological finding 
of fibromuscular hyperplasia [103]. 
Detailed examination of the microvascu
lar architecture of an antrectomy speci
men containing watermelon stomach 
described ectatic vessels at the surface of 
the mucosa embedded within an intact 
capillary bed [104]. It was inferred that 
repeated high intravascular pressure leads 
to focal weakening of the capillary struc
ture and dilation once the limits of elastic 
distensibility are surpassed. The progres
sive ectatic process, in part, would explain 
failure to control bleeding long term with 
endoscopic therapy.

Diagnosis

Gastric vascular ectasia is diagnosed at 
the time of endoscopy and, unlike PHG, the 
disease process is limited exclusively to 
the stomach. Two case series suggest that 
capsule endoscopy may be more sensitive 
than conventional endoscopy at detecting 
GVE due to lack of air insufflation, which 
could mask the gastric mucosal changes 
from increased intraluminal pressure. 
Never theless, the use of capsule endoscopy 

to diagnose GVE remains anecdotal 
[105,106], and the approach by standard 
upper endoscopy is preferred due to ease 
of access and ability to provide therapy.

The angioectatic red spots are typically 
found in the antrum in the absence of an 
underlying mosaic mucosal pattern. The 
arrangement of the red spots in longitudi
nal stripes is coined watermelon stomach, 
which is more often seen in patients with
out liver disease. Often, a cuff of red spots 
is seen at the cardia in association with 
GAVE (Figure 8.7). Specific antibody pat
terns in patients with systemic sclerosis, 
including the absence of antitopoisomer
ase I antibodies and the presence of anti
bodies to RNA polymerase III/speckled 
antinuclear antibody, have been associ
ated with GAVE [94,95], although this has 
not been confirmed in all studies [96].

The red spots can also be distributed 
in a diffuse pattern (diffuse variant GVE) 
in the antrum, with variable extension 
toward the more proximal stomach 
(Figure 8.8). These lesions may be diffi
cult to distinguish from other conditions, 
such as severe PHG or Helicobacter pylori 
infection [40,41]. GVE of the diffuse variant 
is more commonly seen in patients with 
liver disease.

In cases where endoscopic diagnostic 
differentiation is difficult, biopsies can be 

(a) (b)

Figure 8.7 (a) Watermelon stomach. (b) Cardia angioectasias associated with watermelon stomach.
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of benefit, although deep biopsies should 
be obtained to include the mucosa and 
submucosa. Histopathological findings 
of GVE include dilated vessels within 
the mucosa with regenerative changes, 
increased lamina propria smooth muscle, 
and typical fibrin thrombi (see Figure 8.1) 
[103,107]. The utilization of immunohis
tochemical staining for platelet markers 
(e.g., CD61), which specifically stain plate
lets in the characteristic thrombi, can 
enhance the utility of histological exami
nation in GVE [108].

Management

The finding of GVE in the absence of 
bleeding or iron deficiency anemia does 
not require treatment. Symptomatic GVE 
is managed primarily by endoscopic means. 
A trial of drug therapy, such as estrogen/
progesterone [109–111], tranexamic acid 
[112], thalidomide [113], octreotide [114], 
serotonin antagonist [115], cyclophos
phamide [116,117], and corticosteroids 
[118,119], is generally reserved for GVE 
that is refractory to endotherapy, although 
the evidence for pharmacological therapy 
is limited to case reports. TIPS and beta‐
blockers are ineffective for the long term 
prevention of recurrent bleeding from GVE.

Endoscopic treatment of GVE typically 
requires more than one session to achieve 
sustained control of bleeding. The goals 
of endoscopic therapy are to eradicate 
the vascular lesions, eliminate or mini
mize the need for blood transfusions, and 
lengthen the time interval between endo
scopic sessions in those who require peri
odic endotherapy for control of bleeding 
(Figure 8.9). Although most reports on the 
use of endotherapy for GVE have focused 
on thermoablative techniques, cryother
apy and EBL are emerging as first line 
modalities in selected cases.

Endoscopic Modalities
Argon Plasma Coagulation APC is the most 
commonly used thermoablative method 
for the management of GVE (Figure 8.10). 
APC is preferred over contact thermal 
modalities, such as bipolar or heat 
probes, because of ease of use. Discrete 
lesions can be ablated using focal pulses of 
energy application, whereas the longitudi
nal stripes of vascular ectasias (watermelon 
stomach) are more efficiently treated using 
the “paint brush” technique (Video  8.1). 
Suction is applied intermittently to clear 
the visual field and minimize over‐disten
tion of the stomach by argon gas. Aggressive 
coagulation of lesions close to the pylorus 

(a) (b)

Figure 8.8 (a) Diffuse variant gastric vascular ectasia (GVE). (b) GVE with diffuse red spots in the antrum 
without background mosaic mucosa.
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may result in pyloric channel stenosis and 
should be avoided. Ablation using APC, 
however, can be time consuming if the 
affected surface area is extensive, as can be 
seen in diffuse variant GVE. The suggested 
APC settings are a power of 45 watts and 
argon flow rate of 1 L/min, although a 
wide range of treatment settings have 
been reported (20–80 watts; 0.5–2 L/min 
flow rate). A proton pump inhibitor is 
usually prescribed post APC therapy to 
facilitate healing of the iatrogenic ulcers. 
The need for repeat therapy is dictated by 
the clinical response and an initial interval 
of 4–8 weeks between treatment sessions is 
reasonable. The treatment interval can be 
lengthened as the long term objectives of 

GVE eradication and resolution of sympto
matic anemia are achieved.

In the short term, APC has been shown 
to reduce bleeding and blood transfusion 
requirements in over 70% of patients with 
GVE [120–132]. However, the beneficial 
effects of initial therapy with APC are 
not sustainable in a significant propor
tion of patients. In a recent retrospective 
study encompassing 62 patients with a 
mean follow‐up of 47 months, treatment 
success following initial APC therapy, 
defined by an increase in hemoglobin level 
of 30% above baseline and the resolution 
of symptoms, was obtained in only 25% of 
patients [133]. The outcomes may poten
tially be worse for GVE, since patients with 

(a) (b)

Figure 8.10 Appearnace of watermelon stomach before (a) and after (b) argon plasma coagulation.
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• Minimize transfusion
 requirements
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 bleeding

Transfusion
dependent

SEVEREMILD

Figure 8.9 Goals of endotherapy for gastric vascular ectasia based on disease severity and transfusion 
dependency. Hgb, hemoglobin.
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focal vascular ectasias (angiodysplasias) 
were also included in the study. Thus, most 
patients require more than two treatment 
sessions for long term control of bleeding. 
Although APC appears effective in both 
cirrhotic and non‐cirrhotic patients with 
GVE, the latter group tended to require 
more treatment sessions to achieve a sus
tained response in one study [129].

APC induced adverse events are uncom
mon and include iatrogenic ulcer bleeding, 
antropyloric stricture with gastric outlet 
obstruction, and perforation. A recog
nized adverse event of thermal therapy is 
the formation of hyperplastic/inflamma
tory polypoid lesions, often with surface 
erosions, which can aggravate bleeding 
(Figure 8.11). Whether the use of proton 
pump inhibitors to promote healing of 
APC induced ulcers is an inciting factor 
for the formation of these polypoid lesions 
is unclear. Due to their friable nature, these 
polyps usually necessitate resection via 
snare debulking, with or without submu
cosal fluid injection (Video 8.2).

Laser Therapy The neodymium‐doped 
yttrium aluminum garnet (Nd:YAG) laser 
can effectively ablate vascular ectasias and 
has been shown to reduce rebleeding rates 
and transfusion requirements in GAVE 

[90,91,134–140]. Similar to APC, it is a 
non‐contact, probe based technique with 
reported power settings of 40–90 watts 
and short pulse durations (0.5–1 seconds). 
Treatment sessions are generally carried 
out every 2–4 weeks until eradication of 
the ectatic lesions has been achieved. 
Nd:YAG laser ablation is a suitable treat
ment option, where available, although 
the technique is rarely used nowadays due 
to limited availability and high mainte
nance costs of the laser system.

Radiofrequency Ablation Endoscopic radio
frequency ablation (RFA) is used primarily 
for the ablation of premalignant mucosal 
diseases, such as Barrett esophagus, although 
recent studies suggest RFA may be a viable 
option for the treatment of GVE. Both 
over‐the‐scope (OTS) and through‐the‐
scope (TTS) RFA catheters can be utilized 
for ablation of GVE. The active compo
nent of the OTS RFA catheter (Covidien‐
Medtronic, Mansfield, MA, USA) consists 
of a rectangular platform containing an 
array of electrodes that is mounted at the 
tip of the endoscope [141,142]. The platform 
is tiltable to enable contact between the 
electrodes and the tissue surface. Plat
forms of various dimensions are available, 
with the active electrodes ranging from 

(a) (b)

Figure 8.11 (a) Formation of friable hyperplastic polyps following repetitive argon plasma coagulation 
of gastric vascular ectasia. (b) Snare resection of polyps.
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15 to 40 mm in length and from 7.5 to 
13 mm in width. Recently, a TTS RFA 
catheter was introduced that has a smaller 
treatment surface area (15.7 × 7.5 mm), 
but which is more convenient to use as it 
is rotatable and can easily be removed 
through the working channel of the endo
scope for intermittent cleaning of the 
electrode (Figure 8.12) [143]. Both the OTS 
and TTS RFA catheters provide a uniform, 
but relatively superficial, thermal injury 
using treatment protocols of 2–4 applica
tions per contact site at a default setting of 
12 J/cm2. Following treatment of one area, 
the catheter is positioned to the adjacent 
untreated area for ablation, and this pro
cess is continued until all the affected areas 
have been ablated (Video 8.3).

The data on the use of RFA for GVE are 
limited to a handful of case series and the 
technique has been applied primarily in 
patients whose GVE is refractory to other 
endoscopic modalities. In one prospec
tive, pilot study with limited (6 months) 
follow‐up, 18 of 21 patients (86%) with 
GAVE refractory to APC became trans
fusion free after a median of two RFA 
sessions (range, 1–3 sessions) adminis
tered at intervals of 4–6 weeks. Mean 
hemoglobin increased from 7.8 to 10.2 g/
dL in responders (n = 18). Minor adverse 
events (non‐clinically significant bleeding 

and superficial ulceration) occurred in two 
patients, which resolved without interven
tion [142]. As a more serious adverse 
event, bacteremia causing sepsis follow
ing RFA has been described [144].

In contrast to APC, the application of 
RFA is cumbersome and relatively expen
sive. Drawbacks of the OTS RFA catheters 
include potential difficult passage of the 
devices through the cricopharyngeus, the 
need for multiple esophageal intubations 
for removal and cleaning of the electrode, 
and challenging electrode–tissue contact 
in some areas, such as the incisura. The 
availability of the TTS RFA catheter elim
inates some of the challenges associated 
with OTS catheters, although cost may 
prohibit RFA as initial therapy for GVE. 
Cost efficacy studies are warranted to 
assess the role of RFA as primary therapy 
for GVE or as rescue therapy for refrac
tory cases.

Cryotherapy The application of cryo
therapy results in superficial tissue 
necrosis and ulceration, followed by  
re‐epithelialization of the mucosa [145]. 
The advantage of cryotherapy is the abil
ity to treat a large surface area by non‐
contact spray application of a cryogen 
onto the mucosa (Figure 8.13). Commer
cially available endoscopic cryotherapy 

(a) (b)

Figure 8.12 (a) Persistent gastric vascular ectasia (GVE) despite multiple applications of argon plasma 
coagulation. (b) Radiofrequency ablation of GVE using a through‐the‐scope catheter.
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systems are catheter based and employ 
either liquid nitrogen (CSA Medical Inc., 
Lutherville, MD, USA) or compressed car
bon dioxide (CO2) gas (Polar Wand, GI 
Supply, Camp Hill, PA, USA) as cryogens.

Reports on the utilization of cryotherapy 
for GVE relate primarily to the CO2 device. 
A spray catheter is maintained 1–2 cm 
away from the targeted mucosa and the 
cryospray is activated by a foot pedal. The 
technique is based on the principle of 
the Joule–Thompson effect, whereby rapid 
expansion of the CO2 gas as it exits the 
catheter results in a rapid drop of the sur
rounding temperature to –78 °C. A gastric 
length overtube or a dedicated decompres
sion tube is required to allow escape of 
the high volume CO2 gas (~8 L/min) being 

delivered during the procedure. Applica
tion of the cryospray results in whitening 
(icing) of the mucosal surface, followed 
by thawing upon termination of spraying 
(Video  8.4). The cycle of freezing and 
thawing is typically repeated 3–5 times 
per treatment session.

In a small pilot study (n = 12), the endo
scopic appearance and hemoglobin level 
improved significantly in half of the trans
fusion dependent patients following three 
cryotherapy sessions spaced 3–6 weeks 
apart. A partial response was obtained in 
the remaining cases and no treatment 
related adverse events occurred [146].

Cryotherapy is particularly appealing 
for the treatment of GVE that is diffuse 
and extensive due to its ease of use and 

(a) (b)

(c)

Figure 8.13 (a) Gastric vascular ectasia (GVE), diffuse variant. (b) Cryotherapy. (c) Endoscopic 
improvement of GVE at the 1‐month follow‐up.
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ability to rapidly treat a large surface area. 
Disadvantages of cryotherapy include a 
cloudy field of view during cryospray and 
the apparent need for multiple treatment 
sessions before a sustained hemostatic 
response is achieved. The best treatment 
protocol with regard to the optimal cryo
gen, duration of cryospray, and number of 
freeze–thaw cycles remains to be deter
mined. Potential adverse events include 
abdominal distention, treatment induced 
bleeding, and perforation.

Endoscopic Band Ligation A few studies 
have reported on the utilization of EBL for 
the treatment of GVE [147–151]. EBL may 

be considered for GVE that is refractory to 
APC or for the nodular/raised‐type lesions 
(Video  8.5). The lesions are suctioned 
into the band ligation cap until “red‐out,” 
followed by band deployment. Bands are 
placed in a caudad to orad fashion, starting 
at the prepylorus (Figure 8.14). As many as 
12 bands can be placed in a single treatment 
session. Post‐procedural abdominal dis
comfort and nausea are common but tran
sient, and respond well to liquid analgesics 
and antiemetics. A liquid diet is recom
mended for 24 hours post EBL. Follow‐up 
endoscopy is performed in 4–8 weeks 
after the initial EBL session; post‐banding 
scarring is a typical finding (Figure 8.15). 

(a) (b)

Figure 8.14 (a) Nodular gastric antral vascular ectasia (GAVE). (b) Band ligation of GAVE.

(a) (b)

Figure 8.15 (a) Gastric antral vascular ectasia. (b) Post‐band ligation scarring at the 6‐week follow‐up.
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Repeat band ligation is dictated by the 
endoscopic and clinical response.

EBL has been compared with APC, 
although the assignment of the treatment 
option was not randomized and approxi
mately half of the patients had failed prior 
APC. A larger proportion of patients who 
had EBL were free of rebleeding (56–92% 
versus 23–32%) [147,151] and required 
fewer treatment sessions (1.9 versus 4.7; 
p = 0.05) [147] and blood transfusion 
requirements (–12.7 versus –5.2; p = 0.02) 
[147] than the APC group. These findings 
require prospective validation.

Miscellaneous Endoscopic Therapies The 
use of coagulation snares swept over the 
mucosal surface [152] and endoscopic 
mucosectomy [153] have been described 
to be effective in case reports. Sclero
therapy and heat probe ablation are less 
efficient than the previously described 
treatment options [154]. A recent system
atic review highlighted the various medi
cal and endoscopic therapies that have 
been applied for the management of GVE, 
but no recommendations could be made 
in the absence of robust evidence based 
data [155]. This review underscored the 
need for well designed randomized con
trolled trials to assess the efficacy and 
adverse events of endotherapy in patients 
with GVE.

Surgical Therapy
In patients with frequent transfusion 
requirements and severe bleeding that is 
refractory to endoscopic and pharmaco
logical therapy, salvage surgery consisting 
of an antrectomy and Billroth I anastomosis 
may be considered [156–159], although 
this should be assessed on an individual 
basis. In cirrhotic patients, the surgical 
option is associated with high postop
erative morbidity and mortality due to 
the significant medical comorbidities 
that usually accompany the disease [160]. 

There are case reports documenting that 
GVE is reversible following liver trans
plantation, but the evidence is insufficient 
to specifically recommend this therapy for 
refractory GVE [40,41].

 Conclusion

Portal hypertensive gastropathy and GVE 
are two distinct entities with regard to 
management, yet they share overlapping 
features in terms of presentation and 
association with liver disease. Endoscopic 
assessment is critical in differentiating 
between the two conditions. PHG is a 
consequence of portal hypertension and, 
therefore, amenable to therapies that target 
portal pressure, such as beta‐blockers and 
TIPS. In contrast, GVE may or may not be 
associated with portal hypertension, and 
the mainstay of treatment is endotherapy. 
Several endoscopic modalities have been 
utilized with variable success, and well 
designed trials are needed to determine 
the optimal endoscopic technique(s) for 
the treatment of GVE. Moreover, a better 
understanding of the pathophysiology of 
GVE will lead to a rational development of 
treatment options.

Videos relating to this chapter are:

Video 8.1 Argon plasma coagulation of water
melon stomach.
Video 8.2 Management of polypoid lesions 
secondary to thermal therapy of gastric vascular 
ectasia.
Video 8.3 Radiofrequency ablation of gastric 
vascular ectasia.
Video 8.4 Cryotherapy of diffuse and extensive 
gastric vascular ectasia.
Video 8.5 Endoscopic band ligation of gastric 
vascular ectasia.

All videos  cited in this book can 
be found on the companion  
website at 

www.wiley.com/go/plevris/endoscopyinliverdisease
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Introduction

Although variceal bleeding is the most 
feared complication of portal hypertension 
(PH), still carrying significant mortality 
and morbidity, patients with PH can have 
chronic intestinal blood loss, often caused 
by mucosal changes induced by PH [1,2]. 
The spectrum of portal hypertensive 
gastrointestinal vasculopathy includes 
changes in the stomach (portal hyperten
sive gastropathy (PHG)) and in the colon 
(portal hypertensive colopathy (PHC)), 
which can be easily identified by upper 
endoscopy and colonoscopy, respectively. 
These changes are often present with a 
hepatic venous pressure gradient (HVPG) 
of ≥10 mmHg [2,3]. When the cause of 
bleeding cannot be ascertained after a 
negative initial evaluation with bidirec
tional endoscopy and radiological small 
bowel imaging, it is defined as obscure 
gastrointestinal bleeding (OGIB) [4–7]. 
The latter can be subclassified into two 
clinical forms: (i) occult OGIB, manifested 
by the absence of evident bleeding with 
recurrent iron deficiency anemia and/or 
a recurrent positive fecal occult blood 
test; and (ii) overt OGIB, manifested by 

recurrent passage of visible blood with 
melena and/or hematochezia [8].

Historically, the diagnostic workup of 
patients with OGIB has been challenging 
and time consuming, even more so when 
there is a background of cirrhosis and 
PH. In these patients, PH can induce 
 significant mucosal changes in the small 
bowel, defined as portal hypertensive 
enteropathy (PHE). PHE is characterized 
by the development of several red spots 
(Figure  9.1), patchy mucosal hyperemia 
(Figure 9.2), diffuse small bowel mucosal 
edema (so‐called herring roe appear
ance) (Figure  9.3), spontaneous bleed
ing from the mucosa (Figure 9.4), and/
or small bowel varices (Figure  9.5) [9]. 
Currently, data about PHE are scarce; 
furthermore, its true prevalence in liver 
cirrhosis is still unknown and, until 
recently, the endoscopic features were 
not well described, mostly due to the lim
itations imposed by conventional endos
copy. However, the introduction of new 
endoscopic methods, including capsule 
endoscopy (CE) and deep enteroscopy 
(e.g., double balloon enteroscopy), has 
led to better characterization and more 
frequent detection of these abnormalities. 
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Nevertheless, whether it is necessary to 
routinely perform pan‐endoscopy in 
patients with PH (e.g., patients with 
advanced liver disease with no evidence 
of OGIB), is still a matter of debate.

Epidemiology of Obscure 
Gastrointestinal Bleeding 
in Patients with Portal 
Hypertension

Iron deficiency anemia is the most 
common cause of anemia worldwide, 
occurring in 2–5% of adult men and 
postmenopausal women in the developed 
world, and is a common reason for referral 

(a) (b)

Figure 9.3 “Herring roe” mucosa seen on (a) capsule endoscopy and (b) double balloon enteroscopy.

Figure 9.4 Spontaneous bleeding and 
lymphangiectasic villi in a patient with cirrhosis 
and portal hypertension.

Figure 9.1 Arteriovenous malformation type of 
lesions seen at double balloon enteroscopy in the 
jejunum of a patient with portal hypertension.

Figure 9.2 Patchy mucosal hyperemia seen 
during double balloon enteroscopy.
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to gastroenterologists (4–13% of referrals) 
[10,11]. In patients with PH, anemia is 
found more frequently than in the general 
population; hence it is estimated that 
about 75% of patients with cirrhosis 
exhibit varying degrees of anemia [12]. 
Anemia in this subgroup of patients is 
multifactorial. For instance, in severe 
hepatocellular disease, decreased synthe
sis of liver produced plasma proteins leads 
to reduced serum levels of several blood 
clotting factors [13], whereas splenomeg
aly may lead to secondary hemolysis [14]. 

Alcohol – a common etiological factor of 
chronic liver disease  –  is “toxic” to the 
bone marrow [15]. Moreover, patients 
with high alcohol intake often develop 
multiple nutritional deficiencies, a common 
manifestation of which may be anemia 
caused by vitamin deficiency [16]. Finally, 
anemia is a recognized complication of the 
treatment of chronic hepatitis C; in this 
context, anemia is predominantly caused 
by drug induced hemolysis in ribavirin 
based therapies [17]. As a consequence, 
the natural history of PHE and its incidence, 

(a) (b)

(c) (d)

Figure 9.5 (a, b) “Herring roe” mucosa; (c) ectatic villi; and (d) small bowel varices. Source: Koulaouzidis 
et al. 2012 [9]. Reproduced with permission of Elsevier.
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prevalence, and manifestations, and the 
factors that influence the involvement of 
specific intestinal segments have not been 
firmly established [18].

These issues can explain why an 
accurate estimation of the prevalence of 
OGIB in patients with PH is difficult. 
Additionally, in patients with cirrhosis, 
bidirectional gastrointestinal endos
copy depicts mild/subtle lesions and 
the causal relationship of these lesions 
with anemia – hence the proportion of 
patients who have OGIB due to small 
bowel mucosal changes – is often diffi
cult to establish. Until recently, the 
small bowel was relatively inaccessible 
and data were limited to anecdotal 
reports pointing to the small bowel 
mucosa as a potential source of bleed
ing in patients with cirrhosis. Correct 
identification of patients with PH who 
suffer an episode of OGIB is crucial for 
their subsequent diagnostic workup 
and management. When OGIB is sus
pected in patients with PH, the small 
bowel becomes the target for further 
diagnostic procedures [6]. Unfortu
nately, studies focusing on the small 
bowel in patients with OGIB in the gen
eral population seldom report relevant 
comorbidities. Nevertheless, in 2010, 
Akyuz et  al. [19] studied 444 patients 
with cirrhosis and reported that OGIB 
occurred in about 4.5% of patients with 
PH. In a retrospective review of 595 
patients who underwent CE for OGIB, 
Sidhu et  al. [20] found similar results, 
that is, 20 patients (3.4%) with estab
lished chronic liver disease who pre
sented with OGIB; they confirmed that 
angiodysplasia was the commonest 
pathology seen. Timely examination 
with CE had a positive impact on patient 
management. Tang et  al. [21] in 2004 
reported 4/46 patients (8.7%) with small 
bowel varices of various etiologies 
diagnosed by CE. Fresh blood adjacent 
to the varices was documented in three 
patients.

Small Bowel Evaluation in 
Patients with Portal 
Hypertension and Obscure 
Gastrointestinal Bleeding

Capsule Endoscopy

Gastrointestinal bleeding in patients with 
advanced liver disease can cause hepatic 
decompensation and have an impact on 
mortality. Hence, an early and aggressive 
diagnostic panenteric workup, including 
the small bowel, is important if bidirec
tional endoscopy is negative [22]. However, 
until just over a decade ago, the small 
bowel was relatively inaccessible to clini
cians [23].

Most of the studies on the mucosal 
changes seen in PHE are based on exam
ination at upper endoscopy [24], push 
enteroscopy [25], and retrograde ileoscopy 
during colonoscopy [26], and therefore 
included findings only seen in the duode
num, proximal jejunum, and terminal ileum, 
respectively. These reports estimated the 
overall prevalence of PHE to be 10–15% 
[1,27]. With the advent of wireless CE, the 
prevalence significantly changed, mostly 
because of its capability to provide clear 
details of the mucosal surface throughout 
the small bowel and to identify even tiny 
or subtle mucosal changes. CE detected 
mucosal changes compatible with PHE 
in about two thirds of cirrhotic patients 
undergoing this examination [28]. CE is 
non‐invasive and performed without 
medication or air insufflation, thus it is 
the best suited modality to investigate the 
state of the small bowel vascular bed in 
patients with cirrhosis and PH [1].

Wireless CE has a favorable safety 
profile, especially in patients with comor
bidities, such as liver disease, frailty, and/
or heart disease [29]. Furthermore, it is 
more likely to allow inspection of the 
mucosa of the entire small bowel, even 
compared with device assisted entero
scopes [23,30]. In patients with cirrhosis 
and PH, CE has been proved to be feasible 
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and safe. Akyuz et al. [19] showed that CE 
in patients with cirrhosis has a compara
ble completion rate (90.5% versus 83.5%) 
and a similar retention rate (0% versus 1.4%) 
compared with non‐cirrhotic patients.

No scoring system of prognostic value 
has been validated to date on the basis of 
CE findings. A PHE classification was 
proposed by De Palma et al. [28] in 2005, 
one of the first groups to study the preva
lence of small bowel mucosal abnormali
ties in PH. They aimed at determining 
whether these findings are associated with 
the severity of liver disease, esophageal 
varices, PHG, PHC, and/or other clinical 
characteristics. Over a 3‐year period, CE 
was performed in 37 patients with cirrho
sis of different etiologies and PH who also 
had anemia with negative bidirectional 
endoscopy, and in 34 control patients 
evaluated for irritable bowel syndrome, 
within 2 weeks after conventional endo
scopic procedures. The incidence of PHE 
was 68%; interestingly, 10.8% had active 
bleeding at CE. Mucosal changes were 
commonly found in cirrhotic patients 
compared with controls (67.5% versus 0%; 
p <0.001). Such changes included red 
spots in 62.2%, angioectasias in 24.3%, 
and varices in 8.1% of patients. A compar
ison of patients with and without PHE 
showed that grade ≥2 esophageal varices, 
PHG, PHC, and Child–Pugh class C cir
rhosis were all significantly associated 
with PHE, whereas no differences were 
noted with regard to etiology, gender, and 
history of variceal hemorrhage.

More recently, Abdelaal et al. [31] pro
posed a similar classification to evaluate 
PHE severity. They suggested that PHE 
related small bowel mucosal changes be 
classified into four main types; (i) red 
spots; (ii) angioectasias; (iii) small bowel 
varices (all of the above vascular type 
lesions); and (iv) inflammatory like lesions. 
Subsequently, they attempted to validate 
this system by using transient elastogra
phy, an ultrasound based technology that 
measures liver stiffness. To this effect, they 

studied 31 patients with cirrhosis and PH 
and 29 controls with OGIB. Not surpris
ingly, they found that mucosal lesions were 
significantly more common in cirrhotic 
than in control patients (67.7% versus 6.9%; 
p <0.001). Small bowel changes in PH were 
more common in patients with high liver 
stiffness and/or high Child–Pugh score, 
large esophageal varices, PHG, and a his
tory of endoscopic variceal sclerotherapy 
and/or ligation. Furthermore, they found 
that patients with higher transient elas
tography values, high Child–Pugh score, 
larger varices, and prior endoscopic 
variceal therapy had a significantly higher 
PHE score.

Riccioni et  al. [32] sought to compare 
the findings of CE with HVPG, platelets 
<100,000/μL, esophageal/gastric varices, 
PHG, spleen length >13 cm, portal vein 
diameter >1.2 cm, and intra‐abdominal 
collaterals in patients with cirrhosis and 
chronic anemia. Twelve patients (mean 
age 56.3 years) with PH (Child–Pugh score 
5–12) and chronic anemia (mean hemo
globin 9.2 g/dL: range 7–10 g/dL) were 
submitted to CE. Interestingly, no signifi
cant correlation was found between the 
presence or the stage of small bowel 
lesions and the level of HVPG, the number 
of indirect signs of PH, and/or the type of 
intra‐abdominal collaterals. Conversely, 
in another CE study, Takahashi et al. [33] 
showed that among all small bowel lesions 
identified, small bowel edema had the 
strongest correlation with HVPG (meas
ured within 3 days of CE). The investigators 
categorized pathology according to its 
location in the duodenum, jejunum, or 
ileum. Mucosal edema was evaluated using 
a four grade CE scoring index. HVPG and 
edema scores increased with Child–Pugh 
scores. Red spots and angiodysplasias did 
not correlate with HVPG.

Similarly, in a retrospective study, 
Aoyama et  al. [22] characterized small 
bowel lesions depicted by CE in patients 
with PH with compensated cirrhosis 
and associated anemia. Small bowel 
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abnormalities were found in 67% of 
patients, such as erythema (53%), erosions 
(17%), angioectasias (15%), small bowel 
varices (7%), and mucosal or villous edema 
(7%). Interestingly, most lesions were 
located in the proximal or middle part of 
the small bowel. Factors associated with 
PH related lesions were Child–Pugh score 
(class B), presence of ascites, and PHG. 
The authors concluded that CE should 
be considered in the above subgroup of 
cirrhotic patients who also show evidence 
of gastrointestinal blood loss and/or ane
mia that cannot be attributed to varices 
or PHG.

With the advent of CE, mucosal changes 
due to PHE are more frequently recog
nized in clinical practice, but the exact 
impact and relevance of these findings is 
still unclear. In fact, the prevalence of PHE 
related mucosal lesions in patients with 
cirrhosis and anemia and in those with 
cirrhosis without anemia is remarkably 
similar. Urbain et  al. [34] reported that 
the hemoglobin values were not signifi
cantly different when comparing patients 
with and without small bowel lesions 
related to PH. Furthermore, small bowel 
findings, such as active bleeding, occurred 
in 7–10% of patients with cirrhosis regard
less of the presence of anemia, although 
such data are from a small single center 
cohort. At the present time, no firm con
clusions can be drawn about the definitive 
role of PHE in the genesis of OGIB in 
cirrhotic patients.

Ileoscopy, Push Enteroscopy, 
and Device Assisted Enteroscopy

Prior to the advent of device assisted (single 
balloon, double balloon, spiral) enteros
copy, conventional push enteroscopes or 
pediatric colonoscopes were used for per 
oral enteroscopy, and this significantly 
limited the ability of clinicians to examine 
the small bowel beyond the level of the 
ligament of Treitz. The data on PHE 
obtained by device assisted enteroscopy 

are fewer than those obtained with CE. 
This is partly due to the higher expertise 
required, and the limited availability and 
invasiveness of the procedure. Therefore, 
especially in the western world, device 
assisted enteroscopy is used more for 
its therapeutic than diagnostic capabili
ties [23].

Misra et al. [26], by intubating the ter
minal ileum of 44 patients with cirrhosis 
and PH, found that ileal varices and/or 
PHE in the terminal ileum were present 
in 36% of cirrhotic patients, but not in a 
single control patient (p <0.01). Portal 
hypertensive ileopathy was observed in 
39% patients with colopathy and in only 
9.5% of patients without colopathy (p <0.05). 
In 2004, Desai et  al. [25] presented case 
controlled data from 40 consecutive 
patients with PH and 43 controls (with 
non‐ulcer dyspepsia) who underwent 
push enteroscopy with jejunal, duodenal, 
and gastric biopsies. PH jejunopathy was 
seen in 15% of patients in the PH group 
but none in the control group. All patients 
with jejunopathy had PHG and five also 
had PH duodenopathy. The presence and 
degree of vascular dilation were similar in 
both groups.

Higaki et  al. [35] compared features 
from endoscopic small bowel images and 
biopsy specimens obtained during double 
balloon enteroscopy of 21 patients with 
cirrhosis and PH. They classified the 
endoscopic findings in the small bowel of 
patients with PH into two categories: 
villous abnormalities and vascular 
lesions. Erythema and angioectasias were 
observed in 24% and 5% of patients, 
respectively. In 38% of patients, the small 
bowel mucosa was edematous, and the 
intestinal villi of these patients were swol
len and rounded, resembling herring roe 
(Figure  9.3). The overall appearance and 
the prevalence of these findings were sim
ilar to those obtained from CE studies. 
Advanced cirrhosis and the presence of 
PHG and PHC were associated with PHE 
changes. Furthermore, patients with the 
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herring roe appearance had a significantly 
increased spleen volume and decreased 
platelet count (p <0.05).

Kodama et  al. [36] performed double 
balloon enteroscopy in 15 patients with 
PH and 49 controls without liver disease. 
A total of 24 and 90 antegrade and/or ret
rograde procedures were performed in PH 
and control patients, respectively. Fourteen 
of the PH patients exhibited villous abnor
malities, including edema (73%), atrophy 
(40%), and reddening of the villi (47%). 
Vascular lesions, such as angioectasia like 
abnormalities (67%), dilated/proliferated 
vessels (93%), and varices (7%), were 
observed in all patients with PH. Definitive 
or suspected bleeding sources were identi
fied in nine of 13 patients with both PH 
and OGIB, which was similar to the inci
dence found in controls with OGIB. 
Interestingly, the frequency of post‐proce
dure fever (>37.5 °C) was higher in patients 
with PH in comparison to controls (29% 
versus 2%; p <0.01). Lastly, Lopez et al. [37] 
reviewed intraoperative enteroscopy data 
from 16 consecutive patients referred with 
occult OGIB in whom upper endoscopy, 
push enteroscopy, and colonoscopy had 
failed to identify the source of bleeding. 
They found the bleeding source in 14/16 
patients; PHE and varices were diagnosed 
in one patient.

Therapy

Pharmacologically mediated regression of 
PHE lesions in humans is still under inves
tigation. Beta‐blocker and/or terlipressin 
seem to be a reasonable first choice for 
primary prophylaxis and PHE related 
OGIB. Animal and human studies have 
evaluated the effectiveness of sorafenib, 
losartan, and octreotide [38–43]. In 
experimental models, increases in portal 
pressure trigger the production of vascular 
endothelial growth factor (VEGF) which, 
in turn, induces endothelial nitric oxide 
synthase upregulation in the intestinal 

microcirculation. Inhibition of VEGF 
signaling reverts splanchnic neovasculari
zation in animals with established PH 
[43]. Thalidomide is reported to have 
achieved control of anemia in a patient 
with PHE [44].

As in esophageal/gastric varices, endo
scopic therapy is considered the modality 
of choice when medical measures fail. 
Deep enteroscopy, such as double balloon 
enteroscopy, appears to be the best option 
to approach a variceal bleeding source in 
PHE induced OGIB for either thrombin 
or cyanoacrylate injection [45].

Matsushita et al. [46] aimed to assess the 
effects of transjugular intrahepatic porto
systemic shunt (TIPS) on small bowel 
mucosal changes detected by CE in cir
rhotic patients with PH. They studied 15 
cirrhotic patients with PH who underwent 
CE before and 2 weeks after TIPS. They 
defined as small bowel mucosal changes 
mucosal edema, angioectasias, red spots, 
and/or small bowel varices. They noted 
that, pre‐TIPS, small bowel edema was 
detected in all patients; following TIPS 
insertion, small bowel edema, angioecta
sias, and red spots were attenuated in the 
majority of patients. Moreover, small 
bowel varices, as seen in four patients 
pre‐TIPS, disappeared post‐TIPS.

In a case series [47], the endoscopic 
treatment of jejunal varices via device 
assisted enteroscopy has been reported to 
be technically feasible and effective. 
Nevertheless, this approach is cumber
some, time consuming, and, although it 
can solve the acute variceal bleeding, it 
cannot reverse the underlying PH. 
Therefore, systemic therapies (e.g., TIPS) 
are preferable when available.

Portal Hypertensive 
Colopathy

Although colonic mucosal changes due to 
PH can be identified through a routine 
colonoscopy  –  and for this reason PHC 
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should not be considered, by definition, a 
cause of OGIB – PHC is often overlooked 
in patients with PH. This may be due to the 
subtle or patchy nature of PHC. PHC related 
colonic changes include hemorrhoids, 
anorectal varices, and more subtle mucosal 
changes, such as diffuse hyperemia and 
mucosal edema resembling chronic inflam
mation, angiodysplasia like lesions, and a 
severe acute colitis like appearance with 
spontaneous mucosal bleeding [48].

The prevalence of hemorrhoids in 
patients with PH varies greatly (20–60%), 
but seems to be comparable with that 
observed in age matched controls. On the 
other hand, anorectal varices are identi
fied more frequently in patients with PH 
(up to 89.3%), but their prevalence was 
significantly different from that of the 
control group in the report by Ghoshal 
et al. [49]. Similar to the small bowel, all 
studies highlight the high prevalence of 
PHC in patients with PH, but do not 
clarify whether there is a relationship 
between these abnormalities and clini
cally relevant parameters, such as the 

etiology of liver disease, Child–Pugh class, 
history of variceal bleeding, platelet count, 
and presence of PHG.

Conclusion

Chronic blood loss is a common feature in 
cirrhotic patients with PH [50]. Several 
lesions attributed to PH can cause chronic 
blood loss and the majority can be easily 
identified by upper endoscopy and colo
noscopy. OGIB in cirrhosis can be due to 
PHE and/or PHC. To identify PHE, CE is 
the best diagnostic tool but the exact 
impact of small bowel lesions is often dif
ficult to establish in the setting of cirrho
sis and OGIB; the role of CE is more 
relevant in ruling out other causes of 
bleeding than to confirm PHE. Deep ent
eroscopy has a possible role in cirrhosis 
only in selected patients in whom causes 
of upper and lower gastrointestinal bleed
ing have been excluded, and a definitive 
source has been identified that can be 
treated endoscopically.
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Introduction

Endoscopy plays an important part in the 
management of patients with liver disease. 
Apart from its role in the treatment of 
variceal hemorrhage and portal hyper
tensive gastropathy, endoscopy aids in 
the diagnosis and management of various 
conditions, including Barrett’s esopha
gus, gastroesophageal reflux disease, pep
tic ulceration, celiac disease, and upper 
gastrointestinal (GI) malignancy. In this 
chapter, we highlight the impact of liver 
disease on the incidence, diagnosis, and 
endoscopic management of common upper 
GI pathologies.

Barrett’s Esophagus

Prevalence

Barrett’s esophagus (BE) is found in 2% of 
the general adult population and in 3–5% 
of patients with gastroesophageal reflux 
disease (GERD) [1,2]. BE has the same 
prevalence in liver disease patients as in 
the general population [3,4]. Zaman and 
colleagues [3] assessed the prevalence 
of  GI pathology in 120 liver transplant 

candidates in Oregon, USA who were under
going endoscopic screening and found 2% 
of them had BE. Tyberg and colleagues 
have also assessed the prevalence of BE in 
patients with cirrhosis in New York and 
found the prevalence to be equivalent to 
that of the general population at 2–4% [4]. 
In addition, they found no relationship 
between the prevalence of BE and the eti
ology of cirrhosis.

Diagnosis and Surveillance

The 2014 British Society of Gastro
enterology (BSG) guidelines define BE on 
endoscopy as evidence of more than 1 cm 
of histologically confirmed metaplastic 
columnar epithelium in the lower esopha
gus above the esophagogastric junction 
(Figure 10.1) [5]. Endoscopic screening for 
BE should be considered in those with 
chronic GERD symptoms and at least 
three risk factors, including age >50 years, 
white race, male sex, and obesity [5].

Endoscopic surveillance of BE requires 
four‐quadrant biopsies every 2 cm within 
the columnar segment, together with 
targeted biopsies of any visible lesion. 
The length of the Barrett segment and 
the presence of dysplasia are important 
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factors that will influence the timing of 
repeat endoscopy and therapy.

Diagnosis and surveillance of BE in the 
setting of cirrhosis is not well studied, and 
there is a recognized diagnostic challenge 
in cirrhotic patients with portal hyperten
sion, with or without esophageal varices. 
These patients are less likely to have sur
veillance biopsies undertaken because of 
the perceived higher risk of bleeding and 
limited life expectancy. In addition, if 
dysplasia or adenocarcinoma is detected, 
the risks associated with endoscopic, 
oncological, or surgical treatment in cir
rhotic patients are significant.

The risk of developing adenocarcinoma 
in patients with BE was reported to be 1.2 
per 1000 patients in a Danish study [6]. This 
incidence was shown to increase to 5.1 per 
1000 patients in those with dysplasia. There 
is some debate about the impact of cirrhosis 
on the risk of development of esophageal 
cancer. A French study recognized that 
cirrhosis and esophageal carcinoma have 
common etiological factors [7]. In this ret
rospective study of 958 cases of esopha
geal carcinoma, only 2.7% of cases were in 
cirrhotic patients. A large cohort study of 
11,605 cirrhotic patients from Denmark 
suggested no increased risk of esophageal 

cancer in patients with cirrhosis [8]. How
ever, a smaller case–control study from 
Italy reported that cirrhosis was associated 
with an increased risk of esophageal cancer, 
with an odds ratio of 2.6 [9].

Other Diagnostic Modalities

Image Enhanced Techniques
Chromoendoscopy uses topical dyes to 
improve the detection of intestinal meta
plasia and has been shown to improve the 
diagnostic yield of dysplasia. Chromo
endoscopy has a negative predictive value 
of 98% for detecting high grade dysplasia 
[10]. This may have a particular role in 
identifying dysplasia in patients at risk 
from multiple repeated biopsies, such as 
patients with liver disease, with the caveat 
that further management of identified 
pathology may itself be problematic. The 
dyes used in chromoendoscopy include 
methylene blue, indigo carmine, and ace
tic acid [5].

Virtual chromoendoscopy includes 
narrow band imaging (NBI), i‐Scan, and 
Fujinon intelligent chromoendoscopy. 
NBI has been most widely studied, with a 
meta‐analysis reporting sensitivity and 
specificity of 96% and 94%, respectively, in 
BE (Figure  10.2) [11]. Autofluorescence 
imaging also has been used in conjunction 

Figure 10.2 Narrow band imaging highlighting 
a nodular lesion in Barrett esophagus.

Figure 10.1 White light image of Barrett 
esophagus.
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with white light endoscopy and NBI as 
“endoscopic trimodal imaging.” Studies 
suggest there may be a role for the latter in 
reducing the number of biopsies required 
when used in low risk patients; however 
more studies are required before firm 
recommendations can be made [12].

Although additional data are required, 
these modalities may be a useful non‐
biopsy approach to assess and carry out 
surveillance of BE in patients with cirrho
sis, with or without portal hypertension or 
coagulopathy.

Biomarkers
Patients who progress from BE to adeno
carcinoma have been shown to have p53 
alterations. One of the normal p53 alleles 
is inactivated by mutation and the other 
is lost by a mechanism called loss of het
erozygosity. Immunostaining of p53 can 
be used as an adjunct to histopathological 
analysis since it may improve the diagnosis 
of dysplasia [5,13]. Another biomarker 
found to be a predictor of progression is 
cyclin D1 [14]. Aneuploidy, which can be 
diagnosed from systemic flow cytometry, 
has been shown to have a 5‐year cumula
tive esophageal carcinoma incidence of 
28% [15]. Apart from p53, no other bio
markers have been found useful for the 
diagnosis of dysplasia. However, more 
robust evidence is required before recom
mending the routine use of biomarkers in 
this situation.

Management

Although the management of BE is 
problematic in the setting of cirrhosis, it is 
important to determine its presence in 
patients being considered for liver trans
plantation, because there can be rapid 
progression of premalignant and malig
nant lesions in the setting of immunosup
pression. Once a patient is diagnosed with 
BE, it is important to commence proton 
pump inhibitor (PPI) therapy. An observa
tional study by Kastelein et al. reported a 

>75% reduction in the risk of neoplastic 
progression in BE if long term PPIs are 
prescribed [16].

In the BE patient with liver disease, 
surveillance strategies will depend on 
the risks of repeated multiple esophageal 
biopsies. In patients with esophageal 
varices, the risks of biopsy surveillance 
clearly outweigh the benefits (Figure 10.3). 
In patients without esophageal varices, 
surveillance biopsies should be considered 
on an individual basis.

Once low grade dysplasia (LGD) has 
been diagnosed and confirmed by two 
independent pathologists, the updated BSG 
guidelines recommend repeat endoscopy 
every 6 months as long as LGD persists [5]. 
However, a recent randomized trial com
paring endoscopic surveillance with 
 radiofrequency ablation (RFA) of BE in 
patients with LGD suggested a benefit in 
favor of RFA [17]. In this study, 136 
patients were randomized to undergo 
either biopsy surveillance or RFA. After 
2 years of the planned 3‐year study, 20.6% 
of patients randomized to the surveillance 
group progressed to high grade dysplasia 
(HGD) (n = 9) or esophageal adenocarci
noma (n = 5). Only one patient in the RFA 
group progressed to esophageal adeno
carcinoma (p <0.01) and the remaining 

Figure 10.3 Esophageal varices within Barrett 
esophagus.
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patients achieved complete eradication of 
dysplasia or intestinal metaplasia. Despite 
these promising initial findings, more data 
are required before a definitive change to 
the current guidelines can be made.

Once HGD has been confirmed, expert 
high resolution endoscopy is recom
mended to identify any visible mucosal 
lesions. If no visible lesion is identified 
within the Barrett segment, RFA is usually 
recommended to treat the entire BE. If 
visible lesions are identified at endoscopy, 
endoscopic mucosal resection (EMR) is 
generally employed to target removal of 
the lesions. Once resected and confirmed 
as HGD (or a T1a cancer), RFA therapy of 
the remaining Barrett segment is usually 
undertaken [5]. RFA has a better safety 
and side effect profile compared with 
photodynamic therapy and argon plasma 
coagulation (APC), and is therefore pres
ently considered the optimal ablative 
therapy.

Surgery should be considered if a T1b 
(or more advanced) cancer is diagnosed. 
In a series of 36 patients with intramu
cosal carcinoma and HGD who underwent 
surgical resection, no operative mortality 
was reported [18]. However, 11% of these 
patients had major complications. In one 
study, Ivor Lewis esophagectomy had a 
mortality rate of 2–10% and a morbidity 
rate of 30–40% [19]. This study included 
19 cirrhotic patients and complications in 
this subgroup occurred in 83% of cases.

In cirrhotic patients, EMR can be asso
ciated with a high risk of bleeding. RFA is 
also associated with an increased bleeding 
risk in the setting of cirrhosis, and most 
studies excluded cirrhotic patients [20,21]. 
Therefore the endoscopic treatment 
options for BE in cirrhotic patients are 
limited. One possible option is to reduce 
portal pressure by the insertion of a tran
sjugular intrahepatic portosystemic shunt 
(TIPS). Moulin et al. reported a successful 
case of TIPS for portal decompression 
prior to palliative laser therapy of esopha
geal adenocarcinoma [22]. Another option 

in cirrhotic patients with esophageal 
varices and BE is band ligation without 
resection. One pilot study showed that 
this method was safe and effective at erad
icating short segment BE [23]. Another 
case report highlighted the successful 
ablation of a 5 cm segment of BE in a 
patient with esophageal varices [24].

Gastroesophageal Reflux 
Disease

Gastroesophageal reflux disease is fre
quently found in patients with cirrhosis. 
In 2007, Schecter et al. reported GERD in 
37% of cirrhotic patients [25]. These 
authors found that cirrhosis, with or with
out the presence of varices, was associated 
with an increased incidence of GERD. 
Cirrhosis in and of itself has been shown 
to be an important factor in the incidence 
of esophageal dysmotility, as well as that 
of acid and bile reflux. Zhang et  al. 
reported that the incidences of bile reflux 
and reflux esophagitis were significantly 
higher in cirrhotic patients than in con
trols [26]. This study confirmed a higher 
incidence of reflux esophagitis in the 
setting of severe liver disease using pH 
monitoring, manometry, and endoscopy 
(Table 10.1). Reflux esophagitis was classi
fied endoscopically using the Los Angeles 
classification (Table 10.2).

Table 10.1 Incidence of reflux esophagitis 
and bile reflux in patients with Child–Pugh 
class A–C cirrhosis. Source: Adapted from 
Zhang et al. 2011 [26].

Group
Reflux esophagitis: 
no. (%)

Bile reflux: 
no. (%)

Class A (n = 28)  8 (28.57) 12 (42.86)
Class B (n = 27) 11 (40.74) 15 (55.56)
Class C (n = 23) 10 (43.48) 16 (69.57)
Total (n = 78) 29 (37.18) 43 (55.13)
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Celiac Disease

The prevalence of celiac disease in the 
general population is 0.5–1% [27]. 
Diagnosis involves serological testing for 
tissue transglutaminase antibody and 
 confirmation with duodenal biopsy. The 
Marsh classification is routinely used to clas
sify small bowel histology in celiac disease 
(Table 10.3). In general, standard duodenal 
biopsies in patients with liver disease are 
not associated with an increased bleeding 
risk. At endoscopy, a scalloped mucosal 
appearance of the duodenum suggestive of 
celiac disease may be seen (Figure 10.4).

Celiac disease itself can be associated 
with liver test abnormalities. These typi
cally present as elevated transaminase lev
els and usually resolve with a gluten‐free 
diet [28,29]. Data suggest that up to 40% of 
adult patients with celiac disease present 
with abnormal liver function tests [30]. 
Celiac serology should, therefore, be rou
tinely performed in patients with abnormal 
liver function tests [31]. In fact, 10.7% of 
patients presenting with elevated transam
inases have celiac disease in the absence of 
other known underlying liver disorders [31]. 
The prevalence of celiac disease is 3.4% in 
patients with autoimmune hepatitis and 

5.3% in patients with cryptogenic cirrhosis. 
Celiac disease is also associated with pri
mary biliary cirrhosis (PBC) and primary 
sclerosing cholangitis (PSC); 6% of patients 
with celiac disease were found to have PBC 
and 2–3% had PSC [32,33].

Similar to the general population, once 
celiac disease has been diagnosed in a 
cirrhotic patient, a standard gluten‐free 
diet should be initiated. One small study 
encompassing four untreated celiac patients 
with advanced liver disease on the liver 
transplant waiting list showed that all 

Table 10.2 Los Angeles classification for reflux 
esophagitis. Source: Adapted from Lundell et al. 
1999 [62].

Grade Mucosal findings

A One or more mucosal breaks no longer 
than 5 mm, none of which extend 
between the tops of the mucosal folds

B One or more mucosal breaks of more 
than 5 mm long, none of which extend 
between the tops of two mucosal folds

C Mucosal breaks that extend between the 
tops of two or more mucosal folds, but 
which involve less than 75% of the 
esophageal circumference

D Mucosal breaks that involve at least 
75% of the esophageal circumference

Table 10.3 Marsh grade and related histological 
changes. Source: Adapted from Oberhuber et al. 
1999 [63].

Grade Histological features

0 Normal mucosa
1 Increased number of intraepithelial 

lymphocytes, exceeding 20 per 100 
enterocytes

2 Proliferation of crypts of 
Lieberkuhn

3a Partial villous atrophy
3b Subtotal villous atrophy
3c Total villous atrophy
4 Hypoplasia of small bowel 

architecture

Figure 10.4 Scalloping of the duodenal folds as 
can be seen in celiac disease.
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cases had some degree of liver function 
improvement when a gluten‐free diet was 
adopted [28]. Diagnosing and treating 
celiac disease also improves nutrient 
absorption, and decreases the risk of GI 
malignancy and osteoporosis [34,35].

Esophageal Strictures

Esophageal strictures can be peptic, post
operative, post‐radiotherapy, corrosive, or 
malignant in nature. Peptic strictures are 
the most common, accounting for 70–80% 
of all strictures, and are usually secondary 
to chronic reflux esophagitis. Ruigomez 
et  al. reported the stricture occurrence 
to be 1.1 per 10,000 person years, with a 
recurrence rate of 11.1 per 100 person 
years [36]. There is no documented evi
dence regarding the incidence of esopha
geal strictures in the setting of liver 
disease. However, there are many studies 
describing the incidence of esophageal 
strictures caused by endoscopic sclero
therapy. Schmitz et al. reported that 25% 
of patients undergoing sclerotherapy for 
varices developed strictures requiring 
dilation [37]. The use of endoscopic band 
ligation for varices has led to much fewer 
symptomatic strictures.

It is common practice to undertake endo
scopic balloon dilation for the management 
of esophageal strictures (Figure 10.5); pro
cedure related risks include bleeding and 
perforation. Perforation risk approximates 
2.6%, with mortality of 1% [38]. Major 
bleeding occurs in less than 1% of treated 
patients [39].

Three types of dilators are available: 
bougies, wire guided polyvinyl dilators, 
and through the scope (TTS) balloon 
dilators. The latter are more commonly 
used. Contraindications to dilation include 
advanced coagulopathy, suspected or 
confirmed perforation, severe ulceration 
or mucosal inflammation, and inability to 
safely advance the dilator through the 
strictured area. Unlike balloon dilation, 
the wire guided bougies or dilators also 
exert longitudinal force, although there are 
no proven differences in efficacy between 
these methods for treating benign esopha
geal strictures. It is likely that dilation 
induced bleeding and overall complica
tion risks would be higher in cirrhotic 
patients with portal hypertension and 
esophageal varices. However, there are 
limited data in this clinical situation.

Ramage et al. carried out a double blind, 
randomized controlled trial of endoscopic 
steroid injection therapy for recalcitrant 

(a) (b)

Figure 10.5 (a) Peptic stricture. (b) Balloon dilation of a peptic stricture.
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esophageal peptic strictures [40]. They 
reported that steroid injection therapy, in 
addition to acid suppression, significantly 
reduced the overall number of dilations 
required and increased the mean time 
interval between dilations. At the 1‐year 
follow‐up, 13% of those who had received 
steroid injections required dilation com
pared with 60% of those receiving pla
cebo injection [40]. However, none of 
the 30 patients enrolled in this study were 
documented to have cirrhosis.

When faced with a cirrhotic patient with 
a symptomatic stricture, it is important to 
weigh the risks and benefits of endoscopic 
intervention. In a cirrhotic patient without 
esophageal varices who has a stricture that 
significantly impacts his or her nutritional 
status and overall health, cautious balloon 
or wire guided Savary dilation is reasona
ble. In the presence of esophageal varices, 
band ligation (± TIPS) in an attempt to 
eradicate the varices prior to dilation may 
be considered.

Self‐expandable stents are approved 
for use in the palliation of malignant 
esophageal strictures, but can also be 
considered for the management of com
plex and refractory benign esophageal 
strictures. A meta‐analysis assessing the 
efficacy of self‐expandable removable 

plastic esophageal stents in benign refrac
tory strictures showed modest benefit for 
long term symptom relief (Figure 10.6) [41]. 
The stricture etiologies included peptic, 
radiation, corrosive, and post‐surgical. 
At follow‐up, 57% of patients were free of 
dysphagia, although perforation and stent 
migration occurred in 1% and 19%, 
respectively. The overall mortality was 
0.6%. In this meta‐analysis, no patients 
were documented to have liver disease. 
The high complication rates associated 
with stent placement for benign strictures 
suggest that further research and modifi
cations are required before stents can be 
widely used in this situation.

Biodegradable stents were evaluated in 
21 patients with refractory benign stric
tures [42]. Stent insertion was successful 
in all patients; 9.5% of patients suffered 
stent migration. At 3 months post‐proce
dure, the stent was found to be almost 
completely fragmented. At a median of 
53 weeks’ follow‐up, 45% of patients had 
complete resolution of dysphagia and 
none had suffered major complications. 
Minor complications, including post‐pro
cedural pain and self‐limited bleeding, 
were reported in four patients. There are 
no specific published data on the use of 
esophageal stents for the management of 

(a) (b)

Figure 10.6 (a) Recurrent esophageal stricture. (b) Self‐expandable plastic stent placement across 
the stricture.
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strictures in patients with liver disease. 
Similar to the approach to stricture dila
tion, stent placement in this setting 
should be assessed on an individual basis, 
with careful consideration of the risks 
and benefits of the procedure.

Peptic Ulcer Disease

Peptic ulcer disease is commonly found in 
cirrhotic patients. In a study by Kim et al., 
24% of cirrhotic patients had peptic ulcers 
[43]. In this study, the severity of cirrhosis 
correlated positively with the incidence of 
peptic ulcer; 22% of patients with Child–
Pugh class A cirrhosis had peptic ulcer 
disease compared with 31% in patients 
with Child–Pugh class C cirrhosis. The 
etiology of peptic ulcer disease appears 
to be different in cirrhotic patients com
pared with the general population. For 
example, the incidence of Helicobacter 
pylori infection is significantly lower in 
cirrhotic patients with peptic ulcers com
pared with the overall population with 
ulcer disease [43]. In cirrhotic patients, 
it is likely that increased gastrin levels, 
impaired gastric mucosal defence, and 
decreased prostaglandins E2 levels con
tribute to the formation of peptic ulcers.

