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Abstract
Endoscopic ultrasound (EUS), developed in the 1980s, was 
initially predominantly used for guidance of fine needle 
aspiration; the last 25 years, however, have witnessed 
a major expansion of EUS to various applications, both 
diagnostic and therapeutic. EUS has become much more 
than a tool to differentiate different tissue densities; 
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tissue can now be characterized in great detail using 
modalities such as elastography; the extent of tissue 
vascularity can now be learned with increasing precision. 
Using these various techniques, targets for biopsy can be 
precisely pinpointed. Upon reaching the target, tissue can 
then be examined microscopically in real-time, ensuring 
optimal targeting and diagnosis. This article provides 
a comprehensive review of the various current roles 
of EUS, including drainage of lesions, visualization and 
characterization of lesions, injection, surgery, and vascular 
intervention. With EUS technology continuing to develop 
exponentially, the article emphasizes the future directions 
of each modality.

Key words: Endoscopic ultrasound; Future; Trends; 
Roles

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: In recent years, endoscopic ultrasound (EUS) 
has evolved and is now used in various applications, 
both diagnostic and therapeutic. Classically used to 
differentiate different tissue densities, EUS is now used to 
characterize and localize tissue with much more precision. 
Upon reaching the target, tissue can then be examined 
microscopically in real-time, ensuring optimal targeting 
and diagnosis. This article provides a comprehensive 
review of the various current roles of EUS, including 
drainage of lesions, visualization and characterization of 
lesions, injection, surgery, and vascular intervention. With 
EUS technology continuing to develop exponentially, the 
article emphasizes the future directions of each modality.

Friedberg SR, Lachter J. Endoscopic ultrasound: Current roles and 
future directions. World J Gastrointest Endosc 2017; 9(10): 499-505  
Available from: URL: http://www.wjgnet.com/1948-5190/full/v9/
i10/499.htm  DOI: http://dx.doi.org/10.4253/wjge.v9.i10.499

INTRODUCTION
Flexible endoscopy was first developed in 1911 and 
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ultrasound later arrived in 1956. In the 1980s, these 
modalities were merged to form the endoscopic ultra
sound (EUS). EUS allowed the visualization of structures 
near the gastrointestinal tract. It did not have much of a 
role in gastroenterology, however, until the advent of the 
fine needle aspiration (FNA) in 1991. FNA was a major 
step for EUS; it was the first time structures outside the 
lumen could be interacted with and explored. It was the 
first time the vast length of the gastrointestinal tract 
could truly be exploited as a potential inlet to the rest of 
the body.

For the last 25 years, EUS has increasingly been 
used in the field of gastroenterology. This trend is likely 
to continue as novel technology is developed and the 
demand for minimally invasive techniques continues to 
grow. Procedures that utilize EUS-FNA have specifically 
spearheaded this growth, but EUS itself has also evo
lved to be useful for many other procedures, both dia
gnostic and therapeutic. 

Certain EUS advances have caught on faster than 
others, and in this review several of such modalities will 
be discussed. The focus will be on the current status 
of each modality and the direction to which each is 
heading. Each EUS modality will be categorized in terms 
of its main function, that is, drainage, visualization, 
injection, surgery, and vascular interventions. 

CHARACTERIZATION OF LESIONS 
EUSguided biopsy is the modality of choice to chara
cterize and stage lesions in the GI tract, with the 
most commonly targeted organs being the pancreas, 
submucosal lesions, and lymph nodes[1]. 

Because of its success thus far, much of the EUS 
research has been focused on improving characterization 
of lesions. This has led to advancements which have 
improved the ability to characterize lesions both from 
afar (ultrasound) and up close (via biopsy). Ultrasound 
imaging is no longer limited to the conventional B mode 
imaging, and now includes newer, more advanced 
modalities such as contrastenhanced ultrasound and 
elastography. Forwardviewing EUS (FVEUS) has 
improved the ability to access lesions, and modern 
microscopy advancements now enable realtime optical 
biopsy. 

Elastography
EUS elastography is a major recent advancement in 
EUS characterization of lesions. The underlying principle 
of elastography is that compression of a target tissue 
by a probe produces a smaller strain in hard (usually 
malignant) tissue than in soft (usually benign) tissue; 
therefore, elastography can indicate which areas are 
likely to be malignant vs benign. 

Because elastography can be used in realtime, 
elastography serves as an important marker that can 
direct EUS-FNA. The sensitivity in identifying metastatic 
lymph nodes is at least 85%[2]. Another advantage of 

elastography is that it is relatively inexpensive and does 
not require extensive training, though it is operator
dependent and is therefore inherently subjective. In 
addition, elastography can be used in the diagnosis of 
other conditions, such as prostate cancer, and rectal 
cancer[3]. Elastography can potentially also be used for 
adrenal tumors and biliary duct cancers because of their 
proximity to the gastrointestinal tract, but this research 
is still in its very early stages[2]. 

Shear wave elastography is a special type of ela
stography that requires no manual compression of 
tissue as applied in conventional elastography, and is 
therefore less operatordependent. Measurements of 
shear wave velocity yield additional information on the 
tissue’s elasticity and therefore can help in diagnosis. 
Thus far shear wave elastography has been used 
mostly to characterize breast lesions, liver fibrosis, and 
thyroid lesions[2]. It has also been used in transrectal 
ultrasonography for prostate cancer[4]. It is anticipated 
that shear wave elastography will soon be used with EUS 
procedures.

Despite the promise that elastography has shown 
thus far, it is currently only used if EUS-FNA results are 
negative or inconclusive[3]. In the future, elastography 
may be able to be merged with other imaging techniques, 
such as fusion imaging, contrastenhanced EUS, or 3D 
elastography to increase accuracy even further[2]. Another 
notable advancement in elastography is the automated 
histogram, which allows more quantitative, less subjective 
elastography, thereby increasing accuracy and reducing 
operator bias[2].

Tissue harmonic echo
Tissue harmonic echo (THE) imaging is a new technology 
that provides yet another modality of imaging pancreatic 
cystic lesions. THE mode imaging provides better cha-
racterization of lesions than conventional B mode 
images. The principle behind THE is that the sonogram 
is produced by higher harmonic frequencies as ultrasonic 
beams propagate through tissues. It has thus far 
only been used in abdominal ultrasound, but there is 
potential for EUS as well. More studies need to be done 
to determine whether THE significantly improves EUS 
diagnostics[5].

Contrast enhanced EUS
Contrast enhanced EUS (CEEUS) is yet another advanced 
ultrasound modality. Its advantage is that it allows 
vascularity to be depicted, thereby improving accuracy, 
sensitivity, and specificity for diagnosing pancreatic masses 
and lymphadenopathy[3]. CEEUS can also be used during 
EUS-FNA to help avoid vessels. Contrast enhanced color 
and power ColorDoppler sonography (CDEUS) enable 
detection of intratumor vasculature, by producing pseudo 
Doppler signals from microbubbles. Contrast enhanced 
harmonic EUS (CH-EUS) was more recently developed to 
overcome the limitations of CD-EUS. CH-EUS can depict 
the microbubbles themselves rather than the entire flow 
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through the vessels thus allowing visualization of both 
microvessels and parenchymal perfusion[6]. 

CEEUS is an emerging technique with promise, but 
it has been scrutinized for being qualitative in nature, 
and therefore research is underway to develop more 
quantitative techniques[3]. 

Needle-based confocal laser endomicroscopy
Needle-based confocal laser endomicroscopy (n-CLE) 
is a technique allowing in-vivo “optical” histology using 
fluorescent contrast. N-CLE therefore can show which 
areas are most suspicious for malignancy and require 
biopsy. Preliminary results of n-CLE studies have been 
very promising, and in the future n-CLE may stand 
as the second option for diagnosing pancreatic cysts 
when EUS-FNA is inconclusive[7]. In the near future, 
n-CLE may become routinely used after EUS-FNA of 
solid pancreatic masses returns inconclusive[7,8]. Despite 
how accurate n-CLE proves to be, it will likely catch on 
slowly due to high cost and the difficulty of predicting 
pathology based on surface characteristics[9]. N-CLE can 
theoretically one day deem classical tissue acquisition 
obsolete, although tissue acquisition will continue 
to provide diagnostic benefits, such as the ability to 
perform molecular testing, flow cytometry, and PCR[8]. 
Ideally, pancreatic cystic neoplasms will eventually be 
diagnosed in a personalized fashion, implementing the 
techniques of cytology, nCLE, and molecular markers 
differently for each patient[9]. With this arsenal, one may 
be able to accurately predict which lesions will progress 
quickly, and therefore require urgent treatment such 
as endoscopic ablation or surgery. At the same time, 
improved diagnostic techniques may also reveal those 
lesions that progress slowly and therefore can be 
followed less closely. 

In summary, recent years have brought on many 
advances in the ability to characterize lesions, most 
notably pancreatic lesions. This boom has been spear-
headed by the improvement of ultrasound technology, the 
most important currently being CH-EUS and elastography. 
For now, to obtain the most accurate characterization, a 
combination of the two are used in clinical practice[3]. In the 
future, ideally all techniques will be in the armamentarium, 
so that each patient can receive personalized treatment.