Non‐bleeding ulcers are generally man
aged the same way in cirrhotic and non‐
cirrhotic patients. Acid suppressive 
therapy is the mainstay of treatment along 

with H. pylori eradication, when present. 
Repeat endoscopy in 8–12 weeks is rec
ommended for those with gastric ulcers to 
document healing.

Non‐Variceal Upper 
Gastrointestinal Bleeding

Peptic Ulcer Bleeding

Although the majority of GI bleeding in 
cirrhosis is attributable to esophageal 
varices, Rudler et al. reported that 30% of 
cirrhotic patients had bleeding secondary 
to peptic ulcers [44]. In all patients pre
senting with upper GI bleeding, it is useful 
to calculate the Glasgow–Blatchford score 
on admission and the Rockall score after 
endoscopy for risk stratification [45]. 
Although neither score was designed to 
specifically assess variceal bleeding, both 
scores incorporate liver disease as a risk 
parameter for poor outcome. In the patient 
diagnosed with a bleeding ulcer, the Forrest 
classification is useful during endos copic 
assessment (Table 10.4).

The management of peptic ulcer bleeding 
in a cirrhotic patient is similar to that of 
ulcer bleeding in a non‐cirrhotic patient. 
After resuscitation, early endoscopy is 
undertaken. Endoscopic therapy is indi
cated for ulcers with high risk stigmata, 
including Forrest grade IA, IB, and IIA 
lesions (Figure 10.7). There is controversy 

Table 10.4 Forrest classification of peptic ulcer bleeding. Source: Adapted from 
Heldwein et al. 1989 [64].

Grade Endoscopic findings Risk of rebleeding

IA Active hemorrhage – spurting vessel 85–100%
IB Active hemorrhage – oozing bleeding 10–27%
IIA Visible vessel – recent hemorrhage 50%
IIB Adherent clot – recent hemorrhage 30–35%
IIC Hematin covered flat spot <8%
III Clean base ulcer <3%
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about endoscopic therapy of ulcers with 
adherent clots (IIB lesions), although the 
general consensus is to wash vigorously 
in an attempt to dislodge the clot and 
treat any underlying stigmata. For ulcers 
with high risk stigmata, dual endoscopic 
therapy is recommended, which includes 
dilute epinephrine injection and contact 
thermal therapy (e.g., heater probe) or 
hemoclips. Epinephrine injection alone 
is insufficient as definitive therapy [45]. In 
addition to endoscopic therapy, intravenous 
PPIs are recommended, and omeprazole 
80 mg IV bolus followed by a continuous 
infusion of 8 mg/h for 72 hours is a typical 
regimen. Angiographic embolization is 
utilized as rescue therapy for recurrent 
peptic ulcer bleeding, particularly if sur
gery is likely to be associated with a high 
risk of mortality [45].

Most randomized controlled trials on 
peptic ulcer bleeding have excluded cir
rhotic patients and therefore data assess
ing the efficacy and outcome of standard 
treatments in cirrhotic patients are few. 
However, a recent retrospective study by 
Venkatesh et  al. found that mortality in 
patients with peptic ulcer bleeding and 
concomitant cirrhosis was significantly 
higher compared with the non‐cirrhotic 
group (5.5% versus 2%, respectively) [46]. 
A multivariate analysis in this study 

showed that the presence of cirrhosis 
independently increased mortality. In 
addition, decompensated cirrhotic patients 
had a higher mortality compared with 
compensated cirrhotic patients and the 
hospitalization costs were higher in the 
decompensated group. Not surprisingly, 
cirrhotic patients were subjected to less 
surgical intervention compared with the 
control group.

Gastric Antral Vascular Ectasia

Gastric antral vascular ectasia (GAVE), 
or watermelon stomach, is more often 
associated with chronic GI bleeding and 
recurrent iron deficiency anemia than 
acute bleeding. Approximately 30% of all 
GAVE cases are associated with cirrho
sis and the condition accounts for less 
than 4% of non‐variceal bleeding [47,48]. 
GAVE can often be confused with portal 
hypertensive gastropathy. However, these 
two entities are distinct histologically 
and clinically. GAVE typically occurs in 
the distal stomach, appearing in a linear 
pattern with red spots on endoscopy. 
Histology shows thrombi, spindle cell 
proliferation, and fibrohyalinosis, and 
31% of patients with GAVE have also been 
found to have portal hypertension [49]. 
Therapy includes endoscopic coagulation 

(a) (b)

Figure 10.7 (a) Bleeding duodenal ulcer. (b) Hemostasis achieved with bipolar coagulation.
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with a contact thermal probe or APC 
(Figure 10.8). In a study of 29 patients with 
GAVE, 87.5% of patients were successfully 
treated with APC therapy [50]. Patients 
who do not respond to endoscopic therapy 
may be considered for antrectomy, depen
ding on the severity of bleeding, underlying 
liver disease, and other comorbidities. 
TIPS is not effective for GAVE.

Portal Hypertensive Gastropathy

Portal hypertensive gastropathy (PHG) 
has the characteristic endoscopic appear
ance of “snakeskin” mucosa. PHG typically 
presents with iron deficiency anemia, but 
may occasionally cause acute bleeding. 
The prevalence of PHG appears to cor
relate with the severity of cirrhosis – 13% 
in Child–Pugh class A compared with 
87% in class C patients [51]. PHG may be 
misdiagnosed as GAVE because the clini
cal presentation is similar. It is important 
to distinguish between the two entities as 
the approach to therapy is different. PHG 
is mainly proximally distributed in the 
stomach. Biopsy typically shows dilated 
capillaries and venules with no inflam
mation. If chronic anemia, or occasion
ally significant clinical bleeding, occurs 
from severe PHG, treatment is directed 

at reducing portal pressure. Interven
tions therefore include non‐selective 
beta‐blockers, such as propranolol or 
carvedilol, TIPS, and in severe cases, 
liver transplantation.

One study reported on APC therapy 
every 2–4 weeks in 29 patients with PHG 
and showed an 81% reduction in blood 
transfusion [50]. It is likely that these 
patients had GAVE rather than PHG. 
Data are limited but TIPS may be an option 
in patients with severe, transfusion 
dependent bleeding despite beta‐blocker 
therapy.

Mallory–Weiss Tear

Mallory–Weiss tears account for 5% of 
all non‐variceal bleeds [52]. On endos
copy, they have the appearance of a 
longitudinal ulcer at the esophagogastric 
junction. Typically the tear heals sponta
neously within 24–48 hours and the risk 
of rebleeding is low. Depending on the 
presence of high risk stigmata, such as 
active bleeding or a non‐bleeding visible 
vessel, endoscopic therapy may be 
required. Patients with liver disease and 
portal hypertension are at an increased 
risk of a major bleeding episode, result
ing in an increased need for endoscopic 

(a) (b)

Figure 10.8 (a) Gastric antral vascular ectasia. (b) Treatment with argon plasma coagulation.
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intervention [53]. When feasible, the appli
cation of endoscopic clips is preferred in 
closing a large bleeding tear as clips do not 
extend tissue injury (Figure 10.9). However, 
band ligation is more appropriate when 
the tear overlies gastroesophageal varices. 
The band ligation cap also facilitates access 
to a tear straddling the cardia side, which 
can be brought into the cap via suction 
(Figure 10.10).

Hemobilia

Even though bleeding from the hepato
biliary tract is a rare cause of upper GI 

blood loss, it should be considered in 
patients with a history of hepatic injury, 
liver biopsy, TIPS insertion, biliary 
stent placement or a background of 
hepatobiliary malignancy. The diagno
sis of hemobilia may be confirmed at 
endoscopy by the appearance of blood 
or clots exiting the major papilla 
(Figure  10.11). Therapy is generally 
outside the realms of endoscopy, with 
angiographic embolization (or surgery) 
as the primary intervention. On occa
sion, biliary stent tamponade may be 
effective, depending on the underlying 
cause of the hemobilia.

Figure 10.9 Bleeding Mallory–Weiss tear treated 
with endoscopic clips.

(a) (b)

Figure 10.10 (a) Mallory–Weiss tear. (b) Treatment with band ligation.

Figure 10.11 Active bleeding exiting the major 
papilla (hemobilia).
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Upper Gastrointestinal Tumors

Neoplasms in the upper GI tract account 
for less than 3% of upper GI bleeds [52]. 
Endoscopic therapy includes epinephrine 
injection, thermal contact probes, APC, 
and laser therapy. The risk of rebleeding is 
high and endoscopic management is gen
erally recognized as a temporary measure. 
Ultimate management includes staging 
and consideration for surgical resection 
and/or chemoradiotherapy, although the 
severity of the liver disease may preclude 
aggressive intervention.

Cirrhosis is associated not only with an 
increased risk of hepatocellular carcinoma 
but several extrahepatic cancers. In a 
Danish nationwide cohort study, there was 
a 59‐fold increased risk of hepatocellular 
cancer and a 10‐fold increased risk of 
cholangiocarcinoma. There was also a 
significant increased occurrence of breast, 
lung, upper GI, and colonic cancers, which 
was felt to be related to alcohol and tobacco 
use [8]. With regard to the upper GI carci
nomas, there was a ninefold increase in 
esophageal carcinoma, 0.4‐fold increase 
in gastric carcinoma, and 6.5‐fold increase 
in laryngeal carcinoma.

When diagnosed with GI carcinoma, a 
background of cirrhosis and portal hyper
tension will be a major factor influencing 
the management plan. Esophagectomy for 
esophageal cancer in cirrhotic patients is 
associated with morbidity of 80% and 
mortality of 17–30% [19]. Complications 
include pulmonary sepsis and fistulae. 
Surgery for gastric cancer in cirrhotic 
patients is also associated with compli
cations of infection, hemorrhage, and 
hepatic encephalopathy in the postopera
tive period. There is a significant increase 
in mortality and morbidity rates at 10% and 
40%, respectively [54]. Resectional surgery 
for GI cancer in patients with Child–Pugh 
class B or C cirrhosis is associated with 
unacceptable postoperative mortality rates. 
In cirrhotic patients where surgical resec
tion is not possible, alternative endoscopic 

interventions can be considered, although 
the bleeding risk is increased by the pres
ence of portal hypertension. To reduce 
this risk, TIPS has been performed before 
undertaking laser therapy or EMR in 
select cases. Guglielmi et  al. reported a 
case where TIPS was performed, allow
ing subsequent successful EMR of an 
early gastric carcinoma [55].

TIPS has also been performed prior to 
intra‐abdominal and cardiothoracic sur
gery, allowing selected cirrhotic patients 
to undergo relatively major surgery with 
acceptable rates of short term mortality 
and morbidity [56]. However, more data 
are required before TIPS can be recom
mended routinely prior to endoscopic 
procedures or surgery.

Novel Endoscopic Intervention 
for Non‐Variceal Bleeding

Hemospray® (TC‐325, Cook Endoscopy, 
Bloomington, IN, USA) is a novel hemo
static agent licensed for endoscopic 
hemostasis of non‐variceal upper GI 
bleeding in Europe and Canada. Following 
endoscopic spray application of the pow
der to an actively bleeding lesion, water is 
rapidly absorbed to form a mechanical 
barrier leading to hemostasis. Early clinical 
studies revealed the hemostatic spray to 
be effective in the management of bleed
ing peptic ulcers and other sources of GI 
bleeding (Figure 10.12) [57,58].

Chen et al. reported the successful use 
of Hemospray® in cancer related upper GI 
bleeding in a cohort of patients from 
Canada [59]. Recent evidence suggests a 
role in managing problematic non‐variceal 
diffuse portal hypertensive bleeding, 
although further data are required to 
assess the risks and benefits of Hemospray® 
in this situation [60]. A small study recently 
reported benefit from another hemostatic 
spray, Endoclot® (Endoclot Plus, Santa 
Clara, CA, USA), as adjunct therapy to 
standard endoscopic approaches in severe 
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upper GI bleeding [61]. These endoscopic 
hemostatic sprays appear to be promising 
therapeutic agents in the management of 
GI bleeding, but robust comparative data 
with established endoscopic techniques are 
required to determine their ultimate role.

Conclusion

Liver disease has been shown to have an 
influence on the presence of GERD, peptic 
ulcer disease, celiac disease, and upper GI 
malignancy. The diagnosis, surveillance, 
and management of upper GI pathology in 

the patient with liver disease can potentially 
be a challenge due to bleeding risks, and 
therefore the decision regarding surveillance 
and endoscopic management needs to be 
individualized. In particular, the manage
ment of BE and upper GI malignancy in the 
cirrhotic patient can be challenging.

The endoscopic management of non‐
variceal bleeding lesions in the setting of 
cirrhosis generally involves conventional 
therapies, including epinephrine injec
tion, contact thermal coagulation, APC, 
hemoclips, and band ligation. The novel 
endoscopic hemostatic powders appear 
promising, but require further study.
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Introduction

Patients with liver disease and expected 
long term survival warrant standard 
health maintenance screening to promote 
health. On the other hand, patients with 
advanced cirrhosis who are not candi
dates for transplantation may have limited 
survival and may thus not be suitable for 
routine health screening. This may be 
especially true for screening with finite 
risks. Finally, in liver patients who are 
candidates for transplantation, health 
screens serve not only to preserve health 
but also to select patients without serious 
extrahepatic disease that would limit life 
expectancy or complicate the post‐trans
plant course. Colonoscopy for colorectal 
cancer (CRC) screening or surveillance 
for adenomatous polyps falls into this 
category of health screens that warrants 
selective and thoughtful application in 
patients with liver disease. Some liver 
diseases, such as primary sclerosing chol
angitis (PSC) with associated colitis, are 
known risk factors for CRC and deserve 
special consideration [1,2]. This chapter 
outlines and discusses the colonoscopic 
screening and surveillance guidelines that 

apply to patients with liver disease, including 
post‐transplant patients.

Screening Colonoscopy 
in Average Risk Populations

Colorectal cancer is the third most com
mon cancer in the USA and the second 
leading cause of cancer death [3]. CRC 
screening and surveillance are effective 
and have consistently been shown to 
reduce CRC related morbidity and mor
tality. Prevention and early detection of 
CRC in screening populations have led 
to decreased incidence and death rates. 
In the recent report to the nation on the 
status of cancer covering 1975–2006, 
overall cancer death rates continued to 
decline in the USA among both men and 
women, and in all major racial and ethnic 
groups; this decline was most prominent 
for CRC [4]. This has been attributed to 
risk factor modification and a higher use 
of screening resources [5]. The US Multi‐
Society Task Force (MSTF) on CRC, the US 
Preventive Services Task Force (USPSTF), 
and the American College of Gastroen
terology (ACG) have all formulated colon 
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cancer screening guidelines [6–8]. While 
there are variations between the guidelines, 
there is general consensus that one of 
the various screening strategies should be 
employed in all patients. The USPSTF is 
the only guideline that advocates an age 
limit to screening (Table  11.1). While the 
most rigorous data from randomized con
trolled trials exist for fecal occult blood 
testing and flexible sigmoidoscopy, there 
is a growing body of case–control data sug
gesting that screening colonoscopy reduces 
CRC mortality [9–17]. In the USA, colo
noscopy has become the dominant form of 
CRC screening in average risk individuals, 
although overall screening rates remain 
low relative to other types of cancer screen
ing [18]. In  the UK, 2‐yearly fecal occult 
blood testing from the age of 50 years 
(Scotland) or 55 years (England) followed 
by colonoscopy for positive testing is the 
dominant form of CRC screening.

Surveillance for Colorectal 
Neoplasia

The main benefit of colonoscopy is the 
detection and removal of adenomatous 
polyps, thereby preventing CRC. Based 
on the National Polyp Study, patients 
with adenomatous polyps have a reduced 
incidence of CRC after polypectomy. 
Patients found to have adenomas are at 
increased risk for developing metachro
nous adenomas or cancer compared with 
patients without adenomas [19]. There
fore, once adenomas are detected, patients 
are advised to have colonoscopic sur
veillance and the US MSTF on CRC has 
 proposed post‐polypectomy surveillance 
intervals based on polyp number and 
characteristics. Recommended screening 
and surveillance intervals are based on 
evidence showing that periodic examina
tions reduce the number of cancers and 

Table 11.1 Colorectal screening recommendations for average risk individuals* (aged 50–75 years).

American College 
of Gastroenterology
(ACG)† [7]

US Preventive Services 
Task Force (USPSTF)‡ [8]

US Multi‐Society 
Task Force 
(MSTF) [6]

Cancer prevention tests (can detect both polyps and cancer)
Colonoscopy Every 10 years 

(preferred)
Every 10 years Every 10 years

Sigmoidoscopy Every 5–10 years Every 5 years
Every 10 years if with 
annual FIT

Every 5 years

Computed tomographic 
colonography

Every 5 years Every 5 years Every 5 years

Double contrast barium enema Not recommended Not considered Every 5 years

Cancer detection tests
Fecal immunochemical test (FIT) Annual (preferred) Annual Annual
Highly sensitive guaiac based 
fecal occult blood test (gFOBT)

Annual Annual Annual

Stool DNA Every 3 years Every 1–3 years Interval 
uncertain

* An average risk individual is a person without a family history of colorectal neoplasia.
† The ACG recommends screening the African American population at age 45 years.
‡ Screening for individuals aged 76–85 years can be considered on an individual basis but is not routinely 
recommended, while individuals older than 85 should not undergo screening.
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cancer related mortality. Risk stratification 
of patients based on the findings at baseline 
colonoscopy has been imperative in formu
lating these guidelines (Table  11.2) [6]. 
While these screening and surveillance 
guidelines relate to healthy, average risk 
individuals they, along with screening 
outcome studies, provide a reference per
spective for patients with liver disease.

Bowel Preparation 
in Patients with Liver Disease

The quality of colon preparation is a major 
determinant of colonoscopy outcome. 
A  suboptimal preparation increases the 
chances of missed lesions, particularly flat 
or sessile polyps, and it is associated with 

increased procedural risks and an esca
lated cost of colonoscopy, especially if 
a repeat procedure is needed to accom
plish adequate inspection or if the sur
veillance interval has to be shortened. 
In one study, cirrhosis was identified as 
an independent predictor of an inadequate 
colon preparation. Other factors include a 
later colonoscopy starting time, failure to 
follow preparation instructions, inpatient 
status, procedural indication of consti
pation, use of tricyclic antidepressants, 
and male gender [20].

In addition to potentially being a risk 
factor for poor preparation, underlying 
liver disease may increase the risk of select 
preparation regimens. Dietary restriction 
is an established beneficial adjunct to 
bowel preparation agents used for bowel 

Table 11.2 United States Multi‐Society Task Force 2012 surveillance recommendations [6]. 
Source: Adapted from Snover et al. 2010 [142].

Colonoscopy findings Surveillance recommendation* (years)

No polyps 10
Small (<10 mm) hyperplastic polyps in rectum or sigmoid 10
1–2 small (<10 mm) tubular adenomas 5–10
3–10 tubular adenomas 3
>10 adenomas <3
Advanced adenoma 3
Sessile serrated polyp(s) <10 mm with no dysplasia 5
Sessile serrated polyp(s) >10 mm 3
Or
Sessile serrated polyp with dysplasia
Or
Traditional serrated adenoma
Serrated polyposis syndrome† 1
Piecemeal resection of large adenoma or sessile serrated 
adenoma

3–6 months

* Assumes baseline colonoscopy was complete and that all visible polyps were completely removed.
† Based on the World Health Organization definition of serrated polyposis syndrome [142] with one of the 
following criteria: (i) at least five serrated polyps proximal to sigmoid, with two or more >10 mm; (ii) any 
serrated polyps proximal to sigmoid with a family history of serrated polyposis syndrome; and (iii) >20 serrated 
polyps of any size throughout the colon. Advanced adenomas are defined as >10 mm, or polyps of any size 
with villous histology or high grade dysplasia.
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cleansing. Clear liquid and low residue 
diets over 1–4 days are incorporated into 
the bowel preparation regimen for all 
patients, including liver disease patients. 
Since clear liquids are often high in sodium, 
patients must be educated about the 
potential consequences of sodium over
load, especially in the setting of cirrhosis 
and ascites [21].

Several approved bowel preparation 
agents include polyethylene glycol (PEG) 
with electrolytes, which is an osmotically 
balanced electrolyte lavage solution. They 
are relatively safe in liver disease patients 
including those with ascites who cannot tol
erate significant fluid overload [21,22]. 
Compared with standard 4 L PEG regimens, 
2 L PEG regimens combined with bisacodyl 
or magnesium citrate and low volume (2 L) 
PEG‐3350 combined with bisacodyl have 
been demonstrated to have comparable effi
cacy in terms of colonic cleansing and 
improved overall patient tolerance. These 
regimens are therefore a more acceptable 
alternative to the 4 L PEG regimens; how
ever, there is a paucity of safety data in liver 
disease patients [21]. Sulfate‐free PEG (SF‐
PEG), a lavage solution without sodium 
sulfate, was developed as an attempt to 
improve the smell and palatability of PEG 
solutions. The improved taste is the result of 
a complete absence of sodium sulfate that 
results in a lower luminal sodium concen
tration and, therefore, the mechanism of 
action is dependent on the osmotic effects 
of PEG. There also is a decrease in potas
sium concentration and increase in chlo
ride concentration in these preparations 
[23,24]. SF‐PEG is comparable to PEG in 
terms of safety, effectiveness, and tolerance, 
and is more palatable. SF‐PEG therefore is 
an acceptable alternative to PEG in liver dis
ease patients [25].

Other preparations include sodium 
phos phate and magnesium based regimens. 
Sodium phosphate is a low volume hyper
osmotic solution that works by drawing 
plasma water into the bowel lumen to 
promote colonic cleansing. This results in 

fluid and electrolyte shifts that can result 
in hyperphosphatemia, hypernatremia, 
hypokalemia, and worsening kidney func
tion [26]. Because of its osmotic mecha
nism of action, sodium phosphate can 
result in potentially fatal fluid and electro
lyte shifts in patients with advanced liver 
disease [25,27]. Use of sodium phosphate is 
therefore contraindicated in advanced 
hepatic dysfunction and ascites and due to 
reports of renal and electrolyte disorders in 
high risk patients, these preparations have 
been removed from the market in the USA 
[21]. Magnesium based bowel preparations 
can lead to life threatening hypermagne
semia; this has especially been reported in 
elderly patients, including those without 
pre‐existing renal disease [28].

The timing of PEG administration has 
proven to be an important determinant 
of bowel preparation quality. The stand
ard 4 L PEG dosing given the day before 
the procedure is an established safe and 
effective regimen. However, PEG taken 
in divided doses (2–3 L the evening 
before and 1–2 L the morning of the 
procedure) has been demonstrated to be 
more effective and better tolerated than 
the standard 4 L dose given the day 
before the procedure [29]. These so‐called 
split dose regimens have proven to be 
superior to single dose regimens in mul
tiple studies [30]. As cirrhosis may be a 
risk factor for inadequate bowel prepa
ration, split dose regimens are preferred, 
and given the early satiety often associ
ated with ascites, the split dose regimen 
is likely to be better tolerated than the 
4 L single dose regimens.

Sedation in Patients with 
Liver Disease Undergoing 
Colonoscopy

Sedation in liver disease patients can be 
challenging and requires an endoscopist 
or anesthesiologist with expertise and 
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experience with this patient group. Under
standing the altered pharmacodynamics 
in advanced liver disease is vital. An 
increased volume of distribution, decreased 
protein binding, and changes in hepatic 
conjugation, oxidation, and shunting can 
all lead to altered hepatic metabolism of 
sedatives [31].

The American Society of Anesthesiolo
gists (ASA) has defined a continuum of 
four levels of sedation from minimal seda
tion or anxiolysis to moderate sedation to 
deep sedation, and finally general anes
thesia [32]. In general, most endoscopic 
procedures are performed with the patient 
under moderate sedation, a practice that 
was formerly referred to as “conscious 
sedation.” At this level, the patient is still 
able to make purposeful movements in 
response to verbal or tactile stimulation 
and maintains cardiorespiratory function. 
During colonoscopy, the goal of sedation 
is to relieve anxiety and discomfort, allow 
safe completion of the examination, and 
diminish the patient’s memory of the 
event [32].

Informed consent obtained for colonos
copy should include a discussion regard
ing sedation and anesthesia. Liver disease 
patients should be educated about addi
tional risks that may ensue due to their 
liver condition. The suitability of such a 
patient to undergo the planned sedation is 
assessed on a case by case basis. Particular 
attention should be given to other comor
bidities, previous sedation experience, a 
complete list of medications including 
over the counter medications, and allergies. 
An ASA physical status classification scale 
assessment should be performed and the 
duration of fasting should be determined 
before sedation. The ASA guidelines 
state that a minimum of 2 hours should 
pass after clear liquid intake and 6 hours 
after a light meal before the administra
tion of moderate sedation or anesthesiol
ogist directed sedation [32,33]. A targeted 
physical examination, including vital signs 
with heart rate, blood pressure, baseline 

oxygen saturation, and a limited neuro
logical examination should be performed 
to assess the mentation of the patient, 
especially in patients with a history of 
encephalopathy.

Successful colonoscopy may be per
formed in selected groups of patients 
without sedation or sedation only if needed 
during the procedure [34]. Patients likely 
to tolerate colonoscopy with minimal to 
no sedation include older patients, men, 
patients who are not anxious, or patients 
without a history of abdominal pain. In 
general, diagnostic and uncomplicated 
therapeutic colonoscopy can be success
fully performed with moderate sedation in 
most liver patients. Deep sedation or gen
eral anesthesia may be needed for those 
who have been difficult to manage with 
moderate sedation or who are anticipated 
to have a poor response to sedatives. This 
includes patients who are on chronic opi
oids, benzodiazepines, alcohol, or other 
psychotropic medications [32].

The choice of sedatives for moderate 
sedation generally consists of benzodiaz
epines used with or without an opiate. 
Midazolam and diazepam are the two 
most commonly used benzodiazepines 
with comparable efficacy [35]. Midazolam 
is preferred due to its rapid onset of action, 
amnestic properties, and short duration of 
action, and it appears to be well tolerated 
without major complications in liver 
disease patients [36]. However, caution is 
advised for its use in patients with 
advanced liver disease as these patients 
are likely to be sensitive in their response 
to midazolam or other benzodiazepines. 
Midazolam is protein bound and metabo
lized in the liver by cytochrome P3A4. 
No dosage adjustment is recommended 
if a single dose is being used, but for mul
tiple doses accumulation can occur with 
prolongation of its action, thus dose 
reduction is advisable [37,38]. In patients 
with cirrhosis, the clearance of midazolam 
is impaired and the elimination half‐life 
is doubled [38].
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Most opiates are metabolized by the liver. 
Fentanyl is preferred over meperidine 
(pethidine) due to a more rapid onset of 
action and clearance and a lower inci
dence of adverse effects. Dosing caution is 
advised in patients with advanced liver 
disease but it can be used safely in patients 
with minor liver dysfunction. As with all 
sedative regimens, the dosage should be 
titrated to reach the desired clinical effect 
with careful monitoring of the patient [39]. 
The half‐life of fentanyl is shorter than 
most opiates and does not appear to be 
affected by cirrhosis [40].

Propofol (2,6‐diisopropylphenol) is 
classified as an ultrashort acting hypnotic 
agent that provides sedative, amnestic, 
and hypnotic effects with no analgesic 
properties. Propofol is 98% plasma pro
tein bound, and is metabolized primarily 
in the liver by conjugation to glucuronide 
and sulfate to produce water soluble com
pounds that are excreted by the kidney. 
Propofol is well tolerated, with some stud
ies showing no major complications in 
liver disease patients [36]. The presence of 
cirrhosis does not significantly affect the 
pharmacokinetic profile of propofol likely 
due to the short half‐life [33]. In a rand
omized control trial, sedation with propo
fol was suggested to have a faster recovery 
time and a shorter time to discharge rela
tive to midazolam. It was also reported 
that subclinical hepatic encephalopathy in 
patients with compensated liver cirrhosis 
was not exacerbated by propofol use [41]. 
More recently published data have 
assessed the safety of propofol in patients 
with advanced liver disease including 
Child–Pugh class C cirrhosis patients 
undergoing colonoscopy. It was found to 
be safe and effective, and no cases of overt 
hepatic encephalopathy were reported [42]. 
There is no reversal agent for propofol, 
which has limited its use in some health
care settings, and it is advisable that it 
be limited to use by practitioners with 
training in advanced airway management. 
Dose related propofol side effects include 

hypotension, respiratory depression, and 
bradycardia [43]. The presence of an anes
thesia specialist is mandatory for ASA 
physical status III, IV, and V patients.

Colonoscopic Findings 
in Liver Disease

Patients with liver disease, particularly 
patients with portal hypertension, may 
have unique colonoscopic findings. The 
spectrum of findings ranges from colonic 
manifestations of portal hypertension 
such as portal hypertensive colopathy and 
anorectal or colonic varices to findings 
unrelated to liver disease including colonic 
angiodysplasias, mucosal inflammation, 
ulcers, diverticulosis, and colorectal polyps. 
Only 18–26% of cirrhotic patients have 
a  normal colonic examination [44,45]. 
Furthermore, these colonic alterations 
can potentially influence the effectiveness 
of colorectal screening.

Colonic manifestations of portal hyper
tension are often detected as incidental 
findings during screening or surveillance 
colonoscopy [46]. Portal hypertensive 
colopathy can manifest with a variety of 
endoscopic appearances. These findings 
may be non‐specific such as mucosal 
edema, erythema, altered vascular pattern, 
granularity, friability, spontaneous bleed
ing of the colonic mucosa, and vascular 
lesions of the colon reminiscent of chronic 
inflammatory colitis [47,48]. Lesions such 
as vascular ectasias, angiodysplasias, 
arterial spiders, and diffuse cherry red 
spots can also be present [49]. Arterial 
spider like lesions have a hallmark appear
ance of a central arteriole from which 
numerous small vessels radiate. The lesion 
blanches with pressure from a forceps 
biopsy. Additionally, the angiodysplasia 
like lesions have an irregular margin with 
a fern like pattern and sometimes a pale 
halo around them. Cherry red spots like 
lesions are defined by the presence of a 
red spot in the colonic mucosa, similar to 
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that seen in the gastric mucosa of patients 
with portal hypertensive gastropathy [49]. 
The mean reported prevalence of portal 
hypertensive colopathy in patients with 
cirrhosis is 24%, with a range from 3% to 
84% [49–52]. This wide range may be due 
to lack of consensus on its endoscopic 
appearance.

Rectal varices are present at colonoscopy 
in approximately 40% of patients with cir
rhosis and they tend to be more frequent 
in patients with advanced portal hyper
tension [53]. Some series have reported a 
much higher prevalence [50]. Colonic 
varices can be seen in 7.6–31% of patients 
with liver cirrhosis [44,49]. In addition, 
hemorrhoids are present in 22–79% of 
cirrhotic patients [54,55]. They tend to 
occur independently of anorectal varices 
and their presence is unrelated to the 
degree of portal hypertension [53]. Several 
investigators have found no association 
between colorectal manifestations of por
tal hypertension, etiology of liver disease, 
Child–Pugh score, and previous history of 
hepatic decompensation [49,55,56].

Diverticulosis appears to occur with the 
same prevalence in patients with liver 
disease compared to the general popula
tion. However, there is a report of an 
increased incidence of diverticulitis in 
post‐transplant liver patients due to the 
impact of immunosuppression [57]. These 
patients are also noted to have a higher 
morbidity and mortality with or without 
surgery. Therefore, a pre‐transplant diag
nosis of diverticulosis may be useful in 
facilitating an early diagnosis if diverticu
litis develops post‐transplant [57].

The prevalence of colon polyps in 
 cirrhotic patients is 38–42% and these are 
predominantly adenomatous [49]. Whether 
cirrhosis or portal hypertension are risk 
factors for adenomas is not clear but it 
has been speculated that alterations in the 
colonic mucosal microvasculature in 
portal hypertensive colopathy could be 
associated with mucosal proliferation [49]. 
As in healthy populations, the prevalence 

of neoplastic polyps in liver disease patients 
has been noted to increase with age [36]. 
A strong correlation of neoplastic polyps 
with rectal varices has also been observed 
in liver disease patients, however the etiol
ogy of this association is unclear [36].

Conventional adenomatous polyps 
include tubular, tubulovillous, and villous 
adenomas. They account for 70–80% of 
colorectal neoplasms [58]. Serrated polyps 
include hyperplastic polyps (HPs), sessile 
serrated polyps (SSPs), and traditional ser
rated adenomas (TSAs). HPs are considered 
benign while SSPs and TSAs are precursors 
of colorectal malignancy [59]. TSA is 
defined by the presence of serrations in 
≥20% of the lesion crypts in association with 
surface epithelial dysplasia and they are 
 relatively uncommon [60]. SSPs are more 
common and defined by a serrated pattern 
throughout the entire length of the crypts. 
There is an absence or rarity of undifferen
tiated cells in the lower third of the crypts. 
Dilation, branching, or broad bases in basal 
crypts that grow parallel to the muscularis 
mucosae, creating the distinctive L shape, 
boot shape, or inverted T shape, are addi
tional supportive criteria [59,61].

The well established adenoma to carci
noma molecular pathway characterized 
by chromosomal instability is responsible 
for the development of most conventional 
adenomatous polyps. The chromosomal 
instability pathway is characterized by 
widespread imbalances in aneuploidy and 
loss of heterozygosity. This leads to the 
progressive accumulation of a characteris
tic set of mutations in oncogenes, such as 
K‐ras, and tumor suppression genes, such 
as adenomatous polyposis coli (APC) and 
p53 [62]. On the other hand, the serrated 
polyp carcinoma pathway accounts for 
20–30% of CRC [58]. It involves mutation 
of the BRAF oncogene and an epigenetic 
mechanism characterized by abnormal 
hypermethylation of CpG islands (CIMP) 
located in the promoter regions of tumor 
suppressor genes. This hypermethylation 
silences some tumor suppressor genes; 
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silencing of the DNA mismatch repair 
gene hMLH1 appears to play a significant 
role in advanced lesions. These molecular 
changes lead to the development of a 
sessile serrated polyp with dysplasia that 
can evolve into colorectal tumors charac
terized by a microsatellite instability 
molecular phenotype similar to the 
molecular mechanism of the Lynch syn
drome [63]. Because of the phenotypical 
microsatellite instability in the later stages 
of this pathway, it has the potential to pro
gress more rapidly to cancer compared 
with the chromosomal instability pathway.

Serrated polyps are common. In unse
lected patients with polypectomy, HPs, 
SSPs, and TSAs have a reported preva
lence of 20–30%, 2–9%, and 0.3%, respec
tively [58]. Of all removed serrated polyps, 
HPs account for 70% while SSPs and TSAs 
are reported to have a prevalence of 25% 
and <2%, respectively [64]. Hyperplastic 
polyps and TSAs are most frequently 
found in the left colon while SSPs are 
more common in the right colon [65]. 
It  is vital to identify these lesions during 
colonoscopy and for the pathologist to 
correctly categorize them so appropriate 
surveillance intervals are applied. 
Table  11.2 shows updated MSTF guide
lines for colon polyp surveillance includ
ing those for serrated polyps. SSPs are 
associated with synchronous CRC, espe
cially if the polyps are large (≥1 cm), multi
ple, or if they are in the proximal colon 
[64]. These lesions are also thought to be 
responsible for a considerable number of 
interval cancers [58]. SSPs have an endo
scopic appearance characterized by a flat 
morphology and are often noted to have a 
rim of residual debris and a mucous cap. 
Sometimes the only clue to their presence 
is a focal loss of the normal vascular pat
tern. The subtlety of all of these findings 
contributes to the difficulty in distinguish
ing these lesions from the surrounding 
normal colonic mucosa. Because of the 
altered vascular pattern and edema in 
patients with portal hypertensive 

colopathy these subtle serrated lesions 
may be more difficult to identify 
(Figure 11.1). Therefore, vigilant inspection 
is required, especially in patients likely to be 
transplant candidates given the potentially 
more rapid evolution of these lesions and 
the increased cancer risk due to the requiste 
post‐transplant immunosuppression.

Risks of Colonoscopy 
and Polypectomy in Liver 
Disease

Colonoscopy, despite its diagnostic and 
therapeutic benefits of screening and sur
veillance, can lead to rare but potentially 
serious and life threatening complica
tions. Transient and minor symptoms 
have been reported in up to 33% of patients 
after colonoscopy [66]. The most com
monly reported minor complications are 
bloating (25%) and abdominal pain and/or 
discomfort in 5–11% [67]. Colon oscopy 
does not worsen the general clinical state 
of liver patients. However, compared with 
patients with compensated cirrhosis, 
patients with ascites and/or peripheral 
edema are at a higher risk of post‐ procedure 
fluid retention [45].

The most serious complication of colo
noscopy is perforation, and variable rates 
have been reported in several large studies 
ranging from 0.003% to 0.3%. However, 
perforation rates of less than one in 500 
for all colonoscopies or one in 1000 for 
screening colonoscopies are considered to 
be acceptable [68]. There is no evidence 
that advanced liver disease increases the 
risk of perforation.

Bleeding can occur after a diagnostic 
colonoscopy although it is rarely of clinical 
significance, with a reported incidence 
of between 0.001% and 1.24% [69]. The 
risk of bleeding from colonoscopy with 
polypectomy is significantly higher [70]. 
Over 85% of the serious colonoscopy 
complications are reported in patients 
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undergoing colonoscopy with polypec
tomy [71]. Post‐polypectomy bleeding 
can be immediate or may occur up to 
2  weeks after the procedure and occurs 
in 0.2–0.6% of patients [72]. It has been 
suggested that post‐polypectomy bleeding 
rates of less than 1% would be considered 
consistent with quality care [68]. Signi
ficant risk factors for immediate post‐
polypectomy bleeding include old age 
(≥65 years), comorbid cardiovascular/
chronic renal disease, polyp size (>1 cm), 
number of polyps removed, gross mor
phology of polyps (such as pedunculated 
polyps) or laterally spreading tumor, polyp 
histology, poor bowel preparation, cutting 

mode of electrosurgical current, inadvert
ent cutting of a polyp before current 
application, anticoagulant use, and com
bination antiplatelet agents [72,73]. 
Colonoscopists are often reluctant to per
form endoscopic polypectomy in patients 
with liver disease, especially liver cirrhosis, 
because of the perceived increased risk of 
post‐polypectomy bleeding. There is a 
paucity of data and further studies evaluat
ing the risks of post‐polypectomy bleeding 
specific to these patients are warranted.

In a retrospective study of 30 patients 
with compensated liver cirrhosis who under
went polypectomy, the incidence and 
predictors of immediate post‐polypectomy 

(a)

(b) (c)

Figure 11.1 Endoscopic image of a sessile serrated adenoma in a patient with portal hypertensive 
colopathy. (a) The lesion is not visible and there are diffuse background changes with blurring of the 
normal vascular pattern. (b) Closer inspection reveals subtle nodularity of the mucosa. (c) Further 
close-up reveals an obvious lesion.
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bleeding and delayed post‐polypectomy 
bleeding were investigated [74]. Only 
two of the 66 (3.03%) removed polyps 
displayed mild oozing and were controlled 
using hemoclips. Delayed polypectomy 
bleeding did not occur in any of the 
patients. The size and the gross morphol
ogy of the polyps were associated with 
immediate post‐polypectomy bleeding, 
while platelet count and Child–Pugh 
score did not have an impact [74].

The mechanisms of coagulopathy and 
thrombocytopenia in cirrhosis are often 
complex and multifactorial. Hypersplenism, 
decreased production of thrombopoietin, 
diminished production of most coagula
tion factors, malnutrition, and vitamin K 
malabsorption due to cholestasis are a few 
of the contributing factors. Advanced liver 
disease and the presence of cirrhosis is, 
however, associated with a reset equilib
rium of prothrombotic and antithrombotic 
factors that leads to a fragile balance 
making patients more susceptible to both 
bleeding and thrombotic events [46,75]. 
Therefore, the prothrombin time (PT) 
and international normalized ratio (INR), 
which reflect only the altered levels of 
coagulation factors, have poor clinical rel
evance to bleeding risk in cirrhotic patients. 
There is currently no reliable way to assess 
this altered balance. Colonoscopy with or 
without mucosal biopsy is considered to 
be associated with a low bleeding risk; 
however polypectomy with snare electro
cautery is associated with an increased 
bleeding risk [46,76,77].

Routine laboratory screening tests such 
as coagulation studies, hemoglobin level, 
and chemistry tests are not generally 
recommended before colonoscopy [78]. 
However, for patients with liver disease, it 
is recommended to check coagulation pro
file and complete blood count. In general, 
platelet counts <80,000/μL and PT prolon
gation ≥3 seconds above the normal limit 
may need to be corrected prior to endo
scopic procedures with a high risk of 
bleeding [79,80]. It is important to note 

that the benefit of correcting an elevated 
INR in the setting of cirrhosis is uncertain 
and routine use of plasma cannot be rec
ommended [81–84]. Likewise, administra
tion of one standard unit of adult platelet 
concentrate corresponds to (300 ± 33) × 109 
platelets, which leads to a small increase in 
the platelet count and is not a guarantee of 
normalization of homeostatic imbalances. 
The required threshold of platelet counts 
>50,000–77,000/μL is based largely on in 
vitro studies identifying normal thrombin 
production with these levels but there is an 
absence of rigorous outcome based clinical 
studies [85–87].

Factor VII is a vital determinant of PT 
prolongation and is significantly decreased 
in liver disease patients. Recombinant 
activated factor VII transfusion is safe and 
effective in correcting clotting in these 
patients, thus reducing the risk of bleed
ing from several invasive procedures 
[88,89]. However, its role in reducing 
bleeding complications secondary to inva
sive interventions such as polypectomy 
remains to be determined. Factor VII is 
expensive and this is a limiting factor to 
widespread use [82].

Mortality secondary to colonoscopy 
itself is very low and it appears very safe 
in patients with cirrhosis. Most deaths 
are related to comorbidities including cir
rhosis [90,91]. A review in 2010 on 30‐day 
mortality for all patients undergoing 
colonoscopy found a 0.07% risk of all‐
cause mortality (116/176,834) and 0.007% 
risk of colonoscopy specific mortality 
(19/284,097) [66].

Risk of Septicemia After 
Colonoscopy in Patients 
with Ascites

Bacteremia or septicemia can occur after 
colonoscopy due to mucosal disruption 
and can lead to the translocation of indig
enous colonic bacteria. However, it is only 
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rarely clinically significant. Infectious com
plications such as acute febrile illness, 
abscess, or other infections are rare [92]. 
Colonoscopy with or without biopsy and/
or polypectomy is considered a low risk 
endoscopic procedure in terms of its 
ability to cause post‐procedural bactere
mia. On average, approximately 4.4% of 
patients have transient bacteremia after 
colonoscopy, with reports ranging from 
0% to 25% [93,94]. The use of prophylactic 
antibiotics in patients with cirrhosis 
undergoing colonoscopy therefore remains 
a subject of controversy requiring further 
elaboration. The American Society for 
Gastrointestinal Endoscopy currently 
does not recommend the administration 
of prophylactic antibiotics in cirrhosis due 
to a paucity of data to guide recommenda
tions for these patients [92,95]. However, 
clinical considerations must be individu
alized. Potential indicators of a greater 
risk for infectious complications include 
ascites with low ascitic fluid protein, 
recent gastrointestinal bleeding, hospital
ized patients, presence of active colitis, 
prior history of spontaneous bacterial 
peritonitis, or bacteremia following 
colonoscopy [93,96–99]. While cirrhotic 
patients with ascites may be at a higher 
risk for infection, the magnitude of the 
risk is not clear [95]. There have been case 
reports of septicemia and peritonitis in 
cirrhotic patients undergoing colonos
copy with or without biopsies and poly
pectomies [93,96,100,101]. This has been 
attributed to the reduced ability to clear 
the transient bacteremia in addition to 
multiple other factors. Portal systemic 
shunting that bypass hepatic Kupffer 
cells, a compromised immune system, 
and concomitant use of immunosuppres
sive agents in many of these patients are a 
few of the explanations offered [102,103]. 
Whether these isolated case reports trans
late into absolute risk is not clear.

Prospective assessment of the risk of 
bacteremia in cirrhotic patients undergoing 
lower intestinal endoscopy was undertaken 

for 58 consecutive cirrhotic patients in 
Spain [104]. Six cultures were positive 
from six patients, four were obtained 
post‐endoscopy and two were obtained 
before colonoscopy, but the corresponding 
post‐endoscopy cultures in the latter 
two samples were negative. All organisms 
recovered were normal skin flora. All 
patients, including those with positive 
cultures, remained asymptomatic 72 hours 
post‐procedure. The authors concluded 
that lower intestinal endoscopy did not 
induce bacteremia in cirrhotic patients with 
or without ascites [104]. On the basis of 
limited data routine antibiotic prophylaxis 
prior to colonoscopy in patients with cir
rhosis or ascites cannot be recommended.

Colorectal Neoplasia 
in Primary Sclerosing 
Cholangitis

Primary sclerosing cholangitis is strongly 
associated with inflammatory bowel dis
ease (IBD). Ulcerative colitis (UC) is pre
sent in 70–90% of patients with PSC [105] 
and up to 14% of PSC patients are reported 
to have Crohn’s colitis [106]. Conversely, 
PSC has been diagnosed in 2.4–7.5% of 
patients with UC and 3.4% of Crohn’s dis
ease (CD) patients [105,107]. PSC patients 
with CD almost always have colonic 
involvement. IBD can be diagnosed at any 
time during the course of PSC, and PSC can 
occur at any time during the course of IBD 
[105,108]. In general, however, IBD is diag
nosed several years earlier than PSC. Many 
PSC patients without clinical symptoms of 
IBD have colonoscopic and histological 
findings compatible with IBD, and the sub
clinical phase can last several years before 
the onset of symptoms of active colitis. The 
characteristics of UC in patients with PSC 
are different from those in patients without 
PSC. The colitis is usually substantial yet 
its clinical course is quiescent, while rectal 
sparing and backwash ileitis are common 
endoscopic findings [106].
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While chronic UC is associated with 
an  increased risk of colorectal neoplasia, 
there appears to be a more profound 
increased risk of CRC in patients with 
PSC and associated UC [109–112]. 
A  fourfold increase of CRC in patients 
with PSC and UC has been demonstrated 
compared with those with UC alone [113]. 
The cumulative incidence of CRC or 
dysplasia in PSC/UC patients versus UC 
alone is 9% versus 2% after 10 years and 
20–31% versus 5% after 20 years of disease 
duration, respectively [114]. The risk of 
colon cancer has also been studied in 
patients with PSC and CD involving the 
colon, and to date the risk of colon cancer 
in patients with PSC and CD is unclear 
[115]. The small sample size limits the 
ability to definitively conclude the magni
tude of any association. To highlight the 
importance of CRC screening and surveil
lance in PSC/IBD patients, it has been 
demonstrated that the frequency of CRC 
development within 2 years of concurrent 
diagnosis is the same as CRC develop
ment within 8–10 years from diagnosis of 
IBD alone. Notably, more than 50% of 
patients have stage 3 or 4 CRC at the time 
of diagnosis [116]. Guidelines from the 
American Association for the Study of 
Liver Diseases suggest a complete colo
noscopy with biopsies is recommended in 
patients with newly diagnosed PSC and 
no previous history of symptoms of IBD 
[117]. As IBD in PSC can be clinically 
asymptomatic and focal, a full colonos
copy is required to establish the diagnosis 
of IBD and to screen for CRC. If the initial 
colonoscopy with biopsies is negative for 
IBD, a surveillance colonoscopy should 
be considered every 5 years [118]. In PSC 
patients with UC a surveillance colonos
copy at 1–2‐year intervals from the time 
of diagnosis of PSC is recommended. 
Patients with PSC who have CD are 
 recommended to be surveyed similarly 
to patients with UC [117,119,120]. The 
role of chromoendoscopy, narrow band 
imaging, and confocal endomicroscopy 

to augment the diagnostic ability of white 
light colonoscopy to detect neoplasia is 
evolving [121].

Chronic inflammation appears to be the 
primary mechanism for carcinogenesis 
in these patients. Interestingly, CRC in 
PSC exhibits a tendency to occur more 
commonly on the right side of the colon, 
with up to 76% of reported CRC in PSC/
IBD patients having a lesion proximal to 
the splenic flexure [122,123]. An increased 
concentration of cytotoxic secondary bile 
acids in the proximal colon is a potential 
but unproven factor contributing to this 
distribution [122]. Cytotoxic injury to 
colonic mucosa by the secondary bile 
acids, such as deoxycholic acid and litho
cholic acid, causes hyperproliferation that 
can lead to neoplasia [124]. Secondary 
bile acids have also been implicated in the 
development of sporadic colonic adeno
mas and colon cancers. PSC/IBD patients 
should have a vigilant and thorough exam
ination of the entire colon and especially 
the right side of the colon to optimize the 
detection of neoplasia.

Liver transplantation for PSC patients 
is highly successful, with a 5‐year sur
vival rate of approximately 85%. The 
 survival outcomes for live donor trans
plant are thought to be comparable [117]. 
Disease recurs in up to 20–25% of patients 
5–10 years after the transplant procedure 
[125,126]. Approximately 60% of patients 
with pre‐existing IBD will experience 
active inflammatory bowel disease after 
transplantation despite the use of immu
nosuppressive agents [127]. It is critical to 
appreciate that patients with PSC and UC 
undergoing liver transplantation remain 
at a higher risk for the development of 
CRC compared with PSC patients with
out transplantation (odds ratio 4.4; 95% 
confidence interval 0.9–12.8) [128]. The 
risk is higher with longstanding UC and 
pan‐colitis [128,129]. Post‐transplant 
PSC patients with UC should therefore 
continue to undergo annual surveillance 
with colonoscopy [117].
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Liver Transplantation

Pre‐Transplant Screening 
in Liver Transplant Candidates

Indications for mandatory pre‐transplant 
colon cancer screening remain contro
versial. The advent of model for end‐stage 
liver disease (MELD) scoring has led to 
an increasing number of advanced liver 
disease patients being placed on trans
plant waiting lists. The challenge remains 
to balance the need of an urgent trans
plant with the possibility of a healthy, 
long term survival of the recipient after 
the transplantation. There are extensive 
and detailed cardiac, pulmonary, and 
renal evaluations that are warranted as a 
means of excluding comorbidity, infec
tion, or malignancy, which may compro
mise the success of transplantation [36]. 
In addition, since these patients are 
exposed to lifelong immunosuppression, 
any undetected precancerous or malig
nant colonic neoplasms may have an 
increased risk of progressing to overt 
malignancy, thereby emphasizing the 
need for pre‐transplant detection and 
removal of such lesions [130–133]. 
Currently, the decision to perform a pre‐
transplant screening colonoscopy is pri
marily driven by the local policies of 
individual centers. Some centers recom
mend flexible sigmoidoscopic screening 
only, especially in younger patients with
out risk factors [134], while others screen 
patients over the age of 45–50 years with 
full colonoscopy [135,136]. Balancing the 
risks and potential benefits often favors 
proceeding with screening. Comorbidities 
secondary to liver disease such as coagu
lopathy, ascites, and renal insufficiency 
can pose an increased risk of morbidity 
and mortality in this patient population 
[36]. Despite the potential increase in 
risks, colonoscopic evaluation can help 
management decisions in potential trans
plant candidates both before and after 
transplantation [137].

Post‐Transplant Screening 
and Surveillance

One of the leading causes of mortality in 
post‐transplant patients is primary malig
nancies. An increased risk of developing 
de novo cancer is an established compli
cation of organ transplantation and 
the associated immunosuppression. The 
cumulative prevalence of malignancy has 
been shown to increase with the duration 
of follow‐up and the intensity of immuno
suppression [138]. CRC is more frequent 
in liver transplant recipients than in an 
age and sex matched population [139]. 
This increased incidence is noted in the 
overall post‐liver transplant recipients, 
including the subgroup of non‐PSC post‐
transplant patients, when compared with 
the general population. In a single center 
post‐transplant Dutch population study 
by Haagsma et al., a significantly increased 
relative risk (RR) of 12.5 was observed for 
colon cancer [27]. Rates as high as 6.5% 
has been reported in patients with UC 
and PSC who underwent liver transplan
tation [139].

Several possible mechanisms for an 
increased incidence of colorectal neopla
sia post‐transplant have been suggested. 
Liver transplant patients can have 
 predisposing conditions such as IBD or 
precursor lesions such as adenomatous/
serrated polyps before transplantation 
that can eventually lead to CRC. Immuno
suppression can impair immunosurveil
lance, an important protective mechanism 
for cancer development. Immunosup
pressive agents themselves could alter
natively act as direct carcinogens [140]. 
Several post‐transplant malignancies 
are related to viral infections. It has 
been hypothesized that JC virus (a type of 
human polyomavirus) reactivation in 
colorectal mucosa/adenomas in post‐
transplant patients secondary to immune 
suppression induces CRC development, 
however the clinical significance of this 
remains uncertain [141]. Despite these 
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concerns, under current guidelines, non‐
PSC liver transplant recipients are not 
recommended to undergo an intensified 
screening or surveillance protocol com
pared with the general population [130].

Conclusion

Colorectal cancer screening with colonos
copy has increased over the last decade 
in part due to emerging data on reduc
ing CRC mortality. Evidence supporting 
screening and surveillance colonoscopy 
in liver disease patients, including those 
with cirrhosis, has largely been extrapo
lated from the literature and outcomes 
in patients without liver disease. Patients 

with PSC and IBD clearly represent a 
select group with an elevated cancer risk 
that warrants annual pre‐ and post‐trans
plant surveillance. In non‐PSC patients, 
routine pre‐transplant evaluation with 
colonoscopy has become the standard in 
most transplant centers. More intensive 
post‐orthotopic liver transplantation 
screening and surveillance may be indi
cated but remains poorly defined. A high 
quality colonoscopic examination is impor
tant in improving outcomes and several 
issues – including the challenges of colon 
preparation, altered colonic mucosa in 
the setting of portal hypertension, and 
altered coagulation parameters  –  all 
require special consideration in patients 
with advanced liver disease.

References

1 Sørensen HT, Mellemkjær L, Jepsen P, 
et al. Risk of cancer in patients 
hospitalized with fatty liver: a Danish 
cohort study. J Clin Gastroenterol 
2003;36(4):356–9.

2 Hwang ST, Cho YK, Park JH, et al. 
Relationship of non‐alcoholic fatty liver 
disease to colorectal adenomatous 
polyps. J Gastroenterol Hepatol 
2010;25(3):562–7.

3 Jemal A, Siegel R, Xu J, Ward E. Cancer 
statistics, 2010. CA Cancer J Clin 
2010;60(5):277–300.

4 Edwards BK, Ward E, Kohler BA, et al. 
Annual report to the nation on the status 
of cancer, 1975–2006, featuring 
colorectal cancer trends and impact of 
interventions (risk factors, screening, and 
treatment) to reduce future rates. Cancer 
2010;116(3):544–73.

5 Levin B, Lieberman DA, McFarland B, 
et al. Screening and surveillance for the 
early detection of colorectal cancer and 
adenomatous polyps, 2008. A Joint 
Guideline from the American Cancer 
Society, the US Multi‐Society Task Force 

on Colorectal Cancer, and the American 
College of Radiology. CA Cancer J Clin 
2008;58(3):130–60.

6 Lieberman DA, Rex DK, Winawer SJ, 
et al. Guidelines for colonoscopy 
surveillance after screening and 
polypectomy: a consensus update by the 
US Multi‐Society Task Force on 
Colorectal Cancer. Gastroenterology 
2012;143(3):844–57.

7 Rex DK, Johnson DA, Anderson JC, et al. 
American College of Gastroenterology 
guidelines for colorectal cancer screening 
2009 [corrected]. Am J Gastroenterol 
2009;104(3):739–50.

8 US Preventive Services Task Force. 
Screening for colorectal cancer: US 
Preventive Services Task Force 
recommendation statement. J Am Med 
Assoc 2016;315(23):2564–75.

9 Mandel JS, Bond JH, Church TR, et al. 
Reducing mortality from colorectal 
cancer by screening for fecal occult 
blood. Minnesota Colon Cancer Control 
Study. N Engl J Med 
1993;328(19):1365–71.



References 187

10 Hardcastle JD, Chamberlain JO, 
Robinson MH, et al. Randomised 
controlled trial of faecal‐occult‐blood 
screening for colorectal cancer. Lancet 
1996;348(9040):1472–7.

11 Kronborg O, Fenger C, Olsen J, 
Jorgensen OD, Sondergaard O. 
Randomised study of screening for 
colorectal cancer with faecal‐occult‐
blood test. Lancet 
1996;348(9040):1467–71.

12 Atkin WS, Benson VS, Green J, et al. 
Improving colorectal cancer screening 
outcomes: proceedings of the second 
meeting of the International Colorectal 
Cancer Screening Network, a global 
quality initiative. J Med Screen 
2010;17(3):152–7.

13 Segnan N, Armaroli P, Bonelli L, et al. 
Once‐only sigmoidoscopy in colorectal 
cancer screening: follow‐up findings of 
the Italian Randomized Controlled 
Trial – SCORE. J Natl Cancer Inst 
2011;103(17):1310–22.

14 Schoen RE, Pinsky PF, Weissfeld JL, 
et al. Colorectal‐cancer incidence and 
mortality with screening flexible 
sigmoidoscopy. New Engl J Med 
2012;366(25):2345–57.

15 Baxter NN, Sutradhar R, Forbes SS, 
Paszat LF, Saskin R, Rabeneck L. 
Analysis of administrative data finds 
endoscopist quality measures 
associated with postcolonoscopy 
colorectal cancer. Gastroenterology 
2011;140(1):65–72.

16 Brenner H, Chang‐Claude J, Seiler CM, 
Rickert A, Hoffmeister M. Protection 
from colorectal cancer after 
colonoscopy: a population‐based, 
case‐control study. Ann Intern Med 
2011;154(1):22–30.

17 Baxter NN, Warren JL, Barrett MJ, 
Stukel TA, Doria‐Rose VP. Association 
between colonoscopy and colorectal 
cancer mortality in a US cohort 
according to site of cancer and 
colonoscopist specialty. J Clin Oncol 
2012;30(21):2664–9.

18 Centers for Disease Control and 
Prevention. Vital signs: colorectal 
cancer screening test use – United 
States, 2012. MMWR 
2013;62(44):881–8.

19 Venyo AK‐G. Malignancies after liver 
transplantation: a review of the 
literature. Webmed Central 
2012;3(6):WMC003434.

20 Ness RM, Manam R, Hoen H, Chalasani 
N. Predictors of inadequate bowel 
preparation for colonoscopy. Am J 
Gastroenterol 2001;96(6):1797–802.

21 Wexner SD, Beck DE, Baron TH, et al. 
A consensus document on bowel 
preparation before colonoscopy: 
prepared by a task force from the 
American Society of Colon and Rectal 
Surgeons (ASCRS), the American 
Society for Gastrointestinal Endoscopy 
(ASGE), and the Society of American 
Gastrointestinal and Endoscopic 
Surgeons (SAGES). Gastrointest Endosc 
2006;63(7):894–909.

22 Nelson DB, Barkun AN, Block KP, 
et al. Technology status evaluation 
report. Colonoscopy preparations. 
May 2001. Gastrointest Endosc 
2001;54(6):829–32.

23 Schiller LR, Emmett M, Santa Ana CA, 
Fordtran JS. Osmotic effects of 
polyethylene glycol. Gastroenterology 
1988;94(4):933–41.

24 Fordtran JS, Santa Ana CA, Cleveland 
MvB. A low‐sodium solution for 
gastrointestinal lavage. 
Gastroenterology 1990;98(1):11–6.

25 Curran MP, Plosker GL. Oral sodium 
phosphate solution: a review of its use 
as a colorectal cleanser. Drugs 
2004;64(15):1697–714.

26 Qureshi WA, Zuckerman MJ, Adler DG, 
et al. ASGE guideline: modifications in 
endoscopic practice for the elderly. 
Gastrointest Endosc 2006;63(4):566–9.

27 Haagsma EB, Hagens VE, Schaapveld 
M, et al. Increased cancer risk after liver 
transplantation: a population‐based 
study. J Hepatol 2001;34(1):84–91.



Colonoscopic Screening and Surveillance in the Patient with Liver Disease (Including Post‐Transplant)188

28 Onishi S, Yoshino S. Cathartic‐induced 
fatal hypermagnesemia in the elderly. 
Intern Med 2006;45(4):207–10.

29 Rosch T, Classen M. Fractional 
cleansing of the large bowel with 
“Golytely” for colonoscopic preparation: 
a controlled trial. Endoscopy 
1987;19(5):198–200.

30 Aoun E, Abdul‐Baki H, Azar C, et al. 
A randomized single‐blind trial of 
split‐dose PEG‐electrolyte solution 
without dietary restriction compared 
with whole dose PEG‐electrolyte 
solution with dietary restriction for 
colonoscopy preparation. Gastrointest 
Endosc 2005;62(2):213–8.

31 Verbeeck RK. Pharmacokinetics and 
dosage adjustment in patients with 
hepatic dysfunction. Eur J Clin 
Pharmacol 2008;64(12):1147–61.

32 Standards of Practice Committee of the 
American Society for Gastrointestinal 
Endoscopy; Lichtenstein DR, Jagannath S, 
Baron TH, et al. Sedation and anesthesia 
in GI endoscopy. Gastrointest Endosc 
2008;68(2):205–16.

33 American Association for Study of Liver 
Diseases, American College of 
Gastroenterology, American 
Gastroenterological Association 
Institute, American Society for 
Gastrointestinal Endoscopy, Society for 
Gastroenterology Nurses and 
Associates; Vargo JJ, DeLegge MH, Feld 
AD, et al. Multisociety sedation 
curriculum for gastrointestinal 
endoscopy. Gastrointest Endosc 2012; 
76(1): e1–25.

34 Leung FW, Mann SK, Salera R, et al. 
Options for screening colonoscopy 
without sedation: sequel to a pilot study 
in U.S. veterans. Gastrointest Endosc 
2008;67(4):712–7.

35 Zakko SF, Seifert HA, Gross JB. A 
comparison of midazolam and 
diazepam for conscious sedation during 
colonoscopy in a prospective double‐
blind study. Gastrointest Endosc 
1999;49(6):684–9.

36 Weismuller TJ, Bleich F, Negm AA, et al. 
Screening colonoscopy in liver transplant 
candidates: risks and findings. Clin 
Transplant 2013;27(2):E161–8.

37 Trouvin JH, Farinotti R, Haberer JP, 
Servin F, Chauvin M, Duvaldestin P. 
Pharmacokinetics of midazolam in 
anaesthetized cirrhotic patients. Br J 
Anaesth 1988;60(7):762–7.

38 MacGilchrist AJ, Birnie GG, Cook A, 
et al. Pharmacokinetics and 
pharmacodynamics of intravenous 
midazolam in patients with severe 
alcoholic cirrhosis. Gut 1986;27(2):190–5.

39 Scholz J, Steinfath M, Schulz M. Clinical 
pharmacokinetics of alfentanil, fentanyl 
and sufentanil. An update. Clin 
Pharmacokinet 1996;31(4):275–92.

40 Tegeder I, Lotsch J, Geisslinger G. 
Pharmacokinetics of opioids in liver 
disease. Clin Pharmacokinet 
1999;37(1):17–40.

41 Khamaysi I, William N, Olga A, et al. 
Sub‐clinical hepatic encephalopathy in 
cirrhotic patients is not aggravated by 
sedation with propofol compared to 
midazolam: a randomized controlled 
study. J Hepatol 2011;54(1):72–7.

42 Faga E, De Cento M, Giordanino C, et al. 
Safety of propofol in cirrhotic patients 
undergoing colonoscopy and endoscopic 
retrograde cholangiography: results of a 
prospective controlled study. Eur J 
Gastroenterol Hepatol 2012;24(1):70–6.

43 Rex DK, Heuss LT, Walker JA, Qi R. 
Trained registered nurses/endoscopy 
teams can administer propofol safely for 
endoscopy. Gastroenterology 
2005;129(5):1384–91.

44 Bresci G, Parisi G, Capria A. Clinical 
relevance of colonic lesions in cirrhotic 
patients with portal hypertension. 
Endoscopy 2006;38(08):830–5.

45 Boryczka G, Hartleb M, Gutkowski K. 
[Endoscopic assessment of large bowel 
and safety of bowel preparation and 
sedoanalgesia in patients with 
advanced liver cirrhosis]. Przegl Lek 
2011;68(7):348–53.



References 189

46 Krystallis C, Masterton GS, Hayes PC, 
Plevris JN. Update of endoscopy in liver 
disease: more than just treating varices. 
World J Gastroenterol 
2012;18(5):401–11.

47 Bini EJ, Lascarides CE, Micale PL, 
Weinshel EH. Mucosal abnormalities of 
the colon in patients with portal 
hypertension: an endoscopic study. 
Gastrointest Endosc 2000;52(4):511–6.

48 Misra V, Misra SP, Dwivedi M, Singh 
PA, Kumar V. Colonic mucosa in 
patients with portal hypertension. 
J Gastroenterol Hepatol 
2003;18(3):302–8.

49 Diaz‐Sanchez A, Nunez‐Martinez O, 
Gonzalez‐Asanza C, et al. Portal 
hypertensive colopathy is associated 
with portal hypertension severity in 
cirrhotic patients. World J Gastroenterol 
2009;15(38):4781–7.

50 Zaman A, Hapke R, Flora K, Rosen H, 
Benner K. Prevalence of upper and 
lower gastrointestinal tract findings in 
liver transplant candidates undergoing 
screening endoscopic evaluation. Am J 
Gastroenterol 1999;94(4):895–9.

51 Tam TN, Ng WW, Lee SD. Colonic 
mucosal changes in patients with liver 
cirrhosis. Gastrointest Endosc 
1995;42(5):408–12.

52 Rabinovitz M, Schade RR, Dindzans VJ, 
Belle SH, Van Thiel DH, Gavaler JS. 
Colonic disease in cirrhosis. An 
endoscopic evaluation in 412 patients. 
Gastroenterology 1990;99(1):195–9.

53 Hosking SW, Smart HL, Johnson AG, 
Triger DR. Anorectal varices, 
haemorrhoids, and portal hypertension. 
Lancet 1989;1(8634):349–52.

54 Ghoshal UC, Biswas PK, Roy G, Pal BB, 
Dhar K, Banerjee PK. Colonic mucosal 
changes in portal hypertension. Trop 
Gastroenterol 2001;22(1):25–7.

55 Wang TF, Lee FY, Tsai YT, et al. 
Relationship of portal pressure, 
anorectal varices and hemorrhoids in 
cirrhotic patients. J Hepatol 
1992;15(1–2):170–3.

56 Sugano S, Nishio M, Makino H, 
Suzuki T. Relationship of portal 
pressure and colorectal vasculopathy 
in patients with cirrhosis. Dig Dis Sci 
1999;44(1):149–54.

57 Hwang SS, Cannom RR, Abbas MA, 
Etzioni D. Diverticulitis in transplant 
patients and patients on chronic 
corticosteroid therapy: a systematic 
review. Dis Colon Rectum 
2010;53(12):1699–707.

58 Makkar R, Pai RK, Burke CA. Sessile 
serrated polyps: cancer risk and 
appropriate surveillance. Cleveland Clin 
J Med 2012;79(12):865–71.

59 Torlakovic E, Skovlund E, Snover DC, 
Torlakovic G, Nesland JM. Morphologic 
reappraisal of serrated colorectal polyps. 
Am J Surg Pathol 2003;27(1):65–81.

60 Bariol C, Hawkins NJ, Turner JJ, 
Meagher AP, Williams DB, Ward RL. 
Histopathological and clinical 
evaluation of serrated adenomas of the 
colon and rectum. Mod Pathol 
2003;16(5):417–23.

61 Kim SW, Cha JM, Lee JI, et al. A 
significant number of sessile serrated 
adenomas might not be accurately 
diagnosed in daily practice. Gut Liver 
2010;4(4):498–502.

62 Pino MS, Chung DC. The chromosomal 
instability pathway in colon cancer. 
Gastroenterology 2010;138(6):2059–72.

63 Snover DC. Update on the serrated 
pathway to colorectal carcinoma. Hum 
Pathol 2011;42(1):1–10.

64 Tadros M, Anderson JC. Serrated 
polyps: clinical implications and future 
directions. Curr Gastroenterol Rep 
2013;15(9):342.

65 DiSario JA, Foutch PG, Mai HD, Pardy 
K, Manne RK. Prevalence and 
malignant potential of colorectal polyps 
in asymptomatic, average‐risk men. Am 
J Gastroenterol 1991;86(8):941–5.

66 Ko CW, Dominitz JA. Complications of 
colonoscopy: magnitude and 
management. Gastrointest Endosc Clin 
North Am 2010;20(4):659–71.



Colonoscopic Screening and Surveillance in the Patient with Liver Disease (Including Post‐Transplant)190

67 Ko CW, Riffle S, Shapiro JA, et al. 
Incidence of minor complications and 
time lost from normal activities after 
screening or surveillance colonoscopy. 
Gastrointest Endosc 2007;65(4):648–56.

68 Rex DK, Petrini JL, Baron TH, et al. 
Quality indicators for colonoscopy. 
Gastrointest Endosc 
2006;63(4):S16–S28.

69 Warren J, Hardy D, MacFadyen B, Jr. 
Management of endoscopic 
complications. In: Marks JM, Dunkin JB, 
eds. Principles of Flexible Endoscopy for 
Surgeons. New York: Springer, 2013: 
227–49.

70 Warren JL, Klabunde CN, Mariotto AB, 
et al. Adverse events after outpatient 
colonoscopy in the Medicare 
population. Ann Intern Med 
2009;150(12):849–57.

71 Whitlock EP, Lin JS, Liles E, Beil TL, Fu 
R. Screening for colorectal cancer: a 
targeted, updated systematic review for 
the US Preventive Services Task Force. 
Ann Intern Med 2008;149(9):638–58.

72 Fisher DA, Maple JT, Ben‐Menachem T, 
et al. Complications of colonoscopy. 
Gastrointest Endosc 2011;74(4):745–52.

73 Kim HS, Kim TI, Kim WH, et al. Risk 
factors for immediate postpolypectomy 
bleeding of the colon: a multicenter 
study. Am J Gastroenterol 
2006;101(6):1333–41.

74 Jeon JW, Shin HP, Lee JI, et al. The risk 
of postpolypectomy bleeding during 
colonoscopy in patients with early liver 
cirrhosis. Surg Endosc 
2012;26(11):3258–63.

75 Tripodi A, Mannucci PM. The 
coagulopathy of chronic liver disease. 
N Engl J Med 2011;365(2):147–56.

76 Anderson MA, Ben‐Menachem T, Gan 
SI, et al. Management of antithrombotic 
agents for endoscopic procedures. 
Gastrointest Endosc 
2009;70(6):1060–70.

77 Veitch AM, Baglin TP, Gershlick AH, 
et al. Guidelines for the management of 
anticoagulant and antiplatelet therapy in 

patients undergoing endoscopic 
procedures. Gut 2008;57(9):1322–9.

78 Levy MJ, Anderson MA, Baron TH, 
et al. Position statement on routine 
laboratory testing before endoscopic 
procedures. Gastrointest Endosc 
2008;68(5):827–32.

79 Sarode R, Refaai MA, Matevosyan K, 
Burner JD, Hampton S, Rutherford C. 
Prospective monitoring of plasma and 
platelet transfusions in a large teaching 
hospital results in significant cost 
reduction. Transfusion 2010;50(2):487–92.

80 van Veen JJ, Nokes TJ, Makris M. 
The risk of spinal haematoma following 
neuraxial anaesthesia or lumbar puncture 
in thrombocytopenic individuals. Br J 
Haematol 2010;148(1):15–25.

81 Spector I, Corn M, Ticktin HE. Effect of 
plasma transfusions on the prothrombin 
time and clotting factors in liver disease. 
N Engl J Med 1966;275(19):1032–7.

82 Youssef WI, Salazar F, Dasarathy S, 
Beddow T, Mullen KD. Role of fresh 
frozen plasma infusion in correction of 
coagulopathy of chronic liver disease: a 
dual phase study. Am J Gastroenterol 
2003;98(6):1391–4.

83 Fresh‐Frozen Plasma, Cryoprecipitate, 
and Platelets Administration Practice 
Guidelines Development Task Force of 
the College of American Pathologists. 
Practice parameter for the use of fresh‐
frozen plasma, cryoprecipitate, and 
platelets. J Am Med Assoc 
1994;271(10):777–81.

84 Medical Directors Advisory Committee, 
National Blood Transfusion Council. 
Guideline for the use of fresh‐frozen 
plasma. S Afr Med J 
1998;88(10):1344–7.

85 Mannucci PM, Tripodi A. Liver disease, 
coagulopathies and transfusion therapy. 
Blood Transfus 2013;11(1):32–6.

86 Tripodi A, Primignani M, 
Chantarangkul V, et al. Thrombin 
generation in patients with cirrhosis: the 
role of platelets. Hepatology 
2006;44(2):440–5.



References 191

87 Giannini EG, Greco A, Marenco S, 
Andorno E, Valente U, Savarino V. 
Incidence of bleeding following invasive 
procedures in patients with 
thrombocytopenia and advanced liver 
disease. Clin Gastroenterol Hepatol 
2010;8(10):899–902.

88 Bernstein D, ed. Effectiveness of the 
Recombinant Factor VIIa in Patients 
with the Coagulopathy of Advanced 
Child’s B and C Cirrhosis. Seminars in 
Thrombosis and Hemostasis. New York: 
Thieme Medical, 2000.

89 Bernstein DE, Jeffers L, Erhardtsen E, 
et al. Recombinant factor VIIa corrects 
prothrombin time in cirrhotic patients: 
a preliminary study. Gastroenterology 
1997;113(6):1930–7.

90 Sherid M, Samo S, Sulaiman S. 
Complications of colonoscopy. In: 
Bustamante M, ed. Colonoscopy and 
Colorectal Cancer Screening – Future 
Directions. Rijeka: InTech, 2013: 215–40.

91 Bowles C, Leicester R, Romaya C, 
Swarbrick E, Williams C, Epstein O. 
A prospective study of colonoscopy 
practice in the UK today: are we 
adequately prepared for national 
colorectal cancer screening tomorrow? 
Gut 2004;53(2):277–83.

92 ASGE Standards of Practice Committee; 
Banerjee S, Shen B, Baron TH, et al. 
Antibiotic prophylaxis for GI endoscopy. 
Gastrointest Endosc 2008;67(6):791–8.

93 Thornton J, Losowsky M. Septicaemia 
after colonoscopy in patients with 
cirrhosis. Gut 1991;32(4):450–1.

94 Nelson DB. Infectious disease 
complications of GI endoscopy: Part I, 
endogenous infections. Gastrointest 
Endosc 2003;57(4):546–56.

95 Hirota WK, Petersen K, Baron TH, et al. 
Guidelines for antibiotic prophylaxis for 
GI endoscopy. Gastrointest Endosc 
2003;58(4):475–82.

96 Wai CT. Clinical vigilance is as important 
as prophylactic antibiotics in patients with 
cirrhosis who undergo GI endoscopy. 
Gastrointest Endosc 2004;60(4):671–2.

97 de la Mora‐Levy JG, Baron TH. 
Endoscopic management of the liver 
transplant patient. Liver Transpl 
2005;11(9):1007–21.

98 Iber F. Patients with cirrhosis and liver 
failure are at risk for bacterial and 
fungus infection. Am J Gastroenterol 
1999;94(8):2001–3.

99 Deschênes M, Villeneuve J‐P. Risk 
factors for the development of bacterial 
infections in hospitalized patients with 
cirrhosis. Am J Gastroenterol 
1999;94(8):2193–7.

100 Shrake P, Troiano F, Rex D. Peritonitis 
following colonoscopy in a cirrhotic 
with ascites. Am J Gastroenterol 
1989;84(4):453.

101 Christ A, Bauerfeind P, Gyr N. 
Peritonitis after colonoscopy in a patient 
with ascites. Endoscopy 1993;25(8):553.

102 Marschall H‐U, Bartels F. Life‐
threatening complications of 
nasogastric administration of 
polyethylene glycol‐electrolyte solutions 
(Golytely) for bowel cleansing. 
Gastrointest Endosc 1998;47(5):408–10.

103 Runyon BA. Spontaneous bacterial 
peritonitis: an explosion of information. 
Hepatology 1988;8(1):171–5.

104 Llach J, Elizalde JI, Bordas JM, et al. 
Prospective assessment of the risk of 
bacteremia in cirrhotic patients 
undergoing lower intestinal endoscopy. 
Gastrointest Endosc 1999;49(2):214–7.

105 Fausa O, Schrumpf E, Elgjo K. 
Relationship of inflammatory bowel 
disease and primary sclerosing 
cholangitis. Semin Liver Dis 
1991;11(1):31–9.

106 Broome U, Bergquist A. Primary 
sclerosing cholangitis, inflammatory 
bowel disease, and colon cancer. Semin 
Liver Dis 2006;26(1):31–41.

107 Rasmussen HH, Fallingborg JF, 
Mortensen PB, Vyberg M, Tage‐Jensen U, 
Rasmussen SN. Hepatobiliary dysfunction 
and primary sclerosing cholangitis in 
patients with Crohn’s disease. Scand J 
Gastroenterol 1997;32(6):604–10.



Colonoscopic Screening and Surveillance in the Patient with Liver Disease (Including Post‐Transplant)192

108 Broome U, Glaumann H, Hultcrantz R. 
Liver histology and follow up of 68 
patients with ulcerative colitis and 
normal liver function tests. Gut 
1990;31(4):468–72.

109 Knechtle SJ, D’Alessandro AM, Harms 
BA, Pirsch JD, Belzer FO, Kalayoglu M. 
Relationships between sclerosing 
cholangitis, inflammatory bowel 
disease, and cancer in patients 
undergoing liver transplantation. 
Surgery 1995;118(4):615–9; 
discussion 9–20.

110 Brentnall TA, Haggitt RC, Rabinovitch 
PS, et al. Risk and natural history of 
colonic neoplasia in patients with 
primary sclerosing cholangitis and 
ulcerative colitis. Gastroenterology 
1996;110(2):331–8.

111 van de Vrie W, de Man RA, van 
Buuren HR, Schouten WR, Tilanus 
HW, Metselaar HJ. Inflammatory 
bowel disease and liver transplantation 
for primary sclerosing cholangitis. Eur 
J Gastroenterol Hepatol 
2003;15(6):657–63.

112 Bleday R, Lee E, Jessurun J, Heine J, 
Wong WD. Increased risk of early 
colorectal neoplasms after hepatic 
transplant in patients with 
inflammatory bowel disease. Dis Colon 
Rectum 1993;36(10):908–12.

113 Soetikno RM, Lin OS, Heidenreich 
PA, Young HS, Blackstone MO. 
Increased risk of colorectal neoplasia 
in patients with primary sclerosing 
cholangitis and ulcerative colitis: a 
meta‐analysis. Gastrointest Endosc 
2002;56(1):48–54.

114 Razumilava N, Gores GJ, Lindor KD. 
Cancer surveillance in patients with 
primary sclerosing cholangitis. 
Hepatology 2011;54(5):1842–52.

115 Braden B, Halliday J, Aryasingha S, 
et al. Risk for colorectal neoplasia in 
patients with colonic Crohn’s disease 
and concomitant primary sclerosing 
cholangitis. Clin Gastroenterol 
Hepatol 2012;10(3):303–8.

116 Thackeray EW, Charatcharoenwitthaya 
P, Elfaki D, Sinakos E, Lindor KD. 
Colon neoplasms develop early in the 
course of inflammatory bowel disease 
and primary sclerosing cholangitis. 
Clin Gastroenterol Hepatol 
2011;9(1):52–6.

117 Chapman R, Fevery J, Kalloo A, et al. 
Diagnosis and management of primary 
sclerosing cholangitis. Hepatology 
2010;51(2):660–78.

118 Fevery J, Henckaerts L, Van Oirbeek R, 
et al. Malignancies and mortality in 
200 patients with primary sclerosering 
cholangitis: a long‐term single‐centre 
study. Liver Int 2012;32(2):214–22.

119 Kitiyakara T, Chapman RW. 
Chemoprevention and screening in 
primary sclerosing cholangitis. 
Postgrad Med J 2008;84(991):228–37.

120 Kaplan GG, Heitman SJ, Hilsden RJ, 
et al. Population‐based analysis of 
practices and costs of surveillance for 
colonic dysplasia in patients with 
primary sclerosing cholangitis and 
colitis. Inflamm Bowel Dis 
2007;13(11):1401–7.

121 Farraye FA, Odze RD, Eaden J, 
Itzkowitz SH. AGA technical review on 
the diagnosis and management of 
colorectal neoplasia in inflammatory 
bowel disease. Gastroenterology 
2010;138(2):746–74; e1–4; quiz e12–3.

122 Shetty K, Rybicki L, Brzezinski A, 
Carey WD, Lashner BA. The risk for 
cancer or dysplasia in ulcerative colitis 
patients with primary sclerosing 
cholangitis. Am J Gastroenterol 
1999;94(6):1643–9.

123 Marchesa P, Lashner BA, Lavery IC, 
et al. The risk of cancer and dysplasia 
among ulcerative colitis patients with 
primary sclerosing cholangitis. Am J 
Gastroenterol 1997;92(8):1285–8.

124 Ochsenkuhn T, Bayerdorffer E, 
Meining A, et al. Colonic mucosal 
proliferation is related to serum 
deoxycholic acid levels. Cancer 
1999;85(8):1664–9.



References 193

125 Alabraba E, Nightingale P, Gunson B, 
et al. A re‐evaluation of the risk factors 
for the recurrence of primary sclerosing 
cholangitis in liver allografts. Liver 
Transpl 2009;15(3):330–40.

126 Campsen J, Zimmerman MA, Trotter 
JF, et al. Clinically recurrent primary 
sclerosing cholangitis following liver 
transplantation: a time course. Liver 
Transpl 2008;14(2):181–5.

127 Verdonk RC, Dijkstra G, Haagsma EB, 
et al. Inflammatory bowel disease after 
liver transplantation: risk factors for 
recurrence and de novo disease. Am J 
Transplant 2006;6(6):1422–9.

128 Loftus EV, Jr, Aguilar HI, Sandborn WJ, 
et al. Risk of colorectal neoplasia in 
patients with primary sclerosing 
cholangitis and ulcerative colitis following 
orthotopic liver transplantation. 
Hepatology 1998;27(3):685–90.

129 Vera A, Gunson BK, Ussatoff V, et al. 
Colorectal cancer in patients with 
inflammatory bowel disease after liver 
transplantation for primary sclerosing 
cholangitis. Transplantation 
2003;75(12):1983–8.

130 Nicolaas JS, De Jonge V, Steyerberg E, 
Kuipers E, Van Leerdam M, 
Veldhuyzen‐van Zanten S. Risk of 
colorectal carcinoma in post‐liver 
transplant patients: a systematic review 
and meta‐analysis. Am J Transplant 
2010;10(4):868–76.

131 Atassi T, Thuluvath PJ. Risk of 
colorectal adenoma in liver transplant 
recipients compared to 
immunocompetent control population 
undergoing routine screening 
colonoscopy. J Clin Gastroenterol 
2003;37(1):72–3.

132 Collett D, Mumford L, Banner N, 
Neuberger J, Watson C. Comparison of 
the incidence of malignancy in 
recipients of different types of organ: a 
UK registry audit. Am J Transplant 
2010;10(8):1889–96.

133 Engels EA, Pfeiffer RM, Fraumeni Jr JF, 
et al. Spectrum of cancer risk among US 

solid organ transplant recipients. J Am 
Med Assoc 2011;306(17):1891–901.

134 Zaman A, Hapke R, Flora K, Rosen H, 
Benner K. Prevalence of upper and 
lower gastrointestinal tract findings in 
liver transplant candidates undergoing 
screening endoscopic evaluation. Am J 
Gastroenterol 1999;94(4):895–9.

135 Gravante G, Delogu D, Venditti D. 
Upper and lower gastrointestinal 
diseases in liver transplant candidates. 
Int J Colorectal Dis 2008;23(2):201–6.

136 Selingo J, Herrine S, Weinberg D, 
Rubin R, eds. Role of Screening 
Colonoscopy in Elective Liver 
Transplantation Evaluation. 
Transplantation Proceedings. 
Amsterdam: Elsevier, 1997.

137 Donovan JP. Endoscopic management 
of the liver transplant patient. Clin 
Liver Dis 2000;4(3):607–18.

138 Birkeland SA, Storm HH, Lamm LU, 
et al. Cancer risk after renal 
transplantation in the Nordic 
countries, 1964–1986. Int J Cancer 
1995;60(2):183–9.

139 Higashi H, Yanaga K, Marsh JW, Tzakis 
A, Kakizoe S, Starzi TE. Development 
of colon cancer after liver 
transplantation for primary sclerosing 
cholangitis associated with ulcerative 
colitis. Hepatology 1990;11(3):477–80.

140 Trotter JF. Cancer surveillance 
following orthotopic liver 
transplantation. Gastrointest Endosc 
Clin North Am 2001;11(1):199–214.

141 Selgrad M, Koornstra JJ, Fini L, et al. 
JC virus infection in colorectal 
neoplasia that develops after liver 
transplantation. Clin Cancer Res 
2008;14(20):6717–21.

142 Snover D, Ahnen DJ, Burt RW, 
Odze RD. Serrated polyps of the 
colon and rectum and serrated 
polyposis. In: Bosman FT, Carneiro F, 
Hruban RH, Theise ND, eds. WHO 
Classification of Tumours of the 
Digestive System, 4th edn. Lyon: 
IARC, 2010: 160–5.



195

Endoscopy in Liver Disease, First Edition. Edited by John N. Plevris, Peter C. Hayes, Patrick S. Kamath, and Louis M. Wong Kee Song.
© 2018 John Wiley & Sons Ltd. Published 2018 by John Wiley & Sons Ltd.
Companion website: www.wiley.com/go/plevris/endoscopyinliverdisease

Introduction

There are a myriad of conditions affecting 
the biliary tract in patients with chronic 
liver disease, such as primary sclerosing 
cholangitis (PSC) and secondary scleros
ing cholangitis (SSC). However, patients 
with cirrhosis are also prone to suffer 
from common conditions such as chole
docholithiasis, bile duct injuries, and pri
mary or secondary hepatobiliary tumors 
(Table 12.1; Figures 12.1, 12.2, and 12.3) 
[1–10]. Hepatocellular carcinoma 
(HCC) may result in biliary strictures 
due to compression, tumor invasion, or 
hemobilia (Figure  12.4). Hemobilia is 
also a complication associated with local 
radiological or surgical therapy for HCC. 
Other non‐biliary tract conditions, such 
as portal hypertension with or without 
chronic liver disease, may result in portal 
biliopathy, a condition that can present as 
obstructive jaundice due to external bil
iary compression from hemobilia or by 
the enlarged collateral veins. Nevertheless, 
the most common biliary problem seen 

in  patients with chronic liver disease is 
choledocholithiasis. Although in patients 
with intact liver function the decision to 
perform an invasive procedure such as 
endoscopic retrograde cholangiopan
creatography (ERCP) is usually straight
forward, this is a difficult decision in 
patients with liver dysfunction and coag
ulopathy. In this chapter we will present 
a practical approach to ERCP and cholan
gioscopy in patients with chronic liver 
disease, and highlight key aspects of 
patient preparation, intra‐procedural 
steps, and post‐procedure care.

General Aspects 
of Endoscopic Retrograde 
Cholangiopancreatography 
and Cholangioscopy

Patient Preparation

The pre‐endoscopic preparation of patients 
with chronic liver disease undergoing 
ERCP and/or cholangioscopy should be 
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structured and detailed as these proce
dures are associated with specific risks 
(Table 12.2). For example, sphincterotomy 
in patients with cirrhosis and cholestatic 
disorders is associated with a higher risk 
of bleeding [11]. Thus, a multidisciplinary 
team approach involving the endoscopist, 
anesthesiologist or internist, radiologist, 
and surgeon is mandatory in the majority 
of patients with chronic liver disease sub
mitted for ERCP and/or cholangioscopy. 
In the authors’ endoscopy unit we have 
designed and followed a specific pre
operative preparation checklist for every 
endoscopy that is summarized with the 
mnemonic ASSCOPE (Box 12.1). By hav
ing such a checklist the team can be reas
sured that no surprises arise on the day or 
moment of endoscopy.

Physical Examination
Patients with chronic liver disease are 
generally frail, have multiple comorbidi
ties, and the pancreatobiliary interven
tions are usually complex and associated 
with multiple dilations and stenting. The 
focus of the physical exam should be on: 
(i) the oropharynx and airway (Mallampati 
score); (ii) the skin (evaluate for ecchy
mosis, suggesting vitamin K deficiency) or 
signs of chronic liver disease (e.g., palmar 
erythema, spider angioma, Dupuytren 
contractures) suggesting liver dysfunc
tion; and (iii) the abdomen (evaluating 
for ascites, which would impair proper 
patient positioning on the endoscopy 
table). In most institutions, ERCP is gen
erally performed in the prone position, 
which is more challenging in the presence 

Table 12.1 Biliary tract disorders in chronic liver disease.

Benign Malignant

Gallstones
Primary sclerosing cholangitis (PSC)
Secondary sclerosing cholangitis
Bile duct injuries
Postoperative strictures:

Post‐cholecystectomy
Post‐OLT

IgG4 cholangiopathy
AIDS related cholangiopathy
Parasite infestation:

Ascaris lumbricoides
Liver flukes (e.g., Fasciola hepatica)

Tuberculosis
Sarcoidosis
Congenital:

Congenital liver fibrosis
Caroli syndrome and disease
Cystic fibrosis

Congenital bile duct cysts
Tumors:

Adenomas
Benign intraductal papillary mucinous neoplasms
Biliary papillomatosis

Hepatocellular carcinoma (HCC)
Cholangiocarcinoma (CCA)
Metastatic disease:

Stomach
Pancreas
Small bowel
Colon
Rectum
Lung
Breast
Uterus
Kidney
Multiple myeloma

Lymphoma:
Infiltrating liver
Portal lymph nodes

Histiocytosis X
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of ascites [12]. In the presence of signifi
cant ascites we recommend that a pre‐
endoscopic paracentesis be done, even if 
the procedure will be performed in the 
supine or left lateral decubitus position. 
When the patient is lying on the operating 
table, the ascites compresses the diaphragm 

and the tidal volumes are decreased, lead
ing to decreased respiratory capacity.

Laboratory Tests
ERCP should be regarded as one of the 
most invasive endoscopic procedures 
alongside other high risk interventions 

(a) (b)

(c) (d)

Figure 12.1 Complex stone disease in a patient with sclerosing cholangitis and liver cirrhosis. (a) The 
proximal bile duct is massively dilated and contains at least one giant stone. (b) Detailed 
cholangiography showing multiple large stones. (c) The common bile duct is also strictured distally, 
complicating management of the proximal stones. (d) Direct cholangioscopy allows for direct 
visualization and targeted destruction of bile duct stones.



(a) (b)

(c) (d)

Figure 12.3 Hepatobiliary tumors. (a) Liver cell cancer causing hilar obstruction. (b) The use of multiple 
wires is essential to keep access to the obstructed bile ducts. (c) Double metal stenting in a 
hepatobiliary tumor causing obstruction. (d) Multiple (i.e., four) stenting in a patient with complex 
hepatocellular cancer causing multiple bile duct strictures.

(a) (b)

Figure 12.2 Postoperative bile duct leak of Luschka in a patient with Child–Pugh class A cirrhosis. 
(a) Clinically, a leak was evident because of abdominal pain and bile exiting the percutaneous drain. 
However, the initial cholangiography did not demonstrate this leak. (b) It is imperative to perform an 
occlusion cholangiogram (i.e., by inflating the balloon catheter while injecting contrast into the bile 
ducts) to demonstrate small or complex leaks, such as this bile leak.
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such as sphincterotomy and balloon 
 dilation. Therefore, a precise knowledge of 
the coagulation status and platelet count is 
essential (Table  12.2). The ideal platelet 
count to permit an ampullary incision 
(i.e., sphincterotomy) is not known. How
ever, the risk of bleeding is highest when 
the platelet count is lower than 50,000/μL. 
In addition, the minimum accepted platelet 
count for the adequate formation of a coag

ulum is 44,000/μL [13]. A preoperative 
laboratory check is mandatory as many 
patients have coagulopathy due to vitamin 
K malabsorption or impaired liver synthe
sis of  coagulation factors [1]. Oral or intra
venous replacement of vitamin K is useful 
in patients with bile duct obstruction. In 
patients with underlying parenchymal 
destruction due to cirrhosis, vitamin K may 
not lead to any improvement in the 

(a)

(b) (c)

Figure 12.4 Large hepatocellular carcinoma in a patient with cirrhosis due to hepatitis C. (a) A large 
mass compressing the bile ducts. (b) Multiple compressions appear similar to sclerosing cholangitis. 
(c) An attempt at decompressing the bile ducts using long plastic stents.
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prothrombin time or international normal
ized ratio (INR). We prefer to guide the 
endoscopic intervention based on INR val
ues instead of prothrombin time (PT). 
Although there are no large studies evalu
ating a “safe” INR to perform ERCP in these 
patients, we do not advocate performing 
sphincterotomy in patients with an INR 
>2.0 (other more conservative experts limit 
sphincterotomy to INR <1.5). The use of 

platelets and fresh frozen plasma (FFP) has 
never been proven to correct coagulopathy, 
but can be helpful during an acute episode 
of bleeding [11]. However, personal experi
ence has led us to use judicious administra
tion of these blood products in the 
perioperative period in an attempt to 
decrease the risk of bleeding in patients with 
a high INR (i.e., INR >3.0). Nevertheless, 
the decision to intervene should be on a case 

Table 12.2 General considerations for endoscopic retrograde cholangiopancreatography (ERCP) 
in patients with chronic liver disease.

Conditions Clinical and laboratory workup Measures to be taken

Coagulopathy:
Bile duct obstruction
Impaired liver synthesis

INR >1.5
Total/direct bilirubin, alkaline 
phosphatase >3×; albumin 
<28 g/L; PT <50% (>6 seconds), 
INR >1.5

If sphincterotomy is anticipated 
give IV vitamin K
Bring INR <1.5; Give fresh 
frozen plasma (FFP) and 
recombinant factor VIIa

Thrombocytopenia <40,000/μL Consider platelet transfusion, 
especially if sphincterotomy is 
planned or performed

Ascites Tense, distended, and tender 
abdomen

Give IV antibiotics
Pre‐ERCP paracentesis
Left lateral or supine position

Sedation If encephalopathic, coagulopathic, 
or with kidney failure

Have an anesthesist provide 
sedation or general anesthesia

INR, international normalized ratio; IV, intravenous; PT, prothrombin time.

Box 12.1 The Mönkemüller and Weber ASSCOPE pre‐endoscopic mental checklist

A Anticoagulation and antibiotic 
management

S See the patient (bedside exam; make 
sure the patient is not unstable, with 
no tense ascites, an adequate air-
way,  adequate vital signs, no rash, 
no   contagious disorders, and stable 
enough to be transported to the 
endoscopy suite)

S Sedation (moderate versus general 
anesthesia)

C Consent (obtain permit/consent from 
patient and or responsible party/family 
member)

O Order any necessary pre‐procedural 
tests: blood counts, electrolytes, coagu-
lation studies, and pregnancy test, as 
appropriate

P Preparation: is there an indication for 
special/additional prep, such as moder-
ate or severe constipation or prior poor 
prep? Nothing by mouth except meds 
after midnight for all procedures

E Equipment: what specialized equipment 
is needed, such as carbon dioxide for 
cholangioscopy, ultraslim gastroscope, 
or special stents and wires? Always carry 
a fully covered metal stent if performing 
sphincterotomy in cirrhotic patient
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by case basis and dictated by the severity of 
the patient’s clinical status, comorbidities, 
and the need for urgent decompression. 
ERCP has been performed in extremely 
sick patients with chronic liver disease and 
coagulopathy presenting with cholangitis 
without biliary sphincterotomy but with 
stent insertion and biliary decompression, 
which has resulted in marked improve
ment of the patient’s condition and no 
bleeding complications.

Sedation and Patient Position

In most US‐based institutions, ERCP is 
performed with patients under general 
anesthesia or monitored anesthesia care 
under the direct supervision of an anes
thetist, whereas in Germany conscious 
sedation with propofol administered by a 
trained medical personnel and physician 
is widely accepted as standard of care. The 
majority of ERCP procedures are per
formed under general anesthesia with 
patients in the prone position; this allows 
easier passage of the duodenoscope 
through the pharynx and lowers the risk 
of aspiration. A left lateral or prone posi
tion has an advantage as it enables effec
tive control of secretions by allowing 
drainage from the oropharynx with grav
ity rather than requiring frequent suction. 
However, the prone position is not always 
optimal, especially in patients with tense 
ascites, abdominal distention or tender
ness, indwelling percutaneous catheters 
or recent abdominal surgery. In addition, 
patients with limited neck mobility may 
not be able to accommodate the endo
tracheal tube. While there has been no 
formal evaluation of the use of ERCP in 
the left lateral position, a left lateral or 
supine position can be used depending on 
the clinical circumstances [12]. However, 
there are conflicting data on the clinical 
safety of the supine position. While it has 
been considered safe and preferable, some 
studies have reported more cardiopulmo
nary adverse events in patients placed in 
the supine position [14]. The supine posi

tion is technically feasible but more 
demanding and can be less comfortable 
for the endoscopist as he or she has to 
turn his or her back away from the operat
ing table (and  patient) to successfully 
achieve  cannulation. This 90 degree 
body rotation  sometimes impairs the 
endoscopist’s view of the endoscopy mon
itor and may require the use of a second 
monitor, which may not be available in 
every endoscopy unit.

General Endoscopic Retrograde 
Cholangiopancreatography 
Techniques in Patients 
with Chronic Liver Disease

Cannulation of the Biliary Tract

Before ERCP is started, careful attention 
should be given to removing any external 
wires, artifacts, metal, or objects that may 
confuse or obscure the operating field 
(Figure 12.5). The presence of these objects 
may lead to confusion and misrepresenta
tion of subtle findings of strictures, leaks, 
and other bile duct defects. The majority of 
ERCPs in patients with chronic liver dis
ease have a therapeutic intent. Thus we 
always use a sphincterotome and guide
wire to cannulate the bile ducts in these 
patients. Furthermore, some studies show 
that ERCP wire guided cannulation is asso
ciated with fewer complications than tradi
tional biliary catheter cannulation [15].

Table  12.3 lists the equipment and 
accessory considerations for ERCP in 
patients with chronic liver disease. The 
amount of contrast injected will depend 
on the clinical indication and the underly
ing biliary disease. After deep cannulation 
of the biliary tract, enough contrast should 
be injected to identify the stricture or leak 
and to define the management strategy. In 
patients with suspected bile duct stones, 
we recommend the use of diluted contrast 
to avoid obscuring the stones if the 
contrast is too dense. In addition, gentle 
injection of contrast is mandatory, first 
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filling the distal bile duct and gradually 
injecting towards the bifurcation and 
intrahepatic ducts. In patients with PSC 
and those with strictures of the proximal 
parts of the bile ducts, extreme care 
should be taken regarding the amount and 
force of contrast injection as this may lead 

to bacteremia and sepsis. It is important 
to avoid overinjection of contrast to pre
vent acute cholangitis in cases where local 
drainage is not adequate. On the other 
hand, forceful injection, including the use 
of an inflated balloon (“occlusion cholan
giogram”), is mandatory when a bile leak 

(a) (b)

Figure 12.5 Preparation of the operating field. (a) Before embarking on ERCP careful attention should 
be given to remove any items with radiopaque material that may obscure or interfere with the 
operating field (red arrows show electrocardiogram strips). (b) The presence of these objects may lead 
to confusion and misrepresentation of findings of strictures, leaks, and other bile duct defects 
(red arrows indicate a bra).

Table 12.3 Equipment and accessory considerations for endoscopic retrograde 
cholangiopancreatography in patients with chronic liver disease.

Equipment Considerations

Cannulation Standard
Wire Hydrophilic, soft tip, operator preferred shape (straight versus angled shape)
Contrast Diluted; given gently from distal to proximal bile duct
Sphincterotomy If necessary. Consider the use of pulse cut (Endocut) instead of blend current

Consider EPBD in Child–Pugh class C patients
Stent placement Consider <10 Fr stent placement without prior endoscopy unless proximal lesion

For multiple stenting, endoscopic sphincterotomy is necessary
Stent type Plastic: consider silicon pigtail shape to avoid trauma of the contralateral 

duodenal wall
Consider insertion of uncovered SEMS in patients with prolonged life expectancy
fcSEMS is an alternative option for benign conditions (strictures affecting bile 
duct bifurcation require bilateral drainage)

EPBD, endoscopic papillary balloon dilation; fcSEMS, fully covered self‐expanding metal stent;  
SEMS, self‐expanding metal stent.
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is suspected and not found on initial chol
angiography (Figure 12.2).

Endoscopic Sphincterotomy 
and Endoscopic Papillary 
Balloon Dilation

Patients with cirrhosis have a signifi
cantly higher risk of post‐sphincterotomy 
bleeding than non‐cirrhotic patients. 
Advanced Child–Pugh stage, higher 
model for end‐stage liver disease (MELD) 
score, and coagulopathy are well known 
risk factors for post‐sphincterotomy 
bleeding. There are some precautions and 
alternative methods that have been shown 
to decrease this risk. Endoscopic papillary 
balloon dilation (EPBD) may be a safer 
option than endoscopic biliary sphincter
otomy for the treatment of bile duct 
conditions in patients with advanced cir
rhosis and coagulopathy because it is 
associated with a reduced risk of bleeding 
(Table 12.4) [16]. While there is no differ
ence in the incidence of bleeding in 
patients with Child–Pugh class B cirrho
sis between biliary sphincterotomy and 
EPBD, patients with Child–Pugh class C 
cirrhosis are at a substantially higher risk 
of bleeding if undergoing biliary sphinc
terotomy as compared with EPBD (35.7% 
and 0%, respectively) [16]. Interestingly, 
EPBD of the intact papilla is still rarely 
used in most western countries, whereas 
this technique is more widespread in 
eastern countries [17,18]. Parlak and 
 colleagues reported less bleeding in 
 cirrhotic patients undergoing sphincter
otomy with an electrosurgical generator 
applying alternating current in pulse cut 
mode as opposed to patients who under
went sphincterotomy via a blended cur
rent [19]. In cases of post‐sphincterotomy 
bleeding, injection of saline/adrenaline or 
fibrin glue, clipping, or the insertion of 
plastic or covered self‐expanding stents 
may lead to hemostasis. When perform
ing ERCP with sphincterotomy in 
patients with chronic liver disease, we 

always have a fully covered self‐expanding 
metal stent available as these types of 
stents have a larger diameter and when 
inserted into the bile duct across the 
bleeding sphincterotomy site their expan
sion forces generally lead to hemostasis 
(Figure 12.6).

Biliary Stents

The preferred stents for use in the major
ity of biliary tract diseases in patients 
with chronic liver disease are plastic 
(polyethylene or Teflon) (Figure  12.7) 
[20,21]. Whereas large diameter (i.e., 10 
or 11.5 Fr) stents are nearly always pre
ferred due to their longer patency rates, 
occasionally only smaller diameter (7 Fr) 
stents can be inserted, especially in 
patients with primary or secondary 
 sclerosing cholangitis and those with 
cholangiocarcinoma with very tight and 
complex strictures. Occasionally, multi
ple 5 Fr pancreatic plastic stents are 
needed when treating multiple, complex 
strictures in PSC or SSC (Figure 12.8). In 
situations with complex strictures or 
tortuous bile ducts we favor the use of 
double pigtail stents, as these appear to 
adapt better to the shape of the bile duct 
strictures (Figure  12.9). In addition, the 
exposed endoluminal part of the stent 
is  curved (due to the pigtail shape), 
potentially leading to less mucosal con
tact and damage inside the duodenum 
(Figures  12.3 and 12.4). In the event of 
endoscopic inaccessibility of complex 
hilar strictures, percutaneous transhepatic 
cholangiopancreatography is mandatory 
(Figure 12.10).

Self‐Expandable Metal Stents

The major disadvantage of plastic stents is 
their high rate of occlusion (about 75% 
within 90 days of placement) [20,21]. Thus, 
if the patient is expected to survive for more 
than 3 months, but less than 6–9 months, 
the use of self‐expanding metal stents 



  Table 12.4    Therapeutic options in various hepatobiliary disorders associated with chronic liver disease. 

Disease Condition Therapeutic options    

Primary sclerosing 
cholangitis

Dominant stricture (<1.5 mm)  Biopsy or brush cytology ± FISH or digital imaging to exclude cholangiocarcinoma 
 Consider cholangioscopy if possible 
 Balloon dilation with/without stent placement   

Bile duct injury Type A Stent insertion with or without EST  
Type B  EST and stent placement to bypass leak 

 Consider PTCD (± rendezvous procedure) if ERCP fails (25%)   
Type C  Consider Bismuth classification prior to ERCP 

 Balloon dilation 
 Plastic stent (multiple) insertion   

Type D Consider EUS/ERCP rendezvous procedure if expertise are available  
Biliary stones No coagulopathy (Child–Pugh A and B) Same as low risk patients  

Coagulopathy Consider EPBD instead of EST  
Hepatocellular carcinoma Type 4 EST with or without stent insertion  

Type 3  Brush cytology or digital imaging for diagnosis 
 Consider cholangioscopy if possible 
 Balloon dilation with/without stent placement 
 Consider SEMS for type 3b   

Type 2 Stenting is controversial  
Type 1 No role for stenting  
Hemobilia  Plastic stent insertion 

 Consider fcSEMS   
Cholangiocarcinoma In CBD tumors with life expectancy >6 months Plastic (preferably), uncovered SEMS if life expectancy between 3 and 9 months  

In CBD tumors with life expectancy <6 months Plastic stent insertion  
Hilar lesions  Unilateral uncovered SEMS usually sufficient 

 Bilateral plastic or uncovered SEMS if possible or required   
Unresectable CBD (± hilar) tumors Photodynamic therapy  
Stent occlusion  If plastic, consider scheduled stent exchange after 2–4 months 

 If SEMS consider plastic stent insertion or ablation (APC, RFA) 

      APC, argon plasma coagulation; CBD, common bile duct; EPBD, endoscopic papillary balloon dilation; ERCP, endoscopic retrograde cholangiopancreatography; EST, sphincterotomy; 
EUS, endoscopic ultrasound; fcSEMS, fully covered self‐expanding metal stent; FISH, fluorescence in situ hybridization; PTCD, percutaneous transhepatic cholangiogram and drainage; 
RFA, radiofrequency ablation; SEMS, self‐expanding metal stent.  
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(SEMSs) is advocated (Figure  12.11) 
[20,21]. Most SEMSs for malignant biliary 
strictures are made of nitinol, a supere
lastic nickel‐titanium alloy with thermal 
shape memory (a property of reassuming 
a predetermined shape through heating) 
(Figure 12.7). As these stents are placed 
through the working channel of the 
endoscope, fluoroscopy is always needed. 
Ideally, SEMSs should be clearly visual
ized during fluoroscopic placement. The 
radio‐opacity of some metal stents is 

enhanced by incorporating other metals 
into the body or the ends of the stent 
(Figure  12.7). Fully covered SEMSs offer 
the potential advantage of preventing tis
sue ingrowth and are particularly useful in 
the setting of post‐sphincterotomy bleed
ing (Figure  12.6). Whereas the use of 
SEMSs is clearly indicated for distal and 
hilar strictures, the use of double metal 
stenting into each intrahepatic bile duct is 
less well studied (Figure  12.11). Fully 
 covered SEMSs are not indicated for 

(a)

(b) (c)

Figure 12.6 Plastic versus metal stents in chronic liver disease. (a) Dilated bile duct with ampullary 
swelling impeding adequate drainage. (b) Prophylactic insertion of a plastic stent. (c) Post‐sphincterotomy 
bleeding in liver cirrhosis.
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      APC, argon plasma coagulation; CBD, common bile duct; EPBD, endoscopic papillary balloon dilation; ERCP, endoscopic retrograde cholangiopancreatography; EST, sphincterotomy; 
EUS, endoscopic ultrasound; fcSEMS, fully covered self‐expanding metal stent; FISH, fluorescence in situ hybridization; PTCD, percutaneous transhepatic cholangiogram and drainage; 
RFA, radiofrequency ablation; SEMS, self‐expanding metal stent.  
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proximal biliary obstruction because 
they may occlude the contralateral biliary 
system or biliary side branches [21]. In 
addition, fully covered SEMSs should be 
avoided in the presence of patent cystic 
duct as the large diameter stent may 
occlude it, resulting in cholecystitis.

Plastic Versus Self‐Expandable 
Metal Stents

Plastic stents are the most common used 
types of stents. These are indicated for 
most types of benign strictures and leaks. 
Plastic stents have the important advan
tage of lower initial costs and they can be 
changed several times. However, plastic 
stents have shorter patency rates and are 
associated with obstruction rates of 
30–70% within a period of 3–6 months, 

with replacement being recommended 
every 3 months to prevent complications 
related to obstruction. The obstruction 
occurs due to the biofilm formed by bacte
rial  colonization and duodenal reflux [21]. 
SEMSs are mainly indicated for the treat
ment of malignancy, especially when the 
life expectancy of the patient is expected 
to be more than 3 months but less than 
9–12 months. Uncovered SEMSs have the 
advantage of being larger in diameter and 
consequently prolonged patency, with 
fewer interventions being needed because 
of obstruction. However, these stents are 
very difficult to remove. Some studies have 
compared plastic and metallic stents with 
regard to cost, complications rate, and 
 survival. In one recent meta‐analysis [20] 
involving seven randomized controlled 
trials, 724 participants were  randomized 

(a) (b)

(c)

Figure 12.7 Types of stents. (a) The preferred stents for the majority of biliary tract diseases in patients 
with chronic liver disease are plastic (polyethylene or Teflon). (b, c) Metal stents are reserved for 
malignant strictures, post‐sphincterotomy bleeding, and occasionally for benign bile duct strictures. 
The radio‐opacity of some metal stents is enhanced by incorporating other metals into the body or to 
the ends of the stent.
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to either SEMSs or plastic stents. No sig
nificant difference between the two stent 
types in terms of technical success, thera
peutic success, 30‐day mortality, or com
plications was observed. The plastic stent 
patency rates ranged from 62 to 165 days, 
and metal stent patency rates from 111 to 

273 days. Metal stents were associated 
with a significantly smaller relative risk of 
stent occlusion after 4 months than the 
plastic stents. The overall risk of recur
rent biliary obstruction was also signifi
cantly lower in patients treated with metal 
stents [20].

(a) (b)

(c) (d)

Figure 12.8 Complex ischemic, secondary sclerosing cholangitits with liver cirrhosis. (a) This 
patient developed ischemic cholangiopathy after an episode of hemorrhagic shock due to a 
ruptured pseudoaneurysm of the hepatic artery. (b) Insertion of multiple wires is mandatory to 
secure access to all patent bile ducts. (c) The strictures are dilated with a biliary balloon catheter. 
(d) Occasionally, the use of multiple 5 Fr pancreatic plastic stents is needed when treating multiple, 
complex strictures.
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Diseases Associated 
with Biliary Obstruction or 
Damage in Chronic Liver 
Disease

Biliary Stones

Patients with chronic liver diseases have a 
higher incidence of hepatobiliary lithiasis 
than healthy individuals and not uncom
monly require cholecystectomy and biliary 
manipulation for the treatment of gall
bladder stone diseases (Figure  12.1) 
[22,23]. Chronic liver diseases associated 

with lithogenesis are primary and secon
dary sclerosing cholangitis, oriental 
cholangiohepatitis, and Caroli disease 
and syndrome (Figures 12.12 and 12.13) 
[22,23]. Further more, liver cirrhosis of 
any etiology is associated with a higher 
incidence of bile duct stones [22]. Conte 
et  al. [23] found that cirrhosis is a risk 
factor for gallstones in males and sug
gested that an increase in estrogen level 
could play a role. In patients with cirrho
sis, most gallstones are black pigment 
stones and they are formed by supersatu
ration of calcium bilirubinate in bile [24]. 

(a) (b)

(c) (d)

Figure 12.9 Bile leak after partial right‐sided hepatectomy. (a) Computed tomography (CT) scan 
showing the biloma. (b) CT, sagittal view. (c) A small bile leak became apparent during cholangiography. 
(d) A double pigtail stent was inserted.



(a)

(b) (c)

Figure 12.10 Large hepatocellular carcinoma leading to obstruction of the intrahepatic bile ducts. 
(a) Magnetic resonance (MR) image showing the carcinoma. (b) MR cholangiography showing complex 
strictures. (c) In the event of endoscopic inaccessibility of complex hilar strictures, percutaneous 
transhepatic cholangiopancreatography is mandatory.

(a) (b)

Figure 12.11 Metal stents for bile duct obstruction. (a) Whereas the use of self‐expanding metal stents 
is clearly indicated for distal and hilar strictures, the use of double metal stenting into each intrahepatic 
bile duct is less well studied. (b) Endoscopic view of a metal stent exiting the papilla of Vater.
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The prevalence of cholelithiasis has been 
reported to vary according to the severity 
of cirrhosis, with the highest prevalence 
in advanced cirrhosis [22,25]. Stones 
in patients with PSC, SSC, and oriental 
cholangiohepatitis tend to be of hard 
consistency, making them more difficult 
to crush and retrieve. Patients with PSC, 
SSC, Caroli disease, and oriental cholan
gioghepatitis also develop intrahepatic 
stones (Figure 12.13).