DRAINAGE
Pancreatic fluid collection
Pancreatic fluid collection (PFC) is a common complication 
of pancreatitis. The decision whether or not to drain 
depends on multiple factors, namely, clinical presentation, 
duration, size, and location. If drainage is indicated, it must 
be decided whether to intervene surgically, endoscopically, 
or radiologically (percutaneously). Currently, surgery is 
performed when a wall has not yet formed around the 
collection. Alternatively, if a wall has already formed, 
endoscopic drainage is considered[10]. Walledoff 
collections include both pseudocysts (fluid) and walled off 

necrosis (WON; solid). Studies have shown endoscopic 
drainage to have higher rates of treatment success 
than percutaneous drainage, as well as lower rates of 
reinterventions[11]. ERCP is considered if the collection 
communicates with the pancreatic duct. 

Endoscopic drainage is aided by EUS guidance 
specifically when there is either no intraluminal bulge, 
portal hypertension, nearby collateral vessels, necrosis, 
or calcification in the wall[12,13]. EUS drainage is performed 
via either a transgastric or transduodenal approach, 
and therefore requires the collection to be near (≤ 1 
cm) the GI lumen[14]. EUS provides precise localization 
of the collection as well as precise measurement of the 
thickness of the wall and distance from the GI lumen. 

EUSguided drainage can be enhanced in many 
instances with the use of a selfexpanding metallic 
stent (SEMS). This stent provides a wider diameter 
for drainage, thus leading to a quicker resolution of 
symptoms[15]. SEMS is most useful in WON, as it allows 
for repeated access for necrosectomy[16]. SEMS has 
greatly improved EUSguided drainage, though additional 
research is needed on SEMS, as it is still a relatively new 
tool.

Alongside the current recommendations and con-
siderations listed above, the decision how to drain 
ultimately depends not only on the actual collection 
but also the institution, local expertise, and the patient 
preference. 

Pancreatic duct
EUS guidance may be helpful in decompression of the 
pancreatic duct during an obstruction. Currently, EUS is 
only used when ERCP-guided cannulation fails or when 
the papilla is inaccessible (e.g., gastric or duodenal 
obstruction or surgically altered anatomy)[16]. The 
pancreatic duct can be drained either by the rendezvous 
procedure or translumenally, through the stomach or 
duodenum[16]. 

Biliary
Similar to pancreatic duct drainage, biliary drainage 
may be done endoscopically with EUS guidance when 
ERCP cannulation has failed, the papilla is inaccessible, 
or anatomy is surgically altered. Classically, the alter
natives to ERCP have been percutaneous or surgical 
methods, but EUS provides a safer alternative[17], and 
internal drainage is considerably preferable from a 
patient perspective.

Like pancreatic duct drainage, EUS-guided biliary 
drainage can be done in three different ways[18]: Trans-
papillary rendezvous, or translumenally via either 
choledochoduodenostomy or hepaticogastrostomy. 
The data is still limited at this point, but many believe 
that the results are promising for EUSguided biliary 
drainage, with the overall success rate around 90%[19] 
with a minimal complication rate. EUSguided biliary 
drainage results have been so promising that experts 
increasingly argue that EUS should become the first
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line treatment, ahead of percutaneous drainage[16]. It is 
argued that EUSguided drainage is superior because it 
both reduces adverse event rates and the need for re
interventions, thereby reducing costs of therapy[20].

As in PFC drainage, SEMS is also being used more 
often for biliary drainage. Forward viewingEUS, a new 
tool discussed below, combined with a SEMS, has been 
shown to be the best method when performing EUS 
guided choledochoduodenostomy for malignant distal 
biliary obstruction[21]. Preliminary results suggest that, 
in the future, gastroenterologists may assume the 
responsibility of biliary drainage from surgeons, whether 
it be for ERCP or EUS.

Gallbladder
The gallbladder needs to be drained in cholecystitis if 
the patient is unfit for surgery or has an unresectable 
pancreatic cancer, or if the cholecystitis is refractory to 
antibiotics. Classically, drainage has been performed 
percutaneously, although studies have shown that EUS
guided endoscopic drainage is equally as successful 
as percutaneous drainage[22]. Drainage by EUS can be 
performed either with a plastic stent, metal stent, or 
nasogallbladder/nasobiliary drain.

Abscesses
EUS has developed into a favorable alternative to traditional 
percutaneous drainage of abscesses[16]. Accessible 
abscesses include those in the mediastinum, lesser 
sac, perihepatic and subphrenic spaces, and pelvic and 
perirectal regions.

INJECTION
Nerve block
Nerve blocks are administered to reduce transmission 
through a nerve, thereby reducing chronic pain and the 
resulting need for opioids and analgesics. Nerve blocks 
are often conducted using neurolysis, in which cytolytic 
agents, commonly alcohol or phenol, are injected to 
damage the nerves. The nerves most commonly targeted 
are in the celiac plexus for pancreatic cancers and, 
less commonly, chronic pancreatitis. Neurolysis can be 
performed percutaneously or endoscopically by EUS. The 
percutaneous approach has been the more widely used 
approach, though studies have shown that endoscopic 
approach may provide more lasting results[16,23], as the 
injection is delivered under greater control.

Tattooing
EUS-guided fine-needle tattooing (EUS-FNT) is a 
technique in which carbon particle labels are injected 
into pancreatic lesions via EUS guidance. These labels 
then serve as markers during laparoscopic distal 
pancreatectomy, which ultimately reduces operating 
time, cost, and amount of healthy pancreas that is 
inadvertently resected[24].

Targeted destruction of lesions
Alcohol ablation: Alcohol can be injected using 
EUS guidance in order to ablate pancreatic lesions, 
neuroendocrine tumors, or metastases from the abdomen. 
Alcohol ablation has proven very effective, especially for 
certain pancreatic lesions, particularly when combined 
with taxols or other agents. Currently, alcohol ablation 
of neuroendocrine tumors is only indicated if the patient 
is unfit for surgery. It is uncertain how effective alcohol 
ablation has been for neuroendocrine tumors because 
there is not yet sufficient data for predicting prognoses.

Radiotherapy: Fiducials, which are small 35 mm 
radiopaque metal markers, may be placed in tumors or 
lymph nodes using EUS guidance and a 19-gauge FNA 
needle[17]. These fiducials act as points of reference for 
targeted external beam radiation therapy[25]. Alternatively, 
EUS can guide injection of seeds through 19-gauge 
needles for brachytherapy (internal radiotherapy, various 
plasmids). 

Chemotherapy: Chemotherapeutic agents, commonly 
paclitaxel, have been injected using precise EUS 
guidance. Chemotherapy injection can be combined 
with other therapeutic methods such as alcohol ablation. 
EUSguided chemotherapy has been used for pancreatic 
cysts and tumors and esophageal cancers, but much 
more research is needed to understand the longterm 
results[18].

Photodynamic therapy: Photosensitizing drugs can 
also be injected using EUS guidance. Exposure to the 
specific wavelength of light leads to cytotoxic effects, 
vascular effects, and inflammatory reactions, thereby 
leading to necrosis of the targeted site. 

SURGERY
Natural orifice transluminal endoscopic surgery
Natural orifice transluminal endoscopic surgery (NOTES) is 
a surgical technique that uses the body’s natural orifices 
as inlets to reach various organs via EUS guidance. 
Pioneered by Dr. Anthony Kalloo, NOTES procedures 
have a number of potential benefits. Without external 
incisions, there are no scars or risks of skin infection, 
and thus the NOTES approach offers a potentially 
quicker recovery and therefore shorter hospital stay. 
Furthermore, less anesthesia may be required. NOTES 
procedures are currently being developed to: Create 
anastomoses - Gastroduodenal anastomosis by NOTES 
has succeeded as a minimally invasive approach for 
certain gastrointestinal bypass procedures. These 
bypass procedures include treatment of obstructions, 
such as duodenal stenosis or gastric outlet obstruction. 
NOTES can also be used for gastrojejunal bypass, as 
a malabsorptivetype bariatric procedure. Studies are 
needed, however, to compare these NOTES procedures 
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directly with conventional surgical approaches[26]. 
Remove and biopsy organs-NOTES also has the 

potential to become a minimally invasive alternative 
to routine laparoscopic procedures. NOTES can be 
used for liver biopsy, cholecystectomy, appendectomy, 
thyroidectomy, and procedures involving mediastinal and 
spinal tissues. The transgastric approach has been the 
most studied inlet to date. So far, however, the majority 
of human NOTES procedures have been transvaginal 
cholecystectomy and appendectomy. More human 
research is needed on the transgastric and transrectal 
approaches.

NOTES has many advantages and therefore much 
potential, although it has undoubtedly been slow to catch 
on. Devices designed specifically to facilitate NOTES are 
needed. Despite NOTES being an endoscopic procedure 
and therefore inherently within a gastroenterologist’s 
“jurisdiction”, its ultimate procedural goal is often that 
of a surgeon. Techniques such as NOTES obscure the 
distinct borders of each specialist, and the medical 
community must come together and decide who is best 
trained to perform each procedure. To do so, it must 
first be decided how to base the decision; should the 
decision be based on the approach or the ultimate goal 
of the procedure? If based on the approach, it must 
then be asked if NOTES should be considered a surgical 
approach? How do we even define surgery today? 
Should a NOTES cholecystectomy be considered surgery 
even though EUS-FNA is not? If a consensus is reached 
among the medical community, NOTES may, like the 
arrival of laparoscopy in 1901, lead to a momentous step 
forward in medicine. 

VASCULAR
Angiography
Angiography is another novel application of EUS. 
EUS can guide access into small vessels, such as the 
celiac branches and hepatic vein. Although thus far 
only conducted in animals, EUS can also be used to 
measure portal vein pressure and therefore guide portal 
hypertension therapy[25]. 

Bleeding control
EUS can also be applied to control gastrointestinal 
bleeding, such as treatment of varices, insertion of porto
systemic shunts, pseudoaneurysm control, embolization, 
and coil application. Studies have shown notable success, 
concluding that EUS should be considered when managing 
patients who have failed with conventional therapy[27]. 
Studies are still in their early stages, however, and much 
research on EUS and vascular interventions is on the 
horizon[18]. 

NOVEL TOOLS
Forward viewing EUS
Forward viewing EUS (FVEUS), a relatively novel tool, 

is believed by some experts to be an upgrade to the 
conventional curved linear array EUS (CL-EUS)[21]. FV
EUS gives the endoscopist better and more stable 
access into cysts. It also is easier to maneuver because 
of its short, hard tip, thereby allowing for more dexterity 
during interventional procedures. This allows the endo-
scopist to reach more difficult locations within the 
GI tract; this is especially true in the lower GI tract, 
as FVEUS has been shown to allow for easier cecal 
intubation[21]. FVEUS also enables a shorter training 
time, which may lead to a more widespread usage than 
the conventional curved linear array EUS. In addition 
to its technical advantages over CL-EUS, some studies 
have also shown that FVEUS can detect additional 
gastrointestinal lesions[28]. 

Disadvantages do exist though; the EUS view 
is reduced from 180 to 90 degrees; this however, 
reportedly, does not pose difficulty for experienced 
endosonographers. It is also more difficult with FV-EUS 
to intubate the cervical esophagus. It may also be more 
difficult to aspirate pancreatic pseudocysts because of 
the lack of fixation of the guide-wire without an elevator. 
Also regarding NOTES procedures, it is unclear if FV-EUS 
or CL-EUS is superior; a multicenter randomized trial, 
comparing the two endoscopes, found the same success 
rates, mean procedure times, and ease of access and 
complication rates[29]. FV-EUS and CL-EUS shared the 
same diagnostic yield of upper GI subepithelial lesions, 
though FVEUS led to a shorter procedure time and 
a larger tissue sample area[30]. Clearly, more studies 
are needed on FVEUS to determine when it provides 
significant advantage over the CL-EUS.

3D reconstruction
Three-dimensional imaging has been found useful in 
gynecologic ultrasound, and may also find a place in 
gastrointestinal EUS if proven advantageous.

CONCLUSION
EUS has come a long way in the last 25 years. Ultra
sound has become much more than a tool to diffe
rentiate different tissue densities; tissue can now be 
characterized in great detail; the extent of vascularity 
within a tissue and how malignant the tissue appears 
can now be learned with increasing precision, all in real
time and without radiation. Using these techniques, 
targets for biopsy can be precisely pinpointed. Upon 
reaching the target, tissue can then be examined 
microscopically in realtime, to ensure optimal targeting 
and diagnosis.

EUS and its associated advancements have begun 
to take advantage of the fact that the gastrointestinal 
tract runs medially throughout the majority of the 
body and is very accessible; the gastrointestinal tract 
is now beginning to be used as an inlet to the rest of 
the body. After having brought ultrasound technology 
inside the gastrointestinal tract in the 1980s, EUS is 
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now being used as a guide outside the lumen. Many 
of these recent technologic advancements are in early 
stages and have not yet been studied extensively. The 
years ahead are therefore expected to be bright for 
EUS, as more research concludes and as these various 
technologies begin being implemented into clinical 
practice.
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Abstract
Elastography is one of technologies assisting diagnosis of 
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solid pancreatic lesions (SPL). This technology has been 
previously used for measuring the stiffness of various 
organs based on a principle of “harder the lesions, higher 
chance for malignancy”. Two elastography techniques; 
strain and shear wave elastography, are available. For 
endoscopic ultrasound (EUS), only the former is existing. 
To interpret results of EUS elastography for SPL, 3 
methods are used: (1) pattern recognition; (2) strain ratio; 
and (3) strain histogram. Based on results of existing 
studies, these 3 techniques provide high sensitivity but 
low to moderate specificity and accuracy rate. This review 
will summarize all available information in order to update 
current situation of using elastography for an evaluation 
of SPLs to readers.    

Key words: Elastography; Endoscopic ultrasound; Solid 
pancreatic lesions; Pancreatic cancer; Chronic pancreatitis 
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Core tip: Elastography is a technology that can measure 
tissue stiffness. Endoscopic ultrasound (EUS) elastography 
has been increasingly used for an evaluation of solid 
pancreatic lesions (SPL). Several interpretation methods 
of EUS elastography for this purpose have been described 
in many previous studies. This review focuses on how to 
read and interpret findings of EUS elastography obtained 
from SPL. Readers should be competent for applying EUS 
elastography for diagnosing SPL after finishing reading the 
review.  

Chantarojanasiri T, Kongkam P. Endoscopic ultrasound elastography 
for solid pancreatic lesions. World J Gastrointest Endosc 2017; 9(10): 
506513  Available from: URL: http://www.wjgnet.com/19485190/
full/v9/i10/506.htm  DOI: http://dx.doi.org/10.4253/wjge.v9.i10.506

INTRODUCTION 
The diagnosis of solid pancreatic lesions (SPL) is a 
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challenging clinical problem. Endoscopic ultrasound-
guided fine needle aspiration (EUS-FNA) is the most 
commonly used diagnostic method. It has high specificity 
but moderate sensitivity. Due to the aggressiveness and 
poor outcomes of pancreatic cancer, several methods 
such as elastography or contrast enhancement have 
then been developed to assist in the diagnosis of SPL. 
Certainly, these software technologies cannot replace 
EUS-FNA because they are not pathological diagnostic 
tools, but they can help clinicians in many clinical 
scenarios such as in lesions with remarkably low EUS-
FNA diagnostic yield including mass-forming chronic 
pancreatitis. Several previous studies have shown 
various efficacy values for these adjunctive technologies 
in their results. Elastography is one of these current 
assisting technologies diagnosing SPL. This technology 
measures the stiffness of the target lesion. In this 
review, the results of EUS elastography in the evaluation 
of SPL will be summarized. 

This review summarizes characteristic findings 
of each SPL by EUS elastography. We searched the 
PubMed database for English-language journals with 
human studies published between 1988 and 2016. The 
following keywords were used in combination with EUS: 
Elastography, pancreas, and solid lesions. References 
to those identified articles were also examined for 
potentially relevant studies.

HISTORY OF ELASTOGRAPHY
Since 1988, the concepts of tissue deformability and 
elasticity of solid tumor has been described[1]. In 1991, 
tissue elasticity measurements were made by evaluation 
of the elastic modulus after applying a pressure (Figure 
1); hence, the term “elastography” was first reported[2]. 
This led to the development of real-time imaging and 
the combination of elastography imaging with B mode 
imaging using a combined autocorrelation method in 
2001[3]. Since then, elastography has been applied 
to the diagnosis of solid tumors of various organs 
such as breast, thyroids, lymph nodes and liver. In 
2006, elastography for SPL was firstly reported[4]. The 
interpretation of elastography findings from SPL have 
been developed and applied to clinical management.

TYPES OF ELASTOGRAPHY
Elastography is classified into two categories based on 
different mechanical properties: Strain and shear wave 
elastography. The former evaluates tissue stiffness by 
measuring tissue distortion after applying pressure and the 
latter assess tissue stiffness by measuring tissue distortion 
after applying the acoustic radial force impulse[5]. However, 
only strain elastography is available for EUS.

STRAIN ELASTOGRAPHY 
MEASUREMENT METHODS
Strain elastography evaluates tissue stiffness via 

the displacement caused by manual compression 
or cardiovascular pulsation[6]. Larger strain or tissue 
displacement values represent softer tissue (Figure 
2). The degree of strain-the relative indicator-can be 
displayed via three methods[6].

Pattern recognition
This method is to display as colors, with the green color 
as the mean stiffness, blue color represents harder 
tissue and red color represents softer tissue. This is the 
only method considered qualitative method whereas 
following methods are quantitative ones.

Strain ratio
This method is to display as gray scale image and com-
pare strain ratio (SR) of area of interest with reference 
area.