Endoscopic management of choledo
cholithiasis in this population is more dif
ficult because of underlying coagulopathy 
and an increased risk of post‐sphincterot
omy bleeding. In a retrospective study 
evaluating the efficacy and safety of ERCP 
in liver cirrhosis patients with common 
bile duct stones, the rates of bile duct 
clearance and complications were com
pared between cirrhotic and non‐cirrhotic 
patients [26]. Although the success rate of 

(a) (b)

(c) (d)

Figure 12.12 Spectrum of primary sclerosing cholangitis (PSC). (a) Classic intrahepatic PSC. (b) Intra‐ 
and extrahepatic PSC. (c) Cholangiocarcinoma. (d) Selective cannulation of the left hepatic bile duct in 
PSC using a balloon catheter and biliary wire.



Diseases Associated with Biliary Obstruction or Damage in Chronic Liver Disease 211

selective biliary cannulation was 95.6% in 
patients with liver cirrhosis versus 97% in 
non‐cirrhotic patients, the bile duct clear
ance rate was lower (87%) in cirrhotic 
patients versus 96% in non‐cirrhotic 
patients. The post‐sphincterotomy 
bleeding rate associated with ERCP in 
Child–Pugh class C patients (25%, 2/8) 
was significantly higher than that in 
non‐cirrhotic patients (3%; p <0.01%). 
There was no significant difference 
between these two groups in the rate of 
post‐ERCP pancreatitis and cholangitis, 

suggesting that ERCP is safe and effective 
for Child–Pugh class A and B cirrhotic 
patients with common bile duct stones 
but that the hemorrhage risk of ERCP is 
higher in Child–Pugh class C patients [26].

Management of bile duct stones in 
patients with chronic liver disease does 
not differ from that in patients without 
liver damage. The key aspect when deal
ing with biliary stones in these patients is 
to attempt clearance during one session, 
as repeating ERCP is not desirable due to 
higher morbidity.

(a) (b)

(c) (d)

Figure 12.13 Spectrum of Caroli disease. (a) Intra‐ and extrahepatic dilation. (b) Intrahepatic 
dilations with multiple stones. (c) Selective left‐sided involvement. (d) Disease limited to the 
common bile duct.
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Primary Sclerosing Cholangitis

Primary sclerosing cholangitis is charac
terized by chronic inflammation and 
fibrosis of the intrahepatic and/or extra
hepatic biliary ducts, leading to cholestasis, 
cirrhosis, and cholangiocarcinoma (CCA) 
(Figure 12.12). Although in the past ERCP 
was frequently used to evaluate sympto
matic patients with suspected biliary 
obstruction or CCA, magnetic resonance 
cholangiopancreatography (MRCP) has 
largely replaced ERCP as the primary 
diagnostic tool [27]. A strategy of initial 
MRCP followed, if necessary, by ERCP is 
currently the safest approach in the 
workup of patients with suspected PSC 
[27]. Among cases with suspected PSC 
and normal cholangiography, liver biopsy 
is recommended to rule out small duct 
PSC. Small duct PSC is associated with 
longer survival and lower cumulative risk 
for CCA than large duct PSC.

The main indication for ERCP in PSC is 
the evaluation and treatment of single or 
multiple bile duct strictures. Single or 
dominant strictures have the highest risk 
of harboring CCA and develop in about 
50% of patients. In a patient with stable 
PSC, the occurrence of clinical deteriora
tion with worsening pruritus, jaundice, or 
bacterial cholangitis warrants evaluation 
with ERCP to exclude CCA. Other indi
cations for ERCP in PSC are progressive 
biliary dilation on imaging, rising bio
chemical indices, and/or constitutional 
symptoms such as weight loss. The use of 
biopsy plus diagnostic brushing has a 
sensitivity of 60–100% and a specificity of 
85–89% [28]. Recently, two advanced 
cytological techniques (digital image anal
ysis and fluorescence in situ hybridization 
(FISH)) have been used for the detection of 
malignancy in PSC‐related strictures and 
have proved to be more sensitive and 
equally specific to conventional cytology 
[29]. In addition, ERCP and/or cholangios
copy permits therapeutic interventions 
with balloon dilation or stent placement as 

appropriate [30]. The ideal endoscopic 
technique to deal with strictures in PSC 
has not been established, but small, non‐
randomized studies suggest that balloon 
dilation alone and dilation with stent 
placement are equally efficacious, although 
the latter may be associated with more 
complications than balloon dilation alone 
[31]. Hence, stenting is usually reserved for 
strictures that are refractory to dilation. 
The required duration of stenting varies 
between 6 and 8 weeks to avoid cholangi
tis, although some patients require stent
ing with periodic exchange for as long as 
6–12 months before the stricture resolves. 
When performing ERCP in patients with 
PSC we always use prophylactic antibiotics 
and often keep patients on antibiotics for 
5–7 days after the procedure (pre‐emptive 
use of antibiotics). Complications from 
endoscopic therapy occur in up to 20% of 
PSC patients, and include pancreatitis, 
cholangitis, biliary tract perforation, and 
hemorrhage [32].

Hepatobiliary Injury

The most common causes of bile duct 
injury in patients with chronic liver dis
ease are iatrogenic and these occur most 
commonly after surgery (Figure  12.2). 
Patients with cirrhosis have a 10‐fold 
increased risk of dying after surgery than 
patients without cirrhosis. The second 
most common cause of bile duct injury is 
radiological (Figure 12.14), such as bile duct 
damage during transhepatic arterial chem
oembolization (TACE) (Figure  12.15), 
radiofrequency ablation (RFA) (Figures 
12.16 and 12.17), and selective internal 
radiation therapy (SIRT). The incidence of 
bile duct injury in patients with chronic 
liver disease who have undergone chole
cystectomy is between 0.1% and 0.6%, 
being more prevalent after laparoscopic 
cholecystectomy. The diagnosis of bile 
duct injury is based on clinical features 
and cross‐sectional imaging techniques. 
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The finding of a fluid collection on imag
ing or the presence of bile in a draining 
catheter placed by surgeons suggests bile 
duct leak. However, there is usually a delay 
in diagnosis of bile leaks, with patients 
presenting with either prolonged draining 
of bile through surgically placed draining 
catheters or with signs and symptoms of 
biliary peritonitis. If bile leaks are diag
nosed early they do not represent a major 
problem for the patient as ERCP is quite 
effective in dealing with them. However, 
prolonged leaks lead to peritonitis and 

sepsis, and are associated with high mor
tality, especially in patients with chronic 
liver disease. Ligation or transection of 
the bile duct is usually not resolved endo
scopically and these patients must 
undergo surgery.

Hemobilia is another common manifes
tation of bile duct injury and should be 
suspected in any patient presenting with 
abdominal pain, gastrointestinal bleeding 
(or anemia), and jaundice. Endos copic 
 treat ment of hemobilia is chal lenging 
(Figures 12.15 and 12.18). First, the ongoing 

(b) (c)

(a)

Figure 12.14 Hepatocellular carcinoma treated with radiological ablation therapies. (a) Computed 
tomography showing the cirrhotic liver and large tumor. (b) Resected tumor showing post‐radiation 
necrosis. (c) Post‐interventional cholangiogram showing bile leakage and accumulation into the 
necrotic area.



(b) (c)

(a)

Figure 12.15 Hemobilia after transhepatic arterial chemoembolization (TACE). (a) Computed 
tomography showing the tumor treated by TACE. (b) Cholangiogram showing multiple filling defects 
inside the bile ducts (hemorrhage and blood clots). (c) In the presence of massive amounts of blood 
clots, a nasobiliary drain is an adequate initial decompression therapy. During subsequent endoscopic 
retrograde cholangiopancreatography, stenting may become necessary to enable bile flow.

(a) (b)

Figure 12.16 Bile duct injury after radiofrequency ablation of liver cancer. (a) Large, right‐sided bile 
leak. (b) Initial drainage of the biloma and abscess is achieved with a percutaneous drain.
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bleeding and clot formation may occlude 
the plastic or metal stent inserted endo
scopically. Thus, some experts recom
mend first using nasobiliary drainage until 
the hemorrhage has been controlled and 
then placing an endoscopic stent if needed 
(Figure  12.15). Second, patients with 
hemobilia may bleed for several reasons, 
such as mucosal injury, portal hyperten
sive biliopathy, or frank arterial spurting 
from a damaged artery or aneurysm. 
Thus, patients with chronic liver disease 
and hemobilia should be jointly evalu
ated by surgeons, endoscopists, and 
interventional radiologists.

Figure 12.17 Hemobilia and biloma after 
radiofrequency ablation of liver cancer.

(a)

(b) (c)

Figure 12.18 Hemobilia in liver cancer. (a) The papilla is massively enlarged due to compression of 
blood clots from hemobilia. (b) Large intrabiliary blood clots. (c) Coagulum exiting the papilla of Vater.
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Hepatobiliary Malignancy

Hepatocellular Carcinoma
The most common tumor developing in 
patients with chronic liver disease is 
HCC (Figures  12.3, 12.4, 12.10, and 
12.14). Although jaundice is the pre
senting symptom of HCC and occurring 
in up to 40% of patients, this is usually 
due to diffuse tumor infiltration, liver 
damage, and underlying cirrhosis [33]. 
HCC may lead to bile duct obstruction in 
around 10% of patients. Such cases are 
clinically classified as “icteric type 
hepatoma” or “cholestatic type of HCC” 
[33]. Indeed, identification of this group 
of patients is important as they may ben
efit from endoscopic bile duct drainage. 
The mechanisms of bile duct involve
ment in HCC are many and include: (i) 
tumor invasion; (ii) metastasis of tumor 
fragments attaching to various parts of 
the luminal biliary tract; (iii) extralumi
nal tumor and lymph node compression 
and encasement of the biliary tract; and 
(iv) hemobilia. In addition, patients with 
HCC are also prone to developing com
plications resulting from radiological 
interventional therapies such as TACE, 
RFA, and SIRT (Figures 12.16 and 12.17). 
Hemobilia is particularly problematic to 
diagnose and treat. The prognosis of this 
cholestatic type of HCC is closely related 
to the degree of liver dysfunction, the 
stage of disease, and the location and 
extension of tumor thrombi in the bile 
duct [33,34]. In 1994, Ueda et  al. [34] 
classified HCC affecting bile duct into 
four types:

1) Type I: tumor affecting the secondary 
branch of the biliary tree.

2) Type II: tumor extending to the first 
branch of the biliary tree.

3) Type III: IIIa  –  tumor extending to 
the common hepatic duct (CHD); 
IIIb – an implanted tumor growing in 
the CHD.

4) Type IV: floating tumor debris from 
the ruptured tumor in the CBD [34].

They also found that patients with tumors 
type I, IIIb, and IV had a relatively better 
prognosis than those with other types [34].

Ultrasonography and computed tomog
raphy (CT) are helpful in showing hepatic 
tumors and dilated intrahepatic and/or 
extrahepatic ducts containing dense mate
rial corresponding to tumor debris [35]. 
Even though MRCP is useful in detecting 
biliary obstruction, it is relatively ineffec
tive for interpretation of icteric type HCC 
[33,35]. The differentiation of hilar HCC 
from CCA by MRCP may be quite diffi
cult [36]. Thus, direct cholangioscopy can 
be useful in differentiating obstruction 
resulting from an intraluminal mass, infil
trating ductal lesions, or extrinsic mass 
compression. Jan and Chen [37] found the 
main choledochoscopic findings of HCC 
were a yellowish, intraluminal, nodular 
mass and  tumor thrombus in the CBD. 
These features may allow differential diag
nosis from hilar papillary type CCA [37]. 
Factors associated with improved survival 
are lower total bilirubin level, earlier 
TNM (tumor, node, metastasis) stage, 
absence of portal vein invasion, successful 
biliary drainage, and the patient being 
able to receive chemotherapy or TACE 
[33,38].

The beneficial effect of ERCP guided 
biliary drainage for the survival of HCC 
patients with obstructive jaundice has 
been proven, thus every attempt should 
be made to ensure adequate decompres
sion of the biliary tract [33]. However, 
ERCP and stenting has proven to be 
beneficial only in the presence of bile duct 
dilation on CT or ultrasonography [33]. 
Thus, a detailed study of the imaging tests 
is mandatory to plan the endoscopic 
intervention.

Hilar strictures below the bifurcation are 
the easiest to treat, whereas those extend
ing into the intrahepatic bile ducts or 
involving large segments of the liver may 
be impossible to stent (Table  12.4). 
Although western endoscopists prefer to 
use metallic stents in patients with HCC, 
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eastern endoscopists preferentially use 
plastic stents. Because the life expectancy 
of these patients is short, it makes sense 
to use SEMSs. However, in the current era 
of TACE, SIRT, RFA, and advanced chem
otherapeutic agents, the life expectancy of 
patients with HCC is increasing and, there
fore, SEMSs may become occluded several 
times during the patient’s follow‐up. 
Läuffer et al. [39] reported one patient who 
underwent combination therapy with 
 surgical segment III drainage, TACE, and 
radioembolization with yttrium‐90 resin 
particles and in whom endoscopic stenting 
was performed. With these combined pro
cedures, relief of jaundice and a survival 
time of 32 months were achieved [39].

Tumor progression and hemobilia are a 
common occurrence in HCC and often 
lead to occlusion of metal stents. Thus, a 
strategy of repeated plastic stenting 
appears more logical and clinically intui
tive. It is important to determine the site, 
extent, and nature of the obstruction, as 
well as liver function and the presence of 
portal thrombus, before embarking on 
ERCP with stenting. Patients with tumor 
involvement of both the right and left 
intrahepatic ducts have poor survival and 
endoscopic drainage should be avoided 
as it may lead to cholangitis and more 
complications.

Cholangiocarcinoma
The second most common biliary tumor 
affecting patients with chronic liver dis
ease is CCA, which arises from the bile 
ducts (Figures  12.19 and 12.20) [40]. 
CCA accounts for 2–3% of all malignant 
neoplasia diagnoses, with an incidence of 
about 2.1 per 100,000 [40–45]. The major
ity of CCAs occur in patients over the 
age of 65 years (60%), with a slight male 
predominance [40–42]. Predisposing 
conditions for CCA include the presence 
of PSC, intrahepatic stones, choledocho
lithiasis, choledochal cysts, liver parasites, 
and previous exposure to the contrast 
agent thorium dioxide [41]. There are 

three main types of CCAs based on their 
anatomical location. The most common 
type is the perihilar variant (pCCA) (50%), 
followed by the distal type (dCCA) (40%) 
and intrahepatic type (iCCA) (10%). The 
classic clinical presentation of CCA con
sists of jaundice, pruritus, pale stools, dark 
urine, cholestasis, and cholangitis [40–42]. 
However, other clinical symptoms are also 
common, including weight loss, malaise, 
and anorexia. Unfortunately, more than 
half of the patients presenting with CCA 
present with non‐resectable disease and 
have a poor prognosis [40,43,44]. Despite 
current treatments, including chemother
apy, followed by radiotherapy and surgery, 
the average survival rate for CCA is still 
very low [40–45].

Therapy for CCA should be based on 
the tumor’s size, location, and type. Small 
dCCA and pCCA tumors should be 
treated using radical surgical resection 
[40,45]. Mass tumors located inside the 
liver, large or metastatic extrahepatic 
tumors, and recurrences after attempted 
curative surgery may be treated with 
chemotherapy (e.g., gemcitabine and cis
platin) [41–43]. If the lesions are causing 
biliary luminal obstruction with resulting 
jaundice, endoscopic therapy using stents 
(plastic or metal) or ablative methods 
such as photodynamic therapy (PDT) or 
RFA are excellent palliative options 
[40–45]. Importantly, these therapies 
should be initiated before the onset of 
cholangitis and liver failure.

Endoscopic Retrograde Cholangiopancreato
graphy ERCP is performed in CCA for 
both diagnostic and therapeutic pur
poses (Table  12.4; Figures  12.19 and 
12.20). Differentiation between malig
nant and benign strictures in cases of 
the hilar or sometimes distal type can be 
difficult but it is important for the plan
ning of treatment as well as tumor 
 staging. Diagnosis can be made during 
ERCP through a combination of cyto
logical sampling (e.g., brushing) and 
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(a) (b)

(c) (d)

Figure 12.19 Cholangiocarcinoma (CCA). (a) Cholangiogram showing a stricture due to CCA. (b) Direct 
cholangioscopy demonstrating tight stenosis. (c) Hypervascularity and tortuous vessels characteristic of 
neoplasia are demonstrated using flexible spectral imaging color enhancement. (d) Histocytological 
sampling confirms CCA.

(a) (b) (c)

Figure 12.20 Cholangiocarcinoma. (a) The metal stent is partially occluded by the tumor. 
(b) Cholangiogram showing placement of a plastic double pigtail stent (i.e., stent in stent technique) 
to relieve the obstruction. (c) Plastic stent in situ.
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biopsies, with a sensitivity of 40–70%. 
Newer cytological techniques such as digi
tal image analysis and FISH may improve 
the accuracy. Endoscopic ultrasound and 
fine needle aspiration biopsy can be used 
as alternative techniques where expertise 
exists.

Malignant biliary obstruction is the 
most frequent indication for endoscopic 
decompression. Endoscopic drainage may 
be employed as a definitive or temporary 
method. Temporary biliary decompres
sion is indicated before surgery in the 
following situations: patients with acute 
cholangitis, for the prevention of cholan
gitis after endoscopic biliary contrast 
injection, or if surgery will be delayed 
due to unfavorable clinical conditions. 
Excluding these situations, endoscopic 
biliary drainage is controversial if done 
before surgery since it may increase the 
risk of postoperative infection [40–45]. 
However, preoperative unilateral drainage 
of the future remnant lobes has been 
reported to be effective in most cases with 
hilar CCA, being rarely complicated with 
segmental cholangitis [40–45]. Definitive 
endoscopic biliary drainage is indicated in 
patients with advanced and unresectable 
tumor or for non‐surgical candidates 
with poor health conditions. Resectability 
may be ascertained by surgical explora
tion or by radiographic findings, such as 
vascular encasement, involvement of 
adjacent organs, retropancreatic and par
aceliac nodal metastases, non‐regional 
liver metastasis, or distant metastasis.

Biliary stenting has been shown not only 
to improve jaundice but also quality of life, 
potentially also with increased survival 
(6.5 months versus 1.8 months) [40–45].

The type and number of stents used for 
biliary drainage in CCA is debatable. The 
decision to stent, including the number 
and caliber of the stents, is based on sev
eral variables including volume of liver 
requiring drainage, type of stenosis, 
patient condition and life expectancy, and 
local expertise. Nonetheless, a key aspect 

to remember during endoscopic drainage 
of non‐resectable CCA is to relieve 
enough liver segments [40–45]. In most 
cases of hilar or Bismuth type II stenosis, a 
single stent placement bridging the tumor 
is sufficient. In Bismuth type III and IV 
tumors some experts recommend drain
ing all obstructed segments, while other 
experts agree on draining only one side of 
the liver or the dominant segments [41–
45]. Whereas Naitoh et al. [41] concluded 
that bilateral stenting was more effective 
than unilateral stenting, Maguchi et  al. 
[42] showed similar outcomes in stent 
patency and complication free survival in 
patients undergoing unilateral drainage 
as compared with those undergoing bilat
eral drainage. Interestingly, drainage of a 
mere one third of the entire liver volume is 
considered to result in the resolution of 
jaundice [41,42]. In this regard, a single 
stent for the dominant segment may be 
adequate for ameliorating jaundice in 
most cases of hilar strictures. However, 
injecting contrast medium into undrained 
ducts is often associated with cholangitis. 
To prevent this complication, preceding 
CT or MR cholangiography can be used to 
delineate biliary anatomy, and selective 
guide wire cannulation of the targeted bile 
duct can be accomplished even without 
contrast injection. Bilateral stenting, par
ticularly the bilateral placement of SEMSs, 
is technically difficult and the left system 
should be drained first because it is more 
difficult and usually produces more effec
tive drainage than a right system stent. 
This is due to the longer length of the left 
main duct before branching, leading to 
larger volumes of the liver being drained. 
However, this affirmation is questioned by 
many others. Other experts carefully meas
ure the volume of the obstructed liver seg
ments and focus on draining the large and 
non‐atrophic areas, regardless of loca
tion. Liberato and Canena [43] retro
spectively reviewed the outcomes of 
patients undergoing endoscopic biliary 
drainage for hilar CCA. The authors 
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divided the patients with HCC into four 
groups based on unilateral or bilateral plas
tic stent or SEMS placement [43]. Repeat 
endoscopic biliary drainage for stent 
occlusion was required more frequently in 
unilateral plastic stenting than in bilateral 
plastic stenting (80.9% versus 34.2%; 
p  <0.001) as well as in unilateral SEMSs 
than in bilateral SEMSs (31.4% versus 
11.9%; p = 0.036). The median stent 
patency period was 17 weeks for unilateral 
plastic stenting, 18 weeks for bilateral 
plastic stenting, 24 weeks for unilateral 
SEMSs, and 29 weeks for bilateral SEMSs. 
Kaplan–Meier analysis showed a signifi
cant difference in the cumulative stent 
patency period between unilateral and 
bilateral plastic stenting (p = 0.0004; hazard 
ratio (HR) = 2.24) as well as between uni
lateral and bilateral SEMSs (p <0.0001; 
HR = 3.69). Multivariate analysis revealed 
SEMS placement and bilateral deploy
ment to be the only independent prog
nostic factors associated with longer stent 
patency [43]. However, reintervention 
(“re‐do”) for stent dysfunction is more 
complicated in bilateral metal stenting 
than in unilateral metal stenting.

Some patients may require bilateral 
stenting for adequate amelioration of 
jaundice and cholangitis. In case of need 
for complete drainage, two or more guide
wires can be placed simultaneously with 
the same technique. When more than one 
stent is placed, all strictures should be 
 balloon dilated to 6 mm to facilitate the 
placement of stents.

Endoscopic Versus Percutaneous Transhepatic 
Approach Although preferable and widely 
accepted, endoscopic drainage is usually 
not superior to the percutaneous radiologi
cal approach (Figure 12.10). Available evi
dence suggests that the percutaneous 
method, with either external drainage or 
internal drainage, with antegrade stenting 
is more effective. In a Dutch study 
 published in 2010, Kloek et al. reported a 
higher technical success rate (100% versus 

81%), fewer infectious complications 
(9% versus 48%; p <0.05), and fewer drain
age procedures (1.4 versus 2.8; p <0.01) in 
the percutaneous group compared with 
the endoscopy group in patients with 
resectable hilar CCA [44]. A Korean study 
comparing SEMSs deployed by either 
percutaneous or endoscopic means in 
patients with unresectable hilar CCA fur
ther affirmed that the technical success 
rate in the percutaneous SEMS group 
was higher than that in the endoscopic 
SEMS group (92.7% versus 77.3%) [45]. 
Nonetheless, ERCP is still the recom
mended first line drainage approach for 
patients with inoperable Bismuth type I 
and II (extrahepatic) CCA. Although the 
percutaneous approach is more invasive 
than the endoscopic one, it is indicated in 
cases where ERCP drainage will be less 
successful such as in Bismuth type III and 
IV tumors. Rescue percutaneous drain
age should be considered in previously 
failed attempts at endoscopic drainage. In 
addition, the percutaneous approach can 
be used initially for the rendezvous pro
cedure or to facilitate later endoscopic 
internalization. The selection criteria for 
endoscopic or percutaneous drainage 
depend on anatomical factors determined 
by MRCP, the estimated number of stents 
required for appropriate biliary decom
pression, and locally developed algo
rithms and expertise. Of interest, patients 
with potentially resectable CCA may be 
submitted directly to surgery, without 
preoperative drainage.

Photodynamic Therapy In recent years, 
PDT delivered through the duodenoscope 
or percutaneously has emerged as a good 
palliative measure in some patients with 
pCCA and dCCA [40,46]. PDT is applied 
during ERCP directly into the malignant 
bile duct stricture(s). Because the proce
dure is performed during ERCP, its ability 
to reach “unreachable” or even “peripheral” 
lesions makes it an attractive palliative 
alternative for managing patients with CCA 
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[40,46]. However, PDT should be consid
ered only for: (i) patients with “unresecta
ble” disease; (ii) disease confined to the 
extrahepatic bile duct; (iii) patients with 
resectable disease who are poor surgical 
candidates; and (iv) patients stable enough 
to undergo ERCP [40,46]. In addition, the 
presence of cirrhosis and significant 
liver disease is a relative contraindica
tion to PDT. It should be emphasized that 
patients with CCA and cirrhosis already 
have a decreased quality of life and depriv
ing them of sunlight, as is necessary in this 
treatment, may have detrimental emo
tional and social effects. Thus, we offer 
PDT judiciously to this group of patients.

PDT application is a two step process. 
First, the photosensitizer drug is admin
istered intravenously. During the next 
24–48 hours the photosensitizer (e.g., 
porfimer sodium) concentrates in areas of 
rapid cell multiplication, such as tumors, 
and incorporates itself into the tissue. The 
second step is the application of laser light 
at a specific wavelength (i.e., 630 nm, 
which is also present in the spectrum of 
sunlight). The light exposure starts the cell 
destruction process by transforming the 
drug from its neutral ground state into its 
activated state. In the presence of oxygen, 
cytotoxic singlet oxygen species (i.e., oxy
gen radicals) are then formed, destroying 
the dysplastic or rapidly multiplying cells 
to which the porfimer sodium molecules 
are bound, thereby inducing apoptosis 
and tumor necrosis to a depth of 4–6 mm 
[40,46]. Thus, tumor mass outside the bile 
duct is not amenable to therapy. However, 
the main goal of PDT for CCA is not to 
destroy the entire tumor mass but to reo
pen the bile duct lumen and improve the 
flow of bile. Due to the massive edema 
and necrosis induced, nearby tumor feed
ing vascular channels are occluded, indi
rectly accelerating the necrotic process by 
cutting off the supply of vital nutrients.

Other cells multiplying rapidly, such as 
intestinal and skin cells, can also take up 
the photosensitizer. As long as these cells 

are not exposed to light, no oxygen radical 
formation, and hence no photosensitivity, 
occurs. This highlights the importance 
of patient education about PDT. The 
patient’s eyes and skin react to light 
sources containing 630 nm wavelength, 
such as sunlight, after receiving the intra
venous photosensitizer. The photosensi
tivity can range from mild skin burning to 
severe eye and skin reactions.

Cholangioscopy

Despite advances in radiological and 
endoscopic techniques, the diagnosis and 
management of biliary tract problems 
remains challenging. Intuitively, direct 
visualization of a lesion is likely to provide 
inherent benefit, as has been witnessed for 
other disease processes throughout the 
luminal gastrointestinal tract. Direct chol
angioscopy is the direct visualization of 
the extra‐ and intrahepatic bile ducts using 
fiberoptic or videoendoscopic imaging 
methods [30,46,47]. Besides characteriza
tion of the mucosa and tissue sampling, in 
some patients direct visualization allows 
targeted therapy and wire or catheter 
guidance (Figures 12.21 and 12.22).

In the past, cholangioscopy was seen as 
an extravagant and difficult technique to 
master. Using a fiberoptic or video assisted 
mother–baby cholangioscope provided 
direct visualization and potential for tissue 
acquisition and therapy of the bile duct, but 
this system was difficult to use as it required 
two endoscopists (dual operator system). 
The choledochoscope was also small (outer 
diameter 2.4–3.4 mm) and very fragile with 
a limited range of motion (two way tip 
deflection), a small working channel of 
only 1.2 mm, and a limited lifespan [47]. 
The development of ultraslim endoscopes 
has allowed direct transoral or transnasal 
cholangioscopy to now be possible and has 
revolutionized the approach to biliary tract 
diseases (Figures 12.21 and 12.22) [48–50]. 
In addition, through‐the‐duodenoscope 
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systems such as SpyGlass™ (Boston Scientific 
Corp., Natick, MA, USA), using fiberoptic 
technology, have improved visual access to 
the bile ducts (Figures 12.23 and 12.24) [47–
52]. The SpyGlass™ system is comprised 
of a disposable 10 Fr, 230 cm long catheter 
with four lumens: two for irrigation, one 
for the optical fiber, and one for the instru
mentation (diameter of 1.2 mm). The opti
cal fiber is a reusable, 0.77 mm, 6000 pixel 
fiberoptic bundle that is introduced 
through the catheter [47]. The SpyGlass™ 
catheter has a four way tip deflection itself, 

which can be combined with movements 
of the duodenoscope to achieve great 
maneuverability. However, limitations exist 
and are related to the size and configura
tion of the bile duct investigated as well as 
by anatomical variation of the upper gas
trointestinal tract that do not allow for 
proper duodenoscope position.

SpyGlass™ may be more suitable to 
reach deeper stenosis of the bile duct. 
However, the visual quality is not as good 
as that of videoendoscopy. The use of an 
ultrathin upper endoscope (4.9–5.9 mm) 

(a)

(b) (c)

Figure 12.21 Direct cholangioscopy. (a) X‐ray image demonstrating the location of the cholangioscope 
within the bile ducts. The arrows show aerobilia. Cholangioscopy should always be performed using 
either saline solution or carbon dioxide, never with air due to the risk of an air embolism. (b) Inside the 
bile ducts. (c) Cholangioscopy allows for direct and selective cannulation of the bile duct branches.



Cholangioscopy 223

typically used for transnasal endoscopy 
has provided the quality of images we 
have grown accustomed to (Figure 12.22). 
Such an endoscope has a larger working 
channel (2 mm) providing a full range of 
endoscopic accessories for endobiliary 
interventions. It could be an effective and 
safe approach for patients with difficult to 

manage biliary disease as well as provid
ing superior imaging quality; in addition, 
only a single operator is needed. This type 
of cholangioscopy is performed by direct 
introduction of the cholangioscope into 
the bile duct or by using commercially 
available balloon catheters to anchor the 
endoscope into the bile duct, and can only 

(a) (b) (c)

(d) (e) (f)

Figure 12.22 Direct cholangioscopy in chronic liver disease. (a) Lithotripsy of a large stone in Caroli 
syndrome. (b) Mucosal inflammation of the bile duct in primary sclerosing cholangitis (PSC). (c) 
Edematous mucosa in portal hypertensive cholangiopathy. (d) Stenotic bile duct branch in PSC. 
(e) Fibrotic bile ducts in secondary sclerosing cholangitis. (f ) Selective wire insertion into a stenotic 
bile duct in a patient with sclerosing cholangitis.

(a) (b) (c)

Figure 12.23 Cholangioscopy with SpyGlass™. (a) Stone inside the common bile duct in a patient with 
cholangitis. (b) Fibrotic and inflamed mucosa of the bile duct in primary sclerosing cholangitis. 
(c) Cholangiocarcinoma.
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be performed if the bile duct entrance and 
the bile duct are dilated [47,51].

Cholangioscopy can be utilized as a 
diagnostic and therapeutic tool. The most 
frequent use is to assess indeterminate 
strictures and to manage difficult biliary 
stones. A number of studies have demon
strated the utility of direct cholangioscopy 
for better targeted biopsies to evaluate 
indeterminate biliary strictures [47–50]. 
Combined with cholangiographic images 
obtained during ERCP, cholangioscopy 
increases diagnostic sensitivity signifi
cantly. This is called ERCC (endoscopic 
retrograde cholangioscopy and cholangio
graphy) [51]. Cholangioscopy enables the 
distinction of stones from tumors and is 
also useful in assessing the extent of the 

disease and in identifying synchronous 
lesions which would be missed on classic 
cholangiography. Targeted biopsies in 
the presence of visible neovascularization 
seen on cholangioscopy yield diagnostic 
accuracy of 96% in detecting malignancy 
[47]. Direct cholangioscopy has been 
compared with conventional ERCP with 
brush cytology in patients with PSC. 
Cholangioscopy with tissue sampling has 
proved to be more sensitive (92% versus 
66%) and specific (93% versus 51%) than 
ERCP in detecting CCA in PSC [47–50]. 
Other indications for diagnostic cholan
gioscopy include the assessment of ductal 
abnormalities, choledochal cysts, and 
filing defects. Cholangioscopy has also 
been used for evaluation of IgG4 related 

(a)

(b)

(c)

Figure 12.24 Partially disposable cholangioscopy SpyGlass™ system. (a) The optical fiber. (b) Image 
produced by the cholangioscopy system. (c) The monitor.
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cholangiopathy and the evaluation of 
ductal strictures and ischemia after liver 
transplantation and tumor staging.

One of the first therapeutic uses 
reported for cholangioscopy was electro
hydraulic lithotripsy of large bile duct 
stones [47]. Direct visualization of stones 
reduces the risk of bile duct injury and 
differentiates stones, air bubbles, tumors, 
and blood clots. Other potential therapeu
tic uses include ablative therapies for 
tumors such as PDT, argon plasma coagu
lation, and RFA as well as selective guide
wire placement, control of bleeding, and 
reopening of occluded metal stents. Many 
uses for biliary therapy can be foreseen, 
dependent on the available technology 
and tools compatible with the current 
working channel.

There are scant data on the use of chol
angioscopy in patients with chronic liver 
disease [37,52,53]. Nonetheless, it is safe 
to assume that direct cholangioscopy 
offers the same advantages in patients 
with liver disease as in those without 
chronic liver damage. A key technical 
aspect to remember when performing 
direct cholangioscopy is to always utilize 
carbon dioxide insufflation instead of air, 
as there have been reports of both non‐
fatal and deadly air embolism resulting 
from air insufflation into the bile ducts. 
In addition, all patients undergoing direct 
cholangioscopy should always receive 
prophylactic antibiotics, as water and 
carbon dioxide insufflation within the 
bile ducts can promote bacterial translo
cation into the systemic circulation.
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Introduction

Cholangiocarcinoma (CCA) is a rare, 
but increasingly common, malignancy 
with features of biliary tract differentia
tion arising along the intrahepatic and 
extrahepatic biliary tree, excluding the 
gallbladder and ampulla [1]. The disease 
can be defined anatomically as: (i) intra
hepatic CCA presenting as mass lesions 
within the hepatic parenchyma; (ii) perihi
lar CCA presenting with bile duct obstruc
tion and defined as a cancer between the 
cystic duct and the secondary bifurcation 
of the right and/or left hepatic ducts; and 
(iii) distal cholangiocarcinoma which is 
below the cystic duct. The underlying 
tumor biology, typical late presentation, 
and challenges of diagnosis all contribute 
to the poor prognosis of CCA. While sur
gical resection offers the only opportunity 
for cure, the 5‐year survival following 
resection of perihilar CCA is only 20‐40%, 
depending on the tumor stage [2–5]. 
There is increasing use of neoadjuvant 
therapy followed by liver transplantation 
for unresectable perihilar CCA that has 
not metastasized, with 5‐year survival 
now approaching 75% [6–8]. Improved 

diagnostic and staging modalities are 
desperately needed to accurately stage 
CCA and thus identify patients most likely 
to benefit from aggressive medical and 
surgical therapy. This information is 
necessary, especially when considering 
the higher risk of liver transplantation, in 
order to justify the use of extremely scarce 
donor organs as well as other resources.

Limitations of CCA diagnosis and staging 
have driven the development of new tech
nologies. Endoscopic ultrasound (EUS) 
provides unprecedented imaging and tissue 
acquisition. However, the role of EUS in 
CCA is debated, particularly as pertains 
to primary tumor fine needle aspiration 
(FNA). EUS guided biopsy may permit an 
otherwise unattainable diagnosis. However, 
primary tumor biopsy risks needle tract 
seeding, tumor upstaging, and potential 
conversion of an otherwise resectable 
tumor to unresectable status. Therefore, 
while EUS findings may guide management 
and improve outcomes, ill‐advised use can 
compromise patient care and outcome. 
In  the first part of this chapter, we draw 
upon published EUS data from which we 
consider the role of EUS in patients with 
suspected or known extrahepatic CCA.
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In addition to CCA, the differential diag
nosis of a hepatic mass includes hepato
cellular carcinoma (HCC) and hepatic 
metastases. As a diagnosis of HCC is 
commonly made by a combination of the 
presence of underlying cirrhosis, elevated 
tumor markers, and classic radiographic 
characteristics, EUS has not often been 
used in the diagnostic workup for sus
pected HCC. On the other hand, although 
less data exist, EUS has been increasingly 
used to detect and diagnose hepatic 
metastases when performed for the stag
ing of intra‐abdominal and intrathoracic 
malignancies. The second part of this 
chapter will discuss the role of EUS and 
FNA in hepatic metastases.

Endoscopic Ultrasound 
in Cholangiocarcinoma

Published Data

Published data on the use of EUS in CCA 
must be carefully analyzed. While some 
studies included only patients with a sus
pected or confirmed CCA, others evaluated 
a broader group of patients with a “biliary 
stricture,” “jaundice,” or “pancreatic head 
mass” [9–14] (Table 13.1). The inclusion 
of a diverse study population helps 
establish the role of EUS among patients 
with general symptoms or presentations. 
However, these reports often lack suffi
cient disease specific enrollment and 
other details to clarify the role of EUS in 
CCA (Tables 13.1 and 13.2). In addition, 
most EUS studies included patients with 
CCA located throughout the extrahepatic 
biliary tree, or the tumor site was not 
specified. This pooling of data irrespec
tive of tumor subtype has not helped 
our understanding of the utility of EUS 
in patients with distal or perihilar CCA – 
which vary in clinical presentation, 
diagnostic approach, and management. 
Furthermore, existing reports excluded 
patients with intrahepatic CCA, thereby 

providing no information as to the role of 
EUS in this patient cohort.

Stricture/Tumor Detection

Most EUS CCA studies failed to distin
guish patients with CCA from other 
tumor types involving the biliary tree, 
including pancreatic carcinoma and 
metastatic biliary deposits. With regard 
to imaging detection alone (excluding 
FNA biopsy results), EUS identified 156 
of 162 (96%) strictures or tumors [9,11–13]. 
In the two studies that clearly limited 
findings to CCA patients alone, the EUS 
imaging detection rate was 87 of 93 (94%) 
[13,14]. One study analyzed the rate of 
detection based on tumor location and 
found that proximal tumors were identi
fied less often than distal tumors: 25 of 
30 (83%) versus 51 of 51 (100%; p <0.01), 
respectively [14].

Performance of Endoscopic 
Ultrasound Fine Needle 
Aspiration and Diagnostic 
Sensitivity

Potentially the most important, yet high
est risk, aspect of EUS in CCA pertains to 
primary tumor FNA (Figure 13.1). Despite 
clinical or radiographic suspicion of 
CCA, the tumor related desmoplasia and 
tendency for longitudinal rather than 
radial growth negatively impact tissue 
acquisition. This often results in a delayed 
or failed tissue diagnosis [15]. Endoscopic 
retrograde cholangiography (ERC) with 
brush cytology and intraductal biopsy is 
routinely employed for diagnosis and 
provides high specificity, but suffers from 
a low diagnostic sensitivity of approxi
mately 20–60% [16–18]. These findings 
have driven the pursuit of new technol
ogies such as digital image analysis and 
fluorescence in situ hybridization that 
detect malignancy/neoplasia by assess
ing nuclear DNA content and aneusomy, 
respectively [19–21]. Although use of 



  Table 13.1    Endoscopic ultrasound (EUS) literature: study design, inclusion criteria, enrollment, and tumor site. 

Study, year Design Inclusion criteria
Total 
enrollment

Study 
population

Primary stricture/
tumor site

Number 
per site    

Mohamadnejad et al. 2011   [14]  Retrospective Known cholangiocarcinoma 81 81  Proximal 
 Distal 

 30 
 51   

Rosch et al. 2004   [13]  Prospective Indeterminate biliary stricture or 
pancreatic head mass

50 50  Hilar 
 CBD 

 4 
 8   

Eloubeidi et al. 2004   [12]  Prospective  Bile duct stricture 
 Suspected cholangiocarcinoma    a     

28 25   b    Proximal 
 Distal 

 15 
 13   

Lee et al. 2004   [11]  Retrospective  Known or suspected bile duct stricture 
 Prior intraductal tissue sampling, if any, 
negative 
 Prior CT and/or MRI failed to 
demonstrate the cause 

42 40   c    CHD 
 CBD 

 1 
 39   

Byrne et al. 2004   [10]  Retrospective Bile duct mass or stricture with biliary 
EUS FNA

35 31   d    CHD 
 CBD 

 3 
 32   

Fritscher‐Ravens et al. 2003   [9]  Prospective  Clinical suspicion of hilar 
cholangiocarcinoma 
 ERC with non‐diagnostic tissue 
sampling 
 Fit for hepatic resection 

44 44 Hilar 44  

280 271  “Perihilar”    e     
 “Distal”    f     

  97 (40%) 
 143 (60%) 

       a    Patients ultimately found to have pancreatic cancer or nodal metastasis were excluded. 
  b    Three patients were excluded because the tumor could not be visualized with linear imaging. 
  c    Two patients were excluded because of inadequate follow‐up. 
  d    Four patients were excluded because of the absence of a diagnostic gold standard. 
  e    “Perihilar” represents tumors designated as hilar, common hepatic duct, or proximal. 
  f    “Distal” represents tumors designated as distal or common bile duct. 
 CBD, common bile duct; CHB, common hepatic duct; CT, computed tomography; ERC, endoscopic retrograde cholangiography; FNA, fine needle aspiration; MRI, magnetic 
resonance imaging.  
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these molecular markers increases tumor 
detection by approximately 10–30%, the 
combined sensitivity remains less than 
70% in most series [19–21].

For primary tumor EUS FNA, the 
reported sensitivity was 29–89% depend
ing on the manner in which the cytology 
interpretations were analyzed (Tables 13.3 
and 13.4) [9–14]. When studies accepted 
either a “positive” or “suspicious” cytolog
ical interpretation as being indicative 
of malignancy, the cumulative diagnostic 
sensitivity was 124 of 169 (73%) [9–12,14]. 
When studies required a “positive” cyto
logical interpretation, the diagnostic 
sensitivity was only 63 of 106 (59%) [9–13]. 
Limited data suggest a higher diagnostic 
sensitivity when sampling distal versus 
proximal CCA; 38 of 47 (81%) versus 16 
of 27 (59%) (p = 0.04) [14]. Conversely, 
another study reported a sensitivity of 32 
of 36 (89%) for hilar strictures/tumors [9]. 
The sensitivity of EUS FNA after a negative 
or unsuccessful endoscopic retrograde 

Table 13.2 Tumor type and endoscopic ultrasound (EUS) stricture/tumor detection.

Study, year
Benign versus 
malignant

Details regarding 
malignancy

Primary stricture/
tumor detection with 
EUS (grouped data)

Primary stricture/
tumor detection 
with EUS (CCA 
patients alone)

Mohamadnejad 
et al. 2011 [14]

Malignant
Benign

81
0

CCA (n = 81) NA 76 of 81 (94%)a

Rosch et al. 
2004 [13]

Malignant
Benign

28
22

CCA (n = 12)
Pancreatic (n = 16)

47 of 50 (94%) 11 of 12 (92%)

Eloubeidi et al. 
2004 [12]

Malignant
Benign

21
4

CCA (n = 21) 25 of 28 (89%) ~

Lee et al. 
2004 [11]

Malignant
Benign

24
16

CCA/pancreatic 
(n = 23) 
Metastatic (n = 1)

40 of 40 (100%) ~

Byrne et al. 
2004 [10]

Malignant
Benign

14
17

CCA/pancreatic 
(n = 11) 
Metastatic (n = 3)

(Preselected)b ~

Fritscher‐
Ravens et al. 
2003 [9]

Malignant
Benign

36
8

CCA (n = 30) 
Metastatic (n = 6)

44 of 44 (100%) ~

Summary Malignant
Benign

204 (73%)
 76 (27%)

CCA 
(n = 144–178)c

156 of 162 (96%)
(excluding preselected)

87 of 93 (94%)

a Tumor detection varied by site: proximal 25/30 (83%) versus 51/51 (100%).
b The cited study included preselected patients whose enrollment necessitated EUS visualization and FNA. 
Therefore, the findings do not apply in terms of stricture/tumor detection.
c Patients with CCA cannot be reliably distinguished because the studies combine data from patients with 
other pathologies (e.g., pancreatic carcinoma, metastatic biliary lesions). Therefore, some of the following 
analyses are based on grouped data.
CCA, cholangiocarcinoma; FNA, fine needle aspiration; NA, not available.

Figure 13.1 Endoscopic ultrasound guided fine 
needle aspiration of a common hepatic duct 
cholangiocarcinoma.
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cholangiopancreatography (ERCP) is sug
gested by two studies reporting sensitivities 
of 77% and 89%, respectively [9,14].

Tumor Seeding

The enhanced diagnostic capability of 
primary tumor FNA must be balanced 

against the risk of tumor seeding; also 
sometimes referred to as needle tract 
seeding or implantation metastasis. The 
reported risk of clinically evident tumor 
seeding following EUS FNA of all sites 
is only 1/10,000‐40,000 [22,23]. However, 
there are many limitations in assessing the 
incidence of tumor seeding and the cited 

Table 13.3 Details regarding performance of endoscopic ultrasound (EUS) fine needle aspiration (FNA).

Study, year Number of FNAs performed

Onsite 
review 
available

Cytological interpretations 
indicative of a positive 
FNA test result

Mohamadnejad et al. 
2011 [14]

Median of five passes (range 1–12) Yes Positive or suspicious

Rosch et al. 2004 [13] Two or more passes with material 
sufficient for assessmenta

Mean of 2.8 passes (range 2–4)

No Only positive

Eloubeidi et al. 
2004 [12]

Five or more passes unless onsite 
review confirmed malignant cells
Median of three passes (range 1–7)

Yes Dual analysesb

Lee et al. 2004 [11] Until adequate cellularity or five 
or more passes
Mean of 2.8 passes

Yes Dual analysesb

Byrne et al. 2004 [10] Range of 2–7 passes Yesc Dual analysesb

Fritscher‐Ravens 
et al. 2003 [9]

Two or three passes No Dual analysesb

a Based on gross inspection by the endosonographer who deemed the material sufficient when visible material 
was identified.
b Data provided when considering “positive” for malignancy as the only indicator of a positive test result. Authors also 
provided data when considering either a “positive” or “suspicious” interpretation as indicative of a positive test result.
c Onsite cytopathology review available in 32 of 35 patients.

Table 13.4 Diagnostic sensitivity of endoscopic ultrasound fine needle aspiration.

Study, year

“Positive” or “suspicious” 
interpretation equates to 
positive for malignancy

Only “positive” 
interpretation equates to 
positive for malignancy

Mohamadnejad et al. 2011 [14] 54/74 (73%)a NA
Rosch et al. 2004 [13] NA 3/11 (27%)
Eloubeidi et al. 2004 [12] 18/21 (86%) 17/21 (75%)
Lee et al. 2004 [11] 11/24 (47%) 7/24 (29%)
Byrne et al. 2004 [10] 9/14 (64%) 6/14 (43%)
Fritscher‐Ravens et al. 2003 [9] 32/36 (89%) 30/36 (83%)

124/169 (73%) 63/106 (59%)

a The diagnostic sensitivity was significantly greater when sampling distal versus proximal 
cholangiocarcinoma; 38 of 47 (81%) versus 16 of 27 (59%); p = 0.04.
NA, data were not provided.
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rates likely greatly underestimate the 
true occurrence. The inevitable mortality 
among patients with unresectable cancers 
makes it difficult to document tumor 
seeding as patients typically succumb 
before developing clinical evidence of 
tumor seeding. In addition, for patients 
undergoing attempted curative resection, 
preoperative biopsy likely deposits cancer 
cells that are undetected within the sur
gical specimen or deposited outside the 
field of resection. The resulting occult 
reservoir of tumor cells may lead to dis
ease progression that is falsely attributed 
to incomplete resection or tumor recur
rence rather than growth of residual 
needle tract cancer cells. Limited data 
suggest that tumor seeding correlates 
with important clinical outcomes includ
ing tumor stage, prognosis, resectability, 
resection margin status, recurrence, and 
survival [23–34]. Others report a lack of 
correlation between tumor seeding and 
clinical outcomes [35–38].

The potential for tumor cell displace
ment during FNA has been previously 
demonstrated [39]. In a prospective study 
of 140 patients undergoing EUS, the 
luminal fluid that is routinely aspirated 
through the accessory channel was col
lected and submitted for cytological 
analysis. Luminal fluid cytology was 
positive for malignancy in 48% of patients 
with a luminal cancer, which may be 
expected given the inherent tumor 
shedding that occurs within the gastroin
testinal lumen. More concerning was the 
detection of positive cytology within 
post‐FNA luminal fluid in three of 26 
patients (12%) with pancreatic cancer. In 
patients with extraluminal cancers such 
as pancreatic cancer, we would not 
anticipate finding malignant cells within 
the gastrointestinal luminal fluid. This 
finding suggests the process of FNA may 
withdraw malignant cells from a pancre
atic cancer into the gut lumen. This is 
likely an analogous method to that by 
which needle tract seeding occurs.

This hypothesis is supported by a study 
that examined the rate of newly occurring 
peritoneal carcinomatosis following EUS 
versus percutaneously guided FNA among 
matched cohorts with pancreatic cancers 
[40]. One patient developed peritoneal 
carcinomatosis in the EUS FNA group 
compared with seven patients in the per
cutaneous FNA group (2.2% versus 16.3%; 
p <0.025). This study suggests a difference 
in tumor seeding rates between techniques 
and a potentially greater risk of seeding 
than previously recognized. Similarly, a 
recent meta‐analysis of eight published 
series identified tumor seeding in 2.7% of 
patients following percutaneous biopsy 
of HCC [41].

We evaluated the incidence of tumor 
seeding in patients with hilar CCA who 
underwent primary tumor transperito
neal FNA [42]. The study included 191 
patients with locally unresectable disease 
who underwent neoadjuvant chemoradi
otherapy with the intent to proceed to 
liver transplantation if the operative stag
ing showed no evidence of metastasis. 
Unlike operative resection where patients 
typically proceed directly to definitive 
therapy after diagnosis, this protocol 
involves a prolonged waiting period after 
diagnosis and completion of neoadjuvant 
therapy in order for a donor organ to 
become available. This waiting period has 
provided a unique opportunity to observe 
the impact of FNA biopsy. Since our 
practice is to avoid FNA in this setting, 
all biopsies were obtained at the referring 
institution. Among the 16 patients who 
underwent transperitoneal FNA (13 per
cutaneous, three EUS), six were positive 
for malignancy, nine were negative, and 
one patient had an equivocal test result. 
During operative staging, peritoneal 
metastasis was found in five of six (83%) 
versus none of nine (0%) patients with 
preoperative positive versus negative 
FNA, respectively. Peritoneal metastasis 
was discovered in only 14 of the remain
ing 175 (8%) patients who did not undergo 
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transperitoneal biopsy, versus five of six 
(83%; p = 0.0097) with a positive preop
erative FNA.

Our findings highlight the risk of FNA 
induced tumor seeding, but also raise 
questions. It is unclear what factors led to 
the initial FNA. We cannot exclude that 
clinical or tumor related features suggested 
more advanced disease that may have 
diminished concern for tumor seeding 
leading to FNA. Although precise staging 
comparison was not possible, the study 
groups had similar CA19‐9 levels, fre
quency of mass detection, tumor size, and 
histology. In addition, all patients were 
considered transplant candidates at the 
time of staging laparotomy. Nevertheless, 
an element of bias cannot be excluded. 
The interval from enrollment to staging in 
patients with a positive transperitoneal 
biopsy was 76 (54–249) days. Although 
this was not significantly different than 
that of the other groups, the stated inter
val did not include the time from biopsy 
until referral, which is sometimes delayed. 
Given the rate of malignant progression, 
it is unknown whether FNA induced 
tumor seeding would advance to grossly 
identifiable peritoneal disease within this 
timeframe.

Based on our experience, we consider 
primary tumor FNA to be a contraindica
tion to transplantation for CCA. There are 
limitations to our approach partly due to 
the inherent difficulty of tissue diagnosis 
in this setting. Our approach mandates an 
exhaustive effort to establish the diagnosis 
of CCA by other means and to exclude 
other causes of biliary strictures. We recog
nize that caution is needed when proceed
ing to surgery without a tissue diagnosis 
given that 10–20% of patients with pre
sumed CCA are found at surgery to have 
benign disease or an alternate tumor type 
[43–46]. The diagnostic challenges lead 
some to adopt less stringent markers such 
as CA19‐9 levels and/or imaging criteria 
alone to provide a presumptive diagnosis in 
the proper clinical setting. While reliance 

on these softer surrogate markers may be 
appropriate in select patients, their use 
risks a false positive diagnosis that may 
lead to unnecessary, inappropriate, and 
often high risk surgery. Thorough coun
seling is essential so that patients under
stand the potential for major operative 
intervention, even transplantation, for 
benign disease. Patients are more apt to 
accept this approach when understanding 
the diagnostic hurdles, the need to avoid 
delays in oncological therapy, and the 
risks and implications of tumor seeding.

Staging and Resectability

Patient selection is a key component for the 
delivery of stage appropriate management 
of CCA. Several staging systems are utilized 
for CCA [4,47,48]. These systems differ in 
intended application and provide varying 
accuracy in terms of prognostic determi
nation, assessing resectability status, and 
guiding the extent of resection. While 
unique criteria exist, certain features are 
common to each staging system, including 
the proximal and distal tumor extent and 
presence or absence of nodal metastasis, 
vascular infiltration (Figure  13.2), lobar 
atrophy, and distant metastasis. Improved 
imaging guided preoperative staging can 
reduce the need for staging laparoscopy 
and decrease the rate of tumor upstaging at 
laparoscopy.

Figure 13.2 Tumor infiltration of the portal vein.
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The CCA staging accuracy of EUS cannot 
be reliably determined due to the paucity 
of data. Published reports highlight a few 
patients with key staging information pro
vided by EUS. However, this was not the 
intended purpose nor was the methodol
ogy sufficient to determine EUS staging 
accuracy. One study attempted to more 
fully address this issue [14]. Among 81 
patients enrolled, 75 were evaluated for 
surgery. Among the 15 patients eventually 
deemed unresectable, EUS identified 
unresectable disease in a greater number 
than computed tomography (CT) and 
MRI; eight of 15 (53%) versus five of 15 
(33%) and none of 15 (0%), respectively. 
Among this group, EUS identified six sites 
of disease not seen by CT/MRI, including 
infiltration of the portal vein (n = 2), 
hepatic artery, celiac lymph node, liver 
metastasis, and peritoneal spread. Sites 
identified by CT/MRI not seen by EUS 
included portal vein invasion (n = 2) and 
celiac lymphadenopathy. Finally, there 
were four sites of disease confirmed at 
surgery that were not detected with EUS 
or CT/MRI, including the hepatic artery, 
portal vein, celiac node, and longitudinal 
bile duct extension. Other patient data 
were not included in this report, thereby 
prohibiting us from determining the accu
racy of EUS for staging and determining 
resectability.

Nodal Staging and Features 
of Malignant and Benign 
Lymph Nodes

Nodal metastasis of CCA is a poor prog
nostic indicator [49,50], with distant 
lymphadenopathy precluding curative 
resection. However, the impact of locore
gional nodal metastasis is debated. At a 
minimum, its occurrence contraindicates 
liver transplantation and in some centers 
precludes attempted curative resection. 
Few studies have adequately addressed 
the issue of EUS nodal staging accuracy 
[14,51]. Other studies simply noted if any 

nodes had been seen [9,11] or completely 
neglected this issue [10,12,13].

The utility of EUS FNA for nodal staging 
was evaluated in 47 patients with locally 
unresectable hilar CCA who were being 
considered for liver transplantation [51]. 
EUS identified regional lymph nodes in all 
the patients, leading to FNA of 70 lymph 
nodes, with nodal metastasis identified in 
eight patients. The finding of malignant 
lymph nodes obviated the morbidity and 
expense of unwarranted chemoradiation 
and brachytherapy as well as staging lapa
rotomy in anticipation of transplantation. 
CT and/or MRI detected malignant nodes 
in only two of the eight patients. Among 
the 22 patients with benign lymph nodes 
at FNA, 20 (91%) were confirmed negative 
at the time of exploratory laparotomy. 
EUS failed to detect malignant perigastric 
lymphadenopathy in two patients. This 
study demonstrated enhanced nodal stag
ing provided by EUS FNA and the signifi
cant impact of this information on patient 
care. Important data were also collected 
concerning the EUS features of benign 
and malignant lymph nodes in patients 
with CCA (Figures  13.3 and 13.4). We 
found that historically adopted EUS imag
ing features, including long axis length, 
roundness, echogenicity, and homoge
neity, individually and collectively pro
vided poor predictive value (Table  13.5). 
Therefore, in CCA patients we biopsy all 

Figure 13.3 Endoscopic ultrasound image of a 
biopsy proven malignant lymph node.



Endoscopic Ultrasound in Cholangiocarcinoma 237

visualized lymph nodes irrespective of 
their morphological or echo features.

Another study compared EUS nodal 
staging with a surgical or tissue gold 
standard among 45 patients and found 
an EUS sensitivity of only two of 23 (9%) 
[14]. The low sensitivity in this report 
may be accounted for by the investigators’ 
practice of sampling only malignant 
appearing lymph nodes in contrast to our 
approach of sampling all nodes regardless 
of appearance.