Strain histogram
Pattern recognition: Color pattern analysis of elasto-
graphy was first described in transcutaneous ultrasound 
elastography of the breast[7]. The EUS elastography 
pattern in pancreatic lesion was first described by 
Giovannini (Figure 3)[4] with 100% sensitivity but only 
67% specificity in differential diagnosis of benign and 
malignant SPL. The same author later classified the 
previous 5-scale elastic score into 3 scores: A, B and 
C, representing benign, indeterminate, and malignant 
lesions, respectively[8]. This classification has 92.3% 
sensitivity and 80% specificity in differential diagnosis 
between benign and malignant SPL. Reports of dif-
ferent pattern analyses results in different clinical 
efficacy have been published. Another report by 
Janssen et al[9] classified color patterns into 3 types: 
Type 1 with homogeneous pattern, type 2 with 2 or 3 
colors, and type 3 with a honeycomb pattern. In this 
report, however, the use of elastography in differential 
diagnosis between benign and malignant lesions was 
disappointing. Another study done by Iglesias-Garcia[10], 
classified the elastography into 4 patterns with 100% 
sensitivity and 85.5% specificity in the diagnosis of 
malignant SPL. The comparison of each report as well 
as sensitivity and specificity is shown in Table 1.

SR: SR compares the strain between the target area 
and other reference areas to provide more objective 
qualitative data[11]. In breast lesions, the strain of the 
lesion is compared to the strain of the surrounding fat 
tissue. Many studies use SR to differentially diagnose 
pancreatic carcinoma and chronic pancreatitis[11-14]. In 
some studies, the strain of the area surrounding the 
pancreas was used as the baseline compared with the 
strain of the lesion[11,15]. The peripancreatic surrounding 
the soft tissue was used as the baseline in other 
studies[12,13]. Moreover, according to the phantom study, 
the depth of the reference area has a significant impact 
on the evaluation of the SR[16]. The area of selection and 
cut-off point in each study are demonstrated in Table 
2. Studies have correlated SR and chronic pancreatitis. 
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Pressure
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a

b

c

d

a'

b'

c'

d'

a'               b'              c'              d'

Depth

Figure 1  The principle of strain elastography is illustrated by coil 
spring appearance. A: After applying pressure, more deformation is 
demonstrated in tissue with higher elasticity; B: The strain on each tissue 
depends on the tissue stiffness; C: Higher strain is seen in softer tissue 
after compression (Adapted from Ophir[2]).

A B C Figure 2  The principle of endoscopic ultrasound elastography for 
solid pancreatic lesions. A: Pancreatic carcinoma has more stiffness 
than normal pancreas; B: The strain elastography measured the degree 
of displacement after applying manual pressure or vascular pulsation; 
C: The degree of displacement is represented as colors: Green is the 
average stiffness, blue is stiffer tissue, and red is softer tissue.

A B C

Table 1  Results of 4 large studies using pattern recognition of elastography for diagnosis of solid pancreatic lesions

Author Giovannini et al [4], 2006 Giovannini et al [8], 2009 Janssen et al [9], 2007 Iglesias-Garcia et al [10], 2009

Elastic score 
/pattern 

Interpretation Score Inter-
pretation 

Type Color Interpretation Pattern Interpretation 

Score and 
interpretation

Distortion for 
entire low echo 

area

Normal 
pancreas

A  (elastic 
score 1 and 2)

Benign Homogeneous  A = 
blue

B = normal 
pancreas

Homogeneous 
green

Normal pancreas

No distortion on 
low echo area 
even for a part

Fibrosis, 
chronic 

pancreatitis

Heterogenous 
green 

Inflammatory 
pancreas

Distortion at the 
edge of low echo 
area, even for a 

part

Small adeno-
carcinoma

B (elastic score 
3)

Indeter-
minate 

2 or 3 colors B = 
green/
yellow

Homogeneous 
blue 

Ductal pancreatic 
adenocarcinoma

No distortion for 
entire low echo 

area

Endocrine 
tumor

C (elastic 
score 4 and 5)

Malignant Heterogeneous C = 
red

A/B = chronic 
pancreatitis 

and neoplasia

Heterogeneous 
blue 

Neuroendocrine 
tumor 

No distortion 
on low echo 

area and 
surrounding

Advanced 
adeno-

carcinoma

Sensitivity 100 92.3 65.9 (chronic 
pancreatitis), 

100

93.8 (neoplasia)
Specificity 67 80 56.9 (chronic 

pancreatitis),
85.5

65.4 (neoplasia)
Accuracy NA 89.2 60.2 (chronic 

pancreatitis), 
73.5 (neoplasia)

94

NA: Not available.
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Iglesias-Garcia reported a cut-off of 2.25 for the diagnosis 
of chronic pancreatitis with a sensitivity of 91.2% and a 
specificity of 91% using the surrounding soft tissue as a 
reference[17]. Another study reported the correlation of 
SR and the presence of pancreatic exocrine insufficiency 
(PEI) with 87.0% probability of PEI in those with SR 
higher than 4.5 compared with 16.3% probability of PEI 
in those with SR lower than 4.5[18]. In this study, the 
normal surrounding gut wall was used as the reference. 
Iglesias-Garcias reported the mean elastic value to be 
0.47%, 0.23%, 0.02% and 0.01% for normal pancreas, 
chronic pancreatitis, pancreatic cancer, and endocrine 
tumor, respectively[14]. Another report from South Korea 
demonstrated a mean elastic value of 0.53% for the 
normal pancreas and 0.02% for pancreatic cancer[19].

Many studies are based on the SR method, but 
there is no standardization for the reference area 
yet[5]. Moreover, the distance of the reference area 
from the ultrasound probe significantly impacted the 
SR measurements[16]. These two factors significantly 

impacted the reliability of the SR methods as a dia-
gnostic test for SPL.

Strain histogram 
The strain histogram is another type of the quantitative 
image analysis. To analyze the strain histogram, the color 
image of the elastography is converted into the gray 
scale (value) of 256 tones. It ranged from 0 to 255 with 
0 representing the blue area (hard) and 255 representing 
the red area (soft) (Figure 4). The distribution of the 
gray scale is then calculated into various parameters as 
shown (Table 3). In some reports, the histograms were 
performed separately from the individual red/green/blue 
color[20]. The correlations of the parameters with the 
degree of pancreatic fibrosis have been published[21]. 
With increasing fibrosis, the mean and standard deviation 
decrease, while skewness and kurtosis increase. On 
the other hand, the histogram could be analyzed using 
the neural network analysis. The correlation between 
a cut-off mean level > 175 in pancreatic carcinoma 

Elastic score                         Elastography                                     Pattern                          Condition

1

2

3

4

5

Distortion for 
entire low echo 
area

Normal 
pancreas

No distortion on 
low echo area 
even for a part

Fibrosis, chronic 
pancreatitis

Distortion at 
the edge of low 
echo area, even 
for a part

Small 
adenocarcinoma

No distortion for 
entire low echo 
area

Endocrine 
tumor

No distortion on 
low echo area and 
surrounding

Advanced 
adenocarcinoma

Figure 3  Classification of elastography findings proposed by Giovannini[4]. 
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had a sensitivity of 91.4%-93.4% and a specificity of 
66%-87.9%[22,23]. Another report analyzed the histogram 
by comparing the histogram of the tumor over the adjacent 
part of the pancreas[24]. The strain histogram’s ratio with 
cut-off value of 1.15 indicated pancreatic malignancy 
with 98% sensitivity, 58% specificity, and 69% accuracy. 

CLINICAL IMPLICATIONS
Pancreatic adenocarcinoma vs mass-forming chronic 
pancreatitis
Pancreatic adenocarcinoma is the most common type 
of pancreatic tumor, and it is characterized by many 
desmoplastic reactions[25]. Increased amounts of extra-
cellular matrix including type Ⅰ and type Ⅴ collagen 
and fibronectin are found similar to those found in 
alcoholic chronic pancreatitis and tumor-induced chronic 
pancreatitis[26]. The differential diagnosis between 
pancreatic adenocarcinoma and mass-forming pancreatitis-
especially on the background of chronic pancreatitis-
remains a challenging problem. It is well known that 
the incidence of pancreatic adenocarcinoma is higher 
in patients with chronic pancreatitis[27]. Moreover, some 
features of chronic pancreatitis, such as calcification, may 
hinder the detection of pancreatic cancer[28]. Moreover, 
EUS-FNA of the pancreatic cancer (standard method for 
tissue acquisition from SPL) results in only 50%-73.9% 

sensitivity but with 73.7%-100% specificity in the 
presence of chronic pancreatitis[29-31]. In elastography, 
pancreatic adenocarcinoma usually manifests as a hard 
tumor with a predominate blue color pattern (Table 1 
and Figure 5). It has a higher SR than mass-forming 
chronic pancreatitis. Another single report compared 
pancreatic adenocarcinoma and autoimmune pancreatitis. 
This demonstrated that in autoimmune pancreatitis the 
stiffness area not only forms the mass area but also the 
surrounding pancreatic tissue[32].

Pancreatic neuroendocrine tumor 
Pancreatic neuroendocrine tumors (PNETs) are a rare 
type of solid pancreatic tumor that are characterized 
histologically by tumor cells arranged in solid nest, 
trabecular, or gland like formation surrounded by thin 
vascular stroma[33]. The elastography pattern of PNET 
was described as homogeneous blue and heterogeneous 
blue by Giovannini[4] and Iglesias-Garcia[10], respectively. 
In one prospective study that included 6 patients with 
PNET, the SR of PNET is 56.73-higher than the 17.41 
SR seen in pancreatic adenocarcinoma[17].

Solid pseudopapillary neoplasm
Elastography studies in solid pseudopapillary neoplasm 
(SPN) are rare. Only one study with 1 SPN case was 
found. It had a SR near 15[17].