Potentially Confounding 
Variables and Complications

Primary sclerosing cholangitis (PSC) is a 
major risk factor for CCA. Although 
precise PSC data were generally omitted, 
among the five studies providing such 
information, only 10 of 228 (4%) patients 
had PSC (Table 13.6). PSC is often associ
ated with multiple biliary strictures, 
more pronounced desmoplasia, and diffuse 
benign lymphadenopathy. These features 
hinder EUS imaging and FNA, and there
fore the low rate of PSC among study 
patients likely artificially improved the 
EUS imaging and FNA results.

Table 13.5 Endoscopice features of malignant 
and benign lymph nodes.

Mean

Malignant 
lymph 
node

Benign 
lymph 
node

P 
value

Long axis 
(mm)

1.61 ± 0.61 1.47 ± 0.78 0.68

Roundness 
score

2.5 ± 1.55 2.9 ± 0.81 0.32

Echogenicity 
score

4.0 ± 0.63 3.78 ± 0.71 0.48

Homogeneity 
score

3.0 ± 1.1 3.32 ± 0.84 0.41

Figure 13.4 Endoscopic ultrasound image of an 
established benign lymph node.

Table 13.6 Potentially confounding variables and complications in endoscopic ultrasound (EUS).

Study, year PSC present Stent present at time of EUS Complications related to EUS

Mohamadnejad et al. 2011 [14] 2 of 81 (2%) 64/74 (86%)a 1 (hemobilia)
Rosch et al. 2004 [13] NA NA 0
Eloubeidi et al. 2004 [12] 1 of 28 (4%) 27/28 (96%) 0
Lee et al. 2004 [11] 3 of 40 (8%)b 40/42 (95%)c 0
Byrne et al. 2004 [10] 0 of 35 (0%) NA NA
Fritscher‐Ravens et al. 2003 [9] 4 of 44 (9%)d 44 of 44 (implied) 0
Summary 10/228 (4%) 131/146 (90%)

a The diagnostic sensitivity of EUS fine needle aspiration (FNA) was 45 of 64 (70%) versus nine of 10 (90%) for 
patients with and without a stent, respectively.
b There was no evidence of PSC at the time of EUS. Cholangiographic features of PSC subsequently developed 
in three patients.
c Stent data were given for the initial 42 patients evaluated, but not specifically for the 40 patients ultimately 
included in the overall analyses.
d EUS FNA was falsely negative in the four patients with PSC.
NA, data were not provided; PSC, primary sclerosing cholangitis.
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At the time of EUS, 131 of 146 (90%) 
patients had an indwelling biliary stent 
(Table 13.6). The presence of a biliary stent 
can hinder imaging due to artifacts associ
ated with the stent itself as well as stent 
induced sludge. However, this is seldom a 
concern except for the smallest of biliary or 
pancreatic lesions. These problems may be 
overcome by imaging from various loca
tions, by minimizing insufflation of air 
(which often passes through the stent into 
the duct), or by initial stent removal. At 
times, the presence of a stent can even 
facilitate the detection of a diminutive mass 
since the stent typically courses through 
the lesion thereby indicating its location.

The only complication reported fol
lowing EUS FNA of CCA was hemobilia 
in one patient [14]. This patient was 
observed for 24 hours without the need 
for intervention.

Endoscopic Ultrasound 
and Hepatic Lesions

Traditionally, hepatic lesions were biop
sied via the percutaneous route due to 
ease of access and the belief that the liver 
could not be visualized adequately by 
EUS. It is now recognized that the left lobe 
and hilum can be visualized from the gas
tric body and antrum, while portions of 
the right lobe can be accessed from the 
duodenal bulb. Although percutaneous 
biopsy remains the main method for tis
sue acquisition of hepatic masses, EUS 
FNA is increasingly used, particularly in 
patients who have an incidentally discov
ered liver lesion during EUS staging of an 
intra‐abdominal or intrathoracic tumor.

Characteristics of Malignancy

Several studies have evaluated EUS charac
teristics that have helped to distinguish 
benign from malignant hepatic lesions. 
Nguyen et  al. noticed that all 15 liver 
masses detected in their study were round 

with regular borders and lacked internal 
vascular structures by Doppler [52]. 
Similarly, another study found that malig
nant lesions, as compared with benign 
lesions, more commonly had regular outer 
margins (60% versus 27%, respectively; 
p = 0.02) and the detection of at least 
two lesions (38% versus 9%, respectively; 
p = 0.03) [53]. There was no significant 
difference in echogenicity and size of malig
nant and non‐malignant masses. Finally, 
tenBerge et al. did not find any EUS charac
teristics that were predictive of malignancy, 
including the size, shape, echogenicity, and 
border of the lesion [54].

We have reported a scoring system 
using EUS criteria that we derived and 
validated to help distinguish between 
benign and malignant solid hepatic 
lesions [55]. Using this scoring system 
(Figure  13.5) we were able to diagnose 
malignant masses with a sensitivity of 
85%, specificity of 82%, and positive pre
dictive value of 88%.

Performance and Impact

Of 350 total patients from seven studies 
that focused on EUS FNA of hepatic 
lesions, 261 (74.6%) were positive for 
malignancy, 62 were negative for malig
nancy (17.7%), and the remaining 27 (7.7%) 
were either non‐diagnostic, suspicious, or 
atypical for malignancy [52–54,56–59]. 
Combining the two prospective studies, 
the sensitivity, specificity, positive predic
tive value, and negative predictive value of 
malignancy were 96%, 100%, 100%, and 
75%, respectively [52,56].

Three studies have evaluated the 
impact of the EUS FNA results on patient 
management [52–54]. A positive EUS 
FNA of a hepatic lesion upstaged the 
tumor in 16–57% of cases, while surgery 
was appropriately avoided in 27–50% of 
patients in these studies. An additional 
retrospective, single center study com
mented that the EUS FNA results influ
enced management in nine patients, with 
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four receiving palliative chemotherapy, 
one treated with transarterial chemoembo
lization, and four switching from curative 
to palliative therapy [58].

Comparison of Endoscopic and 
Percutaneous Fine Needle Aspiration

Although interpretation is limited by the 
bias of the publications focusing on EUS 
FNA, several studies have commented on 
the malignant hepatic lesions diagnosed 
via EUS FNA in patients who previously 
had non‐diagnostic percutaneous biop
sies. tenBerge et  al. reported 26 and six 
cases where ultrasound‐ or CT guided 
FNA, respectively, were non‐diagnostic 
for malignancy [54]. Out of those cases, 
EUS FNA was able to confirm malig
nancy in 23 (89%) and five (83%). Another 
study mentioned that CT guided biopsy 

was unable to make a malignant diagnosis 
in three patients, which were later con
firmed by EUS FNA, but they also noted 
that two of three false negative EUS 
FNAs required diagnosis by percutane
ous biopsies [53].

As tissue acquisition for easily accessi
ble lesions should still be performed via 
the percutaneous route, these studies 
provide evidence for the use of EUS FNA 
as a complementary test in patients who 
either had a prior non‐diagnostic percu
taneous FNA or are found to have an 
incidental hepatic lesion while undergo
ing EUS staging. This also highlights the 
importance of performing a thorough 
evaluation of the liver during each EUS 
performed for tumor staging, as impor
tant lesions may be encountered that 
affect patient management but may not 
be seen on radiographic imaging.

Benign: 1. Hyperechoic (Distinctly)

Malignant: 1. Two components

2. Post-acoustic enhancement

3. Distorts adjacent structures

4. Hypoechoic

5. Size ≥10 mm

Yes

Yes

Yes

Yes

No

No

No Benign

Indeterminate

Malignant

IndeterminateNo

1

1

1

2

2

3

2
4

Points

Benign
(either criterion)

Malignant
(≥3 points)

Interpretation

Distinctly
Slightly

Distinctly
Slightly

With isoechoic/Slightly hyperechoic center
Without isoechoic/Slightly hyperechoic center

2. Geographic shape (Distinctly)

Figure 13.5 Scoring system of endoscopic ultrasound criteria derived to distinguish malignant from 
benign solid hepatic lesions.
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Complications

Six complications (3.6%) were encoun
tered in a retrospective, international 
questionnaire completed by 21 centers 
for a total of 167 cases, including abdom
inal pain (n = 2), fever (n = 2), bleeding 
(n = 1), and death (n = 1) [54]. The cause 
of death in the one patient was biliary 
sepsis, which was thought to be related to 
EUS FNA proximal to an occluded biliary 
stent. Self‐limited bleeding was described 
in a patient undergoing EUS for a gastric 
subepithelial tumor. The patient was 
observed for 2 days and did not require 
a  blood transfusion. The two patients 
with abdominal pain were observed for 
6  hours as outpatients, while the two 
patients with post‐procedural fevers 
were hospitalized but did not require anti
biotics. Another two cases of self‐limited 
bleeding that did not require trans fusions 
or interventions were described as the 
only adverse event following EUS FNA of 
41 liver lesions (4.9%) [56]. This risk 
related to EUS FNA of hepatic lesions is 
higher than the risk associated with EUS 
FNA of other sites, which was confirmed 
by a meta‐analysis that found that hepatic 
EUS FNA had the second highest mor
bidity rate (2.33%), only exceeded by FNA 
of ascites [60].

Conclusion

It is essential, whenever possible, to obtain 
a definitive tissue diagnosis to help guide 
the care of patients with CCA and hepatic 
metastases. The growing use of EUS for 
CCA diagnosis and staging is largely 
driven by the inherent limitations of endo
scopic bile duct sampling. Although the 
findings of EUS often facilitate patient 
care, the specific role in managing CCA is 
often debated. Some routinely perform 
bile duct EUS FNA for primary tumor 
diagnosis. We strongly discourage this 
practice due to the potential for tumor 

seeding and secondary impact on trans
plant candidacy or outcomes following 
resection for patients with resectable 
disease. The high false negative rate of 
primary tumor FNA must also be consid
ered, as a negative test result often leaves 
great uncertainty among patients and care 
providers.

We view published CCA data as being 
most supportive of EUS when evaluating 
lymphadenopathy in patients being con
sidered for liver transplantation. FNA 
verification of malignant lymphadenop
athy avoids unnecessary neoadjuvant 
therapy and staging laparotomy, and thus 
impacts quality of life and cost. EUS is 
indicated regardless of CT and/or MRI 
findings, because non‐invasive imaging 
lacks sufficient sensitivity for lymph node 
detection and poorly discriminates benign 
from malignant lymph nodes. Thorough 
sampling is necessary irrespective of nodal 
appearance, because of the poor predic
tive value of EUS imaging alone. Patients 
with a negative FNA must undergo 
staging laparotomy to verify N0 status. 
Additional study is needed to determine 
the role of EUS for obtaining other staging 
information in patients being considered 
for liver transplantation. More data are 
also needed to determine the true impact 
of EUS staging information in patients 
being considered for non‐transplant 
forms of operative intervention. Finally, 
existing reports provide no information 
pertaining to the use of EUS for intrahe
patic CCA.

EUS also has a role in detecting and 
diagnosing hepatic metastases in patients 
undergoing tumor staging of gastroin
testinal and mediastinal malignancies. 
EUS FNA of hepatic lesions has been 
shown to have an impact on patient man
agement by upstaging the tumor and/or 
avoiding unnecessary high risk surgeries. 
Therefore, we encourage endosonogra
phers to thoroughly evaluate as much of 
the liver as possible when performing EUS 
for tumor staging.
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Introduction

Improvements in echoendoscope design, 
imaging quality, and accessories have col
lectively led the evolution of endoscopic 
ultrasonography (EUS) from a diagnostic 
to a therapeutic modality [1]. As a result, 
EUS is now a well established technique for 
tissue sampling, fine needle injection, and 
drainage of fluid collections and abscesses 
adjacent to the gastrointestinal (GI) tract. 
Widespread adoption of minimally inva
sive surgery and radiological procedures 
has naturally led to the increased use of 
EUS in treatment and/or palliation of GI 
and pancreaticobiliary diseases, including 
EUS guided biliary drainage (EGBD).

In patients with normal, non‐obstructed, 
upper GI anatomy, selective bile duct can
nulation by experts at endoscopic retro
grade cholangiopancreatography (ERCP) 
is successful in over 90% of cases. When 
bile duct access is not possible due to 
failed cannulation, altered upper GI tract 
anatomy, distorted ampulla, gastric outlet 
obstruction, periampullary diverticulum, 
or in situ enteral stents, EGBD has been 
increasingly used as a minimally invasive 
alternative to surgery or radiology [2–13].

EGBD can be performed by one of three 
methods. First, a rendezvous technique 
may be considered whereby a wire is placed 
into an intrahepatic or extrahepatic bile 
duct, passed through the papilla, and 
retrieved by a duodenoscope for biliary 
interventions. Second, direct transluminal 
stenting using a transgastric or transduo
denal approach may be performed with
out accessing the papilla [14,15]. A third 
approach that has not been extensively 
reported is EUS guided antegrade trans
papillary biliary stent placement [16,17].

Techniques

Rendezvous Technique

A linear echoendoscope is used to achieve 
initial biliary access within a segment of 
the dilated bile duct proximal to the site of 
obstruction. The tip of the echoendoscope 
is positioned in the gastric fundus or duo
denal bulb when accessing the intrahepatic 
and extrahepatic bile duct, respectively. 
A 19 or 22 gauge fine needle aspiration 
(FNA) needle is used to puncture the bile 
duct with access confirmed by contrast 

14

Endoscopic Ultrasound Guided Biliary Drainage
Mouen A. Khashab1, Shyam Varadarajulu2, and Robert H. Hawes3

1 Associate Professor of Medicine, Department of Medicine and Division of Gastroenterology and Hepatology, The Johns Hopkins 
Hospital, Baltimore, Maryland, USA
2 Professor of Medicine, University of Central Florida College of Medicine, Medical Director, Center for Interventional Endoscopy, 
Florida Hospital Orlando, Orlando, Florida, USA
3 Professor of Medicine, University of Central Florida College of Medicine, Medical Director, Florida Hospital Institute for 
Minimally Invasive Therapy, Florida Hospital Orlando, Orlando, Florida, USA



Endoscopic Ultrasound Guided Biliary Drainage246

injection and fluoroscopic imaging. 
A  0.035, 0.025, or 0.018 inch guidewire 
is  then advanced into the bile duct. The 
smaller 0.018 inch wires need to be 
exchanged for larger wires before stent 
placement. The echoendoscope and needle 
are angled to facilitate antegrade guide
wire passage through the site of obstruc
tion and across the papilla and coiling of 
the wire within the duodenum is pre
ferred to enable the rendezvous technique. 
The echoendoscope is withdrawn leaving 
the guidewire in place. A side viewing 
endoscope is passed to the papilla and a 

snare or biopsy forceps is used to grasp 
the guidewire and withdraw it through the 
endoscope with subsequent stent place
ment (Figure 14.1) [18].

Direct Transluminal Technique

In transluminal cases, the entire procedure 
is performed using the echoendoscope. 
After the bile duct is accessed as described 
above, the puncture tract is dilated with a 
dilating catheter or dilation balloon and 
a variety of devices are used to facilitate 
stent placement. These devices are selected 

(a) (b) (c)

(d) (e)

Figure 14.1 Endoscopic ultrasound guided biliary drainage using the rendezvous technique. (a) The 
common bile duct (CBD) was punctured with a 19 gauge needle under endosonographic guidance, and 
antegrade cholangiography revealed a dilated CBD with distal obstruction. (b) Antegrade passage of 
the guidewire can be seen passing via the stomach (red arrow), duodenal bulb (yellow arrow), through 
the papilla, and coiled in the distal duodenum (white arrow). (c) The wire was grasped through a 
duodenoscope and a sphincterotome was passed over the wire (white arrow). The wire was withdrawn 
from the duodenal bulb (yellow arrow) and readvanced in a retrograde fashion to facilitate 
transpapillary stent placement. (d) Dark bile flowing through transpapillary self‐expandable metallic 
biliary stent. (e) Coronal computed tomography image showing a self‐expandable metallic stent placed 
across a distal biliary stricture due to a pancreatic mass.
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based on the patient’s anatomy and features 
of the obstructing stricture. Stent inser
tion is then performed via an antegrade 
approach (Figure 14.2) [18,19].

Antegrade Stenting Technique

The EUS guided antegrade stenting tech
nique involves the following steps. The 
dilated biliary ductal segment is punc
tured with an FNA needle and contrast 
is  then injected through the needle to 
provide a cholangiogram. A hydrophilic 
guidewire is advanced through the needle 
and manipulated across the stricture. The 
FNA needle is removed, and the tract is 
dilated over the wire to 7 or 8.5 Fr using 
an ERCP catheter (e.g., Soehendra Biliary 
Dilation Catheter®, Wilson‐Cook Medical, 
Winston‐Salem, NC, USA). With the dilation 

catheter tip within the bile duct, the hydro
philic wire is then exchanged for a stiffer 
instrumentation guidewire (e.g. 0.035 inch 
Jagwire™, Boston Scientific Corp., Natick, 
MA, USA). Antegrade stent placement is 
performed by advancing the stent 
through the therapeutic channel of the 
echoendoscope over the guidewire, and 
the stent is then deployed across the stric
ture transpapillary or transanastomotic.

Outcomes

Despite growing international experience 
and peer reviewed publications of EGBD 
in recent years, concern still remains 
about the safety and efficacy of these 
techniques compared with the standard, 
widely available, alternative procedures. 

(a) (b) (c)

(d) (e)

Figure 14.2 Endoscopic ultrasound guided biliary drainage (EGBD) using the direct transluminal 
technique. (a) Endosonographic image showing the needle and guidewire within the common bile duct 
(CBD). (b) Antegrade cholangiography demonstrating intra‐ and extrahepatic biliary dilation with an 
abrupt cut‐off in the mid CBD. A prophylactic pancreatic stent placed at failed endoscopic retrograde 
cholangiopancreatography remains in situ. (c) The choledochoduodenostomy (CDS) was dilated with a 
dilating bougie catheter (4–7 Fr). (d) A large volume of bile flowing through the fully covered self‐
expanding metallic biliary stent that was placed across the CDS. (e) A coronal computed tomography 
image 4 weeks after EGBD reveals an optimal stent position and absence of biliary ductal dilation.
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Data involving mainly small series from 
expert centers suggest that EGBD can be 
performed with high therapeutic success 
(87%) but is associated with a 10–20% 
morbidity (most mild to moderate) and 
rare serious adverse events [20]. Artifon 
et al. [21] published the first prospective 
randomized trial comparing EGBD with 
percutaneous transhepatic biliary drain
age (PTBD) in 25 patients (13 EUS chole
dochoduodenostomy (EUS‐CDS) and 12 
PTBD) with malignant biliary obstruction 
and failed ERCP. The two groups were 
similar before EGBD in terms of quality of 
life, total bilirubin (16.4 versus 17.2 mg/
dL; p = 0.7), alkaline phosphatase (539 
versus 518 IU/L; p = 0.7), and gamma‐
glutamyl transferase (554.3 versus 743.5 
U/L; p = 0.56). All procedures were techni
cally and clinically successful in both 
groups. At the 7‐day follow‐up, there was 
a significant reduction in total bilirubin in 
both groups (EUS‐CDS: 16.4 to 3.3; 
p = 0.002; PTBD: 17.2 to 3.8; p = 0.01), 
although no difference was noted between 
the two groups (EUS‐CDS to PTBD: 3.3 
versus 3.8; p = 0.2). There was no differ
ence between the complication rates in 
the two groups (p = 0.44): EUS‐CDS (2/13, 
15.3%) and PTBD (3/12, 25%). Cost was 
similar between both groups (EUS‐CDS: 
US$5673 versus PTBD: $7570; p = 0.39). 
Therefore, this randomized study showed 
that EUS performed via the transluminal 
approach (choledochoduodenostomy) 
had a similar success rate, complication 
rate, and cost as compared with PTBD. 
Although this small, prospective, single 
center study provides hope that EGBD 
may be an acceptable alternative to PTBD, 
large prospective studies performed by 
experts may also provide valuable insight 
into procedure related complications, effi
cacy, and modifications employed to 
improve patient outcomes.

Shah and colleagues reported their 
extensive experience with EGBD in patients 
with surgical anatomy or failed ERCP [13]. 
A total of 70 patients had attempted EUS 

guided cholangiography and this was 
successful in 68 (97%) patients; 66 patients 
had cholangiographic findings requiring 
interventions. EGBD using the rendezvous 
technique was attempted in 50 patients 
and was successful in 37 (74%) and failed 
in 13. Direct EUS guided interventions 
(hepatogastrostomy, choledochoduo
denostomy, antegrade stenting) were 
attempted in the remaining 16 patients 
and were successful in 13 (81%). A total of 
six complications occurred, most of which 
were managed conservatively. One perfo
ration occurred that required subsequent 
surgical intervention and was related to 
sphincterotomy after successful rendez
vous ERCP.

Park and colleagues reported their expe
rience in a large prospective cohort who 
underwent EGBD by one experienced 
operator at a large, busy, tertiary center in 
Korea [22]. These authors have previously 
reported a relatively high adverse event 
rate of 20% for EGBD [7] and in the more 
recent study they aimed to evaluate 
whether a modified technique of “enhanced 
guidewire manipulation” could improve 
the safety and efficacy of EGBD [22]. The 
modified approach by Park et al. included: 
(i) optimizing the angle of bile duct punc
ture with the EUS needle; (ii) the use of 
smaller diameter wires to avoid wire 
shearing; (iii) introducing a 4 Fr catheter 
to manipulate the direction of the wire 
towards/through the distal stricture/
ampulla; and (iv) a preference for punc
turing a segment 2 intrahepatic duct to 
allow advancement of the wire towards 
the hilum [22]. In this study, 45 patients 
with benign or malignant biliary obstruc
tion underwent same session EGBD after 
failed ERCP. Technical success, which was 
defined as successful stenting or balloon 
dilation along with the flow of contrast 
medium and/or bile through the stent, 
was achieved in 41 (91%) patients. 
Functional success, defined as a decrease 
of cholestatic indices to less than 75% of 
the pretreatment value within 1 month of 
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the procedure, was achieved in 39 (95%) 
of these patients. A total of five (11%) 
adverse events occurred in four patients: 
one each of pancreatitis, focal bile perito
nitis, limited pneumoperitoneum, intra
peritoneal stent migration, and biloma. 
The latter complication was managed by a 
EUS guided approach with stent‐in‐stent 
placement. In all, three patients experi
enced mild complications and one patient 
experienced a moderate complication per 
the American Society for Gastrointestinal 
Endoscopy (ASGE) lexicon’s severity 
grading system [23]. Technical success 
and complications in this study were simi
lar to other reports.

As stated above, the primary intent of 
the Park’s study [22] was to evaluate 
whether “advanced guidewire manipula
tion” may decrease an adverse event rate 
of 20% (n = 11) that the authors reported 
in a prior study of 55 patients who under
went either EUS guided hepaticogas
trostomy or EUS‐CDS [7]. To evaluate 
whether the authors successfully met their 
goal, it is important to evaluate potential 
reasons for complications in these 11 
patients (graded as mild in seven and 
moderate in four). Interestingly, nine of 
these 11 patients underwent fistula 
dilation using a needle knife and its use 
was independently associated with the 
occurrence of adverse events (odds ratio 
12.4; p = 0.01). In the more recent study 
[22], fistula dilation with a needle knife 
was used in only five patients. Therefore, 
we recommend that the use of needle knife 
cautery for tract creation/dilation during 
EGBD should be avoided when possible.

Gupta et al. reported a multicenter expe
rience of long term outcomes of EGBD 
in 246 patients [24]. The intrahepatic 
approach was used in 60% of the cases. 
Successful biliary drainage was achieved 
in 87% of cases, with a similar success 
rate in extrahepatic and intrahepatic 
approaches (84.3% versus 90.4%; p = 0.15). 
A higher clinical success rate was noted in 
malignant diseases compared with benign 

diseases (90.2% versus 77.3%; p = 0.02). 
Complications for all techniques included 
pneumoperitoneum 5%, bleeding 11%, 
bile leak/peritonitis 10%, and cholangitis 
5%, without a significant difference 
between the intrahepatic and extrahepatic 
approaches and between benign and 
malignant diseases.

It is important to note that results of 
the above discussed studies come from 
tertiary centers where all procedures were 
performed by high volume, highly quali
fied interventional endoscopists. Similarly, 
previous series describing EGBD were 
performed at tertiary centers by highly 
skilled endoscopists. We believe these 
procedures are ideally performed by one 
or more experienced endoscopists trained 
in both ERCP and EUS and carried out at 
institutions where surgery and radiology 
backup are available should complications 
arise.

Comparison of Different 
Techniques

Rendezvous Versus Direct 
Transluminal Techniques

The rendezvous (REN) approach is the 
preferred approach for many endoscopists 
as it avoids the need for a permanent 
bilioenteric fistula and the need to dilate 
the fistulous tract, which may lead to 
complications such as bleeding, pneumo
peritoneum, and pneumomediastinum. 
However, this approach may not be pos
sible if the wire cannot pass through the 
ampulla due to difficult angulation or a 
tight distal biliary stricture. It is not well 
known how REN and transluminal (TL) 
techniques compare in terms of efficacy 
and adverse events. Khashab et al. compared 
outcomes of REN and TL techniques in a 
study of 35 patients who underwent 
EGBD (REN 13, TL 20) for malignant distal 
biliary obstruction and failed ERCP [18]. 
Technical success was achieved in 33 (94%) 
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patients and clinical success was attained 
in 32/33 (97.0%) patients. The mean post‐
procedure bilirubin level was 1.38 mg/dL 
in the REN group and 1.33 mg/dL in the 
TL group (p = 0.88). Similarly, the length 
of hospital stay was not different between 
both groups (p = 0.23), and there was no 
significant difference in adverse event rate 
between the REN and TL groups (15.4% 
versus 10%; p = 0.64). Long term outcomes 
were comparable between both groups 
with one stent migration in the REN group 
at 62 days and one stent occlusion in the 
TL group at 42 days after EGBD. The 
authors concluded that EGBD is safe and 
effective when performed by experienced 
operators. Stent occlusion was not com
mon during long term follow‐up. Both 
REN and TL techniques seemed to be 
equally effective and safe. The latter 
approach was a reasonable alternative to 
the REN technique and when aggressive 
wire manipulation was not warranted.

There are at least three potential disad
vantages to the EUS guided biliary REN 
approach that deserve discussion. First, 
REN completion even by experts is suc
cessful in only 75% of cases and requires 
an accessible papilla, which may not be 
possible in patients with altered upper GI 
anatomy or gastric outlet obstruction 
[13]. In the study by Park et  al. [22], a 
REN approach (or antegrade transpapil
lary stenting) was not feasible in 11 (24%) 
patients and failed in an additional nine 
(20%). A second difficulty with REN bil
iary drainage is prolonged procedural 
times, which are due to several factors 
including: (i) the requirement for wire 
manipulation to steer it through the distal 
stricture and towards the ampulla; (ii) the 
need to exchange the echoendoscope to a 
duodenoscope; and (iii) a requisite for 
subsequent retrograde biliary cannula
tion. A final shortcoming of REN EGBD is 
the risk of acute pancreatitis due to 
manipulation of the papilla [4,9,13].

Since REN EGBD either fails or is not 
possible in at least 25% of patients, is asso

ciated with prolonged procedure times, 
and still may lead to pancreatitis and 
other complications, it is essential that 
endoscopists strive to perfect and mini
mize the risks associated with EUS guided 
TL stenting in order to provide a complete 
armamentarium for patients with 
malignant and benign biliary strictures 
or obstruction. However, adoption of 
bilioenteric fistula tract stenting by 
some endoscopists has been slow due to 
concern about potential associated risks, 
particularly bile leakage and pneumoperi
toneum. Nonetheless, our experience 
suggests that TL stent insertion is safe 
when biliary drainage is successfully 
achieved [10,11,25] but, importantly, risks 
formation of a bile leak if biliary obstruc
tion is not relieved. Several safeguards 
may assure successful and safe TL stent 
placement. First, the TL tract should not 
be dilated until an acceptable guidewire 
position for stent placement has been 
achieved. Second, the tract should be 
dilated only to a diameter to allow stent 
insertion while avoiding overly aggressive 
dilation that may predispose to a biliary 
leak [10]. Third, cautery assisted tract 
dilation should be avoided if possible 
given the potential for complications, 
particularly bleeding and bile leak. Fourth, 
fully covered metallic stents and carbon 
dioxide insufflation should be used to 
minimize the risk of bile leak and pneumo
peritoneum, respectively. We agree with 
the assertion of many experts that REN 
EGBD should preferentially be attempted 
first, but believe that a TL approach is an 
acceptable, efficacious, and safe alterna
tive, provided the above safeguards are 
followed.

Intrahepatic Versus 
Extrahepatic Access Routes

Endoscopic ultrasound guided biliary 
drainage using either a REN or TL tech
nique requires needle puncture via an 
intrahepatic or extrahepatic route in a 
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non‐obstructed patient with normal upper 
GI anatomy. However, it is not yet estab
lished which access route is optimal for 
either technique. In cases of REN EGBD, 
Dhir and colleagues found that an extra
hepatic REN approach (using a transduo
denal puncture) was associated with 
significantly shorter procedure times and 
less post‐procedure pain, bile leak, and air 
under the diaphragm [26]. In addition, 
they found that success is likely higher with 
extrahepatic REN as was confirmed by Park 
et  al. (93% versus 50%) [22]. Similarly, in 
cases of direct TL EGBD, an extrahepatic 
route (choledochoduodenostomy) is likely 
safer than an intrahepatic route (hepatogas
trostomy) [7]. Therefore, it appears that an 
extrahepatic access route during EGBD is 
preferable and safer to an intrahepatic route 
whether EGBD is performed using the 
REN or direct TL technique.

Dhir and colleagues compared success 
and complication rates in 68 patients 
undergoing EGBD via different methods 
[27]. EGBD was successful in 65 patients 
(95.6%). There was no significant differ
ence in the success rates of the different 
techniques. Complications were seen in 
14 patients (20.6%) and mortality in three 
patients (4.4%). Complications were sig
nificantly higher for the intrahepatic route 
compared with the extrahepatic (transdu
odenal) route (30.5% versus 9.3%; p = 0.03). 
There was no significant difference in 
complication rates among TL and trans
papillary stent placements, or direct and 
REN stenting. Logistic regression analysis 
showed transhepatic access to be the only 
independent risk factor for complications 
(p = 0.03). The authors concluded that 
EGBD can be carried out with high suc
cess rates regardless of the choice of access 
route, stent direction, or drainage route. 
However, complications are significantly 
higher with the intrahepatic access route. 
They recommended that the extrahepatic 
(transduodenal) route should be chosen 
for EGBD and REN stent placements 
when both routes are available.

Why does it appear that the intrahepatic 
route leads to an increased risk of compli
cations? First, an intrahepatic route 
involves needle puncture into the perito
neal cavity, which risks pneumoperito
neum and peritoneal bile leakage. Second, 
move ment of the liver during respiration 
may lead to both stent migration with 
resulting bilomas and increased trauma 
to the bilioenteric tract (which increases 
the risk for post‐procedure pain and bile 
leak). Finally, smaller caliber intrahepatic 
ducts may not allow placement of wider 
8–10 mm metallic stents, which can 
theoretically predispose to pneumoperi
toneum and bile leakage due to incom
plete sealing of the bilioenteric fistula. 
Extrahepatic access, on the other hand, 
has many advantages including close prox
imity of the duodenum to the dilated bile 
duct, retroperitoneal location of the bile 
duct, and a relatively fixed bile duct with 
minimal respiratory influence. Further 
prospective studies comparing the safety 
of these different techniques are needed.

Endoscopic Ultrasound 
Guided Biliary Drainage 
in Patients with Pre‐Existing 
Duodenal Stents

Patients with gastric outlet obstruction 
resulting from duodenal tumor compres
sion and/or infiltration present a particular 
challenge during ERCP, especially in the 
presence of a duodenal self‐expandable 
metal stent (SEMS). While ERCP can be 
accomplished by fenestration of a duodenal 
stent in some cases, alternative approaches 
for biliary access and drainage are needed 
when the papilla is unable to be reached or 
visualized [10]. Khashab et  al. performed 
EGBD in nine patients with a pre‐existing 
duodenal SEMS and an inaccessible 
ampulla [10]. The bile duct was accessed 
via a transgastric (n = 3) or transduodenal 
(n = 6) approach, requiring needle passage 
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through the interstices of the duodenal 
stent in five patients. Biliary access was 
achieved using a 19 gauge FNA needle via 
an extrahepatic (n = 7) or intrahepatic (n = 2) 
approach. Catheter dilation was performed 
following guidewire passage through the 
site of obstruction and papilla. Dilation 
included the gastric or duodenal wall, inter
vening tissues between the lumen wall and 
bile duct, the site of obstruction, and the 
duodenal stent interstices. Inserted biliary 
SEMSs were fully covered or uncovered, 
measured 10 mm in diameter, and ranged 
from 40 to 80 mm in length. Antegrade 
bypass stent insertion (direct transluminal 

access) was required in two patients because 
of inability to advance the guidewire 
antegrade through the obstruction and to 
the duodenum, thereby prohibiting trans
papillary drainage. All patients had clinical 
resolution of their jaundice. There were 
no complications of significant bleeding or 
leakage from the gastric, duodenal, or 
hepatobiliary area reported following the 
procedure in any patient. One patient 
developed pancreatitis and cholecystitis 
following fully covered transpapillary SEMS 
placement [10]. Therefore, our experience 
suggests the safety of EGBD in this patient 
population (Figure 14.3).

(a) (b)

(c) (d)

Figure 14.3 Endoscopic ultrasound guided biliary drainage using a direct transluminal technique in a 
patient with a pre‐existing duodenal stent. (a) The bile duct was punctured with a 19 gauge 
needle and dye was injected. Antegrade cholangiography revealed a dilated bile duct with a tight 
distal stricture. A 0.035 inch hydrophilic wire was advanced to the proximal biliary system. 
(b) Choledochoduodenostomy using a 7 Fr Soehendra dilator. (c) A fully covered biliary self‐expandable 
metal stent (SEMS) was placed with its distal end in the duodenal bulb exiting through the enteral stent 
mesh. (d) Fluoroscopy confirmed the position of the biliary SEMS and enteral stent.
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Endoscopic Ultrasound Guided 
Biliary Drainage in Patients 
with Hepaticoduodenostomy

Patients with isolated right intrahepatic 
ductal (IHD) obstruction are tradition
ally not considered as candidates for 
EGBD. Park and colleagues evaluated the 
technical feasibility and safety of EUS 
guided hepaticoduodenostomy (EUS‐
HD) in patients with isolated right IHD 
obstruction [28]. EUS assisted cholangio
graphy of the right IHD was performed 
in six patients, with successful antegrade 
bypass stenting in two patients, antegrade 
transanastomotic stenting in one patient, 
antegrade transanastomotic balloon 
dilation in one patient, and a cholangio
gram as a roadmap in one patient. Biliary 
decompression was unsuccessful in 
one patient because of failed guidewire 
manipulation for antegrade stenting or 
balloon dilation. For this patient, subse
quent PTBD was performed on a different 
day. Therefore, the technical success rate 
of EUS‐HD assisted cholangiography 
and biliary decompression was 100% 
(6/6) and 83% (5/6), respectively. There 
were no procedure related complica
tions. Further larger studies assessing 
the safety and efficacy of EUS‐HD are 
needed.

Endoscopic Ultrasound Guided 
Biliary Drainage Versus 
Percutaneous Transhepatic 
Biliary Drainage

As mentioned above, there has been 
growing global experience with EGBD in 
recent years. Data from multiple centers 
support the efficacy and safety of EGBD 
[20]. However, comparative outcome 
data against competing procedures (e.g., 
PTBD) are limited. These data are essen
tial to decide whether patients who fail 
ERCP are best managed with EGBD or 

PTBD. There has been only one small 
randomized controlled trial comparing 
EGBD and PTBD in 25 patients with 
malignant biliary obstruction and failed 
ERCP [21]. This study concluded that 
both procedures had equivalent efficacy, 
safety, and cost. The primary limitation 
of this study was that only direct proce
dural costs were calculated. This likely 
overestimated the cost effectiveness 
of  PTBD, which is associated with 
increased downstream costs due to the 
requirement for frequent reinterven
tions. Therefore, a key aspect of such a 
comparative analysis is to take the index 
and subsequent required interventions 
into consideration in order to avoid bias 
and get a more comprehensive assess
ment of healthcare cost.

One of the advantages of EGBD is the 
possibility of accessing the biliary ductal 
system from multiple routes. The dilated 
intrahepatic biliary radicals can be accessed 
from the liver via the distal esophagus or 
stomach, or the common bile duct can be 
punctured from the proximal duodenum 
(and occasionally from the gastric antrum) 
[27]. This choice of access routes allows 
for successful endoscopic biliary drainage 
even in patients with duodenal obstruc
tion or duodenal bypass surgeries. Other 
advantages include the feasibility of 
EGBD even in patients with ascites and 
liver metastasis, in addition to avoidance 
of percutaneous catheters, their associ
ated complications (e.g., skin irritation, 
leak), and their perceived invasiveness 
and negative impact on quality of life. 
Moreover, EGBD can be performed 
during the same endoscopy session after 
failed ERCP, which avoids the need for 
repeated interventions and allows for 
timely biliary drainage in which bilirubin 
levels decrease more rapidly, thus ena
bling more rapid initiation of chemora
diation if needed [13,22]. EGBD also 
maintains bile within the GI tract to 
ensure proper digestion and absorption 
of nutrients.
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Timing of Endoscopic 
Ultrasound Guided Biliary 
Drainage

We recommend obtaining consent for 
possible EGBD at the time of ERCP in 
patients at high risk for failed biliary 
cannulation (e.g., altered anatomy, prior 
failed ERCP, periampullary cancer with 
duodenal invasion on imaging, enteral 
stent covering the ampulla). This approach 
mandates a lengthy conversation with 
the patient about the real potential for 
failed cannulation and available alterna
tives such as surgery or percutaneous 
drainage. It also requires the endoscopist 
to ensure that adequate time, skilled staff, 
and appropriate backup are available for 
EGBD and its possible complications. 
Nevertheless, consenting for EGBD at 
the time of ERCP avoids the need for 
repeated endoscopic interventions and 
allows for timely biliary drainage and 
commencement of chemoradiation if 
needed.

A final consideration about EGBD is 
when to perform the procedure in a 
patient with a benign or malignant biliary 
obstruction. Hara and colleagues recently 
conducted a prospective study of EUS‐
CDS for primary therapy of malignant 
biliary obstruction (i.e., not after failed 
ERCP) in 17 patients [29]. Both technical 
and clinical success were achieved in 
94% of patients, without severe compli
cations. Although such an approach may 
avoid post‐ERCP pancreatitis, we believe 
that the current role of EGBD should 
be for salvage therapy in patients who 
fail ERCP.

Current Limitations 
and Recent Advances

The current linear array echoendoscopes 
have an elongated tip that is sometimes 
not conducive for traversing strictured 

gut lumens. Also, once guidewire access is 
obtained, the scope design limits adequate 
endoscopic visualization which makes 
stent deployment and other endotherapy 
technically challenging. A forward view 
echoendoscope is currently under devel
opment to overcome this technical chal
lenge. This new device has a blunt tip, 
similar to a standard gastroscope, and 
preliminary data for performing interven
tions appear promising [30].

Another hindrance to the progress of 
therapeutic EUS in general is the absence 
of dedicated accessories. Currently, most 
interventions are being performed using 
ERCP accessories, some of which are not 
conducive for use with a curvilinear 
echoendoscope. A proprietary, novel, 
lumen apposing metal stent (LAMS) 
(Axios®, X‐Lumena, Mountain View, 
CA, USA) was recently developed and 
has successfully been tested in experi
mental [31] and clinical [32,33] settings. 
Axios® is a fully covered, saddle shaped, 
10–15 mm diameter nitinol stent with 
bilateral anchor flanges. Its design is 
meant to hold tissue layers in apposition, 
allowing fistula formation between non‐
adherent extraintestinal fluid collections 
or bile duct and the GI lumen. The Axios® 
delivery catheter is attached to the ech
oendoscope working channel in the same 
way as EUS needles, allowing precise 
step by step deployment. The goals of the 
Axios® LAMS are to provide larger 
caliber stents for drainage than plastic 
pigtail stents and to minimize the risk of 
leakage by its tissue apposition and anti
migration properties. Preliminary data 
on the use of this novel stent for gallblad
der drainage are promising [32,33]. The 
role of Axios® in EGBD is yet to be deter
mined as it is not suitable for the drain
age of intrahepatic biliary ducts due to its 
wide diameter. In addition, the potential 
risk of cholecystitis after choledochodu
odenostomy and Axios® placement is a 
concern as its wide flanges may possibly 
result in cystic duct obstruction.
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Conclusion

In conclusion, EGBD is a safe and effective 
procedure after failed ERCP whether it is 
performed via the rendezvous or direct 
transluminal technique. An extrahepatic 
access route is preferable and is associated 
with a decreased incidence of adverse 
events. EGBD is perceivably less invasive 
than PTBD and limited available data 
suggest equivalent efficacy and safety. 
Indications and methods for EGBD are yet 
to be standardized and, thus, the approach 
should be individualized for each patient 
based on the endoscopist’s experience and 
the patient’s anatomy. Further prospective, 

multicenter, controlled studies are needed 
to further delineate appropriate indica
tions, predictors of success and compli
cations, optimal approach, and clinical 
outcomes compared to other drainage 
procedures.
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 Introduction

Since the advent of the Billroth procedure 
in the late 19th century, surgeons have 
attempted to intervene on foregut disease 
while maintaining gastrointestinal conti
nuity. Initial indications for such surgical 
manipulations were dominated by seque
lae of peptic ulcer disease, and while these 
have been somewhat obviated by medical 
therapies, more complex gastroenteric 
manipulations are becoming common
place with rising numbers of liver trans
plantations, pancreatic head resections, 
and bariatric surgeries. These individuals 
may develop biliary disease amenable to 
endoscopic retrograde cholangiography 
(ERC); however, their altered anatomy 
poses specific anatomical and technical 
challenges to even the most experienced 
therapeutic endoscopist. This chapter will 
provide an overview of the pertinent lit
erature and the typical surgically altered 
gastrointestinal anatomy that may be 
encountered when attempting ERC in this 
patient population. We will review tech
niques and devices helpful to optimize 
success.

 General Considerations

Altered anatomy biliary procedures may 
involve traversing long segments of small 
bowel prior to visualization of the papilla 
or bilioenteric anastomosis. Therefore, 
before attempting these procedures, thor
ough pre‐procedure planning and review 
of available operative notes and imaging 
are critical to optimizing patient selection 
and the chance for a successful outcome. 
This includes an understanding of both 
the basic surgical techniques underlying 
each procedure as well as the actual 
operative details for the particular patient. 
Moreover, optimizing available equipment 
and recognizing their limitations may be 
the difference between access and failure.

 Anatomical Descriptions

After a distal resection of the stomach, the 
continuity of the gastrointestinal tract is 
restored by either a gastroduodenal 
anastomosis (Billroth I or B1), a gastroje
junal anastomosis (Billroth II or B2), or a 
Roux‐en‐Y (RY) gastrojejunal anastomosis. 
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The initial Billroth procedure was effec
tive and left the proximal duodenum 
and pancreaticobiliary system unaltered, 
however it was soon found to carry an 
appreciable risk of anastomotic leak, pre
sumably from the disparity in size between 
the hemi‐resected stomach and proximal 
duodenum (Figure  15.1a). This prompted 
the development of the Billroth II procedure 
in which the proximally resected end of 

the duodenum is oversewn and the stom
ach remnant anastomosed in an end to 
side fashion with the proximal jejunum 
(Figure 15.1b). In both Billroth scenarios 
the major and minor papillae remain 
intact, and usually a duodenoscope will 
be sufficiently long to bring these into 
endoscopic view, albeit in a reversed ori
entation. While Billroth procedures for 
ulceration and antral lesions are becoming 

(a)
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GJ
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JJ

HJ

HJ

HJ

(b) (c)

(d) (e) (f)

Figure 15.1 Schematic representations of various surgically altered anatomies (a) Billroth I with pyloric 
resection and gastrojejunostomy (GJ) upstream of the ampulla. (b) Billroth II with pyloric resection and 
GJ downstream of the ampulla. (c) Traditional Whipple anatomy with resection of the pylorus. 
(d) Pylorus sparing Whipple anatomy. (e) Short limb Roux‐en‐Y anatomy in a liver transplant patient. 
(f ) Long limb Roux‐en‐Y anatomy in a gastric bypass patient. GJ (gastrojejunostomy), JJ 
(jejunojejunostomy), HJ, hepaticojejunostomy; hashed line represents a surgical anastomosis;   
represents long limb; blue line represents an endoscope. Source: Redrawn figures courtesy of Stuart K. 
Amateau. Reproduced with permission.
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less frequent due to improved medical 
therapy, a large number of older patients 
are still alive who had these operations. 
Moreover, many of the basic principles 
underlying altered anatomy ERC stem 
from this population, and frequently the 
available corpus of data consist of Billroth 
II in comparison with other techniques.

RY anastomoses represent the basic 
operative configuration underlying a con
stellation of surgeries including gastrec
tomy for malignancy (RY reconstruction), 
as an adjunct to pancreaticoduodenec
tomy (Whipple) to allow continuity for 
the remnant pancreatic duct, and to allow 
for bile duct enterostomy (hepaticojeju
nostomy (HJ)) in the setting of biliary tree 
resection, duodenectomy, or liver trans
plantation (Figure  15.1c, d, e). With the 
obesity epidemic, RY gastric bypass 
(RYGB) surgery has blossomed due to its 
combined restrictive and malabsorptive 
properties (Figure 15.1f). All the RY pro
cedures involve a jejunal anastomosis, 
creating a Y shaped configuration of small 
bowel. Named after the pioneering sur
geon of the same name, the Roux limb is 
then considered the portion of bowel 
upstream, in terms of enteral continuity, of 
this jejunal anastomosis. The terms affer
ent and efferent limbs or loops are then 
applied to the portions of bowel within 
which the biliary and pancreatic juices 
flow, with the upstream limb considered 
the afferent limb and the limb downstream 
of the jejunal anastomosis the efferent 
limb. In some RY procedures the afferent 
limb and the Roux limb are separate enti
ties and in others they are one and the 
same. While this can readily become con
fusing, in terms of endoscopic approach of 
the biliary system, there are two major ana
tomical considerations when reviewing 
operative histories: native versus anasto
motic biliary orifice and length of the Roux 
limb, usually estimated by the surgeon 
within their operative report.

With total gastrectomy or partial gastrec
tomy (antrectomy) with RY reconstruction, 

the stomach remnant is brought together 
with a portion of jejunum in end to 
side fashion (gastrojejunostomy). Bowel 
beyond this anastomosis forms a Roux 
limb, which itself is anastomosed with the 
duodenal and proximal jejunal stump at a 
jejunojejunal anastomosis. Of note, there 
are instances where the jejunostomy is 
created in end to side fashion, resulting in 
what appears endoscopically as three 
limbs, although one is found to be short 
and blind. The duodenal stump, in this 
case the afferent pancreaticobiliary limb, 
typically involves an unmanipulated pan
creaticobiliary system with native ampulla. 
In such surgeries, the Roux limb is rela
tively short, typically measuring 45–50 cm. 
RYGB surgery is usually a relatively simple 
variation of the RY reconstruction to 
allow for increased malabsorption; the 
Roux limb, and thus access to the pan
creaticobiliary limb, is significantly longer. 
An RY configuration is also utilized in 
orthotopic liver transplantation when 
neither donor duct to recipient duct nor 
biliary to duodenal anastomosis (chole
dochoduodenostomy) are feasible due to 
anastomotic tension that has been linked 
to leak and dehiscence. Unlike with stand
ard RY reconstruction, the duodenum is 
left in continuity and is considered the 
afferent limb, and a loop of jejunum is 
mobilized to allow HJ anastomosis and is 
itself anastomosed with the jejunum 
(jejunojejunostomy). This biliary loop is 
traditionally short; however this is not a 
rule and long limb exceptions should be 
anticipated.

In conventional pancreaticoduodenec
tomy the antrum and duodenum are 
resected in concert with the head of the 
pancreas, allowing mobilization of the 
remnant pancreas and transection of the 
common bile duct proximal to the head of 
the pancreas. A pancreaticobiliary limb is 
then fashioned with an end to side HJ as 
well as a direct pancreaticojejunostomy 
to what becomes a relatively short limb 
upstream of the gastrojejunal anastomosis. 
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Of note, the HJ is usually 3–5 cm down
stream of an end to side or end to end 
pancreaticojejunostomy. In this scenario, 
there is no so‐called afferent limb. A 
pylorus preserving Whipple involves the 
transection at the duodenal bulb rather 
than the antrum with end to side anasto
mosis with the jejunum, and is otherwise 
no different from an endoscopist’s per
spective. In terms of endoscopic approach 
to the biliary system, both forms of Whipple 
are favorable with short limbs and HJ 
anastomoses.

Rarely, the endoscopist will be asked to 
intervene in biliary disease in an individ
ual who has undergone a now antiquated 
weight loss procedure such as a biliopan
creatic diversion (BPD) or the duodenal 
switch. The traditional BPD consists of a 
partial gastrectomy with the formation of 
a gastroileostomy and long Roux limb of 
ileum. The afferent pancreaticobiliary 
limb may be of extreme length and an 
ileoileostomy is created only several 
centimeters upstream of the ileocecal 
valve. A duodenal switch is a slight varia
tion of the BPD in which a sleeve gastrec
tomy is formed, maintaining an intact 
pylorus which is then anastomosed to the 
ileum. Neither procedure allows a biliary 
approach per os and therefore typically 
requires at least adjunct surgical expo
sure, although retrograde enteroscopy 
access has been described.

 Indications

Given the significantly increased technical 
skill and time required for ERC in patients 
with altered anatomy, pre‐procedure ther
apeutic indication should be clear with 
diagnostic biliary evaluations largely 
replaced by magnetic resonance cholan
giopancreatography (MRCP) protocoled 
reconstruction or computed tomography 
cholangiography. ERC in this population 
is particularly useful for the management 
of biliary obstruction secondary to stones 

and/or strictures. In comparison to intact 
anatomy ERC, where successful endo
scopic cholangiography with relief of 
obstruction is technically achieved in 
over 90% of cases, estimates from several 
large multicenter studies evaluating 
enteroscopy assisted ERC in patients 
with Roux anatomy suggest a much lower 
overall technical success ranging between 
60% and 80% regardless of method of 
enteroscopy utilized [1,2]. Success rates 
for procedures where a duodenoscope is 
utilized for B2 anatomy are comparable 
with intact anatomy endoscopic retro
grade cholangiopancreatography (ERCP) 
[3]. Moreover, frequently, the surgeon 
will utilize a pediatric feeding tube as a 
scaffold for anastomotic healing – some
thing the endoscopist may be asked to 
subsequently remove.

 Patient Positioning 
and Preparation

Formal recommendations regarding pre‐
procedure patient preparation have not 
been proposed. However, given the typi
cally extended length and complexity of 
these procedures, general anesthesia with 
endotracheal intubation is the norm. This 
latter aspect also protects against aspira
tion regardless of position, which is a 
concern with the use of over‐the‐scope 
assist devices that provide a means for 
fluid reflux by capillary action. The patient 
may be positioned on a fluoroscopic gur
ney in primarily a semiprone position, 
although the left lateral or supine position 
with concomitant abdominal counterpres
sure may be necessary to achieve afferent 
limb access and/or improved biliary orifice 
visualization. Prior to biliary cannulation, 
fluoroscopy may provide several useful 
clues. This includes the orientation and 
positioning of the endoscope, in particu
lar when guidance is necessary for enter
ing the biliary/afferent limb toward the 
right upper quadrant [4]. An enterogram 
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performed through the enteroscope work
ing channel using an infusion of dilute 
contrast may also assist in biliary limb 
identification. Further, fluoroscopy assists 
in the reduction of loops. For overtube 
assisted enteroscopy, fluid insufflation is 
utilized during intubation to avoid small 
bowel overdistension and the potential for 
poor coupling of the balloon overtube 
and/or enteroscope to small bowel during 
enteroscope reduction. Where available, 
carbon dioxide insufflation is preferred 
over air insufflation to minimize gas 
retention during this particularly lengthy 
procedure and this may reduce post‐ 
procedural pain [5].

 Selection of Endoscopes, 
Device Accessories, 
and General Technique

Each of the three major endoscope manu
factures provide a platform for deep ent
eroscopy: Fujinon’s (FujiFilm Endoscopy, 
Wayne, NJ, USA) dedicated double bal
loon enteroscopes to be used with a 
Fujinon processor and balloon overtube; 
Olympus’ (Olympus America, Center 
Valley, PA, USA) enteroscope to be used 
in concert with an Olympus single balloon 
overtube; and Pentax’s (Pentax Medical, 
Montvale, NJ,USA) enteroscope to be 
used in combination with Smart Medical’s 
through‐the‐scope balloon system 
(NaviAidTM). Smart Medical has also 
recently developed a double balloon sys
tem with a balloon fashioned to the distal 
end of any endoscope with a therapeutic 
working channel to accommodate their 
through‐the‐scope balloon. At the time of 
publication, Olympus’ Spirus rotational 
assist device is only selectively available 
and the device may be utilized in concert 
with the company’s enteroscope or with 
Pentax’s enteroscope.

As enteroscopes have functional 
lengths of up to 2.3 m, length has become 

a limiting factor for suitable devices. 
Unfortunately, the development of enter
oscopy specific devices has been limited 
and therefore many of the tools utilized 
for enteroscopy assisted ERC are ones 
designed similarly to those for duodeno
scope assisted ERCP and do not account 
for forward viewing endoscopes and 
tangential views and lack of elevator 
(Box  15.1). Although device selection is 
relatively limited, most therapeutic biliary 
interventions can be achieved once access 
is obtained except for metal biliary stent
ing. A recently developed addition to 
the short limb armamentarium is the 
multibending, backward oblique viewing 
duodenoscope (Olympus TJF‐Y0011). This 
endoscope combines upward angulation 
of the distal bending segment with down
ward angulation of the proximal bending 
segment to allow a swan neck configura
tion and has been demonstrated to facili
tate biliary cannulation in patients with 
B1 anatomy [6].

A combination of factors underlies the 
choices as regards which device accesso
ries are utilized for each altered anatomy 
ERC. As will be discussed below, each 
anatomical variation poses its own chal
lenges, however two anatomical consid
erations dominate device selection: 
distance of the biliary orifice from the 
pylorus (or gastrojejunal anastomosis) 
and the structure of the biliary orifice 
(native (Figure 15.2) or hepaticojejunos
tomy (Figure  15.3)). Preference should 
always be given to the use of a duodeno
scope if technically feasible given the 
additional maneuverability offered by 
the elevator and improved visualization 
of native papilla. Anatomical configura
tions with short limbs allow for the use of 
a standard or pediatric colonoscope, per
mitting the use of most standard ERCP 
accessories. The choice of enteroscope 
compatible devices is relatively limited 
but does include sphincterotomes, wires, 
cannulae, and dilating and extraction 
balloons (Box 15.1).
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 Techniques

Endoscopic Retrograde 
Cholangiography in Billroth Anatomy

Limited data exist specifically evaluating 
technique and performance of ERC in B1 
anatomy as it closely resembles intact 
anatomy and the surgical reconstruction 

is less frequently seen. The challenge in 
B1 anatomy is that of the cannulation 
position rather than access to the biliary 
orifice [7]. A large retrospective case series 
involving B1 reconstruction described 
increased difficulty with biliary cannulation 
due to the straightened, foreshortened 
duodenum and associated loss of stability 
when attempting to bring the ampulla into 

Box 15.1 Purpose‐built devices and endoscopes

Available enteroscopes

 ● Fujinon EN‐450 T5 (WL 2000 mm/D 9.4 mm/WC 2.8 mm)
 ● Fujinon EN‐450P5/20 (WL 2000 mm/D 8.5 mm/WC 2.2 mm)
 ● Fujinon EC‐450BI5 (WL 1500 mm/D 9.4 mm/WC 2.8 mm)
 ● Olympus SIF‐Q180 (WL 2000 mm/D 9.8 mm/WC 2.8 mm)
 ● Pentax VSB‐3430 K (WL 2200 mm/D 11.6 mm/WC 3.8 mm)

Available assist devices

 ● Olympus single balloon overtube ST‐SB1
 ● Olympus Spirus rotational overtube (currently not available)
 ● Smart Medical NaviAid G‐Eye
 ● Smart Medical NaviAid AB (3500 mm long/3.7 mm/40 mm)
 ● Smart Medical NaviAid ABC (2000 mm long/3.7 mm/60 mm)

Available enteroscopy length ERCP devices

 ● Sphincterotome
Pull type and needle‐knife (Cook)

 ● Cannula (320 cm) (Cook and Olympus)
 ● Guidewires

About 550–600 cm wire (Cook and Olympus)
 ● Extraction balloons (multiple sizes)
 ● Retrieval basket (6 wire) (Olympus)
 ● Dilators

Graded passage (Cook)
Balloon (6 mm biliary) (Cook) or controlled radial expansion dilators

 ● Stents (5 and 7 Fr conventional biliary)
 ● Dilators, extraction balloon, biopsy forceps as “push catheters”
 ● Biopsy forceps and colon brush (non‐wire guided)
 ● Distal attachment EMR cap (Olympus)

Specialized endoscopes

 ● Olympus MD duodenoscope (TJF‐Y0011)
 ● Olympus M gastroscope (GIF‐2T260M0)

D, endoscope diameter; EMR, endoscopic mucosal resection; ERCP, endoscopic retrograde cholan-
giopancreatography; WC, working channel diameter; WL, working length of endoscope.



(a) (b) (c)

(d) (e) (f) (g)

Figure 15.2 Example of enteroscopy assisted endoscopic retrograde cholangiography in a long limb native papilla in a Roux‐en‐Y gastric 
bypass patient. Endoscopic views of the native papilla on the left wall before (a) and after (b) sphincterotomy and papillary balloon dilation 
with subsequent extraction of a stone by balloon sweep (c). Corresponding fluoroscopic views demonstrating (d) unintentional cannulation 
of the ventral pancreatic duct, (e) successful cannulation of the bile duct with filling defect/stone at the hilum with mild upstream dilation, 
(f ) balloon dilation at the ampulla of the biliary orifice, and (g) cholangiogram following stone recovery without evidence of a further filling 
defect.



(a)

(b) (c)

(d) (e)

Figure 15.3 Example of enteroscopy assisted endoscopic retrograde cholangiography in short limb 
hepaticojejunostomy (HJ) in a Roux‐en‐Y patient after liver transplant. (a) Endoscopic view 
demonstrating side by side (dual anastomosis) HJ with dilation of the stenosed right intrahepatic 
anastomosis and a patent left intrahepatic anastomosis. (b) Right intrahepatic cholangiogram 
demonstrating normal upstream ductal caliber with a narrowing at the anastomosis, and (c) 
subsequent balloon dilation with demonstration of a “waist” at narrowing. (d) Left intrahepatic 
cholangiogram demonstrating mild ductal dilation, and (e) subsequent balloon dilation.
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position [8]. This differs from a previous 
case series reporting little difference in 
technical success with B1 anatomy and mir
rors our experience in these patients [9]. A 
relatively novel multibending duodeno
scope with the capability of a backward 
oblique viewing position has been sug
gested to improve stability and position, in 
particular in those with B1 anatomy. As 
part of a retrospective analysis this multi
bending duodenoscope successfully 
completed two previously failed cannula
tions in patients with B1 gastrectomy [6].

The challenge in patients with B2 anat
omy, despite a relatively short limb com
pared with patients with RY anatomy, 
relates to the angulation of the afferent 
limb gastrojejunal anastomosis and the 
reversed biliary anatomy effectively 
placing the orifice in the 5 o’clock rather 
than 11 o’clock position. Often, sphinc
terotomy using rotatable sphincterotomes 
can be performed but its extent can be 
limited. Alternatively, following cannula
tion, a biliary stent followed by needle‐
knife sphincterotomy can be performed. 
Further, if sphincterotomy extension is 
difficult due to endoscope position, papil
lary balloon dilation can be performed to 
widen the orifice for stone extraction.

Although it is generally preferred to use a 
diagnostic duodenoscope, given its more 
flexible and slimmer caliber, there is debate 
as to whether to begin the procedure with a 
forward viewing or side viewing endoscope 
to facilitate recognition and navigation of 
the afferent limb [10,11]. Although reaching 
the papilla may be easier with forward view
ing endoscopes, technical success of duct 
cannulation may be compromised due to a 
suboptimal view and position at the ampulla 
and the lack of an elevator. A retrospective 
comparison of the two techniques demon
strated a trend of higher success of cannula
tion with forward viewing endoscopes than 
side viewing ones (87% versus 68%) with no 
technical difference in successful sphincter
otomy when compared with those with 
 successful cannulation (83% versus 80%) 
[12]. In this older series, along with others 
that utilized a now antiquated device with a 

long distal end, there were significant rates 
(up to 6%) of jejunal perforation with the 
duodenoscope [13]. Our opinion is that 
 orientation for sphincterotomy direction 
and completeness is more consistent with a 
duodenoscope. Often, duodenoscope short
ening into the acutely angled limb will facili
tate intubation rather than attempting 
forward pressure alone with inherent gastric 
looping. The largest preliminary case series 
of B2 anatomy ERCP with a duodenoscope 
demonstrates a much lower perforation rate 
of 1.3% in over 500 serially recorded patients, 
with success rates of both reaching the 
papilla (89%) and subsequent cannulation 
(93%) closer to those seen in patients with 
intact anatomy [3]. Similar results have 
been  reported in smaller series utilizing a 
duodenoscope [14–16]. Interestingly, in a 
case series preferentially utilizing a for
ward viewing endoscope, 10 failed cases 
were reattempted using a duodenoscope 
and were successfully completed suggesting 
superiority of the duodenoscope in this 
patient population [11].

Device Assisted Endoscopic Retrograde 
Cholangiography in Billroth Anatomy

Billroth II anatomy typically involves a 
relatively short biliary afferent limb, 
allowing for the use of either a gastro
scope or duodenoscope and obviating the 
need for a long balloon assist device to 
reach the papilla. With the advent of short 
152 cm enteroscopes, there is the possibil
ity of easier biliary limb intubation as well 
as improved endoscopic stability and 
 positioning and the ability to use standard 
ERCP accessories. A single balloon 
Olympus enteroscope (not yet commer
cially available; SIF‐Y0004) as well as a 
double balloon Fujinon iteration 
(EC‐450BI5) have been both demonstrated 
to be technically feasible in B2 and other 
surgically altered anatomy. While the short 
double balloon enteroscope has a working 
channel of 2.8 mm, the short single balloon 
enteroscope has a therapeutic channel 
allowing for the complete armamentarium 
of devices including self‐expandable metal 
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stents [17,18]. Whether a colonoscope, 
short enteroscope, or standard gastro
scope is utilized, all forward viewing 
endoscopes lack an elevator thus increas
ing the difficulty for biliary cannulation, 
in particular with native papilla. Stability 
of the papilla may, however, be improved 
with a rigid distal cap fitted to the end of 
the endoscope [19,20].

Specialized Technique in Billroth II 
Procedures

Entering the afferent loop may be difficult 
with a duodenoscope and when the lesser 
curve remnant is short, leading to a tight 
angulation with the anastomosed loop. 
Beyond changing patient position, the 
stoma can be first cannulated with a super
stiff guidewire or device such as a sphinc
terotome that serves as a stiffener for the 
shaft over which the endoscope may pass. 
Similar techniques have been described 
with biopsy forceps and polypectomy 
snares, although these seem less effective 
[11,14]. Since the papilla is in a reverse 
position within the endoscopic field, the 
available cannula and sphincterotome, 
which assumes an upward curve, may not 
be ideal. Therefore, many authorities sug
gest the use of a straight catheter to improve 
rotation toward the biliary direction 
[11,21]. There have been several reports of 
inverted and/or sigmoid sphincterotomes 
specifically fashioned for B2 cannulation 
and sphincterotomy, however none of 
these are commercially available [11,16,22]. 
Moreover, current sphincterotomes are 
rotatable and appear useful for such access.

Clinical Data Predating Single 
Balloon Enteroscopy for Endoscopic 
Retrograde Cholangiography 
in Roux‐en‐Y Anatomy

Prior to the development and commercial 
availability of the first balloon enteroscope 
by Fujinon in 2001, several small case 
series documented the feasibility and 
technical difficulty with short and long 

limb ERC. Based on the formative work of 
Gostout and Bender in 1988, the tech
nique typically involved use of pediatric or 
push enteroscopes to approach the biliary 
orifice for placement of a superstiff long 
guidewire within the afferent (biliary) limb 
with subsequent exchange for a duodeno
scope [23]. Regardless of the biliary orifice, 
whether intact or surgically altered, per
formance characteristics were suboptimal 
with technical success defined as biliary 
cannulation ranging between 60% and 
70%, with reaching the papilla as the limit
ing factor [16,23–27]. The largest of these 
case series demonstrated a successful 
approach to the biliary orifice in long limb 
patients in 84% of procedures using either 
a pediatric colonoscope or an enteroscope 
alone, with 86% of those undergoing suc
cessful ERC intervention [28]. Another 
relatively small series evaluated 15 cases, 
all with long limb and intact papilla, with 
the majority being gastric bypass patients, 
which described the use of an inflated 
occlusion balloon within the biliary limb 
to serve as an anchor over which a duo
denoscope was passed; ultimately thera
peutic ERC was successful in 67% of cases 
[27]. More recently, an experience com
paring single balloon enteroscopy (SBE) 
with the use of standard and pediatric 
colonoscopes in short limb anatomy dem
onstrated no statistical difference in biliary 
cannulation or therapeutic success, unless 
specifically comparing SBE with the pedi
atric colonoscope [29]. This suggests that 
an initial attempt with an adult colono
scope might be reasonable before attempts 
with overtube assisted enteroscopy devices 
in such individuals.

Overtube‐Assisted Enteroscopy 
for Endoscopic Retrograde 
Cholangiography in Roux‐en‐Y 
Anatomy

There exists a reasonable corpus of data 
evaluating various ERCP devices and 
techniques in RY altered anatomy due 
to an increase in these surgeries being 
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performed. Most of the earlier data, 
however, are small, proof of concept, case 
series [30–35], with subsequent larger 
case series evaluating the performance of 
ERC using various overtube assisted 
techniques such as long double balloon 

enteroscopy (DBE), short DBE, SBE, rota
tional enteroscopy (Spirus), and the addi
tional technique of laparoscopic assisted 
ERC (Tables 15.1 and 15.2). Many of these 
reports stratify the procedures into short 
(<50 cm) and long (>50 cm) limb as well as 

Table 15.1 Studies involving device assisted enteroscopy for endoscopic retrograde cholangiography 
(ERC) after Roux‐en‐Y; short limb (minimum of 20 cases).

Study, year Technique(s) Cases (n) Papillae
Success rate 
(enteroscopy/ERC)* Complications

Azeem et al. 2013 [29] SBE/colon 58/141 HJ 91/71%; 85/60% 0
Tomizawa et al. 2014 [54] SBE 22 HJ 68/73% 0
Osoegawa et al. 2012 [44] sDBE 47 Mixed 96/89% 3.5%
Chua & Kaffes 2012 [42] SBE/DBE 3/23 HJ 67/100%; 75/80% 3.8%
Raithel et al. 2011 [46] DBE 86 HJ 74/87% 9.6%
Sanada et al. [47] DBE 54 HJ 68/100% NA
Shimitani et al. [48] sDBE 103 Mixed 97/100% 5%

* Successful ERC rates for those in whom enteroscopy was successful.
DBE, double balloon enteroscopy; HJ, hepaticojejunostomy; LA, laparoscopic assisted ERC; NA, not available; 
sDBE, short DBE; SBE, single balloon enteroscopy.

Table 15.2 Studies involving device assisted enteroscopy for endoscopic retrograde cholangiography 
(ERC) after Roux‐en‐Y; mixed or long limb (minimum of 20 cases).

Study, year Technique(s) Cases (n) Papillae
Success rate 
(enteroscopy/ERC)* Complications

Choi et al. 2013 [41] LA/DBE 42/26 Intact 97/100%; 78/56% 14.5/3.1%
Shah et al. 2013 [2] SBE/DBE/SE 69/74/72 Mixed Oa 71/88%; SBE 

69/87%; DBE 
74/85%; SE 71/88%

12.4%

Siddiqui et al. 2013 [49] sDBE 79 Mixed 81/90% 5.1%
Schreiner et al. 2012 [1] LA/SBE/DBE 24/6/26 Mixed 100/100%; 72/59%† 

(54% SBE/83% DBE)
8.3/3.1%

Lennon et al. 2012 [55] SBE/SE 54 Mixed 48/100%; 40/88%‡ 3.5%
Saleem et al. 2010 [52] SBE (GB/HJ) 41/15 Mixed Oa 70/91%; 

diagnostic rate GB 
47%; HJ 78%

0%

Pohl et al. 2009 [45] DBE 25 HJ 84/100% 0%
Emmett & Mattat 
2007 [43]

DBE 20 Mixed 85/94% 0%

* Successful ERC rates for those in whom enteroscopy was successful.
† Combined SBE/DBE.
‡ Cannulation rather than enteroscopy success.
DBE, double balloon enteroscopy; GB, gastric bypass; HJ, hepaticojejunostomy; LA, laparoscopic assisted 
ERC; NA, not available; Oa, overall; sDBE, short DBE; SBE, single balloon enteroscopy; SE, Spirus enteroscopy.
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into hepaticojejunostomy and intact 
papilla. The technique used for enteros
copy access will not only determine the 
options for ERCP accessories but also, 
interestingly, may predict the indication 
for ERC. For instance, a postoperative HJ 
stricture requiring intervention for jaun
dice and cholangitis occurs in up to 
12–28% of individuals, and there is an 
increase in ascending cholangitis in those 
with both a short limb and HJ [36–38]. In 
the setting of RYGB, rapid weight loss after 
bariatric surgery stimulates cholesterol 
cholelithiasis in nearly a third of patients, 
many of whom subsequently require endo
scopic and/or surgical intervention for 
common duct obstruction [39]. For years, 
the percutaneous and/or surgical approach 
was the standard of care. However, with an 
ever expanding endoscopic toolbox and 
increase in deep enteroscopy experience, 
endoscopic intervention has demonstrated 
low morbidity and, once the papilla is 
reached, a technical success reaching that of 
ERC in intact gastrointestinal anatomy, and 
may be considered first line therapy 
depending on center experience [40].

Double Balloon Enteroscopy 
Assisted Endoscopic Retrograde 
Cholangiography

The majority of the available larger case 
series in Roux limb anatomy ERC involve 
evaluation of the double balloon entero
scope. In these studies the overall success 
rate of reaching the biliary orifice is typi
cally over 70% [1,2,41–49] and successful 
biliary intervention rates in those with 
completed enteroscopy range from 80% to 
100%. Given the limitation of accessories 
compatible with long enteroscopes and dif
ficulties with device advancement through 
the working channel, the use of a short dou
ble balloon enteroscope with a 152 cm 
working length (which allows for conven
tional ERCP accessories) has demonstrated 
improved performance characteristics, 
regardless of limb length or the presence of 

native papilla. The largest series (n = 98) in 
short limb patients have demonstrated ent
eroscopy success in 97% and therapeutic suc
cess in 100% of cases [48]; the enteroscopy 
and therapeutic success rates were 81% and 
91%, respectively, in the largest series (n = 79) 
in long limb patients [49].

The most comprehensive evaluation of 
enteroscopy assisted ERC involves cases 
compiled from eight major US referral 
centers utilizing DBE, SBE, or rotational 
enteroscopy in a number of anatomical 
alterations [2] and integrated selected data 
from another larger series [1]. This was a 
non‐randomized case series that based 
overtube enteroscopy technique on insti
tutional preferences. Overall, the enteros
copy success rate was 71% of whom 88% of 
patients underwent successful therapeutic 
ERC. Though DBE suggested a higher 
enteroscopy success of 74% compared 
with SBE and rotational enteroscopy (69% 
and 72%, respectively), this did not reach 
statistical significance. ERC success for 
DBE, SBE, and rotational enteroscopy 
was  85%, 87%, and 90%, respectively. 
Evaluations of each device in the setting 
of  RYGB or other RY anatomy were also 
without significant individual differences, 
nor were there differences in ERC success 
regardless of technique utilized.

Single Balloon and Rotational 
Enteroscopy Assisted Endoscopic 
Retrograde Cholangiography

Smaller case series exist for single balloon 
or rotational enteroscopy [50–53]. Exclu
ding case reports and series with less 
than 15 procedures, two published studies 
describe the performance of SBE specifi
cally in short limb RY anatomy with HJ 
[29,54]. These two studies varied in suc
cessful enteroscopy rates, with one group 
approaching 70% and the other achieving 
over 90%; however, both demonstrated 
low rates of successful biliary therapies 
(73% and 70%, respectively). These rates 
are lower than seen in case series utilizing 
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DBE in similar anatomical configurations, 
perhaps secondary to the increased stability 
offered by the second balloon; however, 
prospective, randomized, comparative 
data are lacking. Four other larger cases 
series evaluated the performance of SBE 
to assist in long limb ERC, including the 
two previously cited studies [1,2,52,55]. 
All four studies demonstrated similar 
efficacy in  enteroscopy and therapeutic 
ERC intervention.

Studies of rotational enteroscopy in 
patients with RY anatomy are of small 
sample size and report therapeutic success 
rates of 55–80% [2,55–57]. The largest 
datasets are within the multicenter group’s 
publication as well as the study comparing 
rotational enteroscopy with SBE [2,55]. 
Current efforts to explore the efficacy of 
rotational assisted ERC are on hold as the 
device is currently not available from the 
manufacturer.

Alternative Methods of Biliary 
Intervention in Long Limb 
Altered Anatomy

The typical clinical pathway for altered 
anatomy patients requiring ERC is usually 
determined by local and regional exper
tise. At our center, we preferentially first 
perform a transoral attempt given its 
lower morbidity compared with surgical 
and interventional radiology options. If 
unsuccessful in the setting of RYGB, then 
a combined surgical/endoscopic approach 
is preferred. If the altered anatomy is not 
due to a RYGB then percutaneous tech
niques are pursued. For palliation of 
malignant biliary obstruction in the set
ting of long limb anatomy with a failed 
device assisted approach, we would also 
consider endoscopic ultrasound (EUS) 
guided biliary drainage [58,59].

Surgical approaches broadly include the 
creation of a gastrostomy or jejunostomy 
tract for subsequent transabdominal pas
sage of a duodenoscope through a mature 
tract, as well as a combined laparoscopic 

assisted ERC which allows for a concomi
tant transabdominal approach to the bil
iary orifice using a duodenoscope. Since 
this technique was first described in 1998 
[60], numerous investigators have demon
strated variations in obtaining the gastros
tomy and these include laparoscopic, 
open, EUS guided, enteroscopy guided, 
and radiological placement of the gastros
tomy [61–63]. In the largest series of per 
gastrostomy ERC, surgical gastrostomy 
was performed for 30 RYGB patients 
requiring ERC, 26 of whom underwent 
tandem ERC, with 100% technical success. 
It is noted, however, that a 13% complica
tion rate was experienced, which mostly 
involved the gastrostomy tract itself.

A slight variation of this technique 
involves the laparoscopic placement of a 
trocar allowing access to the remnant 
stomach for transabdominal introduction 
of a duodenoscope. Published data on this 
technique demonstrate excellent techni
cal success rates of greater than 90% with 
no to low morbidity [1,64–67]. A large 
case series was a retrospective cohort 
study comparing combined laparoscopic 
ERC with device assisted ERC (SBE and 
DBE), which examined the superiority of 
successful approach to the ampulla (100% 
versus 72%, respectively), the cannulation 
rate (100% versus 59%, respectively), and 
therapeutic success (100% versus 59%, 
respectively) [1]. These investigators also 
performed a cost analysis suggesting sig
nificant savings when the laparoscopic 
approach is reserved for failed per oral 
enteroscopy techniques in long limb sur
gical anatomy patients. While percutane
ous access of the gastric remnant has 
previously been performed via surgical 
laparoscopy or percutaneous gastrostomy, 
there are emerging endoscopic techniques 
for gastrostomy creation to allow a single 
setting endoscopic approach for biliary 
access. These include establishing the 
percutaneous tract by deployment of a 
self‐expanding stent followed by tandem 
antegrade access [68]. There are limited 
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data demonstrating the feasibility of EUS 
guided biliary access in those with gastric 
bypass and other long limb altered anatomy 
[69–71]. The largest such report involves a 
retrospective analysis of 95 consecutive 
patients with failed ERC who subsequently 
underwent EUS guided access at a large 
tertiary care center; included in these were 
17 patients with post‐surgical anatomy, of 
whom nine (53%) had successful interven
tions and were spared either percutaneous 
access or surgery. Another possible means 
of accessing the ampulla in surgically altered 
anatomy involves reaching the bile duct by 
means of DBE, after which the entero
scope may be exchanged for an ultraslim 
cholangioscope passed through the lumen 
of the overtube, allowing for direct cholan
gioscopy and appropriate intervention [72].

An available through‐the‐scope com
pliant balloon has been designed specifi
cally for deep enteroscopy. It permits 
endoscope tip stabilization during loop 
reduction and serves as an a through‐the‐
scope balloon for anchor and exchange 
and demonstrates potential in the field of 
enteroscopy [73]. No published data exist, 
however, demonstrating feasibility in 
long limb ERC. Complicating the matter, 
the current iteration of the device requires 
a 3.7 mm working channel, obviating 
adjunct use with current enteroscopes 
with the exception of the Pentax model. 
That said, the device offers promise and 
may add to the relatively limited arma
mentarium at the endoscopist’s disposal 
for altered anatomy ERC.

 Limitations 
and Complications

By far the most common limitation of 
altered anatomy ERC is failure to reach 
the desired orifice, which in some larger 
series may be as high as 30% in both 
short limb and long limb configuration 
[1,2,42,47,52]. Various techniques have 
been proposed, yet not established by 

significant data or experience, as adjunct 
maneuvers to increase successful intuba
tion. These include the use of water infu
sion rather than air to decrease expansion 
of the small bowel and promote traction 
to permit deeper intubation. Further, use 
of demarcating already accessed limbs 
with either submucosal tattoos or place
ment of a guidewire can be helpful. While 
data are scattered, larger series suggest an 
equal risk of post‐procedural pancreatitis 
as compared with standard ERCP rates 
(approximately 3–5%) [1,2,46,48]. Intes
tinal perforation, be it a microperforation 
from sphincterotomy or a macro‐perfora
tion from endoscope trauma, is the most 
feared clinical complication of overtube 
assisted ERC and is estimated to occur in 
1–2% of cases in expert hands [2].

 Conclusion

With both the proliferation of surgical 
expertise as well as the increasing number 
of indications for small bowel and pan
creaticobiliary manipulation, in particular 
RYGB for obesity, endoscopists are con
fronted with an ever growing population 
of individuals with altered anatomy 
requiring biliary intervention. The intro
duction of overtube assisted deep entero
scopy has revolutionized ERC in patients 
with long limb surgical bypass. It has 
increased success rates compared with 
conventional push enteroscopy tech
niques and with an acceptable morbidity, 
especially when considering higher mor
bidity with interventional radiologic and 
especially surgical techniques. It still does 
not meet the threshold we have come to 
accept at high volume centers for biliary 
access in normal anatomy but with 
improvements in accessories and, more 
importantly, the advent of endoscopes 
and/or overtubes that are designed for 
ERCP, the success rate for these inter
ventions should increase. Overall, the 
technical approach varies based on the 
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specific anatomy. When technically feasible, 
the use of an endoscope that permits the 
use of conventional length ERCP accesso
ries will optimize success. Alternative 
biliary access procedures such as EUS 
guided drainage hold promise in this 

difficult patient population. It is clear that 
ERC or EUS guided interventions in long 
limb surgical anatomy cases should be 
performed by skilled therapeutic endos
copists who will tailor their tactics to their 
personal and institutional expertise.
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Introduction

The biliary system remains the most 
common site for complications following 
liver transplantation and remains a major 
source of morbidity and mortality. The 
most common biliary complications are 
bile leaks and anastomotic strictures. Less 
common biliary complications include 
bile duct stones/sludge/casts, papillary 
stenosis/dysfunction, and hemobilia, with 
many patients presenting with multiple 
concurrent biliary issues [1]. Following 
liver transplant, endoscopy via endoscopic 
retrograde cholangiopancreatography 
(ERCP) is the primary modality used for 
managing biliary complications, especially 
in patients with duct to duct biliary anas
tomosis. Once considered impossible, the 
role of ERCP in patients with Roux‐en‐Y 
anatomy has been clarified more recently, 
with successful intervention using deep 
enteroscopy techniques in defined clini
cal scenarios [2]. This chapter focuses on 
the role of endoscopy in the management 
of biliary complications following liver 
transplantation.

Liver Transplant Anatomy

A clear understanding of the post‐trans
plantation biliary anatomy is paramount 
in the treatment of biliary complications. 
Biliary reconstruction occurs during the 
reperfusion phase of the liver transplant 
procedure. The biliary system can be 
reconstructed with a duct to duct (chole
dochocholedochostomy) or Roux‐en‐Y 
(choledocho‐ or hepaticojejunostomy) 
anastomosis. The type of anastomosis 
depends on a variety of factors including: 
(i) etiology of the cirrhotic stage liver 
disease (e.g., primary sclerosing cholangitis 
(PSC) versus others); (ii) type of trans
plantation (deceased donor versus living 
donor); (iii) history of previous liver trans
plant or biliary surgery; and (iv) technical 
factors (e.g., duct number, size, and orien
tation). Most transplant centers prefer 
the duct to duct anastomosis as it is 
technically simpler, allows preservation 
of the sphincter of Oddi, and facilitates 
endoscopic access to the biliary system 
should complications arise [3]. Roux‐en‐Y 
anastomoses are typically performed in 
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patients with diseased (e.g., PSC) or absent 
(e.g., biliary atresia) native bile ducts, prior 
liver transplant or biliary surgery, or in sit
uations of size discrepancy between the 
donor and recipient ducts. The Roux‐en‐Y 
anastomosis is more technically demand
ing, equating to a longer surgical proce
dure. Additio nally, endoscopic treatment 
of biliary complications after a Roux‐en‐Y 
liver transplant is also technically chal
lenging. Most recently, hepaticoduodenos
tomy has been described in PSC patients 
[4]. Endoscopic access is much easier in 
this latter situation.

Diagnosis of Biliary 
Complications

The clinical presentation of biliary com
plications is variable but often heralded 
by non‐specific symptoms or signs such 
as general malaise, mild abdominal dis
comfort, anorexia, and jaundice with 
subsequent pruritus. Patients with biliary 
strictures often present with asympto
matic cholestasis although some present 
with florid shock due to ascending chol
angitis. Comparatively, abdominal pain, 
fever, and signs/symptoms of peritoneal 
inflammation are the predominant fea
tures in patients with bile leaks. The time 
of presentation following liver trans
plantation is also important as bile leaks 
typically occur in the immediate post‐
transplant period while biliary strictures 
develop over weeks to months following 
transplant. In many instances, biliary 
complications following liver transplant 
are initially suspected in patients with 
abnormalities on routine post‐transplant 
laboratory studies (e.g., total and/or direct 
bilirubin, alkaline phosphatase) and con
firmed on subsequent imaging.

Multiple imaging modalities can be con
sidered when assessing a post‐transplant 
patient with suspicion for a biliary compli
cation. The most common include trans
abdominal ultrasound (US) with Doppler 

studies, magnetic resonance imaging (MRI) 
and cholangiopancreatography (MRCP), 
and ERCP. Other tests used less frequently 
include hepatobiliary iminodiacetic acid 
(HIDA) scan, computed tomography (CT) 
scanning, percutaneous transhepatic 
cholangiography (PTC), and endoscopic 
ultrasound (EUS). Transabdominal US 
with Doppler is typically the initial imag
ing test of choice as it allows evaluation of 
the hepatic vasculature, parenchyma, and 
biliary tree; however, the chosen imaging 
modality should be based on the clinical 
suspicion for a given complication. US is 
often insufficient in the diagnosis of 
biliary strictures as bile duct dilation may 
be difficult to appreciate or absent in the 
transplanted liver, even in the presence of 
moderate stenosis. In contrast, cholangio
graphy via MRCP, PTC, or ERCP is often 
essential for the diagnosis of biliary stric
tures or leaks which may not be appreciated 
on transabdominal US. More commonly, 
MRCP and/or ERCP are utilized, with 
data suggesting comparable accuracy for 
the diagnosis of bile leaks (95%) and stric
tures (90%) [5]. MRCP has demonstrated 
≥90% sensitivity, specificity, positive pre
dictive value, and negative predictive 
value, without the invasive risks carried by 
ERCP [6,7]. Additionally, pre‐procedural 
MRCP can aid the interventionalist in 
localizing the lesion of interest and in 
planning the needed biliary intervention, 
as well as limiting unnecessary ERCPs 
(Figure 16.1). In the setting of non‐diag
nostic MRCP, ERCP should still be con
sidered in patients with high suspicion 
for biliary pathology, especially micro
lithiasis, recurrent PSC, and ampullary 
stenosis/dysfunction. PTC is reserved for 
cases where ERCP is unsuccessful although 
historically was considered necessary, and 
is performed primarily in some centers 
in patients following Roux‐en‐Y liver 
transplant. ERCP in this setting is being 
performed with increasing success, further 
limiting the utility of PTC [2,8]. In patients 
with an external biliary drainage catheter 
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in place, percutaneous therapy can be 
easily performed and negates the need for 
additional liver puncture.

Biliary Strictures

Biliary strictures, along with bile leaks, 
represent the most common biliary 
complication following liver transplanta
tion, with the majority of strictures (75%) 
occurring at, or near, the biliary anasto
mosis [1]. The overall incidence of biliary 
strictures is 5–15% after deceased donor 
liver transplant and 28–32% after living 
donor liver transplant [9]. Strictures can 
occur anywhere within the biliary tree, 
can be anastomotic or non‐anastomotic, 
and can arise singularly or in multiples. 
Similar to other biliary complications, 
early strictures (<4 weeks) are often 
related to technical issues, while late 
strictures occur as a result of vascular 
compromise [10]. Biliary strictures most 
commonly occur within 5–8 months fol
lowing liver transplant but can occur at 
any time, with anastomotic strictures 
appearing slightly later than non‐anasto
motic ones.

Anastomotic biliary strictures occur at 
the anastomotic site between the donor 
and recipient bile duct with or without 
dilation of the proximal donor ducts. 
Anastomotic strictures characteristically 
appear as a thin, short, localized narrow
ing at or near the anastomosis on cholan
giography (Figure 16.2). Early anastomotic 
strictures frequently occur due to techni
cal issues related to the operation while 
late onset strictures are secondary to 
fibrotic healing following ischemia [11]. 
Temporary anastomotic biliary narrowing 
can be secondary to edema in the imme
diate post‐transplant period (≤30 days) 
and is often treated with a similar, but less 
aggressive approach (e.g., smaller diame
ter balloon dilation, fewer stents) than 
for an anastomotic stricture. Additionally, 
size mismatch between the donor and 
recipient bile ducts can be mistaken for an 
anastomotic biliary stricture leading to 
unnecessary procedures/interventions. 
This makes review of the operative report 
and any early postoperative cholangio
grams essential.

Endoscopic intervention remains first 
line therapy following identification of 
a  stricture in patients with duct to duct 
anastomoses. Patients with anastomotic 
strictures can generally be managed endo
scopically with balloon or rigid catheter 
dilation followed by biliary stent place
ment across the stricture. Balloon dilation 
alone can be considered; however, data 
suggest improved stricture resolution 
using combination therapy (40% versus 
75%) [12,13]. The current endoscopic 
approach for anastomotic strictures is 
balloon dilation of the stricture (6–10 mm 
depending on size of the upstream duct) 
followed by placement of at least two large 
bore (10 Fr) plastic biliary stents initially. 
The use of multiple plastic biliary stents 
increases the success rate up to 80–90% 
[14–16]. Similar to the management of 
strictures in non‐transplant patients, 
additional biliary stents are placed and 
exchanged approximately every 3 months 

Figure 16.1 A 1 cm long, moderate grade 
stricture within the biliary duct at the level of the 
biliary anastomosis identified on magnetic 
resonance cholangiopancreatography.
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until stricture resolution, with many patients 
requiring several interventions [17]. The 
number of stents inserted depends on 
the capacitance of the donor and recipient 
ducts. The use of biliary self‐expandable 
metal stents (SEMSs) has also been explored 
in the treatment of post‐transplant anas
tomotic strictures with varying results. 
A recent systematic review including 
nearly 800 patients compared the use of 
multiple plastic biliary stents to biliary 

SEMSs and found no clear advantage for 
the use of SEMSs in this setting [18]. 
Additionally, a 15% migration rate was 
noted in patients treated with biliary 
SEMSs. Following initial stricture resolu
tion, patients require ongoing surveillance 
to assess recurrence. Recurrence of an anas
tomotic stricture occurs most in patients 
with delayed presentation and in those 
with very tight initial strictures [9]. In con
trast, patients with an early presentation 

(a) (b)

(c)

Figure 16.2 (a) Anastomotic strictures of the right anterior and right posterior hepatic ducts in a patient 
with a hepaticojejunostomy after living donor right liver transplant. (b) Balloon dilation of the 
anastomotic stricture in the right anterior duct. (c) Placement of two 8.5 Fr, 15 cm plastic biliary stents 
into the right anterior and posterior hepatic ducts.
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tend to have a good response to short 
term stenting and are less likely to develop 
stricture recurrence [19]. Repeat endo
scopic intervention is highly successful in 
patients with stricture recurrence [15].

Patients with Roux‐en‐Y biliary recon
struction also develop anastomotic stric
tures between the donor bile duct and 
recipient jejunum (Figure 16.3). The treat
ment algorithm is similar but requires 
access to the anastomosis using a forward 
viewing endoscope; most commonly a 
colonoscope or a balloon assisted entero
scope. Given the difficulty of performing 
ERCP in the setting of altered anatomy, 
endoscopic intervention is not routinely 
successful. When endoscopic therapies are 
unsuccessful, percutaneous management 
is attempted prior to surgical revision of 
the anastomosis. In extreme cases, liver 
retransplantation may be necessary when 
all other measures fail.

In comparison to anastomotic strictures, 
non‐anastomotic strictures tend to be 
multiple, longer in length, intrahepatic, or 
in the donor duct proximal to the anas
tomosis [20]. In recent years, the incidence 
of non‐anastomotic strictures has increased. 
Experts have implicated the acceptance of 

older donors, donors with extended cri
teria, and donors after cardiac death [21]. 
Non‐anastomotic strictures are generally 
secondary to vascular issues, either hepatic 
ischemia or hepatic artery compromise. 
The most severe non‐anastomotic stric
tures occur in cases of early hepatic artery 
thrombosis as collateral blood flow has 
yet to develop, thus leading to biliary 
necrosis [22]. The severity of non‐anasto
motic strictures has been correlated to the 
time of manifestation from transplant, 
with the worst strictures occurring early 
on [23]. This scenario can further pro
gress to ischemic cholangiopathy and 
the development of biliary cast syndrome, 
as discussed later in this chapter. Other 
etiologies for non‐anastomotic strictures 
include recurrence of the primary liver 
disease (e.g., PSC), cytomegalovirus infec
tion, or post‐transplant lymphoprolif
erative disorder. The cholangiographic 
appearance is similar to that of PSC with 
involvement of the proximal bile duct and 
intrahepatic branches. Early diagnosis and 
intervention are key to a successful out
come. Although managed in a similar 
fashion to anastomotic strictures, non‐
anastomotic strictures are more difficult 
to treat, with success rates ranging from 
50% to 75% [24]. The lower success rates 
are expected given that many patients 
have diffuse involvement of the biliary 
tree, making endoscopic intervention 
complex. Non‐anastomotic strictures are 
treated with sphincterotomy, balloon dila
tion, and placement of large bore plastic 
biliary stents (size limited by the diameter 
of the intrahepatic ducts), although ade
quate treatment in the setting of multiple 
strictures is rarely feasible. Due to the 
accumulation of sludge, and possibly casts, 
above the stricture, rapid stent occlusion is 
common. These patients frequently require 
more interventions to achieve success 
with endoscopic therapy when compared 
with anastomotic strictures [25]. Surgical 
revision is necessary in many cases as 
endoscopy is insufficient. A Roux‐en‐Y 

Figure 16.3 Percutaneous tube cholangiogram 
revealing a stricture at the hepaticojejunal 
anastomosis in a patient previously transplanted 
for primary sclerosing cholangitis.
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hepaticojejunostomy is performed in 
patients with prior duct to duct biliary 
anastomosis. Refractory non‐anastomotic 
strictures in patients with a Roux‐en‐Y 
biliary anastomosis are treated by re‐
anastomosing the bile duct to an area of 
improved perfusion [23]. Due to the diffi
culty in successfully treating patients with 
non‐anastomotic strictures, data suggest 
that up to 50% will require retransplanta
tion or die from this complication [26].

Bile Leaks and Bilomas

Biliary tract leaks occur in approximately 
10% of patients following liver transplant 
[27]. Leaks can occur early (<4 weeks) or 
late following transplant, and can arise from 
the anastomosis, cystic duct remnant(s), 
duct of Luschka, T tube insertion/removal 
site, or the cut liver surface when partial 
liver grafts are utilized (i.e., pediatric split 
livers and living related donors). The 
majority of bile leaks within 4 weeks after 
transplant occur at the anastomosis, cystic 
duct remnant, or T tube site (if present) 
and are secondary to ischemia or techni
cal issues related to the operation [25]. 
In contrast, late bile leaks are almost 
always related to removal of the T tube. 
Due to this finding, many transplant centers 
have abandoned routine T tube placement 
due to the high rate of post‐transplant leak. 
Anastomotic leaks occur most commonly 
in the setting of duct to duct anastomosis, 
but can occur following Roux‐en‐Y anas
tomosis (Figure  16.4). Non‐anastomotic 
bile leaks should raise concern for vas
cular insufficiency and the possibility of 
hepatic artery compromise [28,29].

Biliary leaks can be successfully treated 
with endoscopic therapy in more than 
85% of cases [30]. Endoscopic treatment 
initially includes biliary sphincterotomy 
with or without placement of a single large 
diameter (≥10 Fr) plastic biliary stent as 
these techniques promote preferential 
drainage of bile into the small intestine [31]. 

In patients with a concurrent biliary stric
ture, successful drainage is predicated 
on  traversing the stricture during stent 
placement (Figure  16.5). Gentle stricture 
dilation may be necessary in some cases 
prior to stent placement. In bile leaks 
unresponsive to initial endoscopic ther
apy, ERCP with placement of additional 
plastic biliary stents may be successful 
in providing adequate biliary drainage 

Figure 16.4 Cholangiogram demonstrating two 
separate bile leaks from the right intrahepatic 
ducts. Additionally, contrast extravasation is seen 
from a disruption of the proximal jejunal limb.

Figure 16.5 Contrast injection demonstrates a 
mild anastomotic stricture with a bile leak 
adjacent to the anastomosis.
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although the number and size of the stents 
is contingent on the size of the donor and 
recipient bile ducts. Repeat ERCP with 
biliary stent exchange, if necessary, should 
be performed every 2–3 months until reso
lution. The use of temporary biliary SEMSs 
is successful in this regard and can be con
sidered in lieu of plastic stents; however, 
clinically relevant biliary strictures can 
occur following SEMS removal in 25–35% 
of cases [32]. Historically, placement of a 
nasobiliary tube was an additional endo
scopic option for the treatment of bile 
leaks but this has fallen out of favor and is 
now rarely performed. Although nasobil
iary tubes allow for easy cholangiographic 
evaluation and can be removed without an 
additional endoscopic procedure, patients 
are reluctant to maintain a tube exiting 
their nose for a prolonged time period and 
the tube may be inadvertently dislodged. 
In addition to endoscopic therapy, concur
rent placement of a percutaneous abdom
inal drain may be necessary in patients 
with a large amount of ascites.

The evaluation and therapy of patients 
with indwelling cystic ducts or T tubes is 
generally straightforward. A T tube chol
angiogram can localize the leak without 
the need for ERCP. Additionally, small 
leaks may resolve by leaving the T tube in 
place and open to divert bile flow. Certain 
patients will require concomitant place
ment of an internal transanastomotic 
biliary stent, with nearly 100% success in 
leak resolution [5].

Patients presenting with peritoneal signs 
should be promptly evaluated by a surgeon 
given the high risk for rapid decompensa
tion, with surgery more likely in patients 
with non‐anastomotic bile leaks, bile peri
tonitis, or larger leaks when endoscopic 
therapy has failed or has a low chance of 
success. Percutaneous transhepatic biliary 
drainage is indicated in stable patients 
when endoscopy is unsuccessful.

Following liver transplant, bile duct 
rupture and subsequent extravasation of 
bile into the liver parenchyma or peritoneal 

cavity can lead to biloma formation. 
Necrosis of the bile duct has been proposed 
as the inciting event in development [25]. 
Post‐transplant bilomas most commonly 
occur in the perihepatic area, outside the 
liver parenchyma, and occur in approxi
mately 10% of patients following liver 
transplant [33]. The most commonly 
identified infective organisms are entero
cocci, coagulase negative staphylococci, 
and Candida species [33]. These lesions are 
frequently small and may resolve without 
invasive measures (i.e., close observation, 
antibiotics). However, percutaneous drain
age is often necessary for larger bilomas 
not communicating with the bile duct, 
while sphincterotomy with or without 
endoscopic placement of a biliary stent 
into the extrahepatic bile duct may be 
required for resolution of those with bile 
duct communication [34]. Percutaneous 
drainage of larger bilomas with concur
rent antibiotic therapy may be necessary 
to prevent abscess formation in post‐
transplant patients on immunosuppres
sion. Surgery is reserved for patients with 
peritoneal signs or if the bile leak cannot 
be controlled effectively with the above 
measures. Similarly, percutaneous drain
age of free bile may need to be performed 
as an adjunct to endoscopic therapy. The 
decision is based upon size/volume and 
presence of infection.

Bile Duct Filling Defects

Common bile duct filling defects occur 
relatively frequently (~6%) after liver 
transplantation with the differential diag
nosis including bile duct stones, sludge, 
blood clots, and biliary casts [35]. Bile 
duct stones are the most commonly 
identified filling defect after transplant, 
occurring in up to 18% of post‐transplant 
patients, with most stones seen in associa
tion with distal strictures [1]. Other 
proposed mechanisms of stone formation 
after transplant include supersaturation of 
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bile, biliary reflux, and biliary duct con
tamination. Endoscopists must maintain a 
low threshold for the evaluation and inter
vention of biliary filling defects as patients 
on immunosuppression may present in 
an atypical manner, with the propensity 
to decompensate rapidly. Stones, sludge, 
or other biliary debris can generally be 
removed with a very high success rate 
(~100%) using sphincterotomy and balloon/
basket extraction, although those associ
ated with biliary strictures may require 
stricture dilation before attempts at clear
ance [36]. The endoscopic techniques and 
accessories used are similar to those uti
lized in non‐transplant patients, including 
the use of mechanical/electrohydraulic 
lithotripsy when standard measures fail. In 
rare cases where stone extraction is unsuc
cessful, a plastic biliary stent can be placed 
to maintain adequate bile flow and bridge 
to subsequent interventions for reattempts 
at stone clearance.

Biliary cast syndrome is an infrequent 
complication that occurs in 2.5% of patients 
following liver transplantation [37]. Casts 
appear as dark, hardened material made of 
organic debris that take the shape of the bile 
ducts that they occupy (Figure 16.6) [38]. 

Bilirubin is the primary component of 
biliary casts with collagen, blood vessels, 
and cholesterol as secondary components. 
The inclusion of blood vessels and colla
gen within the cast composition, along 
with concurrent biliary strictures, suggest 
that cast formation occurs secondary to 
bile duct ischemia leading to ischemic 
cholangiopathy (Figure  16.7) with bile 
duct necrosis, cast formation, and ductal 
scarring/stenosis [39]. Acute cellular 
rejection has also been proposed as an 
etiological risk factor for the development 
of biliary casts. Patients typically present 
with evidence of biliary obstruction includ
ing fever, jaundice, imaging evidence of 
biliary ductal dilation, and elevation in 
serum markers of cholestasis. Successful 
clearance of biliary casts is challenging. 
Multimodality therapy using endoscopic 
and percutaneous approaches is success
ful in 60% of cases, but multiple ERCPs 
are often needed for complete cast clear
ance and for the treatment of associated 
strictures [39]. Endoscopic techniques 
often require a combination of sphincter
otomy, balloon/basket extraction, stent 
placement, and mechanical/electrohy
draulic lithotripsy. Recent data suggest 

Figure 16.6 Cholangiogram demonstrating a 
dilated extrahepatic duct with diffuse, irregular 
filling defects throughout the intrahepatic ducts, 
consistent with cast syndrome.

Figure 16.7 Evidence of ischemic 
cholangiopathy of the right hepatic ducts in a 
patient with prior hepatic artery thrombosis.
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up to 50% of patients relapse following 
initial cast clearance and require addi
tional interventions [40]. Surgical inter
vention is reserved for patients when 
endoscopic and/or percutaneous measures 
are unsuccessful. Biliary cast syndrome 
can cause significant liver injury ultimately 
leading to retransplantation in up to 20% 
of cases [37].

Sphincter of Oddi 
Dysfunction and Papillary 
Stenosis

Ampullary complications occur in up to 
7% of patients following liver transplanta
tion with duct to duct anastomosis and can 
be secondary to mechanical obstruction 
or physiological dysfunction (Figure 16.8) 
[41–43]. The etiology of ampullary dys
function has been attributed to denerva
tion of the ampullary portion of the native 
bile duct, although this phenomenon is 
more likely multifactorial (edema, pap
illary stenosis, etc.) [25]. Post‐transplant 
sphincter dysfunction should be suspected 
in patients with cholestasis, diffuse biliary 
ductal dilation, and absence of right 
upper quadrant (RUQ) pain, as RUQ pain 

secondary to sphincter dysfunction is 
atypical following transplant. Patients rarely 
undergo sphincter of Oddi manometry, but 
instead undergo empirical biliary sphinc
terotomy to allow drainage and decom
pression of the biliary tree.

Special Clinical Scenarios

Living Donor Liver Transplantation

Due to the shortage of donor livers, living 
donor liver transplantation (LDLT) has 
become an acceptable therapeutic alter
native for patients with end‐stage liver 
disease. LDLT involves transplantation of 
a single donor lobe (usually the right) into 
the recipient, with the creation of a biliary 
anastomosis joining the donor’s right 
hepatic duct and the recipient’s common 
bile duct. Alternatively, a Roux‐en‐Y hepati
cojejunostomy can also be performed. 
A recent meta‐analysis has determined 
that the complication rate is not influenced 
by the technique of biliary reconstruction 
(duct‐to‐duct versus Roux‐en‐Y hepatico
jejunostomy) [44]. Despite advances in 
surgical techniques and immunosuppres
sive regimens, biliary complications remain 
a major cause of morbidity and mortality 
for LDLT recipients [44].

When compared with cadaveric liver 
transplants, biliary complications following 
LDLT occur more commonly and can afflict 
both the donor and recipient [27,45]. The 
biliary complication rate following LDLT 
ranges from approximately 25% to 35% in 
recent literature [46]. The two most 
common biliary complications following 
LDLT are bile leaks, which tend to occur 
early in the postoperative period (initial 
3  months), and anastomotic strictures, 
which tend to occur later in the postoper
ative course. Many case series demon
strate a slightly higher rate of biliary leaks 
compared with stricture formation, likely 
secondary to the high risk of leak from the 
cut surface of the liver [47]. Bile leaks from 

Figure 16.8 Cholangiogram demonstrating 
post‐transplant benign papillary stenosis.
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the cut surface of the liver are  frequently 
managed with percutaneous drainage 
whereas anastomotic leaks are more likely 
to require surgical intervention [48]. In 
many cases, an early bile leak will sub
sequently lead to stricture formation at 
the same location. In addition to other 
factors, the methods for surgical recon
struction and the number and size of 
reconstructed bile ducts are considered 
risk factors for biliary complications fol
lowing LDLT [49]. Given the technical 
demands of LDLT it is not surprising that 
a recent meta‐analysis has shown that 
increased operative experience with LDLT 
can reduce the biliary complication rate 
further in this population [50]. Endoscopic 
therapy of LDLT strictures with duct to 
duct anatomy is difficult and requires 
understanding of the surgical anatomy. 
The anatomy varies by the donor’s right 
hepatic duct anatomy. There may be one, 
two, or even three anastomoses; because 
of overlying ducts joining at the hepatic 
hilum, the use of rotatable C‐arm fluoros
copy is essential in these cases.

Donor safety during LDLT is of para
mount concern and must be considered 
before, during, and after the procedure. 
Fortunately, donor mortality remains 
low, with reported rates up to 0.3% in 
published series [51,52]. In contrast, 
donor morbidity rates vary markedly, 
likely related to the operative experience 
amongst individual transplant centers and 
variance in defining what constitutes a 
surgical complication. Donor morbidity 
ranges from 3.2% to 47.3% [51,53,54] with 
donor complications most commonly 
including biliary strictures and leaks [44]. 
Strictures tend to occur at the liver hilum 
while bile leaks can occur anywhere. 
Endoscopic therapies are similar to those 
described for liver transplant recipients. 
Unique to living donor liver transplant, 
bile leakage can also occur at the cut sur
face of the liver, from the bed of the 
resected specimen, and be managed with 
endoscopic biliary drainage [55].

Roux‐en‐Y Anatomy

In patients with a Roux‐en‐Y biliary 
anastomosis, the choledochojejunostomy 
or hepaticojejunostomy was traditionally 
considered inaccessible by endoscopic 
methods for the treatment of post‐trans
plant complications. Recent advances in 
endoscopic equipment and procedural 
techniques have made endoscopic access 
to the bilioenteric anastomosis attainable, 
yet still challenging. Successful ERCP 
in  this setting has been performed using 
colonoscopes (pediatric and adult) and 
dedicated enteroscopes (single balloon, 
double balloon, and spiral overtube) 
[2,8,56–58]. Forward viewing endoscopes 
have proven moderately successful, but 
signi ficant limitations have impeded 
routine success. For example, the adult 
colonoscope can accommodate a multi
tude of standard accessories and has a 
large working channel capable of deliver
ing a 10 Fr plastic stent, but has limited 
flexibility in areas of tight angulation 
(e.g., near the bilioenteric anastomosis). 
In contrast, balloon assisted enteroscopes 
are longer, more flexible, and can be fixed 
in the small bowel with the aid of an 
overtube, but are limited by the lack of 
available accessories and an inability to 
deliver endoprostheses larger than 7 Fr 
diameter. Additionally, all forward view
ing endoscopes lack an elevator – a key 
component to biliary cannulation and 
intervention during standard ERCP.

With the increasing prevalence of 
metabolic syndrome and non‐alcoholic 
steatohepatitis (NASH), it seems likely 
that therapeutic endoscopists will increas
ingly encounter patients with previous long 
limb Roux‐en‐Y gastric bypass (RYGB) 
who have subsequently undergone liver 
transplantation for NASH cirrhosis [59]. 
Access to the biliary tree in patients with 
RYGB anatomy can be facilitated by dedi
cated enteroscopes, but the above limita
tions also apply [58]. Percutaneous access 
to the stomach via gastrostomy using 
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radiological [60], surgical [61], and endo
scopic [62] methods have been described, 
all allowing passage of a duodenoscope for 
conventional ERCP.

Pediatric Patients

Post‐transplant biliary complications in 
the pediatric population are similar to 
those encountered in adults, although 
certain caveats are important to note. 
Due to the scarcity of whole cadaveric 
livers for adult transplantation, pediatric 
liver transplantation generally involves 

split cadaveric, living related donor, or 
reduced size grafts [63]. Similar to 
adults, the biliary complication rate is 
highest in pediatric LDLT [64]. Pediatric 
surgeons have traditionally utilized a 
bilioenteric anastomosis; however, duct 
to duct anastomosis can also be performed 
with technical variant grafts [64,65]. 
This is important in the management of 
post‐transplant biliary complications as 
bilioenteric anastomoses are inherently 
more difficult to access endoscopically 
and may require percutaneous interven
tion [66,67].
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Introduction

Since its introduction in 2004, confocal 
laser endomicroscopy (CLE) has been 
studied for a broad variety of gastrointes
tinal diseases. By enabling the endoscopist 
to examine suspicious tissue microscop
ically in vivo and in real time, CLE has 
not only provided an innovative practice 
for everyday patient care, but has also 
given insight into previously unknown 
aspects of the etiopathogenesis of certain 
diseases, such as inflammatory bowel 
disease [1].

By using molecular staining for CLE 
visualization (i.e., the fluorescent labeling 
of single molecules), the limits of early 
diagnosis and characterization of lesions 
have been moved from the interpretation 
of sheer morphological findings to the 
analysis of molecular alterations within 
tissue. Consequently, a suspicious lesion’s 
molecular characteristics could also be 
screened for prognostic markers or ther
apeutic targets on day one of diagnosis, 
leading to the immediate employment of 
tailored therapies. During ongoing treat
ment, surveillance using this technique 
could possibly aid in detecting tumor escape 
and new mutations/molecular alterations. 

Additionally, after endoscopic interventions 
such as endoscopic submucosal dissection 
(ESD) or endoscopic mucosal resection 
(EMR), resection margins could be exam
ined for residual tumor cells.

For neoplastic lesions of the gut, CLE 
has already been widely employed. 
A  multitude of studies have been con
ducted due to relatively good accessibil
ity via gastroscopy and colonoscopy [2]. 
Since the introduction of CLE probes 
fitting through the working channel of 
an endoscope, the hepatobiliary system 
has been an important target for endomi
croscopy as well, and the development of 
probes fitting through needles during 
endoscopic ultrasound examinations 
might allow even further implementa
tions of CLE [3].

Current Tools

Confocal Laser Endomicroscopy

Currently, there are two CLE systems in 
clinical use. In one system, the confocal 
endomicroscope is integrated into the tip of 
an endoscope (eCLE) (Pentax Corp., Tokyo, 
Japan). A blue laser excites fluorophores at 
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a wavelength of 488 nm, and fluorescence 
is detected at 505–550 nm. A high spa
tial resolution of 0.7 µm is achieved and 
the imaging plane depth can be moved 
from the epithelial surface to 250 µm 
within the tissue. The field of view has 
an edge length of 475 µm (1024 × 1024 pix
els). Image acquisition takes place at a rate 
of approximately 1 frame per second 
(fps). A rigid scanner with the same 
optical properties is available, approxi
mately the size of a pen (Optiscan, 
Melbourne, Australia) connected to an 
optical unit, and used primarily in the 
laboratory. However, in principle, this 
system could be compatible for use during 
surgery or laparoscopy, and prototypes 
using different wavelengths for excitation 
and emission have been assessed in clini
cal trials.

In the second system, the endomicro
scope is embedded in a flexible probe that 
fits through the working channel of conven
tional endoscopes or through endoscopic 
retrograde cholangiopancreatography 
(ERCP) catheters (pCLE) (CholangioFlex™, 
Mauna Kea Technologies, Paris, France). 
This allows not only for spontaneous ad 
hoc endomicroscopy upon identifying sus
picious tissue, but also for introducing the 
endomicroscope into the bile or pancreatic 
duct due to its flexible design. The image 
acquisition rate of the pCLE system is faster 
(approximately 12 fps), but the spatial res
olution is somewhat lower. The imaging 
plane for each probe is fixed, but it can 
be changed by using different probes. The 
field of view also depends on the probe 
used, ranging from 240 to 600 µm. The 
CholangioFlex probe has a field of view of 
325 µm with a spatial resolution of 3.5 µm 
on an imaging plane 50 µm below the tis
sue surface.

For laboratory research, a system using 
wavelengths in the near‐infrared range 
(660 nm) is available, in addition to imag
ing in the blue range. A dual band scanner 
even allows for bicolor imaging in a labo
ratory setting [4].

Fluorescent Dyes and Molecular 
Probes

In both systems, the tissue needs to be 
stained with fluorescent dyes for micro
scopic visualization. Currently, the most 
commonly used fluorescent agent is fluores
cein (5 mL, 10% IV), a non‐toxic substance 
widely employed for ophthalmological 
angiography. Fluorescein can be injected 
intravenously and leads to good depiction 
of vessels and histological architecture for 
excitation/emission spectra around 500 nm. 
These spectra limit its use to imaging of 
structures close to the tissue surface, as 
longer wavelengths are needed for deeper 
tissue imaging.

Acriflavine is another fluorescent dye 
of similar excitation and emission spectra. 
Unlike fluorescein, acriflavine stains nuclei 
and can therefore complement staining 
on this wavelength. However, concerns 
have been raised regarding its carcino
genic potential, although the substance has 
been used as a component of disinfectants 
in the past.

For molecular staining, derivatives of 
fluorescein (e.g., fluorescein isothiocyanate 
(FITC)) and other fluorophores, such as 
dyes of the Alexa Fluor® family (Abcam, 
Cambridge, UK), can be conjugated with 
a variety of different agents, such as 
antibodies, affinity peptides, activatable 
probes, or physiological substances [5]. The 
choice of a particular agent is dependent 
on the intent of the procedure. For diag
nostic purposes alone, knowledge of the 
agent’s exact target structure is not neces
sarily required, as long as sensitivity and 
specificity are high. To screen for potential 
therapeutic targets, however, knowledge 
of the agent’s target structures is crucial. 
By fluorescently labeling targeted sites, 
these drugs can be assessed in vivo within 
the targeted tissue [6,7]. By specifically 
highlighting dysplasia, affinity peptides 
could be an important asset to endoscopic 
screening [8]. Activatable probes, whose 
fluorescence is intensified only in the 
presence of activators such as certain 
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proteases, could allow the visualization 
of the cells’ proteome in vivo [9], and 
metabolic substrates, such as labeled 
folate [10] or 5‐aminolevulinic acid 
[11], can be used for imaging. All these 
new approaches could expand the hori
zon in terms of both diagnosis and ther
apy and are being intensively studied, 
although mainly in experimental settings 
currently for the assessment of safety and 
feasibility.