Table 2  Results of studies using strain ratio of elastography for an evaluation of solid pancreatic lesions

Ref. Diseases of comparison (n) Reference area Cut off point Sensitivity Specificity

Iglesia-Garcia et al[14] PC (49) vs CP (27) Soft tissue 6.04 100 96.3
PC (49) vs PNET (6) 26.63 100 87.8

Itokawa et al[11] PC (72), PNET (9), CP (20), normal pancreas (8) Normal pancreas 23.66 in MFP vs 
39.08 in PC

Dawwas et al[12] Malignant (87): (PC, PNET, metastatic cancer)
And benign (17) (pancreatitis)

Soft tissue 4.65 100 16.7

Kongkam et al[13] PC (23), PNET (5), Meatastasis (1), CP (2), AIP (3), 
other (4)

Soft tissue 3.17 86.2 66.7
6.04 75.9 77.8

PC: Pancreatic cancer; PNET: Pancreatic neuroendocrine tumor; CP: Chronic pancreatitis; AIP: Autoimmune pancreatitis.

Table 3  The histogram parameters[5,21,45]

Images Parameters Information Interpretation

Gray scale 
images

Mean Mean of the gray levels Higher mean value indicates softer tissue
Standard deviation Standard deviation of the gray levels Higher value indicating heterogeneous hardness

ASM Measure of the homogeneity on the gray scale image
Contrast Measure of local gray level variation on the gray scale image

Correlation Measure of gray level linear
dependence on the gray scale image

Entropy Measure of the randomness of gray level distribution
IDM Measure of the homogeneity on the gray scale image

Skewness Measure of the asymmetry of the gray level distribution Higher value indicating higher or lower 
hardness

Kurtosis Measure of the “peakedness” of the gray level distribution Higher value indicating concentration of a 
specific hardness

Black and
white
image

% area Percentage of the white area (=  hard area)
Mean of

Complexity
Complex ratio of the shape of the white area (= hard area) and 

is calculated as periphery2/area of the white area
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OTHER UNCOMMON TUMORS
For pancreatic acinar cell carcinoma, there are limited 
reports of EUS elastography. Only one report of ela-
stography in pancreatic acinar cell carcinoma has been 
published[34]. In this report, there was no specific pattern 
of elastography, and the pattern varied according to 
the acinar cell tumor pathologic phenotype. The data 
for more uncommon types of pancreatic cancers such 
as anaplastic cell carcinoma and adenosquamous cell 
carcinoma have not yet been reported.

Chronic pancreatitis
Elastography has been used in both the diagnosis of 
chronic pancreatitis and as a predictor of post-operative 
pancreatic fistula. Despite the usefulness of EUS in the 
diagnosis of pancreatic lesions, there are only limited 
data in EUS elastography studies in chronic pancreatitis. 
Many studies of elastography in chronic pancreatitis 

using transabdominal ultrasound with shear wave elasto-
graphy for the detection of pancreatic fibrosis both in 
chronic pancreatitis and tumor-related fibrosis have 
been reported[35-38]. Apart from the transabdominal 
ultrasonography, intraoperative ultrasound elastography 
has been published. This demonstrated correlation 
between “soft pancreas” and the development of a post-
operative pancreatic fistula[39,40].

In EUS studies, one prospective study demonstrated 
a higher SR in chronic pancreatitis with 91.2% sensitivity, 
91.0% specificity, and 91.1% accuracy with a cut-off 
point of 2.25[17]. In this study, the SR also varied across 
groups according to Rosemond criteria for the diagnosis of 
chronic pancreatitis with a higher SR up to 8.12 in cases 
that fulfilled all criteria of chronic pancreatitis. Moreover, 
in patients with chronic pancreatitis, elastography with 
higher SR was seen in those with evidence of pancreatic 
enzyme insufficiency (SR 4.89 vs 2.99)[18]. This finding 
was consistent with another study demonstrating higher 
stiffness in more advanced pancreatic fibrosis using EUS 
elastography with histogram analysis[21]. A retrospective 
study of EUS elastography using histograms for analysis 
also demonstrate the correlation of mean value with the 
stage of chronic pancreatitis via the Rosemont criteria. 
This used cutoffs of 90.1 ± 19.3, 73.2 ± 10.6, 63.7 ± 
14.2, and 56.1 ± 13.6, in normal pancreas, indeterminate 
for chronic pancreatitis, suggestive of chronic pancreatitis, 
and consistent with chronic pancreatitis, respectively[41].

Aging can cause several changes similar to early 
chronic pancreatitis[42]. A study using EUS also demon-
strated abnormalities similar to chronic pancreatitis in 
elderly subjects without clinical chronic pancreatitis-
particularly after the age of 60[43]. Elastography studies 
in aging populations also showed increased pancreatic 
stiffness with age demonstrated by both EUS[44]. and 
transabdominal ultrasonography[45]. These changes 
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0.10
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0.00
0          50         100        150       200        250      300

Results:
Mean: 28.4418
Standard deviation: 
31.3846
Number of centroid: 1
Blue area [pix] F11832
Total area [pix] F13558
Area [%]: 87.2695
Mean of complexity: 
26.9224
Binary threshold: 57
ASM: 0.00537182
Contrast: 40.1425
Correlation: 0.978811
Entropy: 2.84627
IDM: 0.421869
Skewness: 2.29151
Kurtosis: 9.29278

BA

Figure 4  Histogram analysis using MATLABver 1.6.7. A and B: The color image of the elastography is converted into the gray scale (value) of 256 tones ranging 
from 0 to 255:0 represents the blue area (hard) and 255 represents the red area (soft); C: The distribution of the gray scale is presented as a histogram from which the 
parameters are calculated.

C

Figure 5  Endoscopic ultrasound elastography of pancreatic adenocarcinoma. 
The color pattern showed predominant blue color pattern without distortion of 
surrounding area.
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become significant after age 40 to 60[44,45]. In one study, 
the mean histogram below 50 was more suggestive of 
chronic pancreatitis than usual aging changes[44].

COULD EUS ELASTOGRAPHY REPLACED 
TISSUE DIAGNOSIS?
While many studies have demonstrated excellent efficacy 
of elastography in the diagnosis of SPL, the value of 
elastography in cases with negative EUS FNA remains 
inconsistently demonstrated in all studies. Moreover, the 
method of image analysis is not yet standardized. Most 
reports demonstrated high sensitivity but low specificity, 
and the interpretation was performed by a center with 
many experienced elastographers. Hence, elastography 
cannot replace EUS-FNA for diagnosis[46].

CONCLUSION
In summary, EUS elastography is an improvement in 
the differential diagnosis between benign and malignant 
SPL in many studies. The main role of elastography in 
SPL is as an adjunct with other modalities in making 
diagnoses. Especially in chronic pancreatitis, EUS still has 
a promising role in both the diagnosis of early chronic 
pancreatitis and the prediction of complication. However, 
the overlapping of early chronic pancreatitis and aging 
changes makes the decision more difficult.
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Abstract
AIM
To evaluate the effectiveness of oral esomeprazole (EPZ) 
vs  injectable omeprazole (OPZ) therapy to prevent 
hemorrhage after endoscopic submucosal dissection 
(ESD).

METHODS
A case-control study was conducted using a quasi-
randomized analysis with propensity score matching. A 
total of 258 patients were enrolled in this study. Patients 
were treated with either oral EPZ or injectable OPZ. The 
endpoint was the incidence of hemorrhage after ESD.

RESULTS
Data of 71 subjects treated with oral EPZ and 172 
subjects treated with injectable OPZ were analyzed. 
Analysis of 65 matched samples revealed no difference 
in the incidence of hemorrhage after ESD between the 
oral EPZ and injectable OPZ groups (OR = 0.89, 95%CI: 

Retrospective Study
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0.35-2.27, P ≥ 0.99).

CONCLUSION
We conclude that oral EPZ therapy is a useful alternative 
to injectable PPI therapy for the prevention of hemorrhage 
after ESD.

Key words: Endoscopic submucosal dissection; Proton 
pump inhibitors; Hemorrhage

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Proton pump inhibitors (PPIs) have been 
reported to be effective for suppressing hemorrhage 
after endoscopic submucosal dissection (ESD); however, 
it remains unclear whether oral PPI therapy or injectable 
PPI therapy is preferable. The results of the present study 
indicate that oral effectiveness of oral esomeprazole 
therapy is a useful alternative to injectable PPI therapy for 
the prevention of hemorrhage after ESD.