Bile Duct

Diagnosis and discrimination of biliary 
diseases often prove difficult, and the yield 
of histopathology is often limited – espe
cially regarding cholangiocarcinoma 
and its precursors, where sensitivity 
rates for conventional brushings have 
been reported to be lower than 50% [12]. 
However, it is crucial to detect malignant 
lesions in an early stage, as therapeutic 
options and prognosis are limited at an 
advanced stage of disease. As a means of 
further characterizing indeterminate 
lesions, optical biopsy using pCLE could 
complement conventional brush cytology 
or forceps biopsy to improve detection 
rates and differentiation of lesions.

In one study, endomicroscopy of 
lesions suspicious for cholangiocarci
noma was performed during ongoing 
cholangioscopy in 14 patients [13]. A 
CholangioFlex CLE probe was inserted 
through the instrumentation channel of 
a cholangioscope and placed directly 
onto a suspicious lesion. Fluorescein was 
injected intravenously, as continuous 
water flow needed to be maintained dur
ing the examination. Images of benign 
lesions showed a reticular pattern of thin, 
dark grey lines on a lighter background, 
whereas in malignant lesions thick, irregular, 
white lines crossed a darker background. 
In video mode, erythrocytes could be visu
alized within the white lines. These findings 
were interpreted as neoangiogenesis, as 

fluorescein was administered intravenously 
and therefore contrasted the vessels. CLE 
analysis showed a sensitivity, specificity, 
and overall accuracy for the diagnosis of 
malignant lesions of 83%, 88%, and 86%, 
respectively. Pathology, on the other hand, 
showed values of 50%, 100%, and 79%, 
respectively.

Another study examined pCLE during 
ERCP in 14 patients with indeterminate 
strictures of the bile duct [14]. In this 
study, a lower accuracy for the determina
tion of strictures was observed using 
 predetermined criteria. In a study of 37 
patients, sensitivity and specificity rates of 
83% and 75%, respectively, were reached 
using CLE during ERCP [15].

In the Miami classification of probe 
based CLE, efforts were made to stand
ardize the interpretation of biliary CLE 
(Box  17.1) [16]. These criteria were then 
tested in a blinded study with a larger 
patient cohort (112 pCLE videos of 47 
patients with biliary or pancreatic stric
tures), showing sensitivity values of up to 
97% when combining multiple criteria 
for evaluation, whereas tissue sampling 
showed a sensitivity of only 48%. In con
trast, specificity was 33% for CLE imaging 
versus 100% for tissue sampling [17]. Even 
though specificity of biliary CLE is still low 
at the moment, suboptimal sensitivity as 
one of the biggest problems of the current 
toolset for diagnosing cholangiocarcinoma 

Box 17.1 Miami classification of biliary 
lesions: probe based confocal laser 
endomicroscopy features suggestive 
of malignancy. Source: Adapted from 
Wallace et al. 2011 [16] and Meining 
et al. 2012 [17].

 ● Thick white bands (>20 µm)
 ● Thick dark bands (>40 µm)
 ● Dark clumps
 ● Epithelial structures
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could be drastically improved with pCLE. 
This is likely due to the fact that tissue 
sampling only yields small specimens 
from within the biliary tree, whereas pCLE 
imaging can visualize larger areas via 
multiple optical biopsies. Interobserver 
reliability was also examined in 42 
patients and showed significant kappa val
ues for agreement, especially regarding 
thin and thick dark bands, thin white bands, 
and visualization of epithelium [17].

The Paris classification has been devel
oped as a modified version of the Miami 
classification, aiming to further increase 
diagnostic accuracy [18]. However, more 
studies are needed to confirm the benefit 
of these additional criteria.

The criteria used for biliary pCLE have 
not yet been fully correlated to standard 
histological findings, as side by side com
parison is difficult to perform. Erythrocytes 
could be identified within thick white 
bands, which could therefore represent 
vessels. The often tortuous, saccular, and 
overall irregular architecture of these 
bands could correspond to the irregular 
vascularization of cancerous tissue. The 
thin dark bands constituting the reticular 
pattern of healthy mucosa, on the other 
hand, might resemble lymphatic ductules, 
as suggested by similar findings in tissue 
specimens of intact rat bile ducts [14].

All in all, pCLE may have an important 
role in the characterization of indeter
minate biliary lesions, allowing for both 
direct analysis in vivo and the imple
mentation of targeted biopsy protocols. 
However, the reliability of pCLE has yet to 
be assessed under inflammatory condi
tions (e.g., primary sclerosing cholangitis) 
where this novel approach to surveillance 
of the biliary tract might crucially improve 
tumor screening. Molecular CLE has not 
yet been broadly introduced for biliary 
disease, and experimental studies are 
eagerly awaited. For molecular imaging of 
the pancreas, a first study visualizing 
epidermal growth factor receptor (EGFR) 
and survivin via needle based CLE during 

endoscopic ultrasound examinations in 
a porcine model has been conducted 
successfully [19]. FITC labeled antibodies 
against EGFR and survivin were injected 
into different areas of the porcine pancreas 
under endosonographic guidance. After 
30 minutes, needle based CLE was per
formed and molecular expression could be 
visualized in vivo for both targets.

Liver

By employing rigid CLE probes that are 
identical in construction to current eCLE 
systems (Optiscan) during minilaparos
copy, it was possible to acquire images of 
the liver parenchyma and other organs 
in vivo. The CLE devices were modified to 
accommodate the sterile environment 
required for laparoscopy, using a camera 
sleeve and sterile, stainless steel shaft to 
mantle the CLE probe and its connection 
cable to the optical unit. In a first study, 
blue laser light was used for tissue excita
tion, similar to conventional eCLE [20]. The 
confocal probe was introduced through a 
second trocar under laparoscopic guidance 
in 25 patients with liver disease. The imag
ing plane was translated up to 250 µm 
under the surface of the organ, and serial 
images were acquired after intravenous 
administration of fluorescein. CLE images 
were then compared with histopathologi
cal findings in targeted biopsies. Although 
hepatocytes and liver architecture could be 
visualized, as well as alterations such as 
fibrosis and steatosis, image quality did not 
match that of conventional pathology, 
unlike in gastrointestinal CLE imaging. 
This might be in part due to the limited 
penetration depth of blue laser light 
and  the thickness of the liver capsule. 
Additionally, the parenchymal structure of 
the liver strongly differs from the layered 
architecture of gastrointestinal mucosa and 
might not be as easily accessible.

As a consequence, a second study used 
a prototype CLE unit that employs a 
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longer excitation wavelength (780 nm) 
with deeper tissue penetration (up to 
350 µm) [21]. In this study, indocyanine 
green (ICG) was chosen as the fluorescent 
dye since its excitation and emission spec
tra were suitable for the near‐infrared 
range of the laser. Image quality proved to 
be significantly better than the shorter 

wavelength system and hepatocytes could 
be clearly visualized, including subcellular 
details such as nuclei (visible as negative 
spaces without ICG uptake) (Figure 17.1). 
However, owing to the fluorescent dye 
used, only parenchymal cells were stained 
and inflammatory or tumor cells could 
not be discerned. Criteria for normal liver 

(a)

(c) (d)

(b)

Figure 17.1 (a, b) Confocal laser endomicroscopy (CLE) of the human liver. (a) Normal histoarchitecture 
of a liver lobule is clearly visible in a healthy liver (* central vein); (b) whereas dark zones (*) separate 
liver nodules in a patient with liver fibrosis. (c) Lipid vacuoles can be clearly visualized in a mouse model 
of steatosis. (d) In another mouse model, apoptosis was induced and could be monitored using CLE. 
One cell (arrowhead) already underwent apoptosis, with only fragments are left. A second cell is 
currently in the process of fragmentation (thin white arrows). Source: Goetz et al. 2010 [21]. Reproduced 
with permission of Elsevier.
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tissue can be established similar to conven
tional histological findings; the hexagonal 
architecture of the liver lobules and their 
sinusoidal architecture could be visualized. 
In fatty liver disease, multiple bright 
inclusions inside the hepatocytes could be 
discerned, whereas fibrosis was identified 
by increased negative space (black bands) 
between the liver lobules representing 
unstained fibrous tissue (Figure 17.1b). In 
cirrhosis, the parenchymal architecture was 
irregular and small areas of parenchyma 
could be visualized within dark fibrous tis
sue, whereby cirrhotic scars remained dark 
after injection of ICG. Using the acquired 
image data, steatosis and fibrosis could be 
predicted in 22 patients with accuracies of 
81% and 90%, respectively.

In the future, this technique could help 
target biopsies and allow the in vivo 
diagnosis of inflammatory or neoplastic 
diseases, especially in combination with 
molecular agents (e.g., targeting lympho
cytes or tumor cells). ICG itself could be 
used as a marker for the differentiation of 
hepatocellular carcinoma (HCC) due to 
its biliary excretion mode. This was studied 
in 170 patients undergoing surgery for 
HCC using a macroscopic fluorescence 
detection system. In this study, differenti
ated HCC showed fluorescence after the 
administration of ICG, whereas undiffer
entiated HCC showed no uptake of the 
dye in the tumor itself, but only in the 
surrounding healthy liver tissue [22]. This 
technique could be helpful for guiding 
resection and detecting additional lesions. 
Another study evaluated its use for detect
ing extrahepatic metastasis of HCC in 17 
patients, with promising results [23].

In animal models, CLE has been studied 
for a wide array of liver diseases. Inflam
mation, steatosis, perfusion anomalies, 
and fibrosis were visualized and compared 
to ex vivo findings in mice suffering from 
cytokine induced hepatitis, in an obesity 
model, or after ligation of the common 
bile duct [24,25]. Liver metastases or peri
toneal carcinomatosis have been found in 

several studies on tumor xenografts. 
Metastases often shared the molecular 
characteristics of the primary xenografted 
tumors and could therefore be imaged 
using the same molecular agents [7,26,27]. 
An advantage of CLE compared with 
conventional histology is the possibility of 
real‐time imaging. In an animal study, 
apoptosis of hepatocytes was induced and 
could then be continuously visualized for 
several hours using the rigid CLE system 
(Figure  17.1d) [28]. In this study, non‐
selective dyes, such as acriflavine and 
fluorescein, were used for morphological 
imaging. For perfusion imaging, FITC 
labeled dextrans were administered, and 
for functional molecular imaging, caspase 
activation was assessed using a fluores
cein labeled polycaspase inhibitor.

The number of possible implementa
tions of CLE in both clinical and laboratory 
setting is high, and CLE might serve as a 
unique tool to improve understanding and 
diagnosis of liver diseases. However, as of 
today, the number of studies conducted in 
humans is still small and the current tool
set for imaging does not yet cater to all 
imaging needs. Therefore, further studies 
and developments are needed before broad 
clinical application can follow.

Perspective on Future 
Applications

With the introduction of needle based CLE 
during endoscopic ultrasound examination 
[3], a new diagnostic field is emerging. Cysts 
and masses can be examined microscopi
cally in vivo, and a first study has already 
reported on visualization of porcine pan
creatic tissue at a molecular level using 
antibodies against EGFR and survivin [19]. 
This “seeing needle” technique can be par
ticularly helpful as a navigation aid when 
locating focal lesions, but still has to be 
evaluated for the puncture of liver lesions.

Other new techniques might also increase 
the accessibility of thus far inaccessible 
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structures: natural orifice transluminal 
endoscopic surgery (NOTES) allows direct 
access to the peritoneal cavity and, conse
quently, CLE imaging of intraperitoneal 
organs [29]. This might also provide an 
alternate access path for confocal liver 
imaging. When resecting suspicious 
lesions, CLE could be used to screen 
for  potential residual cells or local recur
rence, as already demonstrated following 
endoscopic mucosal resection of superfi
cial  gastric lesions [30]. Furthermore, CLE 
(especially with molecular dyes) could 
allow the visualization of microscopic 
metastatic spread in the liver, in the form 
of  peritoneal carcinomatosis, or even in 
lymph nodes via needle based CLE.

For gastrointestinal diseases, numerous 
studies have been conducted using molec
ular fluorescent agents (reviewed in detail 
in [5] and [31]). For hepatobiliary disease, 
however, studies using molecular staining 
are scarce. This is largely attributed to the 
comparatively low accessibility that might 
favor the initial assessment of newly 
developed techniques to take place in a 
more controllable examination environ
ment – as is the case during gastroscopy 
or colonoscopy. However, results should 
most likely be transferable, and molecular 
hepatobiliary CLE should, in principle, 
be  feasible. This new imaging technique 
could not only impact on the diagnosis of 
neoplastic or inflammatory lesions, but 
also on treatment and prediction of 
response to therapy, leading to custom
ized treatment protocols and individual
ized disease management from day one of 
diagnosis. For this purpose, therapeutic 
antibodies or other targeted drugs can be 

used as molecular agents, as already stud
ied for colorectal cancer and inflamma
tory bowel disease [7,32]. With multicolor 
CLE using different wavelengths at the 
same time, molecular imaging could be 
performed targeting several structures at 
once, or combining molecular image data 
with functional or perfusion imaging [4]. 
This approach might not only influence 
clinical care, but also basic science, as it 
allows unique insights into the living 
organism without altering physiological 
conditions.

Conclusion

In conclusion, CLE could play an impor
tant role in the future management of 
hepatobiliary disease. A first implementa
tion with immediate benefit for the patient 
could be in the diagnosis of indeterminate 
biliary strictures, where the sensitivity of 
CLE surpasses that of histopathology. With 
a microscopic view into the liver paren
chyma during ongoing (mini)laparoscopy, 
in vivo diagnosis of liver diseases can be 
performed, and functional or perfusion 
CLE imaging could complement histo
architectural findings. By employing nee
dle based CLE or CLE during NOTES, 
even more structures can be accessed by 
this novel imaging technique, further 
expanding its field of application. With the 
implementation of molecular CLE, both 
clinical and basic science could gain a 
unique tool for targeted visualization, lead
ing to individualized therapy and a better 
understanding of the underlying disease.
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Introduction

Laparoscopy in the patient with hepato
biliary disease has two distinct roles: 
the assessment of the existence and extent 
of a disease process, and the performance 
of specific interventions. Direct real‐time 
visualization and assessment of the liver, 
gallbladder, and peritoneum, as well as 
ultrasonographic assessment of the biliary 
tree, liver parenchyma, and vasculature 
add considerably to the armamentarium 
of today’s hepatobiliary surgeon and allow 
for the planning of appropriate interven
tions. The ability to not only assess but 
also intervene laparoscopically in such 
patients is continually evolving. Over 
the last two decades, cases of increasing 
complexity have been shown to be ame
nable to a laparoscopic approach. This 
chapter will focus on the role of laparos
copy in the assessment and staging of 
patients with hepatobiliary disease, as 
well as its role in facilitating intervention 
and resection for both benign and malig
nant disease.

Assessment and Staging

Laparoscopic Staging

Advances in radiology have provided many 
non‐invasive tools  –  such as multidetec
tor computed tomography (CT) scanning, 
magnetic resonance imaging (MRI), and 
combined CT with positron emission 
tomography (CT/PET) scanning  –  that 
have had a considerable impact on the 
assessment of disease extent, particularly 
with respect to cancer. Unfortunately, 
these modalities may underestimate the 
extent of disease, with small volume meta
static disease being appreciated only at 
surgical exploration. For over 100 years, 
laparoscopy has been suggested as a 
means for identifying such small volume 
disease. A significant amount of data 
have been produced to suggest that the 
use of laparoscopy and laparoscopic ultra
sound in the staging of gastrointestinal 
malignancies has an impact on overall 
management [1–7]. Staging laparoscopy 
in suspected malignant disease is a quick, 
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safe, but invasive investigation. The aim of 
this is to mimic staging at open explo
ration while minimizing morbidity and 
enhancing recovery, and thus allowing for 
quicker administration of adjuvant thera
pies if indicated.

Proponents believe that laparoscopic 
staging should be viewed as complemen
tary and not as a replacement for other 
staging modalities, such as CT, MRI, or 
PET scanning. The advantages of lapa
roscopy are that it allows the surgeon to 
visualize the primary tumor, determine 
vascular involvement, identify regional 
nodal metastases, detect small volume 
peritoneal/liver metastases, and deter
mine resectability, as well as obtaining 
tissue for histological diagnosis. The 
addition of direct contact laparoscopic 
ultrasonography (LUS) provides the 
ability to further assess the local stage of 
disease and to evaluate the liver for 
metastases.

Laparoscopic Staging Technique

Laparoscopic staging may be performed 
immediately before a planned open or 
major laparoscopic procedure or on a 
separate occasion. Laparoscopic staging 
is performed under general anesthesia 
with the patient positioned supine on 
the operating table. A warming blanket 
is placed underneath the patient, who is 
secured appropriately to the table with 
padding over the pressure points. As with 
all laparoscopy, some thought should go 
into the operating room setup to allow the 
surgical team to work comfortably. High 
definition camera systems are now com
mon and provide excellent visualization of 
the peritoneal cavity. The laparoscopic 
monitor and stack should be positioned 
beyond the patient in the direction the 
surgeon is working. The laparoscopic 
ultrasound monitor can be placed beside 
this. Facilities are available for “picture in 
picture”  –  the ultrasound monitor view 
being placed on the same screen as the 

laparoscopic image  –  although this may 
obstruct the laparoscopic view. High 
definition recordings of the laparoscopic 
camera feed can be undertaken and facili
ties for recording video images of the 
ultrasonography are useful.

The following operative equipment is 
considered necessary for the procedure 
(Figure 18.1):

1) A 30° angled laparoscope, either 5 or 
10 mm in diameter.

2) A range of 5 mm laparoscopic instru
ments, including a Maryland dissector, 
blunt tip dissecting forceps, cup/biopsy 
forceps, atraumatic grasping forceps, 
liver retractor, and scissors.

3) A 5 or 10 mm suction/irrigation device.
4) A laparoscopic ultrasound probe 

(optional).

For hepatobiliary disease, a standard 
approach involves establishing a pneu
moperitoneum (12 mmHg) via a 10 mm 
infraumbilical port placed under direct 
vision. An additional 10 mm port is placed 
in the epigastrium to the left of the mid
line, well below the costal margin. A 5 mm 
port is usually placed on the right side 
to allow the use of a grasper. These posi
tions allow easy access to the liver, gall
bladder, and portal pedicle. An alternative 
approach, particularly in patients with 
previous midline incisions, is to place 
the initial port in either the right or the 
left upper quadrant of the abdomen. 
Laparoscopic access using an optical 
 trocar combines the advantages of the 
Hasson and Veress techniques, and is 
becoming an increasingly accepted tech
nique [8]. Pneumoperitoneum is achieved 
with carbon dioxide, with an intraperito
neal pressure of 10–12 mmHg considered 
optimal. However, in patients with cardi
opulmonary compromise, a lower maximum 
pressure may be chosen. A 30° laparo
scope is inserted through the umbilical 
port, and a careful inspection of the intra‐
abdominal organs and peritoneum per
formed. Additional trocars are inserted 
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under direct vision. Placement depends 
on the site of the primary tumor and the 
findings at initial inspection (e.g., whether 
obvious metastatic disease is present). 
In general, ports are placed along the 
planned open incision line. Particular 
attention is paid to the falciform liga
ment, liver (including the under surface), 
diaphragm, hepatoduodenal ligament, 
and lesser omentum. The greater omen
tum is retracted superiorly to allow the 
small bowel mesentery and ligament of 
Treitz to be directly visualized. Any 
abnormal lymphadenopathy can be iden
tified and any suspicious node can either 
be excised or biopsied. As in open surgery, 
care must be taken not to crush the node 
and possibly disseminate tumor cells 
during this procedure.

To facilitate hepatic examination, the 
patient is placed in a 20° head up position 
with 10° of left lateral tilt. The anterior 

and posterior surfaces of the left lateral 
segment of the liver are examined, fol
lowed by examination of the anterior and 
inferior surfaces of the right lobe. Despite 
the absence of tactile sensation, indirect 
palpation of the liver surface may be 
achieved by using two instruments. A 
blunt suction device is particularly useful 
in compressing the liver tissue in order to 
detect small metastases. Improved visual
ization of diaphragmatic and posterior 
surfaces may be achieved by placing the 
camera alternatively in the right upper 
quadrant port. Any suspicious areas can 
be biopsied at this point. Thorough hemo
stasis can easily be obtained with electro
cautery or use of argon beam diathermy. If 
using electrocautery, it is important to 
avoid direct coupling or capacitance cou
pling, which can lead to visceral injury. 
Direct coupling, when current flows 
directly from one instrument to the other, 

(a)

(b)

Figure 18.1 (a) Correct theatre setup for the use of laparoscopic ultrasound, placed via an epigastric 
port, to visualize the gallbladder (b). Alternatively, the port may be placed from the right side.
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may occur when the instruments are too 
close together, especially if one is just out
side the field of view. Capacitance cou
pling occurs when two conductors have 
an insulator sandwiched between them. 
The high frequency alternating current in 
the active conductor generates a magnetic 
field, which then induces current in the 
second conductor. Mixing of metal and 
plastic instruments and ports can lead to 
capacitance coupling and, at least in the
ory, severe burns. The incidence of com
plications is reduced by limiting the gain 
of electrocautery to 30 watts, and possibly 
by using plastic rather than metallic ports.

Returning the patient to a supine posi
tion, elevating the left lobe of the liver, 
and incising the gastrohepatic omentum 
exposes the caudate lobe of the liver, the 
inferior vena cava, and the celiac axis. If 
present, an aberrant left hepatic artery 
should be identified and preserved. 
The lesser sac can be entered by dividing 
the gastrocolic omentum. By elevating the 
stomach, the “gastric pillar” can be clearly 
identified, which contains the left gastric 
artery and vein. Followed down, this 
structure leads to the celiac axis, and any 
suspicious nodal tissue can be biopsied. 
The hepatic artery also is identified and 
followed to the hepatoduodenal ligament. 
The anterior aspect of the pancreas, hepatic 
artery, and left gastric artery are also seen. 
Any suspicious periportal, hepatic, or 
celiac nodes can be biopsied. In general, 
the duodenum is not mobilized. However, 
for patients with pancreatic or common 
bile duct tumors, close attention is paid to 
the presence or absence of tumor infiltra
tion in the angle between the duodenum 
and the lateral aspect of the common bile 
duct because this may indicate significant 
vascular involvement.

Performing peritoneal lavage cytology 
may increase the diagnostic yield for 
laparoscopic staging. In general, the 
specimens are taken at the start of the 
laparoscopy to avoid potential contami
nation following tumor manipulation or 
dissection. Between 200 and 400 mL of 

normal saline is instilled into the peri
toneal cavity. The abdomen is agitated 
gently before aspiration from the right 
upper quadrant, left upper quadrant, 
and pelvis.

Laparoscopic Ultrasound

Laparoscopy, by its nature, is a two 
dimensional modality, with the result that 
appreciation of deep or subsurface lesions 
in solid organs is often suboptimal. LUS 
can partially overcome this deficiency. 
Transducers in clinical use employ either 
curved or linear array technology, and 
have a high frequency performance with 
a  range in the region of 6–10 MHz. 
This allows for high resolution images to 
be obtained that can detect lesions of 
≥0.2 cm in size. In the field of hepato
biliary surgery, LUS plays a role in liver 
parenchymal evaluation, assessment of 
biliary calculi, facilitating resection of 
liver tumors, partial liver transplantation, 
and ablation of liver tumors. In addition, 
Doppler flow capability allows for accu
rate vessel identification and facilitates 
assessment of the tumor–vessel interface. 
The LUS probe is inserted via a 10–12 mm 
port, and particular attention must be 
paid to port placement.

In relation to the detection of bile duct 
stones, a large series reported identifi
cation of the common hepatic duct and 
the common bile duct (CBD) in 93% and 
99% of cases, respectively. Sensitivity 
and specificity for identifying bile duct 
stones were 92% and 100%, respectively 
(Figure 18.2) [9]. A normal CBD diame
ter at LUS was also an excellent nega
tive predictor of CBD stones. The same 
authors later concluded that LUS could 
replace intraoperative cholangiography 
(IOC) [10]. Others feel IOC and LUS 
should be seen as complementary rather 
than competitive tests [11]. LUS may 
facilitate a policy of selective cholangio
graphy. The use of LUS has not yet been 
proven to reduce the incidence of biliary 
tree injuries.



Liver SgV/IVb

Gallbladder
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Acoustic
shadow

Figure 18.2 Laparoscopic ultrasonographic evaluation of benign biliary disease. In this example, the 
correct positioning of the laparoscopic ultrasound probe is demonstrated to identify the obvious 
gallstone (GS).

(a) (b)

(c) (d)

(e) (f)

Figure 18.3 (a–f ) Full evaluation of the right and left lobes of the liver with laparoscopic ultrasound, 
together with appreciation of the peritoneal surfaces while performing a staging laparoscopy.
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(a)

(b)

(c) (d)

Liver Sg II/III

Liver Sg V

Gallbladder
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Metastasis

Stomach

Metastasis

Figure 18.4 Intraoperative laparoscopic evaluation of metastatic deposits in the liver. (a) Liver 
segments ll/lll, with schematic representation. (b) Liver segment V, with schematic representation. 
(c, d) Views on laparoscopy of (a) and (b), respectively.

LUS is an invaluable tool for examina
tion of the liver (Figure 18.3). Initially, the 
transducer is placed over the left lateral 
segment, allowing assessment of segments 
I, II, and III. It is important that the probe 
is placed in direct contact with the liver 
surface to maximize acoustic coupling. 

Examination of the right lobe commences 
with the probe on the dome of the liver. 
The vena cava is visualized at the back and 
the probe is moved forward slowly to iden
tify the hepatic and portal veins. Within 
the liver, these can be identified by virtue 
of their surrounding fibrous sheath. The 



Assessment and Staging 311

Figure 18.5 (a) Laparoscopic ultrasonographic evaluation of the portal triad. (b) Schematic 
representation of the expected images at varying points along the hepatic portal pedicle as seen on 
laparoscopic ultrasonography. (c) If there is any doubt about the structures involved when assessing the 
portal pedicle, Doppler flow can be evaluated, as shown, to determine the nature of the structures 
involved. aRHA, accessory right hepatic artery; CBD, common bile duct; CHA, common hepatic artery; 
CHD, common hepatic duct; GDA, gastroduodenal artery; LHA, left hepatic artery; PHA, proper hepatic 
artery; PV, portal vein; RHA, right hepatic artery; SMV/SV, splenic mesenteric vein/splenic vein.

(a)

(b)

(i)
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remaining hepatic segments (IV–VIII) 
are examined by rotating the probe over 
the rest of the liver. Suspicious lesions can 
be biopsied either by fine needle aspira
tion (FNA) or by percutaneously inserted 
core biopsy needles under LUS guidance. 
With the probe over segment V, the 
 gallbladder is assessed, and with trans
verse  placement of the probe over the 
hepatoduodenal ligament, the common 
hepatic duct, CBD, and hepatic arteries, 
along with the portal vein, can be identi
fied (Figures  18.4 and 18.5). The portal 
vein can be followed to its confluence 
with the splenic and superior mesenteric 

vein. The superior mesenteric artery also 
can be seen and its relationship to a pan
creatic tumor, if present, determined. The 
pancreas can be examined, and any lesion 
identified.

LUS plays a crucial role in proce
dures  other than the assessment and 
 staging of tumors. In open surgery, it is 
estimated that intraoperative ultrasonog
raphy (IOUS) routinely identifies 30–35% 
more hepatic lesions than routine preop
erative imaging [12]. In experienced 
hands, there is no reason to doubt that 
a  similar gain can be made when used 
laparoscopically. Such a gain could 

(c)

(i)

(ii)
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PV
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PV?

Figure 18.5 (Continued)
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potentially alter the intraoperative man
agement and approach, as has been shown 
in open resections since IOUS was first 
introduced in the early 1980s [13–15].

Laparoscopic Intervention 
in Patients with 
Hepatobiliary Disease

Benign Hepatobiliary Disease

Laparoscopic Cholecystectomy
The use of laparoscopic cholecystectomy 
remains the most efficient method of 
treating symptomatic gallbladder stones, 
being a significant advance over open 
cholecystectomy.

Laparoscopic Common Bile Duct 
Exploration
Common bile duct stones are identified 
in 10–15% of patients undergoing sur
gery for symptomatic cholelithiasis [16]. 
Despite evidence supporting the fact 
that the majority of CBD stones will pass 
spontaneously within 6 weeks of being 
identified [17], their removal is mandated 
in many cases owing to risks of acute sup
purative cholangitis, obstructive jaundice, 
hepatic abscess, and acute pancreatitis, as 
well as clip disruption in the immediate 
postoperative period.

With regard to CBD exploration for bile 
duct stones, there now appear to be 
two  similarly effective and relatively safe 
options available  –  endoscopic retro
grade  cholangiopancreatography (ERCP) 
or  laparoscopic CBD exploration. In older 
patients with comorbid disease who 
are  poor operative candidates, bile duct 
exploration by ERCP is usually preferred. 
The benefits are clear for this patient sub
group [18] and, with advancing popula
tion age, ERCP with definitive endoscopic 
sphincterotomy will continue to be a use
ful procedure. What remains less clear is 
the management of younger and fit 
patients who present with simultaneous 

symptomatic gallbladder and bile duct 
stones. These patients have lower morbid
ity and mortality than their older counter
parts irrespective of whether they undergo 
a laparoscopic or endoscopic method of 
bile duct exploration. In addition, a single 
laparoscopic approach to undertake chol
ecystectomy, together with CBD explora
tion, is intuitively an ideal approach. Early 
proponents of the one stage laparoscopic 
approach reported equivalent success 
rates and patient morbidity for the two 
management options, but a significantly 
shorter hospital stay with the single stage 
laparoscopic treatment. It was proposed 
that in fit patients (American Society of 
Anesthesiologists (ASA) physical status I 
and II), single stage laparoscopic treat
ment was the better option and preopera
tive endoscopic sphincterotomy should be 
confined to poor risk patients (e.g., those 
with cholangitis or severe pancreatitis) 
[19]. Despite anecdotal reports of long 
term complications possibly associated 
with sphincterotomy, the decision about 
which method of bile duct exploration to 
undertake is usually based on local experi
ence and expertise and the preference of 
the individual center concerned.

Technique With experience and theater 
organization, laparoscopic bile duct 
exploration need not add a lot of time. 
In  straightforward cases, an additional 
10–30 minutes is required for cholecys
tectomy alone, even for a transductal 
exploration. If a transcystic approach is 
achieved, very little time is added to the 
hospital stay and it has been shown to be 
safe and effective [20]. However, it must 
be emphasized that, as with most innova
tions, early proponents and enthusiasts 
will endeavor to accentuate and promote 
the maximum benefits and these times 
may not be applicable to all theater 
situations.

The patient is placed in a supine posi
tion and a pneumoperitoneum created 
as described above. Five ports are used 
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with a 10 mm, 30° scope at the umbilicus. 
Surgeons will vary their port placement 
but it seems necessary in all cases that the 
epigastric port be placed 2 cm to the right 
of midline so that it is directly in the line 
of the CBD. Dissection is commenced 
around the Calot triangle as for a standard 
laparoscopic cholecystectomy. The gall
bladder is partially dissected from its bed 
and used for retraction. To prepare for 
IOC, a clip is placed on the gallbladder 
and a small cut is made proximal to this in 
the cystic duct, allowing passage of a 4–6 Fr 
catheter through the cystic duct into the 
CBD. Digital fluoroscopy allows imaging 
of the biliary tree and, if needed, the ante
rior surface of the supraduodenal CBD is 
then dissected out cautiously, being care
ful to avoid any choledochal arteries. The 
bile duct is opened with a longitudinal 
incision of 0.5 cm or more, depending on 
the size of the stone, using an endoknife. 
Stones are retrieved by spontaneous evac
uation while incising the bile duct, and 
subsequently a 6–10 Fr catheter is passed 
through the CBD, with lavage using nor
mal saline. Choledochoscopy can be per
formed using a 5.5 mm (15 Fr) flexible or 
rigid choledochoscope inserted via a right 
upper quadrant port site, along with con
tinuous saline infusion through the chole
dochoscope, which dilates the duct and 
clears debris. With this technique, CBD 
stones can be directly visualized and bas
ket or balloon extraction performed until 
complete clearance of CBD stones is 
achieved. It is vital to explore the proximal 
duct as far as the right and left intrahe
patic bile ducts, and inferiorly as far as 
the papilla. A mechanical lithotripter can 
be  used to break impacted stones. The 
choledochotomy is closed using absorba
ble  suture (4‐0 Vicryl®; Ethicon Inc., 
Somerville, NJ, USA). T tube drainage 
appears to result in significantly longer 
operating time and hospital stay as com
pared with primary closure, without any 
evidence of benefit after laparoscopic 
CBD exploration. Based on currently 

available evidence, there is no justification 
for the routine use of T tube drainage after 
laparoscopic CBD exploration in patients 
with CBD stones [21].

Laparoscopic Deroofing of Simple 
Liver Cysts
Non‐parasitic simple cysts of the liver are 
estimated to occur in 5% of the popula
tion, sometimes as part of the polycystic 
disease complex. The vast majority of 
these are unilocular, do not communicate 
with the biliary tree, have serous content, 
and present no malignant potential. 
Unless symptomatic, they virtually never 
require treatment. When indicated, the 
aim of treatment in patients with single 
cysts is to either destroy the epithelial 
lining with sclerotherapy or to create a 
communication between the cyst lumen 
and the peritoneal cavity by fenestration. 
The latter lends itself in the majority of 
cases to a laparoscopic approach. Only the 
protruding part of the cyst wall should be 
excised and there is no need to enter the 
liver parenchyma. The procedure consists 
of establishing a pneumoperitoneum with 
care, incising the cyst with scissors or 
electrocautery, and widely excising the 
roof. Care is taken to visualize the remaining 
cyst lining and if a biliary communication 
is suspected, an intraoperative cholan
giogram should be performed. Fluid will 
continue to be produced by the remain
ing cyst lining, but will be reabsorbed by 
the peritoneum, and the cyst cavity will 
collapse.

The traditional view of liver cysts in 
segment VII or VIII is that open fenestra
tion may be required given the limited 
access afforded by laparoscopy. However, 
as experience with laparoscopic mobili
zation of the liver increases, adequate 
deroofing is now usually achievable by 
laparoscopy, although the risk of cyst 
recurrence may be increased. A greater 
omental flap to prevent local cyst recur
rence after laparoscopic deroofing is 
dispensable and has been shown to be 
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a potential source of additional compli
cations [22].

Postoperative complications are reported 
to occur with rates ranging from 20% to 
69% [23], and the most widely reported 
adverse events include hemorrhage and 
biliary leak. These are likely to occur as a 
result of re‐expansion of previously com
pressed structures. Attempts to prevent 
these complications from occurring include 
the use of an endovascular stapler along 
the edges of the cyst at the time of fenes
tration and IOC.

Loehe et al. have described a compari
son of pre‐ and postoperative symptoms. 
Abdominal pain was improved in 91% 
and disappeared in 68% of patients. 
During follow‐up, 9% of patients required 
further care, and by 5 years only 2% had 
persistent subjective symptoms [24]. In 
data extracted from the Lothian surgical 
audit, four patients with simple cysts and 
eight with polycystic liver disease, out of 
a population of 102 patients, required 
further surgery. All patients with simple 
cysts had comparable quality of life after 
surgery. Patients with recurrent symp
toms after surgery for polycystic liver 
disease had a significantly better quality 
of life following laparoscopic deroofing 
than after resection [25].

Malignant Hepatobiliary 
Disease

Laparoscopic Biliary and Gastric Bypass
Since the majority of patients with primary 
hepatobiliary malignancy have unresect
able disease at the time of presentation, 
palliation to minimize symptoms and 
maximize quality of life has a major role in 
the care of these patients. Palliation most 
commonly is required for one of three 
problems: biliary obstruction, gastric outlet 
obstruction, and relief of pain.

For those patients with unresectable 
disease, progressive jaundice constitutes 
an immediate limitation to their survival, 
in addition to causing significant loss to 

their quality of life secondary to pruritus, 
malaise, and cholangitis [26]. The available 
literature suggests that non‐surgical palli
ation can be achieved with a similar tech
nical success to that of surgical bypass, 
at cheaper cost, and with a trend toward a 
lower risk of short term complications [27]. 
However, surgical bypass appears to 
provide better long term palliation in 
patients, both in terms of prevention of 
recurrent jaundice and by including a 
prophylactic gastrojejunostomy to pre
vent future gastric outlet obstruction. 
Therefore, in patients with malignant 
biliary obstruction, a biliary endoprosthesis 
should, perhaps, be reserved for those 
patients with a shorter expected survival 
time. The cut‐off point in survival time 
that determines which of these two treat
ment modalities should be used has 
often been quoted as 6 months [28,29]. 
Other determinants of poor survival rates 
include the presence of peritoneal or liver 
metastases and a low Karnofsky index of 
performance [30]. These factors should 
be considered in selecting the appropri
ateness of cases for bypass procedures 
versus endoscopic stenting.

While both cholecystoenteric and 
choledochoenteric bypasses have been 
performed laparoscopically, the latter 
is  more challenging. A sufficient length 
of  common duct needs to be exposed, 
and a difficult intracorporeal anasto
mosis between the small bowel and the 
common duct must be performed. 
Cholecystojejunostomy is the more com
monly performed laparoscopic procedure 
but patient selection is critical. A low 
insertion of the cystic duct into the CDB 
or tumor impingement within 1 cm of 
the duct is a predictor of early technical 
failure. The anastomosis can be performed 
with either a stapled or handsewn tech
nique. In patients who have experienced a 
prior cholecystectomy or have a diseased 
gallbladder, blocked cystic duct, low inser
tion of the cystic duct, or tumor encroach
ment on the cystic duct or gallbladder, 
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a  cholecystojejunostomy is not possible. 
In these cases, either a laparoscopic 
choledochojejunostomy is performed or 
the procedure is converted to an open 
standard surgical bypass.

Rhodes et al. presented in 1995 one of 
the first series of patients who underwent 
laparoscopic palliation for advanced 
 pancreatic carcinoma [31]. From the 16 
patients, seven underwent laparoscopic 
cholecystojejunostomy, five had laparo
scopic gastroenterostomy, three had 
both procedures, and in one patient 
 laparoscopic palliation failed. The median 
operating time was 75 minutes, the 
hospital stay was 4 days, the morbidity 
was 13%, and the median survival in 
10 patients was 201 days, with the remain
ing patients still alive at the time of 
publication [31]. A randomized trial by 
Naverra et  al. reported that patients 
undergoing laparoscopic gastrojejunos
tomy had significantly less intraopera
tive blood loss and resumed oral intake 
sooner than those patients undergoing 
an open palliative antecolic gastrojeju
nostomy [32].

A technique for a transumbilical single 
incision laparoscopic gastrojejunostomy 
has been reported [33]. While this is 
technically feasible, the benefits com
pared with the conventional laparoscopic 
approach remain to be determined.

The true incidence of symptomatic 
gastric outlet obstruction (GOO) remains 
unclear. Historically, it was considered 
that more than 25% of patients would 
develop GOO during the course of their 
illness and, therefore, prophylactic 
 gastric bypass was recommended at 
the  time of exploratory laparotomy. 
However, as the need for open explora
tion for staging purposes has decreased, 
the need for prophylactic bypass in the 
majority of patients has been questioned. 
For example, GOO is a late complication 
of advanced pancreatic cancer affecting 
10–20% of patients who survive more 
than 15 months [34–36]. However, fewer 

than 3% of the patients who develop 
GOO require surgical bypass [18,37,38]. 
Most importantly, 60% of patients with 
advanced pancreatic cancer have delayed 
gastric emptying with no evidence of 
gastric or duodenal obstruction. This 
may be explained by tumor infiltration 
of the celiac plexus causing gastric stasis, 
nausea, and vomiting [39]. Espat et  al. 
examined 155 patients with unresecta
ble, histologically proven pancreatic 
adenocarcinoma who underwent laparo
scopic staging in a prospective but 
 non‐randomized study [34]. Following 
laparoscopy, 40 patients had locally 
advanced unresectable disease and the 
remainder had metastatic disease. At 
follow‐up, only 2% of patients required 
a  subsequent open operation for biliary 
drainage or GOO. This low incidence of 
patients requiring operation for sympto
matic GOO is consistent with the data 
seen from the non‐operative control 
groups in randomized trials of endo
scopic biliary drainage versus surgery. 
A  laparoscopic gastroenterostomy is a 
relatively straightforward procedure. In 
a series of laparoscopic gastrojejunos
tomies reported by Nagy et al. [40], the 
laparoscopic method was successful in 
90% and there was no postoperative 
morbidity or mortality associated with 
the surgical technique.

Technique The patient is placed supine 
on the operating table in 10° of reverse 
Tredelenberg position with 10° of left 
lateral tilt. The placement of trocars is 
similar to that for the standard staging 
procedure. However, in order to accom
modate a linear stapler, the right upper 
quadrant 10 mm trocar is converted to a 
12–15 mm size. Following exploration, the 
ligament of Treitz is identified and a loop 
of jejunum approximately 30 cm distal 
to the ligament of Treitz is brought in 
an antecolic position to the gallbladder. 
Using an intracorporeal suturing tech
nique, the jejunum is approximated to 
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the gallbladder by two 3‐0 coated, braided 
Lactomer™ (Polysorb™, Covidien Ltd., 
Dublin, Ireland) sutures. The distended 
gallbladder may be decompressed using a 
Veress needle attached to a suction device. 
There is usually minimal biliary spillage 
owing to the raised intra‐abdominal 
pressure as a consequence of the pneu
moperitoneum. Small incisions (10 mm) 
are made in the gallbladder and jejunum 
using either scissors or other devices, 
such as ultrasonic shears. Hemostasis is 
achieved with electrocautery. Any spillage 
can be dealt with by a suction device 
placed through the left upper quadrant 
port. An endoscopic 30 mm linear stapler 
using 3.5 mm staples is introduced through 
the right upper quadrant port, and the “jaws” 
are manipulated into the gallbladder and 
jejunum in a standard fashion. Often, this 
is difficult because of the proximity of the 
port site to the gallbladder. An articulating 
stapler facilitates this maneuver. The sta
pler heads are approximated and the 
instrument is fired. After removing the 
stapler, the anastomosis is inspected, 
hemostasis is confirmed, and the gall
bladder interior is aspirated and irrigated 
with saline. The resulting enterotomy can 
be closed by using either a completely 
intracorporeal or laparoscopically assisted 
approach. Using an intracorporeal tech
nique, the defect is closed with a contin
uous seromuscular, 3‐0 coated, braided 
Lactomer suture, with knots tied using an 
intracorporeal technique. An alternative 
method is to create a completely hand
sewn anastomosis using the same suture. 
If a running suture is used, the assistant 
should maintain tension on the suture with 
an atraumatic grasping forceps following 
the placement of each stitch. Knots can be 
tied using either intracorporeal or extra
corporeal techniques.

The technique for fashioning a gastroje
junostomy is similar. In this case, a proxi
mal loop of jejunum is brought in an 
antecolic position to the stomach. The left 
upper quadrant 5 mm laparoscopic trocar 

is converted to a 12 mm trocar. Two 3‐0 
coated, braided Lactomer sutures are used 
to approximate the jejunum to the stom
ach. Enterotomies are made in both the 
stomach and jejunum. In cases in whom 
there has been a significant period of 
gastric obstruction, the gastric wall may 
be hypertrophied, making creation of the 
gastrotomy difficult. Confirmation that 
one is inside the stomach is required 
before placement of the stapler. When 
this is achieved, a 30 mm linear stapler is 
inserted through the 12 mm left upper 
quadrant port and manipulated into both 
enterotomies. The instrument is positioned 
and fired. The stapler is removed and 
reloaded, returned into the anastomosis, 
and redeployed. This creates an anasto
mosis approximately 5 cm in length. The 
anterior defect can be closed in a fashion 
similar to the cholecystojejunostomy. Any 
defects in the anastomosis can be repaired 
with individual 3‐0 sutures.

The ideal palliative procedure for biliary 
or gastric obstruction should be effective 
in relieving jaundice or GOO, have mini
mal morbidity, be associated with a short 
hospital stay, have a low symptomatic 
recurrence, and maintain quality of life. 
Laparoscopic procedures have the potential 
to achieve these goals, although data do not 
support prophylactic bypass procedures in 
patients who do not otherwise require 
surgery.

Laparoscopic Liver Resection
The Louisville Statement [41] summa
rizes very well the current world position 
on laparoscopic liver surgery, addressing 
issues such as indications, efficacy, safety, 
patient selection, and certification and 
training. Evolving mainly in France [42–45], 
the introduction of laparoscopic liver 
surgery has been gradual, with rates of 
laparoscopic resection, even in highly 
specialized centers, not surpassing 30–50% 
of all liver resections in most cases [46–48]. 
The most suitable lesions for laparoscopic 
resection are less than 5 cm in size and 
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located in the left lateral section or ante
rior in the right lobe (i.e., segments II–VI). 
Although laparoscopic major right and left 
hepatectomies have been widely reported, 
it is quite clear that these should only 
be undertaken in a unit and by a surgeon 
already familiar with, and expert in, smaller 
peripheral segmentectomies. While most 
practitioners have borrowed techniques 
from open hepatectomy (e.g., the use of 
laparoscopic ultrasonic aspirator, clips, 
and ties, and reservation of stapler devices 
for larger vessels), there is no doubt that 
the increased availability and reducing 
costs of specialized laparoscopic instru
ments allowing for electrosurgical dissec
tion or stapler hepatectomy have aided 
in the development of this niche practice. 
Although these instruments may facili
tate an easier laparoscopic transection, 
it is commonly accepted that they are 
no replacement for the advanced laparo
scopic skills that may be required in an 
emergency, such as laparoscopic suturing 
and other techniques of laparoscopic hem
orrhage control, thus avoiding the need to 
convert to an open procedure (which may 
result in a catastrophic hemorrhage from 
a major vascular structure).

Relative contraindications to laparoscopic 
liver resection include lesions near the 
inferior vena cava, hilum, or distal hepatic 
veins; lesions in segments I, IVa, VII, or 
VIII; moderate to severe portal hyperten
sion, coagulopathy, or thrombocytopenia; 
previous upper abdominal operations; and 
laparoscopic approaches that would require 
a larger parenchymal resection than an 
open approach. Absolute contraindications 
include gallbladder or hilar cholangio
carcinoma and a patient unable to tolerate 
an open resection or pneumoperitoneum. 
With respect to oncological outcome, it 
has been shown that, in appropriately 
selected patients, outcomes comparable 
with open surgery are achievable with 
respect to margin status, disease recur
rence, and survival [49–51].

Technique The two most widely practiced 
laparoscopic liver resections are the left 
lateral sectionectomy and the resection 
of lesions lying within segments IVb, V, 
and/or VI.

For left lateral sectionectomy, the patient 
should be positioned in the lithothomy 
position (with slight reverse Trendelenburg 
positioning depending on the surgeon’s 
preference), both arms tucked in at the 
sides, with the primary operator standing 
between the legs. Ports may be triangulated 
around the initial subumbilical cut‐down 
or, as in our institution, a 5 cm single 
access port may be placed in the midline, 
midway between the xiphisternum and 
umbilicus. While the ergonomics of this 
latter technique may be cumbersome to 
begin with, once mastered it provides a 
very satisfactory access for all instruments, 
including articulating stapling devices, as 
well as for specimen extraction. For lapa
roscopic resection of lesions from segments 
VI and VII, the ideal position is the left 
lateral decubitus position, with the surgeon 
and assistant standing on the left side of 
the table, on the opposite side to the 
monitors and scrub nurse. Again, a reverse 
Trendelenburg position may facilitate 
dropping the small bowel into the pelvis 
as well as aiding in maintaining a decreased 
central venous pressure.

Following careful inspection of the entire 
peritoneal cavity for any potential contrain
dications to resection (e.g., carcinomatosis, 
cirrhosis, and gross portal hypertension 
depending on the individual patient’s 
circumstance), a complete intraoperative 
ultrasound of the liver is performed, as 
described earlier in this chapter. The 
round ligament may be divided close to 
the anterior abdominal wall and used as 
a “retractor” during the assessment and 
transection phases. If a Pringle maneuver 
is anticipated, the pars flaccida can be 
divided following anterior retraction of 
the left lateral segment, and a tape placed 
around the hilum and secured.
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For any resection, as in the open tech
nique, the transection line is first marked 
with monopolar diathermy based on the 
extent of resection required, the intraopera
tive ultrasound findings, and anatomical 
landmarks. Both the LigaSure™ (Covidien, 
Dublin, Ireland) vessel sealing device and 
the Harmonic® (Ethicon Endo‐Surgery Inc., 
Cincinnati, OH, USA) scalpel have been 
shown to be effective in laparoscopic liver 
transection. However, for larger vessels and 
indeed deeper parenchyma in general, a 
stapling device is recommended.

As an example, we describe here a stand
ard left lateral sectionectomy. This is the 
easiest laparoscopic liver resection to per
form and begins with mobilizing the left 
lateral segment following division of the 
round and falciform ligaments. It is useful 
to leave the left triangular ligament intact 
to facilitate retraction until the end. 
The  lesser sac is opened along the length 
of the liver between the left lateral lobe and 
the caudate lobe, along with the division of 
any accessory left hepatic artery at this 
time. Attention is then turned to parenchy
mal transection, using initially either the 
LigaSure or Harmonic scalpel, facilitated 
by retraction of the round ligament to the 
right and the specimen‐side to the left, 
until the portal pedicles of segments II and 
III are seen. These can be divided using a 
stapling device, which can be used repeat
edly up to and including the left hepatic 
vein. Hemostasis may be additionally 
secured with bipolar diathermy and/or 
clips. The left triangular ligament may 
then be taken down and the specimen 
removed through a variety of incisions, 
depending on surgeon preference (includ
ing an extended subumbilical port site if 
using a single port access or Pfannensteil 
incision), ensuring in all potential malig
nancies that a bag is used. A drain is not 
routinely employed for left lateral sec
tionectomies but may be used for larger 
resections. Many larger resections may 
be facilitated by using a laparoscopic 

cavitron ultrasonic surgical aspirator 
(CUSA) device.

It is universally accepted that conver
sion of a laparoscopic liver resection should 
not be seen as a complication [35]. Apart 
from anatomical difficulties and adhesions, 
bleeding is cited as the most common 
reason for conversion. Experience has 
shown, however, that efforts to salvage 
hemorrhage laparoscopically (assuming 
an adequate skill set) are often preferable 
to emergency conversion, as this may 
often take longer and allow for shock to 
overtake matters in urgent situations. 
Nevertheless, laparoscopic liver resection 
in appropriately selected cases is safe, has 
all the attendant benefits of laparoscopy 
employed elsewhere (shorter hospital stay, 
decreased pain scores, and equivalent 
outcomes), and will continue to evolve 
with the increasing need for liver surgery 
into the future.

Conclusion

Laparoscopy has revolutionized manage
ment of HPB disease. In diagnosis, lapa
roscopy together with LUS continues to 
have benefits over cross‐sectional imaging 
alone in its ability to diagnose peritoneal 
disease and directly sample material for 
pathological examination. We continue 
to see a role for this, even as the resolu
tion of imaging improves and alternative 
approaches such as endoscopic ultrasound 
become more widespread.