Uchiyama T, Higurashi T, Kuriyama H, Kondo Y, Hata Y, Nakajima 
A. Oral esomeprazole vs injectable omeprazole for the prevention 
of hemorrhage after endoscopic submucosal dissection. World J 
Gastrointest Endosc 2017; 9(10): 514-520  Available from: URL: 
http://www.wjgnet.com/1948-5190/full/v9/i10/514.htm  DOI: http://
dx.doi.org/10.4253/wjge.v9.i10.514

INTRODUCTION
Endoscopic submucosal dissection (ESD) allows en-bloc 
resection of even large and ulcerated gastric tumors[1,2]. 
It enables accurate histopathological diagnosis and 
reduces the risk of local recurrence[3], and is a standard 
treatment for selected gastric tumors. However, ESD 
is technically difficult and is associated with a higher 
risk of adverse events than conventional endoscopic 
mucosal resection (EMR)[3-5]. Among the adverse ev-
ents, hemorrhage is a frequently encountered and 
serious problem[6]. Hemorrhage after ESD can occur at 
a later stage than other complications of ESD, such as 
perforation, sometimes occurring even after hospital 
discharge. Furthermore, hemorrhage after gastric ESD 
can be serious, as it can be massive and complicated 
by life-threatening hemorrhagic shock[7]. Thus, the 
importance of preventing hemorrhage after ESD cannot 
be overemphasized. While some previous studies have 
reported the risk factors for hemorrhage after ESD[6-14], 
no consensus has been arrived at yet in respect of the 
risk factors. Proton pump inhibitors (PPIs) have been 
reported to be effective for controlling hemorrhage after 
ESD[15]. However, to the best of our knowledge, there 
have been no studies yet to compare the efficacy of oral 
PPI therapy vs injectable PPI therapy for the control of 
hemorrhage after ESD. It remains unclear whether oral 
PPI therapy or injectable PPI therapy is preferable for the 

prevention of hemorrhage after ESD.
Esomeprazole (EPZ) is the S-isomer of omeprazole 

(OPZ) and has more favorable pharmacokinetic and 
pharmacodynamic profiles than OPZ[16]. However, in-
jectable EPZ is not available at present in our hospital. In 
the current study, therefore, we compared the efficacy of 
oral EPZ therapy with that of injectable OPZ (in place of 
EPZ) therapy for the prevention of hemorrhage after ESD 
by propensity score-matched analysis.

MATERIALS AND METHODS
Patients and methods
We conducted a retrospective study with propensity 
score-matched analysis. We registered patients who 
had undergone ESD for gastric tumors at our hospital 
between March 2008 and March 2014 (n = 258). The 
research protocol was approved by the Hospital Ethics 
Committee. Written informed consent was obtained from 
each of the participants of the study.

Treatment
Figure 1 shows the treatment protocol used. The patients 
received either oral EPZ (20 mg daily) for 8 wk after 
ESD (oral EPZ group) or injectable OPZ (20 mg twice 
daily) for the first 5 d, followed by oral OPZ (20 mg daily) 
from day 6 to the end of 8 wk after the ESD (injectable 
OPZ group). Additionally, all the patients underwent an 
endoscopic examination on day 2 and a third endoscopy 
on day 6 after the ESD. All patients were given sucralfate 
from day 2 to the end of 8 wk after the ESD. Antiplatelet/
anticoagulant drugs were discontinued before the ESD.

ESD procedure
ESD was performed using a videoendoscope (GIF-Q260J), 
Electric scalpel for endoscopic surgery (IT-Knife2) (Olympus 
Corporation, Tokyo, Japan) and an electrosurgical unit (ICC 
200) (ERBE Elektromedizin GmbH, Tubingen, Germany). 
After tumor resection, all the visible vessels in the cr-
eated ulcer were coagulated using a coagulation device 
(Coagrasper) (Olympus Corporation).

Hemorrhage
Hemorrhage after ESD was defined as the presence of 
clinical evidence of hemorrhage, such as the occurrence 
of melena or hematemesis confirmed by the hospital 
staff, or confirmation of the presence of blood or ble-
eding spots in the post-ESD ulcer at the second or third 
endoscopy. Preventive hemostasis for visible vessels 
not showing evidence of hemorrhage during the second 
or third endoscopy was not included as evidence of 
hemorrhage after ESD. We also defined clinically 
significant hemorrhage after ESD as hemorrhage nece
ssitating emergency endoscopy or blood transfusion.

Statistical analysis
Data are presented as mean ± SD or number, and the 
diagnostic outcomes were examined using the χ 2 test. 
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The variables and incidence of hemorrhage after ESD 
in the oral EPZ group were compared with those in the 
injectable OPZ group using the χ 2 test. Furthermore, 
propensity score matching was performed to control and 
reduce the selective bias[17-19]. Ten variables that could 
potentially influence the incidence of hemorrhage after 
ESD, listed below, were used to generate propensity 
scores using logistic regression: Patient age, patient 
sex, history of use of antiplatelet/anticoagulant drugs, 
location of the lesion, lesion depth, presence/absence of 
ulceration, diameter of the lesion, duration of operation, 
macroscopic type of the lesion, and the operator 
experience (beginners: Surgeons who had performed < 
50 gastric ESDs; experts: Surgeons who had performed 
> 50 gastric ESDs). A propensity score-matched cohort 
was created by trying to match each patient given oral 
EPZ with a patient given injectable OPZ (a 1:1 match), 
using the nearest pair method. After matching, a coarse 
comparison of the matched cohorts was performed using 
χ 2 test. P values of < 0.05 were considered to indicate 
significance. Statistical analyses were performed using 
the JMP 10.0 software (SAS, North Carolina, United 
States).

RESULTS
Background characteristics of the patients
A total of 258 patients were enrolled in this study. Fifteen 
following reasons: Failure of resection of the lesion en-
bloc (n = 8); presence of perforation (n = 5); interruption 
of the ESD (n = 1); previous history of gastrectomy (n = 
1). Data of the remaining 243 patients were evaluated. 
Of the 243 patients, 172 who had undergone ESD 
before November 2012 received injectable OPZ, and 
the remaining 71 patients who had received ESD after 
November 2012 received oral EPZ (Figure 2). The data of 
71 patients of the oral EPZ group and 172 patients of the 

injectable OPZ group were analyzed.
Among the 243 patients included in the analysis, 

33 developed hemorrhage after the ESD (13.6%), 
with the hemorrhage being clinically significant in 10 
of these cases (4.1%). Table 1 shows the baseline 
characteristics of the study population. A univariate 
analysis identified operator experience as the only risk 
factor for hemorrhage after ESD (beginner vs OR = 2.16; 
95%CI: 1.03-4.55, P = 0.039). Hemorrhage after ESD 
was observed within 6 d of the procedure in all the cases.

Propensity score matching
A quasi-randomized experiment can be created using 
propensity score matching. That is, two subjects 
assigned to each group are equally likely to receive 
oral EPZ or injectable OPZ (Tables 2 and 3). Nearest-
neighbor matches were performed using a caliper with 
0.25 standard deviation of the propensity score (log 
odds scale). The predictive performance of the treatment 
model was evaluated using the χ 2 statistic that can 
take values from 0.5 for chance prediction to 1.0 for 
perfect prediction[20]. The propensity score allowed clear 
distinction between cases with and without hemorrhage 
after ESD, with a c-statistic of 0.77.

Among the matched samples, the incidence of 
hemorrhage after ESD was 15.4% (10/65) in the oral 
EPZ group and 16.9% (11/65) in the injectable OPZ 
group, with no statistically significant difference seen 
between the two groups (EPZ group vs OPZ group, OR 
= 0.89, 95%CI: 0.35-2.27, P ≥ 0.99). The incidence of 
clinically significant hemorrhage was 6.2% (4/65) in the 
oral EPZ group and 4.6% (3/65) in the injectable OPZ 
group, with no significant difference of this parameter 
between the two groups either (EPZ group vs OPZ group, 
OR = 1.36, 95%CI: 0.29-6.31, P ≥ 0.99). No significant 
differences in any of the other variables examined were 
found between the two groups.

ESD         EGD                                           EGD                                                                             EGD

EPZ group

OPZ group

Day                    0               1                                    5         6              7                                                                  35               56

EPZ 20 mg. oral, once a day

Sucralfate

OPZ 20 mg. iv , 
twice a day

Sucralfate

OPZ 20 mg. oral, 
once a day

Diet

Figure 1  Treatment protocol for the two groups. EGD: Esophagogastroduodenoscopy; ESD: Endoscopic submucosal dissection; EPZ: Esomeprazole; OPZ: 
Omeprazole.
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DISCUSSION
EPZ is the first optical isomer developed as a PPI. 
Previous studies have demonstrated the efficacy of oral 
EPZ in the treatment of GERD[21,22]. Recently, Bunno 
et al[23] reported that oral EPZ was effective for ulcer 
healing after ESD. However, no studies have assessed 
the efficacy of oral EPZ for the control of hemorrhage 
after ESD. Recent studies have reported that oral EPZ 
therapy is a useful alternative to injectable PPI therapy 
to prevent recurrent hemorrhage in hemorrhagic gastric 
ulcer patients[24,25]. Laine et al[26], who compared oral 
and injectable lansoprazole, showed a difference in 
the intragastric pH only during the first hour after PPI 
administration, with no difference in the intragastric 

pH seen between the two groups at ≥ 1.5 h after the 
drug administration. Javid et al[27] demonstrated an 
equivalent ability of injectable and high oral doses of 
various PPIs in suppressing gastric acid secretion, and 
no significant difference in effect among various PPIs 
given through different routes on the gastric pH ≥ 6 for 
72 h after successful endoscopic hemostasis. Our results 
were consistent with the findings of these previous 
studies. Oral EPZ therapy has the advantages of a lower 
cost and easier administration as compared to injectable 
PPI therapy, whereas injectable PPIs will still be needed 
for patients who cannot receive oral medications. 
Therefore, we conclude that oral EPZ therapy is a useful 
alternative to intravenous PPI therapy for the prevention 
of hemorrhage after ESD.

Patients underwent ESD,
March 2008 to March 2014
(n  = 258)

Excluded (n  = 15)
  Not en-bloc  resected (n  = 8)
  Presence of perforation (n  = 5)
  ESD was discontinued (n  = 1)
  Patients after gastrectomy (n  = 1)

Eligible for analysis (n  = 243)

OPZ group (n  = 172)
with delayed bleeding (n  = 23)
without delayed bleeding (n  = 149)

EPZ group (n  = 71)
with delayed bleeding (n  = 10)
without delayed bleeding (n  = 61)

Figure 2  Selection of cases for study. ESD: Endoscopic submucosal dissection; EPZ: Esomeprazole; OPZ: Omeprazole.

Table 1  Background characteristics of the patients in relation to the bleeding status

Hemorrhage after ESD P value

Negative Positive

Number 210 33
Age (yr) 73.9 ± 8.0 71.7 ± 9.4   0.14
Gender (M/F)   151/59   8/25   0.65
Antiplatelet/anticoagulant drugs (-/+)   161/49   8/25   0.91
Hypertension (-/+)   123/87 20/13   0.83
Diabetes mellitus (-/+)   186/24   4/27   0.52
H. pylori infection (-/+)      90/120 13/20   0.89
Location (U/M/L) 28/96/86 2/15/16   0.45
Depth (m/sm)   190/20   5/28   0.35
Ulcer (-/+) 205/5 33/0   0.37
Diameter of the lesion (mm)   40.7 ± 15.3   40.4 ± 13.9   0.89
Duration of the operation (min) 106.9 ± 64.1 123.8 ± 98.5 0.2
Macroscopic type of the lesion (elevated or flat/combined/depressed) 130/29/51 5/10/2018   0.49
Pathological findings (Adenoma/Differentiated ca/Undifferentiated ca) 76/126/8 12/21/0   0.32
Lymphatic/venous invasion (-/+) 206/4 Jan-32   0.67
Anastomosis (-/+)   200/10 33/0 0.2
Operator type (expert/beginner)   129/81   14/19       0.0392
Bleeding during ESD (good/poor control)   164/46     9/24   0.49

P value calculated by the χ 2 test (Fisher’s exact test or Pearson’s test). ESD: Endoscopic submucosal dissection; H. pylori: Helicobacter pylori.
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Previous studies have reported the incidence and 
risk factors for hemorrhage after ESD, although the 
results are conflicting. We also assessed the risk factors 
for hemorrhage after ESD, and our analysis identified 
only the operator experience as a significant predictor 
of hemorrhage after ESD. Adequate coagulation of 
the vessels at the ulcer base after ESD is important 
to prevent delayed hemorrhage. As some experience 
is required for such coagulation, the incidence of 
hemorrhage after ESD differs between beginners and 
experts. A previous study also identified the operator 
experience as a significant risk factor for hemorrhage 

after ESD[11]. On the other hand, several studies have 
reported the absence of any significant effect of the 
operator experience on the risk of hemorrhage after 
ESD[6-10,12-14]. These differences in the outcomes were 
likely caused by the diversity of the ESD procedures and 
treatments employed. Further investigation is required to 
clarify the unified risk factors for hemorrhage after ESD.

Our study had some limitations. First of all, injectable 
EPZ is not available at our hospital; therefore, we 
compared oral esomeprazole with injectable OPZ. Second, 
we could not carry out a non-inferiority study, because 
the number of cases was small. Third, hemorrhage after 

Table 2  Background characteristics of the patients according to the treatment group before the propensity score matching

EPZ group OPZ group P  value

Number 71 172
Age (yr) 75.3 ± 7.1 72.9 ± 8.5       0.0361
Gender (M/F) 52/19 124/48   0.86
Antiplatelet/anticoagulant drugs (-/+) 50/21 136/36   0.15
Hypertension (-/+) 40/31 103/69   0.61
Diabetes Mellitus (-/+) Sep-62 151/21   0.92
H. pylori infection (-/+) 29/42 55/117   0.19
Location (U/M/L) 10/34/27 20/77/75 0.7
Depth (m/sm) 57/14 161/11       0.0019
Ulcer (-/+) 71/0 167/5   0.15
Diameter of the lesion (mm)   42.2 ± 17.2 40.14 ± 14.1   0.31
Duration of the operation (min) 115.9 ± 87.3 106.4 ± 61.1   0.34
Macroscopic type of the lesion (elevated or flat/combined/depressed) 46/16/9 102/18/52     0.003
Pathological findings (Adenoma/Differentiated ca/Undifferentiated ca) 26/42/3 62/105/5   0.86
Lymphatic/venous invasion (-/+) Jan-70 168/4   0.65
Anastomosis (-/+) Mar-68 163/9   0.74
Operator type (expert/beginner) 31/40 112/60     0.002
Bleeding during ESD (good/poor control) 55/16 134/38   0.94
Hemorrhage after ESD (-/+) 149/23 Oct-61   0.88
Clinically significant bleeding (-/+) 165/7 Mar-68   0.96

P value calculated by the χ 2 test (Fisher’s exact test or Pearson’s test). EPZ: Esomeprazole; OPZ: Omeprazole; ESD: Endoscopic submucosal dissection.

Table 3  Background characteristics of the patients according to the treatment group after the propensity score matching

EPZ group OPZ group P  value

Number 65 65
Age (yr) 75.2 ± 7.3 75.0 ± 7.5   0.9
Gender (M/F) 46/19 44/21     0.85
Antiplatelet/anticoagulant drugs (-/+) 46/19 44/21     0.85
Hypertension (-/+) 37/28 33/32   0.6
Diabetes Mellitus (-/+) Aug-57 Dec-53     0.47
H. pylori infection (-/+) 26/39 23/42     0.72
Location (U/M/L) 5/33/27 10/24/31     0.19
Depth (m/sm) Sep-56 Jun-59     0.58
Ulcer (-/+) 65/0 65/0 0
Diameter of the lesion (mm) 41.9 ± 18.5 39.6 ± 12.1   0.4
Duration of the operation (min) 110.6 ± 85.7 102.0 ± 54.9   0.5
Macroscopic type of the lesion (elevated or flat/combined/depressed) 42/14/9 10/8/1947   0.6
Pathological findings (Adenoma/Differentiated ca/Undifferentiated ca) 26/37/2 29/35/1     0.76
Lymphatic/venous invasion (-/+) Jan-64 Feb-63  ≥ 0.99
Anastomosis (-/+) Mar-62 Mar-62  ≥ 0.99
Operator type (expert/beginner) 29/36 27/38      0.86
Bleeding during ESD (good/poor control) 51/14 49/16     0.84
Hemorrhage after ESD (-/+) Oct-55 Nov-54   ≥ 0.99
Clinically significant bleeding (-/+) Apr-61 Mar-62   ≥ 0.99

P value calculated by the χ 2 test (Fisher’s exact test or Pearson’s test). EPZ: Esomeprazole; OPZ: Omeprazole; ESD: Endoscopic submucosal dissection.
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ESD is usually defined as bleeding, including hematemesis 
or melena, that necessitates endoscopic treatment and 
has been reported to occur in 1.3% to 11.9% of patients 
undergoing ESD[28]. We observed only 10 cases (10/243) 
with hemorrhage after ESD fulfilling this conventional 
definition, which made a reasonable comparison between 
oral EPZ and injectable OPZ difficult. Therefore, in this 
study, we defined hemorrhage after ESD as described in 
the text above. This was the reason why the frequency 
of hemorrhage after ESD was relatively high in this study, 
while the frequency of clinically significant hemorrhage 
was comparable to that reported from other studies. 
Fourth, this study was a 6-year clinical study. During 
this period, ESD has gradually become more and more 
popular. Individual learning curves, introduction of new 
devices, and establishment of education programs over 
the last few years make reasonable comparisons difficult.

In conclusion, in the present study, we assessed the 
frequency of hemorrhage after ESD after oral EPZ and 
injectable OPZ treatments. No difference was seen in 
the incidence of hemorrhage after ESD between the oral 
EPZ and injectable OPZ groups. This is the first study 
to investigate the effectiveness of oral EPZ therapy to 
prevent hemorrhage after ESD. Further large-scale 
trials are necessary to clarify the effectiveness of oral 
EPZ therapy. Oral PPI therapy shows a clear cost benefit 
and is easier to administer as compared to injectable 
PPI therapy. Thus, we conclude that oral EPZ therapy is 
a useful alternative to intravenous PPI therapy for the 
prevention of hemorrhage after ESD.

COMMENTS
Background 
Endoscopic submucosal dissection (ESD) is technically difficult and is 
associated with a high risk of adverse events. Among the adverse events, 
hemorrhage is a frequently encountered and serious problem. Proton pump 
inhibitors (PPIs) have been reported to be effective for controlling hemorrhage 
after ESD. In this study, the authors compared the efficacy of oral effectiveness 
of oral esomeprazole (EPZ) therapy with that of injectable injectable omeprazole 
(OPZ) therapy for the prevention of hemorrhage after ESD.