Laparoscopic cholecystectomy is 
 currently standard of care and most HPB 
procedures that were previously only per
formed through an open incision can now 
be performed laparoscopically. The learn
ing curve associated with laparoscopy 
is  now shorter, given the fundamental 
importance of laparoscopy in surgical 
training. Lapa roscopic left lateral sec
tionectomy is standard of care although 
we await randomized controlled trial data 
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to support this. Laparoscopic atypical 
resection for both colorectal liver metas
tases and hepatocellular carcinoma is 
commonly performed, particularly for 
easily accessible lesions. Laparoscopic 
major hepatectomy is widely reported and 
it will be interesting to chart its develop

ment over the next few years. Robotic 
approaches to minimally invasive surgery 
are widespread and we now enter an era in 
which we will see a melding of laparo
scopic and robotic techniques, combined 
with the delivery of intraoperative imag
ing and liver function assessment.
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197, 200
refractory, NSBB adverse effect 100
septicemia after colonoscopy 182–183

aspiration 24, 201, 262
ASSCOPE mnemonic 196, 200
autofluorescence, Barrett’s esophagus  

156–157
Axios® LAMS 254

acute variceal bleeding (AVB) (cont’d)
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b
bacteremia 61–62, 64, 182–183, 202
bacterial transmission 9
balanced prothrombin complex concentrates 

(PCCs) 35
balloon dilatation, endoscopic

biliary strictures post‐liver 
transplant 281–282, 282

esophageal strictures 160, 160
balloon dilators 160
balloon‐occluded retrograde transvenous 

obliteration (BRTO) 76, 113
adverse events 77
ectopic variceal bleeding 78
gastric variceal refractory bleeding  

76–77, 113
balloon tamponade 68, 112

acute esophageal variceal bleeding 63, 
68, 112

acute gastric variceal bleeding 72–73
adverse events 112

banding, varices see endoscopic variceal 
ligation (EVL)

barium enema, colorectal cancer 174
Barrett’s esophagus 155–158

adenocarcinoma risk 156, 157
diagnosis and surveillance  

155–157, 158
biomarkers 157
endoscopic 155–156, 156
image enhanced techniques 156, 

156–157
high grade dysplasia 157, 158
low grade dysplasia 157
management 157–158
prevalence 155

Baveno Consensus Statement 44
BCA (n‐butyl‐2‐cyanoacrylate) 73
benzodiazepines 19, 20–21, 177
Beppu classification 44
beta‐blockers 46–47

see also non‐selective beta‐blockers 
(NSBBs)

bidirectional endoscopy 143, 146
bile

leak see bile duct leak
reflux 158, 158

bile acids, secondary 184
bile duct(s)

cholangiocarcinoma see 
cholangiocarcinoma (CCA)

dilated, ampullary swelling 205
filling defects, post‐liver transplant  

285–287, 286
in hepatocellular carcinoma 216, 217
obstruction see biliary obstruction
rupture, post‐liver transplant 285
stenosis 222, 223
stones see biliary stones
strictures see biliary strictures
visualization see cholangioscopy

bile duct injury 195, 204
causes 212, 213, 214
diagnosis 212
ERCP 212–215, 213, 214
hemobilia 213, 214, 215, 215
RFA of liver cancer 212, 213, 214, 

215, 216
bile duct leak 198, 202, 208, 213, 213

detection 213
mortality 213
post‐liver transplant 280, 284, 284–285

live donor vs cadaveric donor 287–288
treatment 284–285

bile duct leak of Luschka 198, 284
biliary cast syndrome 283, 286, 286–287
biliary drainage

cholangiocarcinoma 217, 219
ERCP see endoscopic retrograde 

cholangiopancreatography (ERCP)
EUS guided see EUS guided biliary 

drainage (EGBD)
hepatocellular carcinoma 214, 216, 217
percutaneous transhepatic, EGBD 

vs 248, 253
stent types 205, 219

biliary obstruction 208–221
EGBD timing 254
ERC for 262
isolated right intrahepatic 253
malignant 315

cholangiocarcinoma 217, 219
EUS 271
hepatocellular carcinoma 209, 216, 217
laparoscopic biliary bypass 315–317
palliation 315

post‐liver transplantation 286
stents see biliary stents



Index326

biliary orifice 267
native vs anastomotic, ERC and 261, 

263, 265, 268
biliary sphincterotomy 196, 203, 284
biliary stents 203, 206

direct transluminal EGBD 245, 246–247
double metal 198, 205, 209
double pigtail 203, 208, 218
EUS, complications 237, 238
EUS guided antegrade technique  

245, 247
indications/conditions 204

bile duct obstruction 209
bile duct strictures 198, 199, 205, 

209, 282
cholangiocarcinoma 218, 219–220
hemobilia 165, 215, 215
hepatocellular carcinoma 216–217, 220
post‐transplant bile leak 284, 285
primary sclerosing cholangitis  

212, 237
lumen apposing metal stent 

(LAMS) 254
metal 198, 206, 206, 207, 209, 218
multiple 198
plastic 199, 203, 206, 218, 284

limitations, obstruction 203, 206
SEMs vs 205, 206–207

self‐expandable metal (SEMs) 203, 205, 
205–206, 209, 246

bile leak post‐liver transplant 285
cholangiocarcinoma 219–220
covered 205–206, 252
EGBD with pre‐existing duodenal 

stents 252
malignant biliary strictures 205
plastic stents vs 205, 206–207
post‐liver transplant strictures 282
uncovered 206

transluminal (TL) 249, 250
biliary stones 195, 204, 208–211

Caroli disease 210, 211
cholangioscopy 223
cirrhosis as risk factor 208
complex disease, sclerosing 

cholangitis 197
contrast for ERCP 201–202
endoscopic management 210–211
laparoscopic ultrasonography 308, 309

lithotripsy using cholangioscopy  
223, 225

post‐liver transplant 285–286
primary sclerosing cholangitis 210, 210

biliary strictures
cholangiocarcinoma 218
confocal laser endomicroscopy 297
dilation 207, 281–282, 282
EUS detection 230, 232
EUS guided biliary drainage 

techniques 250
hepatocellular carcinoma 216–217
post‐liver transplant 280, 281, 

281–284, 282
anastomotic strictures 281, 282, 282, 

283, 286
balloon dilation 281–282, 282
causes 281, 283
live vs cadaveric donor 286, 287
non‐anastomotic strictures 281, 

283–284
Roux‐en‐Y anastomosis 283
self‐expandable metal stents 282

primary sclerosing cholangitis 212, 237
stents see biliary stents

biliary tract
altered anatomy 259–277
cannulation 201–203, 210, 245
disorders, in chronic liver disease 195, 

196, 203
reconstruction, post‐liver 

transplantation 279
visualization 8, 10

biliopancreatic diversion (BPD) 262
bilirubin, in biliary casts 286
Billroth anastomoses/anatomy 259, 260, 

264–268
Billroth I anastomosis (gastroduodenal)  

133, 259, 260, 260
ERC in 264, 267

Billroth II anastomosis (gastrojejunal) 259, 
260, 260, 262

ERC in 267
device assisted 267–268
specialized procedures 268

biloma 208, 214, 215
percutaneous drainage 285
post‐liver transplantation 284–285

biomarkers 157, 235
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biopsy
Barrett’s esophagus 156, 157
EUS guided 229
liver see liver, biopsy
lymph node, cholangiocarcinoma 236, 

236–237, 237
mucosal, colonoscopy 182

bipolar coagulation 163
bisacodyl 176
bleeding 29

band induced ulcers 36, 64–65
in cirrhosis see cirrhosis
GI tract see gastrointestinal bleeding/

hemorrhage
hemobilia 215
management, in coagulopathy 37, 39

algorithm 38, 39
prophylactic interventions 33–35, 38
rescue approach/agents 35, 37,  

38, 39
paradoxical, plasma infusion effect 34
in portal hypertension 31, 32, 36, 37
post‐sphincterotomy 36, 203, 205, 

205, 211
risk, in endoscopic procedures 36

colonoscopy 36, 180–181
colonoscopy with polypectomy 36
ERCP 36, 199, 203
EUS fine needle aspiration 240
measuring 31–33, 34
variceal band ligation 36, 64–65

triggers in decompensated liver 
disease 32, 32

variceal see acute variceal bleeding (AVB); 
varices, bleeding

bleeding time 33
blood, volume replacement 57–58
blood loss, chronic

in portal hypertension 143, 150
see also obscure gastrointestinal bleeding 

(OGIB)
blood transfusion, acute variceal 

bleeding 57–58
blood urea nitrogen (BUN) 32
blue (B) light 3, 4, 298
blue light imaging (BLI) 6, 7
bowel preparation, colonoscopy  

175–176
BRAF oncogene 179

c
cannulation, biliary tract 201–203, 202, 245
capacitance coupling, electrocautery 308
capsule endoscopy 11, 11, 146

advantages 146–147
gastric vascular ectasia diagnosis 126
gastroscopy vs 24
obscure GI bleeding 146–148
portal hypertensive enteropathy 143, 

144, 146–148, 150
safety profile 146
unsedated 24
variceal screening/staging 44–45

carbon dioxide insufflation 24, 263, 306
cardiac output 100
cardiopulmonary resuscitation 3, 22
cardiorespiratory compromise 15
C‐arm installation 3
Caroli disease 208, 210, 223

spectrum 211
carvedilol 48, 104–105
casts, biliary 283, 286, 286, 286–287
celiac disease 159, 159–160
cephalosporins 59
charge coupled device (CCD) 3, 5

color/RGB 3, 4, 5
monochrome 3, 4, 5
wireless capsule endoscopy 11, 11

cherry red spots 178
Child–Pugh score 20

bleeding risk prediction 32
class A

gastric variceal bleeding risk 50
surgery for ectopic varices 79

class B, small varices 47
class C 43

acute variceal bleeding risk 47, 50, 56
mortality and risk factors 55
post‐banding ulcer bleeding 36

cholangiocarcinoma (CCA) 210, 
217–221, 229

biliary obstruction, drainage 217, 
219–220

biliary stenting 218, 219–220
stent types 203, 219, 220

biliary strictures 218
cholangioscopy 223
clinical presentation 217
confocal laser endomicroscopy 297
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diagnosis 217, 219, 229
ERCP 217–220, 218
EUS see endoscopic ultrasound (EUS)

fine needle aspiration (by EUS) 229, 230, 
232, 232–233, 233, 236

tumor seeding risk 233–235
hepatocellular carcinoma vs 216
hilar, biliary drainage 219–220
histology 218
incidence 217, 229
lymph node biopsy 236, 236–237, 237
nodal metastases 236, 236–237, 237, 237
nodal staging 236, 236–237, 237
predisposing conditions 217
primary sclerosing cholangitis and  

212, 237
prognosis 217, 229, 234
prognostic factors 235, 236
staging and resectability 235–236
stents 218
therapeutic options 204, 217, 229, 235

ERCP 217–220
ERCP vs percutaneous transhepatic 

approach 209, 220
liver transplantation 229, 235, 240
neoadjuvant therapy 229
palliative therapy 220
photodynamic therapy 220–221

types (intrahepatic, perihilar, distal)  
217, 229

CholangioFlex™ 296, 297
cholangiography

antegrade 246, 247, 252
bile duct injury 214
bile leak 208
endoscopic see endoscopic retrograde 

cholangiography (ERC)
intraoperative 308
percutaneous transhepatic 208
post‐liver transplantation 280
T tube 285

cholangiohepatitis, oriental 208, 210
cholangiopathy, ischemic 207, 283, 286
cholangioscopy 1, 221–225

direct 221, 222, 223
dual operator system 221
endoscopic retrograde, and 

cholangiography (ERCC) 224

ERCP comparison 224
general aspects 195–201

laboratory tests 197–201
patient preparation 195–196
physical examination 196–197
sedation and patient position 201

indications/uses
biliary stones 223, 225
cholangiocarcinoma 223, 224
hepatocellular carcinoma 216
primary sclerosing cholangitis 223, 224
sclerosing cholangitis and cirrhosis  

197, 224
lithotripsy using 223, 225
safety aspects 225
SpyGlass™ 222–223, 223, 224
technique 222
ultrathin endoscope use 221, 222–223

cholangitis 202, 223, 270
primary sclerosing see primary sclerosing 

cholangitis (PSC)
secondary sclerosing see secondary 

sclerosing cholangitis (SSC)
cholecystectomy 212

laparoscopic 313, 314, 319
cholecystoenteric bypass, laparoscopic 315
cholecystojejunostomy, laparoscopic  

315–316
choledochoduodenostomy (CDS) 247, 252
choledochoenteric bypass, 

laparoscopic 315
choledocholithiasis see biliary stones
choledochoscope 221–222
choledochoscopy 314
choledochotomy 314
chromoendoscopy 156
chromosomal instability 179
chronic liver disease

biliary obstruction/damage 208–221
biliary tract disorders 195, 196
ERCP in 201–207
signs 196
see also cirrhosis

ciprofloxacin 59
cirrhosis 15

analgesics in 22, 23, 178
anemia in 144–145, 147, 148
ascites in, septicemia risk after 

colonoscopy 182–183

cholangiocarcinoma (CCA) (cont’d)
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Barrett’s esophagus in 155, 156
benzodiazepine sensitivity 19
bile duct leak of Luschka 198
bile duct stones see biliary stones
bleeding in 29, 31, 32

colonoscopy with polypectomy  
36, 181

post‐sphincterotomy 203
predictive factors 32, 33, 34
procoagulant agent effect 35
prophylactic interventions 33–35, 38
rescue approach 37, 38, 39
risk 44
triggers 32, 32
see also varices, bleeding

colonoscopy 173, 178, 179, 183
colon preparation for 175, 176

compensated 98
EGD screening 44
polypectomy bleeding 181–182
small varices 47

confocal laser endomicroscopy 300
cryptogenic 159
decompensated 15, 21, 97, 98

bleeding triggers 32, 32
variceal preprimary prophylaxis 46

diagnosis 43
esophageal dysmotility 158
esophageal strictures in 160, 161
esophageal varices, frequency 43, 46, 56
GI bleeding

non‐variceal 163
obscure 143, 146
variceal see acute variceal bleeding (AVB)

hemostasis abnormalities 29, 30–31, 
32, 35

hepatitis C, transient elastography 46
hepatobiliary disease in 195
hyperfibrinolytic state 35
mortality 44, 55, 98, 163, 212
peptic ulcer disease and 162, 163
portal hypertension pathogenesis 37, 43, 

56, 119
PT/INR 32–33
renal dysfunction 32
sedatives in 19, 21, 22, 24, 177, 178

propofol combination therapy 23
surgery, mortality risk 212
upper GI tumors and 166

variceal screening/staging 44
varices development 43, 44, 56

clotting, phases 29–30, 30, 31
clotting factors, administration 35, 37, 58
coagulation 29–31, 30

in “liver” patients 30–31
normal mechanism 29–30, 30

coagulation abnormalities 29–41, 182
“liver” patients 30–31

algorithm for endoscopy 38, 39
colonoscopy and polypectomy 182
ERCP and cholangioscopy 

preparation 199, 200
prophylactic interventions 33–35, 38

see also bleeding
colitis, ulcerative 183–184
colon

cleansing, preparations 176
portal hypertensive colopathy 122, 122, 

123, 149–150
preparation, colonoscopy 175–176

colonic adenoma 174, 179, 181
carcinoma pathway 174, 179–180
traditional serrated (TSAs) 179, 180

colonic polyps
adenomatous, types 179
colonoscopy 173, 175, 179, 180
hyperplastic (HPs) 179, 180
neoplastic 179
serrated 179, 180
sessile serrated (SSPs) 179, 180, 181

colonoscope 288
colonoscopy 10–11

complications, in liver disease 180–182
bleeding 180–181
perforation 180
septicemia 182–183

ectopic varices diagnosis 77
high/low risk of prions, guidelines 14
mortality 182
polypectomy with, bleeding risk  

36, 181–182
propofol sedation 21, 178
screening/surveillance 173–193

benefits 174
bowel preparation 175–176
cancer screening guidelines  

173–174, 174
in cirrhosis 173, 178, 179, 183
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frequency/intervals 174–175
indications 173, 174, 184
in inflammatory bowel disease 184
in liver disease 178–180
in portal hypertension, findings  

178–179
post‐liver transplant 185–186
pre‐liver transplant 173, 185
in primary sclerosing cholangitis 184
risks in liver disease 180–182
risk stratification 175, 175
routine laboratory screening tests 182
sedation 21, 176–178
septicemia risk after, in ascites 182–183
without sedation 177

colorectal adenoma see colonic adenoma
colorectal cancer (CRC) 173

adenoma pathway 174, 179–180
carcinogenesis mechanisms 179–180, 

184, 185
in inflammatory bowel disease 184, 185
in liver transplant recipients 184
mortality rates 173
in primary sclerosing cholangitis  

183–184
screening/surveillance 174–175, 186

colonoscopic see colonoscopy
guidelines 173–174, 174

serrated polyp pathway 179
common bile duct (CBD)

Caroli disease 211
double balloon assisted ERCP 10
in EUS guided biliary drainage 245, 246, 

247, 253
filling defects, post‐transplant 285
laparoscopic exploration 313–314
laparoscopic ultrasound 308, 311, 312
stones 197, 210, 211, 223

ERCP exploration 210, 313
laparoscopic identification 308, 

313, 314
laparoscopic treatment 313–314

stricture 197
tumors, laparoscopic identification 308

common hepatic artery (CHA), laparoscopic 
ultrasound 311, 312

common hepatic duct (CHD) 216, 232, 
308, 311, 312

complementary metal oxide semiconductor 
(CMOS) 11, 11

computed tomography (CT)
biloma 208
cholangiocarcinoma staging 236
hepatocellular carcinoma 213, 216

computed tomography colonography 174
computer assisted personalized sedation 

device 22
confocal endomicroscope 295–296
confocal laser endomicroscopy (CLE) 1, 

295–303
current tools 295–297

fluorescent dyes 296–297
molecular probes 296–297, 301

eCLE system 295–296, 298
future applications 300–301
indications/uses 295

biliary disease diagnosis 297–298, 301
gastrointestinal diseases 301
liver disease 298–300, 299, 301

molecular staining 295, 301
multicolor 301
needle based 300
normal liver 299
pCLE system 296, 297–298

consumables 11–12
contrast, for ERCP 201–202
CpG islands, hypermethylation 179–180
creatinine 32
Creutzfeldt–Jakob disease, variant (vCJD)  

13, 15
critical care 15
Crohn’s disease (CD) 183
cryoprecipitate 33, 34–35
cryotherapy, gastric vascular ectasia  

130–132, 131, Video 8.4
cyanoacrylate injection 50, 73, 74, 78, 105

adverse events 74–75
cyclin D1 157
cyclophosphamide 127
cytochrome P450 21, 177

d
DDAVP 35
decompensated liver disease see cirrhosis
decontamination 9, 12–15
deep enteroscopy 10, 279

endoscopes and accessories 263, 264

colonoscopy (cont’d)
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overtube assisted 263, 268–270, 272
portal hypertensive enteropathy 143, 

149, 150
through‐the‐scope balloon 263, 272
see also double balloon enteroscopy

deep vein thrombosis 29, 31
delayed endoscopy, in acute variceal 

bleeding 61
dental extractions, bleeding 35, 39
desmopressin (DDAVP) 35
detergents 13
device assisted enteroscopy see enteroscopy
diazepam 177
dietary restriction, colonoscopy bowel 

preparation 175–176
direct coupling, electrocautery 307–308
disinfection 9, 12–15

guidelines 12, 13, 14
disinfection/decontamination unit, 

optimum layout 12, 13
diverticulitis 179
diverticulosis 179
DNA, stool, colorectal screening 174
double balloon assisted ERCP 10
double balloon enteroscopy 1, 10

arteriovenous malformation, jejunal 144
ectopic varices 77, 79
equipment/accessories 263, 266, 267
ERC and 262, 263, 266, 270
portal hypertensive enteropathy 143, 

144, 148–149
sedation 24
see also deep enteroscopy

drug to drug interactions 19
duodenal folds, scalloping 159, 159
duodenal stents, EUS guided biliary 

drainage 251–252
duodenal switch 262
duodenal ulcer, bleeding 163, 167
duodenal varices 8, 77

bleeding 78, 78
duodenoscope 260, 262, 267

multibending, backward oblique viewing  
263, 267

e
echoendoscopes 6, 8, 8

limitations and advances 254
linear 8, 9, 245, 254

radial 8, 9
for rendezvous technique, EGBD  

245–246
see also endoscopic ultrasound (EUS)

ectopic varices 6, 8, 77
bleeding 77–80

see also acute variceal bleeding (AVB)
endoscopic diagnosis 77
sites/locations 77

electrocautery 182, 307–308, 317
eltrombopag 34
ELUXEO™ endoscopy system 4, 6, 7
embolization

angiographic 163, 165
radiological, ectopic varices 79

emergency sclerotherapy 60
emergency therapeutic endoscopy

acute variceal bleeding 60–61
sedation and analgesia 23–24

encephalopathy see hepatic encephalopathy
Endoclot® 166–167
endoscope(s) 4, 6–11

cleaning and disinfection 9,  
12–15, 14

for colonoscopy 10–11
for deep enteroscopy 263, 264
for endoscopic variceal ligation 64
for ERC 263, 264
for ERCP 8–10, 10
for EUS 6, 8
forward viewing 267, 268, 288
identifiers and tracking 13
recent advances 6
single use 10, 15, 24
storage 15
tips 8, 9, 10
ultrathin 6, 8, 24, 221, 222–223
for wireless endoscopy 11, 11
working channel size 6, 8
see also enteroscope(s)

endoscopic band ligation (EBL)
gastric vascular ectasia 132, 132–133, 

Video 8.5
Mallory–Weiss tear 165, 165
scarring after 132, 132
varices see endoscopic variceal 

ligation (EVL)
endoscopic clips, Mallory–Weiss tear  

165, 165
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endoscopic injection sclerotherapy 
(EIS) 60

advantages/disadvantages 61–62
adverse events 61–62, 62, 67, 73
background and principle 61
ectopic varices (bleeding) 78
emergency 60
esophageal varices 61–63, Video 5.1

balloon tamponade vs 63
combination therapy vs 

monotherapy 63
endoscopic band ligation vs 65,  

66, 67
placebo/non‐active therapy vs 63
secondary prophylaxis 101
technique 61
vasoactive drugs vs 63

gastric varices 73, 75, 123
mortality 62
sclerosants 61, 73

endoscopic mucosal resection (EMR) 158
endoscopic papillary balloon dilatation 

(EPBD) 203
endoscopic retrograde cholangiography 

(ERC) 230, 259
altered anatomy

anatomical descriptions/types  
259–262, 260

in Billroth anatomy 264–267, 268
choice of devices 263, 267–268
complications 272
endoscopes and accessories 263, 264, 

267, 272, 273
indications 262
limitations 272
long limb anatomy 271–272
patient positioning/preparation  

262–263
RY anatomy see Roux‐en‐Y (RY) 

anastomoses
short limb RY anatomy 269, 269–270, 

271, 272
techniques 264–272

device assisted 263, 264
Billroth II anatomy 267–268
laparoscopic ERC vs 271
Roux‐en‐Y anatomy 262, 268–271, 269

duodenoscope assisted 260, 262, 
263, 267

enteroscopy assisted 262, 263, 265, 266, 
267, 269

double balloon 262, 263, 266, 270
overtube 263, 268–269, 272
rotational 263, 269, 270–271
single balloon 263, 268, 270–271

EUS guided access 272, 273
gastrostomy 271
laparoscopic assisted 271
normal/intact anatomy 262

endoscopic retrograde 
cholangiopancreatography 
(ERCP) 1, 195–221

for bile leak post‐liver transplant 284, 285
biliary drainage 245

in cholangiocarcinoma 217–220
in HCC 216, 217
percutaneous transhepatic approach 

vs 209, 220
biliary obstruction/damage, diseases  

208–221
biliary stones 210–211, 313
hemobilia 213, 214, 215
hepatobiliary injury 212–215, 213, 214
hepatobiliary malignancy 216–217
primary sclerosing cholangitis 210, 

210, 212
cholangioscopy comparison 224
complications 202, 211

bleeding risk 36, 199, 203
confocal laser endomicroscopy during  

296, 297
consent for 254
duodenal stents and 251
equipment and accessories 10, 201–202, 

202, 264
ERCP scopes 8–10, 9, 10

failed, EGBD after 248
fluoroscopic guidance 3, 205
general aspects 195–201, 200

anesthesia 201
laboratory tests 197–201
patient position 201
patient preparation 195–196
physical examination 196–197
sedation 24, 200, 201

high/low risk of prions, guidelines 14
optimal techniques in portal 

hypertension 36
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post‐liver transplantation 280, 288
techniques in chronic liver 

disease 201–207
biliary stents 203–207, 205, 206, 209
biliary tract cannulation 201–203
papillary balloon dilation 203
preparation of operating field 201, 202
sphincterotomy 203
see also biliary stents

endoscopic retrograde cholangioscopy and 
cholangiography (ERCC) 224

endoscopic sphincterotomy 196, 203, 
205, 313

endoscopic stack system 2, 3, 4
endoscopic steroid injection therapy, 

esophageal strictures 160–161
“endoscopic trimodal imaging”, Barrett’s 

esophagus 156–157
endoscopic ultrasound (EUS) 1, 6, 8, 

229–244
biliary drainage guided by see EUS guided 

biliary drainage (EGBD)
biliary obstruction, malignant 271
biliary stents 237, 238
biopsy guided by 229

see also fine needle aspiration (FNA)
bleeding after 240
cholangiocarcinoma 229, 230–238, 240

benign vs malignant nodes 236, 
236–237, 237, 237, 240

complications 237, 237–238
confounding variables 237, 237–238
diagnostic sensitivity 232, 233
FNA see fine needle aspiration (FNA)
nodal staging 236, 236–237, 237, 240
published data 230, 231, 232
staging and resectability 235–236, 240
stricture/tumor detection 230, 232
tumor seeding 233–235

for cyanoacrylate injection guidance 75
endoscopes for 6, 8, 8, 9
ERC access guided by 272, 273
gastric varices diagnosis 72
hepatic lesions 238–240

benign vs malignant, scoring 238, 239
complications 240
endoscopic vs percutaneous FNA 239
malignant, characteristics 238
performance and impact 238–239

hepatic metastases 230, 238, 240
hepatobiliary malignancy diagnosis  

229–244
high/low risk of prions, guidelines 14
interventional 245

absence of dedicated accessories 254
sedation 24

needle based CLE 300
post‐liver transplantation 280

endoscopic variceal ligation (EVL)
acute ectopic variceal bleeding 78, 78
acute esophageal variceal bleeding 57, 

63–65, Video 5.2, Video 5.3
EIS vs 65, 66, 67
esophageal ulcers after 64, 64
as gold standard method 65
method and difficulties 64
vasoactive therapy with/vs 65

acute gastric variceal bleeding 73, 105, 
106, 123, Video 5.4

endoscopic variceal obturation vs 75
adverse events 48, 64–65, 67,  

101, 102
bleeding 36, 64, 65, 102, 105
scarring 102
ulcers 36, 64, 64, 101, 102

background and principles 63
devices for 6, 63, 64
gastroesophageal varix 57, 64
portal hypertensive gastropathy and  

122–123
primary prophylaxis of large varices 48, 

48–49
process (two‐step) 64
schedules 48–49
secondary prophylaxis of variceal bleeding  

100, 101, 102
adverse effects 101, 102
high risk situations 104
with NSBBs 101

endoscopic variceal obturation (EVO)
acute gastric variceal bleeding 73–75, 

74, 105, Video 5.5
BRTO vs 77
EIS vs 75
EVL vs 75
TIPS vs 75

adverse events 74–75
bleeding ectopic varices 6, 78
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endoscopy 1, 2
role 1

endoscopy room
cleaning and disinfection 12–15
setup and design 2–3

endothelial nitric oxide synthase 
(eNOS) 105

endotracheal intubation 24, 58, 262
enteroscope(s) 263, 264, 267

balloon assisted 263, 267, 288
double balloon (Fujinon) 263, 266, 267
Olympus’, single balloon 263, 267
overtube‐assisted 263, 272
Pentax’s 263
rotational assist device 263, 269, 270

enteroscopy
deep see deep enteroscopy
double balloon see double balloon 

enteroscopy
in ERC see endoscopic retrograde 

cholangiography (ERC)
high/low risk of prions, guidelines 14
intraoperative, OGIB 149
overtube 263, 272
push, in OGIB 148–149
rotational 263, 269, 270–271
single balloon 268, 270–271

Entonox 24
epidermal growth factor receptor (EGFR)  

298, 300
epinephrine 163
equipment 1, 2–12

accessories and consumables 11–12
for ERC/ERCP 201–202, 202, 254, 

263, 264
single use 10, 15

identifiers for, tracking 13
laparoscopic liver resection 319
laparoscopic staging 306
laparoscopic ultrasonography 308
see also endoscope(s); enteroscope(s)

esophageal carcinoma 156, 157, 158, 166
esophageal dysplasia 156, 157, 158
esophageal strictures 160–162

in cirrhosis 160, 161
malignant 161
management

endoscopic balloon dilatation  
160, 160

endoscopic steroid injection therapy  
160–161

stent use 161–162
peptic 160, 160, 161
post‐EIS 61, 62, 160
recurrent/refractory 161, 161

esophageal transection 71
esophageal ulcers

after EIS 61, 62
after EVL 36, 64, 64, 101, 102
bleeding 36, 61, 62, 102

esophageal varices
Barrett’s esophagus management  

157, 157
bleeding/hemorrhage 56

acute see acute variceal bleeding (AVB)
risk 43, 44, 47, 56

EIS see endoscopic injection 
sclerotherapy (EIS)

endoscopic band ligation see endoscopic 
variceal ligation (EVL)

eradication, assessment 6, 8, 9
esophageal strictures with 161
fibrin plugs 57
gastric varices comparison 105
large 45, 56

carvedilol 48
endoscopic band ligation 48, 48–49
NSBBs 47–48
red signs 56, 97, 98
risk factor for bleeding 44, 47, 56

location 44
mortality 44, 47, 55
natural history 43–44
pathogenesis 43
primary prophylaxis 46–50

algorithm 51
large varices 47–49, 48, 123
preprimary prophylaxis 46–47
small varices 47, 51

rebleeding 57, 65–66, 111
balloon tamponade 68, 112
early vs late 66
high risk situations 99, 104, 113–115
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prevention see esophageal varices, 

secondary prophylaxis
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therapy rationale 97–98
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rescue therapy, refractory bleeding  
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pharmacological therapy 114
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special situations 103–105, 113–115
surgical shunts 103

size
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variceal grading 44, 45, 45
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esophagus, white light and linked color 
imaging 8
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EUS see endoscopic ultrasound (EUS)
EUS guided biliary drainage (EGBD)  
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for benign vs malignant obstruction 254
consent for 254
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failure 250
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pre‐existing duodenal stents, with  
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techniques 245–247
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timing 254
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combination therapy 23
fibrin 29, 30
fibrinogen 29, 30, 32
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monitoring, bleeding risk in cirrhosis  

32, 33
fibrinolysis 30, 31, 31

elevated 35, 37
fibrin thrombi 121
FibroScan® 46
fine needle aspiration (FNA)

EUS guided in cholangiocarcinoma 229, 
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diagnostic sensitivity 232, 233
hemobilia after 238
malignant lymphadenopathy 240
transplant contraindication 235
tumor seeding risk 233–235

EUS guided in liver lesions 238–239, 240
percutaneous FNA vs 239

EUS guided in pancreatic cancer 234
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fluorescein 296, 297
fluorescein isothiocyanate (FITC) 296, 

298, 300
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fluorophores 296
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rendezvous technique, EGBD  

245–246

Forrest classification 162, 162
fospropofol disodium 22
fresh frozen plasma (FFP) 34, 58, 200

g
GABA receptors 20, 21, 23, 24
gallbladder, removal see cholecystectomy
gallstones 208

laparoscopic ultrasonography 308, 309
see also biliary stones

gastrectomy 261
gastric antral vascular ectasia (GAVE) 126, 

132, 163–164, 164
gastric bypass, laparoscopic 315–317
gastric carcinoma 166
gastric outlet obstruction (GOO) 251, 

316, 317
“gastric pillar” 308
gastric polyps 121, 129
gastric varices 50–51, 71–72, 105

bleeding 72, 74, 105, 106, 123
acute see acute variceal bleeding (AVB)
incidence and signs 50
initial management 72
rates 71
risk and risk factors 50, 71, 72, 105
therapeutic options 72–77, 105, 106

cardiofundal 76
classification 50, 71, 71–72, 105
development 71
diagnosis 72
esophageal varices comparison 105
isolated (IGV1) 50, 50, 71, 72, 105
isolated (IGV2) 50, 71, 72, 105
prevalence 50
primary prophylaxis 50, 123
rebleeding 73, 74
rescue therapy, refractory bleeding  

37–39, 76–77
BRTO 76–77, 113
TIPS 76, 113

screening 50
secondary prophylaxis 105–106, 123
see also varices

gastric vascular ectasia (GVE) 125–133, 
131, 163

diagnosis 126–127
diffuse variant 126, 127, 131, 131–132
histology 120, 121, 126, 163
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Video 8.2
cryotherapy 130–132, 131, Video 8.4
endoscopic band ligation 132, 

132–133, Video 8.5
goals 128
laser therapy 129
liver transplantation 133
miscellaneous endoscopic 

therapies 133
pharmacological 127
radiofrequency ablation 129–130, 

130, Video 8.3
surgery 133

nodular 132
pathophysiology 125–126
persistent after APC 130
polypoid lesions 129, 129, Video 8.2
portal hypertensive gastropathy vs 119, 

120, 163, 164
gastroduodenal anastomosis see Billroth I 

anastomosis (gastroduodenal)
gastroenterostomy, laparoscopic 316–317
gastroesophageal junction (GEJ), 

devascularization 71
gastroesophageal reflux disease (GERD)  

155, 158–159
incidence in cirrhosis 158, 158

gastroesophageal varices 44, 105
hemorrhage 56, 57
type 1 (GOV1) 50, 71, 72, 105

endoscopic variceal ligation 73
type 2 (GOV2) 50, 71, 72, 105
see also gastric varices

gastrointestinal bleeding/hemorrhage
acute

portal hypertensive gastropathy  
124–125

variceal see acute variceal bleeding 
(AVB)

chronic
gastric vascular ectasia 125
portal hypertensive gastropathy  

124–125
obscure see obscure gastrointestinal 

bleeding (OGIB)
upper tract, non‐variceal

gastric antral vascular ectasia 163–164

hemobilia 165, 165
Mallory–Weiss tear 164–165, 165
novel endoscopic interventions  

166–167
peptic ulcer bleeding 162, 

162–163, 163
PHG see portal hypertensive 

gastropathy (PHG)
tumors 166

gastrointestinal mucosa/submucosa 7
gastrointestinal tract, upper tract

pathology 155–171
tumors 166
see also specific conditions

gastrojejunal anastomosis see Billroth II 
anastomosis (gastrojejunal)

gastrojejunostomy 259, 260, 261
laparoscopic 315, 316

gastropathy, portal hypertensive see 
portal hypertensive gastropathy 
(PHG)

gastrorenal shunts 76
gastroscopy 14, 24
gastrostomy 271
glucagon 37
glutaraldehyde 13
green (G) light 3, 4
guidelines 246, 247

cleaning/disinfection of endoscopes  
12, 13, 14

colorectal cancer screening 173–174, 174
guidewire 201, 220, 246, 248, 254

h
hand hygiene 15
Harmonic® scalpel 319
health personnel 15–16
heart rate 49
Helicobacter pylori 122, 126, 162
hematemesis 24, 59, 65, 125
hematocystic spots 44, 56
hemobilia 165, 165, 195, 213, 215, 215

diagnosis and treatment 165, 165, 213, 
214, 215

EUS complication 238
hepatocellular carcinoma 215, 216, 217

hemoglobin 6, 7, 57, 65
hemorrhage see bleeding
hemorrhoids 150, 179
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hemostasis 29–30, 30, 31

drivers, in cirrhosis 31, 31
by EIS in variceal bleeding 61
“liver” patients 30–31
“organized dysfunction” in cirrhosis 31, 

31, 33
hemostatic sprays 124, 125, 166, 167
HEPA (high efficiency particulate air) 15
hepatectomy, laparoscopic 318, 319
hepatic artery 308, 311, 312

thrombosis 283, 286
hepatic decompensation 15
hepatic ducts, anastomotic strictures 282
hepatic encephalopathy 15

midazolam precipitating 21
pharmacodynamics in 19
risk after TIPS 69, 70, 103, 114–115
subclinical, propofol use 178

hepatic metastases
confocal laser endomicroscopy 300
EGBD in 253
EUS in 230, 238
laparoscopic detection 305, 306
laparoscopic ultrasonography 310

hepaticoduodenostomy 253, 280
hepaticojejunal anastomosis, strictures 283
hepaticojejunostomy 260, 261, 262, 266, 

279, 283–284
live donor liver transplantation 287

hepatic venous pressure gradient 
(HVPG) 43, 44, 56

measurement 6, 8, 49–50
portal hypertension 43, 44, 46, 56
portal hypertensive enteropathy 143, 147
portal hypertensive gastropathy  

119–120
reduction 56, 103–104

NSBBs (primary prophylaxis) 47
NSBBs (secondary prophylaxis)  

99–101, 100
NSBBs and isosorbide mononitrate  

100, 100
simvastatin effect 105

transient elastography 46
variceal bleeding threshold 37, 43, 44, 

47, 56, 103–104
variceal development risk 43, 44, 46, 56

hepatitis C 46, 145, 199

hepatitis viruses 13, 15
hepatobiliary disease 195

benign, laparoscopic intervention  
313–315

cholangioscopy see cholangioscopy
in chronic liver disease 195, 196
ERCP see endoscopic retrograde 

cholangiopancreatography (ERCP)
malignant 198, 216–217

laparoscopic intervention 315–319
laparoscopic staging 305
palliation 315
see also cholangiocarcinoma (CCA); 

hepatocellular carcinoma (HCC)
see also specific diseases

hepatobiliary injury
ERCP 212–215, 213, 214
see also bile duct injury

hepatobiliary lithiasis see biliary stones
hepatocellular carcinoma (HCC) 166, 195

bile duct involvement 209, 216–217
cholangiocarcinoma vs 216
“cholestatic type” 216
confocal laser endomicroscopy 300
ERCP 216–217
ERCP guided biliary drainage 216
EUS and 230, 238
hemobilia 215, 217
hepatitis C related, in cirrhosis 199
hilar obstruction 198
mortality and risk factors 99
prevalence 216
radiological ablation therapy, bile duct 

injury 212, 213, 214, 215, 216
rebleeding risk reduction 99
stenting in 216–217, 220
therapeutic options 204

hepatocytes, apoptosis 299, 300
herring roe appearance 143, 144, 145, 148
high definition (HD) monitor/video 2
high frequency ultrasound miniprobes 8, 9
high resolution images 3, 6
high throughput reprocessing unit 12, 13
hilar strictures 216–217
hygiene 15
hyperemia, patchy mucosal 143, 144
hyperfibrinolytic state 35, 37
hyperkinetic syndrome 98
hypermethylation 179–180
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“hypocoagulopathy” 29
hypofibrinogenemia 31, 32, 33, 34–35
hyponatremia 35
hypotension 57
hypovolemic shock 57, 58, 65, 207

i
ileal varices 148
illumination 3
image capture device 2, 3
image enhancing modalities 4, 5, 6

Barrett’s esophagus 156, 156–157
immunosuppression 184
incidents, reporting 15
indocyanine green (ICG) 299, 300
infection(s)

acute variceal bleeding and 58–59
after colonoscopy in ascites 182–183
bleeding risk in cirrhosis 32
post‐liver transplantation 285
prevention and control 13, 15, 58–59

inflammatory bowel disease (IBD)  
183–184

informed consent 177, 254
international normalized ratio (INR)  

30–31, 32, 33, 182
correction with plasma 33–34
elevated 34, 34, 35
ERCP preparation 200, 200

intestinal metaplasia 120
intrahepatic ductal (IHD) obstruction 253
intraoperative cholangiography 308
intraoperative enteroscopy, obscure GI 

bleeding 149
intraoperative ultrasonography (IOUS)  

312–313
iron deficiency anemia 119, 124, 125, 144, 

163, 164
iron replacement therapy 124
i‐Scan 4
isosorbide mononitrate (ISMN) 99–100, 

100, 101

j
jaundice 216, 217, 315

palliative laparoscopic treatment  
316, 317

JC virus 185

jejunal varices 77, 79, 149
jejunojejunostomy 260, 261
jejunostomy 271

k
ketamine 24–25

l
laboratory tests 182, 197–201
laparoscopic assisted ERC 271
laparoscopic cholecystectomy 313, 

314, 319
laparoscopic ultrasonography (LUS)  

308–311, 319
Doppler flow 311, 312
hepatic metastases 310
intraoperative 312–313
liver examination, technique 309, 

310, 312
portal triad 311, 312
principles and equipment 308
staging of malignant disease 305

laparoscopy, in hepatobiliary disease  
305–322

assessment and staging 305–313
hepatic metastases 310
peritoneal lavage cytology 308
staging role and aims 305–306
technique 306–308, 307, 309

confocal laser endomicroscopy (eCLE) 
during 298

interventional, in benign disease  
313–315

cholecystectomy 313, 314
common bile duct stones 313–314
complications 315
deroofing of liver cysts 314–315

interventional, in malignant disease  
315–319

biliary and gastric bypass 315–317
biliary obstruction 315–316
gastric outlet obstruction 316
hemorrhage due to 318, 319
liver resection 317–319
pancreatic cancer palliation 316

Laplace’s law 97
laser therapy, gastric vascular ectasia 129
lidocaine 20, 24
LigaSure™ 319
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lipiodol 73–74
lithotripsy 223, 225, 314
liver

biopsy 212, 238, 300
laparoscopic 307

cysts 314–315
examination, laparoscopic 307, 307, 309
insufficiency, gastric vascular ectasia 125
laparoscopic resection 317–319, 320
laparoscopic ultrasonography 308, 309, 

310, 312
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lesions

EUS in see endoscopic ultrasound 
(EUS)

fine needle aspiration 238–239, 240
stiffness, transient elastography 46
tumors see hepatic metastases; 

hepatocellular carcinoma (HCC)
liver function tests 159
liver transplantation 98, 185–186

acute rejection 286
biliary anatomy after 279–280
cholangiocarcinoma 235, 240
colonoscopic screening after 185–186
gastric vascular ectasia 133
hepatobiliary complications 279–293

ampullary complications 287
anastomotic biliary strictures  

281, 282
bile duct filling defects 285–287, 286
bile duct rupture 285
bile leaks 280, 284, 284–285, 287–288
biliary cast syndrome 283, 286, 

286–287
biliary obstruction 286
biliary stones 285–286
biliary strictures see biliary strictures
bilomas 284–285
clinical features 280
diagnosis 280–281
ERCP 279, 280
hepatic artery thrombosis 283, 286
live donor vs cadaveric donor 287–288

MRCP 280
papillary stenosis 287
pediatric patients 289
Roux‐en‐Y anatomy 288–289
sphincter dysfunction 287
timing 281, 284
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inflammatory bowel disease and 184
live donor (LDLT) 287–288
mismatch of donor/recipient bile 

ducts 281
morbidity and mortality 185, 288
potential candidates, colonoscopy  
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recipient selection 185
retransplantation 283, 284

Los Angeles classification 158, 159
losartan 124, 149
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Louisville Statement 317
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luminal fluid, tumor seeding 234
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laparoscopic staging 307
Lynch syndrome 180
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magnetic resonance cholangiography 209
magnetic resonance 

cholangiopancreatography (MRCP)  
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magnetic resonance imaging (MRI) 122, 
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Mallory–Weiss tear 164–165, 165
malnutrition 33, 58, 145
Marsh classification 159, 159
meperidine (pethidine) 20, 22, 23, 178
Miami classification 297, 297
microsatellite instability 180
midazolam 20, 20–21, 177

administration 20–21
antagonist 21
combination therapy 23
metabolism 20, 21
propofol comparison 21, 22
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liver transplant, colonoscopy before 185
mortality prediction in variceal bleeding  

32, 55
rebleeding prognosis 114

molecular imaging 295–303
mortality rate see specific conditions
mucosal inflammation 6
multidisciplinary team 77–78, 196, 215
multiorgan failure 15
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primary prophylaxis of varices 47
secondary prophylaxis of varices  

99–100, 100, 105
naloxone 20
narrow band imaging (NBI) 4, 5, 10
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nasobiliary tube 285
natural orifice transluminal endoscopic 

surgery (NOTES) 301
NaviAid™ 263
Nd:YAG laser therapy, gastric vascular 

ectasia 129
nitinol 205
nitrates 59
nitric oxide 43, 149
non‐alcoholic steatohepatitis (NASH) 288
non‐selective beta‐blockers (NSBBs) 47–48

adverse effects 100
in portal hypertensive enteropathy 149
in portal hypertensive gastropathy  

124, 125
portal pressure reduction 47, 49, 98
primary prophylaxis of varices 47–48, 
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endoscopic band ligation vs 48, 49
failure, rebleeding risk 99
hemodynamic response 49–50

secondary prophylaxis of varices 98, 
99–101, 100, 101, 104

carvedilol 104–105
with endoscopic therapy 101
prazosin with 105
“responders” and “non‐responders” 104

norfloxacin 59
nutrition, acute variceal bleeding 58
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obscure gastrointestinal bleeding (OGIB)  

143–153
development, PHE role 146–148, 150

see also portal hypertensive enteropathy 
(PHE)

diagnostic workup 143, 145, 146
epidemiology 144–146, 149
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small bowel evaluation 145, 146–149

capsule endoscopy 146–148
therapy 149

obturation, variceal see endoscopic variceal 
obturation (EVO)

“occlusion cholangiogram” 198, 202
octreotide

acute variceal bleeding 37, 60
gastric vascular ectasia 127
portal hypertensive enteropathy 149
portal hypertensive gastropathy 125

older patients, ERCP for bile duct 
stones 313

omeprazole 125, 163
opiate analgesics 21, 22, 178
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pancreatic cancer 234, 316
pancreaticoduodenectomy 261
pancreaticojejunostomy 261, 262
pancreatic stents 207, 247
pancreatitis, post‐ERC/ERCP 36, 211, 272
papillary balloon dilatation, endoscopic 203
papillary stenosis, post‐liver transplant 287
paracentesis, endoscopic 197
Paris classification 298
pathology, onsite facilities 3
patient(s) 15

compliance 19
education 177, 221
history of previous infections 15
optimization of condition 15
positioning

ERC in altered anatomy 262–263
ERCP 201
laparoscopic staging 306, 307
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preparation, ERCP and cholangioscopy  
195–196

recall 13
safety 12–15
satisfaction 19

patient controlled sedation 22
pediatric patients, post‐transplant 

complications 289
peptic ulcer disease 162

bleeding ulcers 162, 162–163, 163, 167
in cirrhosis 162, 163
non‐bleeding ulcers 162

percutaneous transhepatic biliary drainage  
248, 253

percutaneous transhepatic cholangiography 
(PTC) 280

percutaneous transhepatic 
cholangiopancreatography 203, 
209, 220

percutaneous transhepatic obliteration 
(PTO) 79

peritoneal carcinomatosis 234, 300, 301
peritoneal lavage cytology 308
peritoneal metastases 234–235

laparoscopic detection 306
peritonitis 183, 213, 285
personal protective equipment (PPE)  

13, 15
pethidine (meperidine) 20, 22, 23, 178
pharmacodynamics 19, 25, 177
pharmacokinetics 19, 21, 25
pharmacological therapy

in AVB see acute variceal bleeding (AVB)
gastric vascular ectasia 127
portal hypertension 37

photodynamic therapy (PDT) 220–221
photosensitizers 221
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plasma, administration 33–34, 34
plasmin 30
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plasminogen activator inhibitor (PAI) 30
platelet(s)

activation 29–30, 30
count 32, 33

bleeding risk in cirrhosis 33, 34
before colonoscopy 182
ERCP and cholangioscopy 199
increase by thrombopoietin receptor 

agonists 34
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infusion 58, 182, 200
prophylactic 34
rescue therapy 37

pneumoperitoneum 306, 313, 314
polidocanol 61
polycystic liver disease 315
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polyp(s) 7

colonic see colonic polyps
gastric 121, 121

polypectomy 174
colonoscopy with, bleeding 36, 180–181
risks in liver disease 36, 180–182
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114, 115

portacaval pressure gradient, TIPS 
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portacaval shunts 71, 113
portal biliopathy 195
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portal decompressive surgery 71
portal hypertension 37, 43, 56, 120
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benzodiazepine sensitivity 19
bleeding prediction 32, 36
bleeding tendency 31, 37
chronic intestinal blood loss 143
in cirrhosis 37, 43, 119
colonoscopic findings 178–179
esophageal varices 37, 43, 56, 119
gastric/colonic lesions 121, 121, 

122, 122
gastric varices 71
measurement/monitoring 32
non‐cirrhotic 71
obscure GI bleeding see obscure 

gastrointestinal bleeding (OGIB)
pathophysiology 43, 55–56, 119
pharmacological management 37

NSBBs effect 47, 48
post‐sphincterotomy bleeding 36
small bowel evaluation 146–149

patient(s) (cont’d)
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see also portal pressure
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122, 123, 143, 148, 149–150
colonoscopic findings 150, 178, 179, 

180, 181
prevalence 150, 179

portal hypertensive duodenopathy 148
portal hypertensive enteropathy (PHE)  
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portal hypertension causing 143
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small bowel evaluation 146–149, 150
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therapy 149

portal hypertensive gastropathy (PHG) 44, 
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gastric vascular ectasia vs 119, 120, 

163, 164
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HVPG and 119–120
management 123–125
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algorithm 124
argon plasma coagulation 124, 
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failure 125
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see also portal hypertension

reduction 49–50
carvedilol effect 104
NSBBs effect 47, 49–50, 98
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mononitrate 99–101, 100
transient elastography and 46
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portal vein
cholangiocarcinoma infiltration 235, 235
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portal venous pressure see portal pressure
portosystemic collateral circulation 37, 

43–44, 56
portosystemic shunt, TIPS see transjugular 

intrahepatic portosystemic shunt 
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post‐banding ulcer bleeding see esophageal 
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post‐image capture processing 4
post‐polypectomy bleeding 36, 180–181
post‐sphincterotomy bleeding 203, 205, 

205, 211
primary biliary cirrhosis (PBC) 159
primary prophylaxis, varices see esophageal 

varices; gastric varices
primary sclerosing cholangitis (PSC)  

212, 237
biliary stones 197, 210, 210
biliary strictures 212, 237
cholangiocarcinoma and 212, 237
cholangioscopy 223
colorectal cancer in 183–184
ERCP 202, 210, 210, 212
inflammatory bowel disease in 183
spectrum 210
therapeutic options 204

prions 13, 14, 75
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procoagulant agents 35, 37
prohemostatic drivers 31, 31
prophylaxis, variceal bleeding see esophageal 

varices; gastric varices
propofol 20, 20, 21–22, 24, 25, 178

administration 21, 22, 178
colonoscopy 178
fentanyl or pethidine with 23
midazolam comparison 21, 22
non‐physician assisted 21
opiates with 21

propranolol
after TIPS, rescue therapy 103
variceal bleeding prophylaxis 47

carvedilol vs 48
endoscopic band ligation vs 48
secondary prophylaxis 99–101, 100

protein C 30, 31
prothrombin complex concentrates (PCCs)  
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prothrombin time (PT) 32, 33, 182
protocols, cleaning and disinfection 12
proton pump inhibitors 62, 128, 129, 
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bleeding risk 158
catheter types 129, 130
gastric vascular ectasia 129–130, 130, 
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radiofrequency (RF) transmission 11
radiological embolization, bleeding ectopic 

varices 79
rebleeding 57

esophageal varices see esophageal varices
gastric varices 73, 74

rectal varices 179
red (R) light 3, 4, 5
red signs 44, 50, 56, 56, 97, 98

red spots
gastric vascular ectasia 126, 126, 127
portal hypertensive enteropathy 143

red wale markings 44, 45, 47, 56
reflux esophagitis 158, 158, 159
relative risk of endoscopic procedures 36
renal dysfunction 32, 58
renal failure 100
reporting system 3
rescue therapies, variceal bleeding see 

esophageal varices; gastric varices
resuscitation, acute variceal bleeding  
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RGD rotating filter lenses 3, 4
ribavirin 145
robotic techniques 320
romiplostim 34
Roux‐en‐Y (RY) anastomoses 259, 
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ERC in

overtube‐assisted enteroscopy  
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predating single balloon 
enteroscopy 268

rotational enteroscopy 263, 269, 
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single balloon enteroscopy 268, 
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ERCP in 279
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alternative ERC methods 271–272
device assisted enteroscopy for ERC  
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post‐liver transplantation 279–280, 

288–289
biliary strictures 283

short limb 260, 261, 272
device assisted enteroscopy for ERC  
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265, 270, 271
liver transplantation after 288

Roux‐en‐Y hepaticojejunostomy  
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s
safety, patient 12–15
Sarin classification 50, 71, 71–72
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scanners, confocal laser 
endomicroscopy 296

sclerosing agents 61, 73
sclerosing cholangitis see primary sclerosing 

cholangitis (PSC); secondary 
sclerosing cholangitis (SSC)

sclerotherapy see endoscopic injection 
sclerotherapy (EIS)

screening
Barrett’s esophagus 155
colonoscopic see colonoscopy
colorectal cancer see colorectal cancer 

(CRC)
esophageal varices 44–46, 51
gastric varices 50

secondary sclerosing cholangitis (SSC)  
195, 207, 223

intrahepatic stones 210
sedation 19–27

for colonoscopic screening/surveillance  
176–178

combination therapy for 23
conscious (moderate sedation) 19, 25, 

177, 201
deep 19, 23, 24, 177
emergency therapeutic endoscopy  

23–24
endoscopy without 24, 177
ERCP and cholangioscopy 200, 201
levels 177

sedatives 20
choice 25, 176
metabolism changes in liver disease 19, 

21, 22, 23, 177
see also specific sedatives

“seeing needle” technique 300
selective internal radiation therapy 

(SIRT) 212
self‐expandable metal stents 

(SEMSs) 202
biliary tract diseases see biliary stents
duodenal 251–252
esophageal strictures 161, 161
hepatocellular carcinoma 217
rebleeding esophageal varices 68, 112

Sengstaken–Blakemore tube 68, 73, 112
septicemia, after colonoscopy in ascites  

182–183

serotonin antagonist 127
shunt procedures (surgical) 71, 103, 

112–113
complications 113
portal hypertensive gastropathy 124

sigmoidoscopy 174, 185
simvastatin 100, 100–101, 105
small bowel

deep enteroscopy see deep enteroscopy
diffuse mucosal edema 143
edema 147, 149
evaluation in OGIB 146–149
mucosal bleeding 143, 144, 145
in portal hypertension 146–149

mucosal changes 122, 122, 143, 144, 
145, 147, 148

villous and vascular lesions  
148–149

portal hypertensive enteropathy see portal 
hypertensive enteropathy (PHE)

varices 77, 143, 145, 147, 148
see also enteroscopy

snakeskin mosaic mucosal pattern 120, 
121, 122, 164

“snow storm” appearance 9
sodium

overload 176
retention 37

sodium morrhuate 61
sodium phosphate 176
sodium sulfate 176
sodium tetradecyl sulfate 61, 73
somatostatin 114

acute variceal bleeding 60
analog see octreotide
bleeding in portal hypertensive 

gastropathy 125
refractory variceal bleeding 114

sonorheometry 33
sorafenib 149
sphincter of Oddi, dysfunction post‐liver 

transplant 287
sphincterotomy 267, 268

endoscopic 196, 202, 203
splanchnic vasodilation 43, 56
spleen stiffness, measurement 46
splenic vein thrombosis 71
splenorenal shunts 76
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SpyGlass™ technology 1, 8–9, 10, 222–223
cholangioscopy 222–223, 223, 224
SpyGlass™ Direct Visualization System  

8, 10
SpyGlass™ DS system 8–9, 10

staging see specific conditions
statins 105

simvastatin 100, 100–101, 105
steel coils 79
stent(s)

bile duct see biliary stents
biodegradable, esophageal strictures  

161–162
pancreatic 207
plastic 199, 203, 206, 206–207
PTFE covered for TIPS 69, 70, 103, 113, 

114, 115
self‐expandable metal see self‐expandable 

metal stents (SEMSs)
stent in stent technique 218
steroid injection therapy, endoscopic  

160–161
storage, disinfected endoscopes 15
sucralfate 62
sulfate‐free PEG (SF‐PEG) 176
surgery

Barrett’s esophagus 158
bleeding ectopic varices 79–80
in cirrhosis, mortality risk 212
gastric vascular ectasia 133
non‐shunt operations 71
portal hypertensive gastropathy 124
refractory esophageal variceal bleeding  

70–71, 112–113
shunt operations 71, 103, 112–113
upper GI tumors 166

surveillance endoscopy 6
Barrett’s esophagus 155–156, 156
colonoscopy see colonoscopy
varices 44, 45

survivin 298, 300
SX‐Ella Danis stent 112
systemic sclerosis 125, 126
systemic vascular resistance 37, 119–120

t
tamponade see balloon tamponade
target controlled infusion (TCI) 22

terlipressin (vasopressin analog) 37, 59–60
acute variceal bleeding 37, 59–60, 65

refractory bleeding 114
portal hypertensive enteropathy 149
portal hypertensive gastropathy 125

thalidomide 124, 127, 149
thiamine 58
thrombin 29, 30, 30, 31, 32

injection 9, 75
bleeding ectopic varices 78
bleeding gastric varices 75–76,  

76, 105
bovine 75
human (as source) 75–76

thrombin activatable fibrinolysis inhibitor 
(TAFI) 30

thrombocytopenia 58, 182, 200
thromboelastograms (TEGs) 33, 35
thrombopoietin receptor agonists 34
thrombosis

in cirrhosis 29, 31
hepatic artery 283, 286
portal vein 46, 68
variceal 64

through‐the‐scope balloon (Smart 
Medical) 263, 272

timing of endoscopy 15
EGBD guided biliary drainage 254

timolol 46–47
tissue adhesives 73–74
tissue plasminogen activator (t‐PA) 30
tracking of equipment 13
training 12, 15–16
tranexamic acid 37, 39, 127
transfusion related acute lung injury 

(TRALI) 34
transhepatic arterial chemoembolization 

(TACE) 212, 214, 217
transient elastography (TE) 46
transjugular intrahepatic portosystemic 

shunt (TIPS) 68, 102–103
adverse events 98, 103, 113
Barrett’s esophagus management 

and 158
contraindications 68, 69
ectopic varices 78–79
hepatic encephalopathy after 69, 70, 

103, 114–115
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portal hypertensive enteropathy 149
portal hypertensive gastropathy 103, 

124, 164
portal pressure decrease 98, 103
PTFE covered stents 69, 70, 76, 103, 113, 

114, 115
rebleeding esophageal varices 68–70, 

102–103, 112–113
early use, trial 69–70, 114
effectiveness 103, 114
mortality 69
pre‐emptive TIPS 104, 114–115
as salvage therapy 68, 70, 102, 

112, 113
refractory gastric variceal bleeding 75, 

76, 113
upper GI tumors 166

transnasal endoscopy 6
T tubes 284, 285, 314
tumor seeding, cholangiocarcinoma  

233–235

u
ulcerative colitis (UC) 183–184
ultrasonography

with Doppler
portal hypertension 46
post‐liver transplantation 280

endoscopic see endoscopic ultrasound 
(EUS)

intraoperative (IOUS) 312–313
laparoscopic see laparoscopic 

ultrasonography (LUS)
ultrasound (US) scanner/processor 3
ultrathin endoscopes 6, 8, 24, 221, 

222–223
unsedated endoscopy 24, 177
upper gastrointestinal pathology  

155–171
US Multi‐Society Task Force (MSTF) 173, 

174, 175, 180
US Preventive Services Task Force 

(USPSTF) 173, 174

v
vaccination 15
variant Creutzfeldt–Jakob disease (vCJD)  

13, 15

variceal banding, endoscopic see endoscopic 
variceal ligation (EVL)

variceal thrombosis 64
varices

anorectal 150, 179
bleeding

acute see acute variceal bleeding (AVB)
control 43
mortality rate 44, 47, 55
primary prophylaxis 43, 44, 46–50
risk factors 43, 44 45, 47
secondary prophylaxis 97–105
threshold, HVPG 37, 43, 44, 47, 56, 

103–104
see also esophageal varices

classification systems 44, 50
dilatation 43
duodenal see duodenal varices
eradication, assessment 6, 8, 9
esophageal see esophageal varices
gastric see gastric varices
grading 6
ileal 148
jejunal 77, 79, 149
liver stiffness and 46
mucosal red signs 44, 50, 56, 56, 97, 98
natural history 43–44, 55–56
progression rate 46, 47
rate of appearance 44
rectal 179
screening and staging 44–46
thin/weak wall 44

vascular endothelial growth factor 
(VEGF) 149

vasoactive agents 37
acute variceal bleeding 59–60

ectopic varices 78
EIS vs 63
endoscopic band ligation vs 65
gastric varices 72

bleeding in portal hypertensive 
gastropathy 125

vasodilating mediators 125
vasodilators, variceal wall tension 

decrease 98
vasopressin

acute variceal bleeding 59–60
analog see terlipressin
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bleeding in portal hypertensive 
gastropathy 125

venous thrombosis 29, 31
video processor 3, 4
villi, portal hypertensive enteropathy 144, 

148, 149
virtual chromoendoscopy 156
vitamin deficiency 145
vitamin K 33, 199

administration 199
von Willebrand factor (vWF) 29–30, 30, 

31, 33, 34

w
wall tension (WT), variceal 97
watermelon stomach 126, 126, 128, 163
Wernicke syndrome 58
Whipple procedure/anatomy 260,  

261, 262
white light transmission 3, 4, 7, 8, 156
wireless capsule endoscopy see capsule 

endoscopy
workflow, dirty to clean 12, 13

x
xenon lamp 4

vasopressin (cont’d)


	fmatter
	ch1
	ch2
	ch3
	ch4
	ch5
	ch6
	ch7
	ch8
	ch9
	ch10
	ch11
	ch12
	ch13
	ch14
	ch15
	ch16
	ch17
	ch18
	index