Research frontiers
No comparison of the efficacy of oral PPI therapy vs injectable PPI therapy 
for the control of hemorrhage after ESD has been carried out previously. 
Therefore, whether oral PPI therapy or injectable PPI therapy is preferable for 
the prevention of hemorrhage after ESD remains uncertain. The results of this 
study contributed to clarifying the efficacy of oral EPZ therapy vs injectable OPZ 
therapy for the prevention of hemorrhage after ESD.

Innovations and breakthroughs 
A quasi-randomized experiment was created using propensity score matching. 
Among the matched samples, the incidence of hemorrhage after ESD was 
15.4% (10/65) in the oral EPZ group and 16.9% (11/65) in the injectable OPZ 
group. No statistically significant difference was seen between these groups.

Applications 
This study suggests that oral EPZ therapy is a useful alternative to intravenous 
PPI therapy for the prevention of hemorrhage after ESD. Oral PPI therapy 
shows a clear cost benefit and is easier to administer as compared to injectable 
PPI therapy.

Terminology
ESD: An endoscopic technique allows en-bloc resection even for large or 
ulcerated gastric tumors.

Peer-review
The study is very well described and the results are clear. In this study, the 
authors investigated to compare EPZ vs intravenous omeprazole therapy 
to prevent hemorrhage after ESD using a quasi-randomized analysis with 
propensity score matching.
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Abstract
The diagnosis and opportunity for endoscopic therapy of 
gastric or duodenal lesions may be missed at esophago-
gastroduodenoscopy (EGD) because of technical difficulty 
in intubating at EGD the postoperatively excluded stomach 
and proximal duodenum in patients status post Roux-en-Y 
gastric bypass (RYGB). Two cases are reported of acute 
upper gastrointestinal bleeding 10 or 11 years status post 
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RYGB, performed for morbid obesity, in which the EGD 
was non-diagnostic due to failure to intubate the excluded 
stomach and proximal duodenum, whereas subsequent 
push enteroscopy or single balloon enteroscopy were 
diagnostic and revealed 4-cm-wide or 5-mm-wide bulbar 
ulcers and even permitted application of endoscopic 
therapy. These case reports suggest consideration of 
push enteroscopy, or single balloon enteroscopy, where 
available, in the endoscopic evaluation of acute UGI 
bleeding in patients status post RYGB surgery when the 
EGD was non-diagnostic because of failure to intubate 
these excluded segments.

Key words: Morbid obesity; Bariatric surgery; Roux-en-Y 
gastric bypass surgery; Upper gastrointestinal bleeding; 
Esophagogastroduodenoscopy; Push enteroscopy; Single 
balloon enteroscopy; Therapeutic endoscopy; Double 
balloon enteroscopy

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: After Roux-en-Y-gastric-bypass (RYGB) surgery, 
the surgically excluded distal stomach/duodenum may 
be difficult to intubate and examine during esophago-
gastroduodenoscopy (EGD). Two cases are reported of 
acute upper gastrointestinal (UGI) bleeding many years 
after RYGB surgery, in which EGD was non-diagnostic due 
to failure to intubate these excluded segments. However, 
single balloon or push enteroscopy successfully permitted 
this intubation, enabling endoscopic diagnosis and therapy 
of bulbar ulcers at high risk of rebleeding. These case 
reports suggest using single balloon or push enteroscopy 
to endoscopically evaluate acute UGI bleeding in patients 
status-post-RYGB-surgery when EGD was non-diagnostic 
because of failure to intubate the excluded gastroduo-
denal segments.

Hakim S, Reddy SRR, Batke M, Polidori G, Cappell MS. Two 
case reports of acute upper gastrointestinal bleeding from duodenal 
ulcers after Roux-en-Y gastric bypass surgery: Endoscopic dia-
gnosis and therapy by single balloon or push enteroscopy after 
missed diagnosis by standard esophagogastroduodenoscopy. World 
J Gastrointest Endosc 2017; 9(10): 521-528  Available from: URL: 
http://www.wjgnet.com/1948-5190/full/v9/i10/521.htm  DOI: http://
dx.doi.org/10.4253/wjge.v9.i10.521

INTRODUCTION
Anastomotic ulcers are the most common cause of 
upper gastrointestinal (UGI) bleeding after Roux-
en-Y gastric bypass (RYGB), the most popular form of 
bariatric surgery[1], but such patients can also bleed 
from ordinary gastric or duodenal (peptic) ulcers[2]. 
Ulcers in the proximal duodenum or stomach may, 
however, be missed at esophagogastroduodenoscopy 
(EGD) after RYGB surgery because deep intubation 
of the proximal afferent limb is technically difficult 

at EGD. Two patients with UGI bleeding status post 
RYGB surgery are reported who had non-diagnostic 
EGDs because of this technical difficulty, but then had 
4-cm-wide or 5-mm-wide bulbar ulcers diagnosed and 
endoscopically treated after successfully intubating the 
proximal duodenum by push enteroscopy or single 
balloon enteroscopy. This work alerts physicians about 
this potential limitation of EGD in patients status post 
RYGB surgery, and suggests use of push enteroscopy 
or single balloon enteroscopy as alternatives for endo-
scopic diagnosis and therapy.

Methods 
The literature was systematically reviewed via PubMed 
using the following medical subject headings or keys 
words: (“Roux-en-Y gastric bypass”) AND (“duodenal 
ulcer” or “gastric ulcer” or “missed ulcer” or “peptic 
ulcer” or “esophagogastroduodenoscopy” or “push 
enteroscopy” or “single balloon enteroscopy” or “double 
balloon enteroscopy” or “therapeutic endoscopy”) OR 
(“excluded segment” and “esophagogastroduodenoscopy”) 
OR (“bariatric surgery” and “endoscopy” and “upper 
gastrointestinal bleeding”). The term esophagogastro-
duodenoscopy (EGD) is used to describe what is tech-
nically esophagogastrojejunoscopy (EGJ) in patients 
status post RYGB, in accordance with common usage. The 
IRB at William Beaumont Hospital, Royal Oak, approved/
exempted this study on December 16, 2016. 

CASE REPORT
Case 1
A 44-year-old woman with prior RYGB 11 years earlier 
for morbid obesity presented to a community hospital 
with recurrent melena, weakness, and orthostatic diz-
ziness for 1 wk. She had been taking non-steroidal 
anti-inflammatory drugs (NSAIDs) about two days per 
month for several months, but was not taking proton 
pump inhibitors (PPIs). She was a non-smoker and 
non-alcoholic. Physical examination revealed stable 
vital signs, pallor, and a benign abdominal examination. 
Rectal examination revealed melena and no visible 
hemorrhoids. On admission the hemoglobin (Hgb) was 
4.1 g/dL. She was intravenously infused crystalloid 
solutions, transfused 4 units of packed erythrocytes, 
and intravenously administered PPI. EGD did not 
reveal any source of UGI bleeding, but the excluded 
proximal duodenum and stomach were not intubated 
and viewed. Colonoscopy did not reveal any etiology of 
lower GI bleeding. The patient was discharged with Hgb 
= 8.0 g/dL.

The patient was readmitted 1 d later to the same 
hospital, and then transferred to William Beaumont 
Hospital, a tertiary care hospital, for recurrent GI 
bleeding, with Hgb decline to 5.8 g/dL. Physical 
examination revealed stable vital signs, pallor, and a 
benign abdominal examination. Rectal examination 
revealed dark red blood and no visible hemorrhoids. 
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Laboratory tests revealed a normal mean corpuscular 
volume, platelet count, and coagulation panel. Serum 
blood urea nitrogen:creatinine (BUN:Cr) ratio = 36. 
Liver function tests were within normal limits, except 
for albumin = 1.6 g/dL. She was medically stabilized 
with transfusions of packed erythrocytes. Abdominal 
computed tomography (CT) with intravenous contrast 
was within normal limits. Single balloon enteroscopy 
revealed a non-bleeding, 4-cm-wide bulbar ulcer with a 
non-bleeding visible vessel in the afferent limb and no 
other lesions (Figure 1A). The visible vessel was ablated 
by injection of 10 mL of dilute epinephrine 1:10000 and 
by heater probe thermocoagulation using coaptation with 
13 pulses of 25 W for one second each (Figure 1B). The 
visible vessel was almost completely flattened by the 
thermocoagulation. After 72 h the patient had another 
episode of melena and the Hgb acutely declined from 9.5 
to 6.5 g/dL. A technetium-labeled erythrocyte (bleeding) 
scan and an abdominal arteriogram did not reveal 
an actively bleeding source. Exploratory laparotomy 
revealed a giant, posterior, bulbar ulcer, which was 
oversewn. A Warthin-Starry stain of gastric biopsies did 
not reveal Helicobacter pylori (H. pylori). Serology for 
IgG antibodies against H. pylori was negative (low titer). 
No significant postoperative complications occurred. The 
patient is doing well at 3 mo follow-up, with no further GI 
bleeding.

Case 2
A 64-year-old woman with prior RYGB for morbid obesity 
10 years earlier presented acutely with melena and 
hematochezia, associated with dyspnea, fatigue, and 
syncope. She was taking ibuprofen about 800 mg/d 
for about 2 d per week for arthralgia, but had stopped 
about 3 mo ago. She was not taking PPIs, did not drink 
alcohol, and had stopped smoking cigarettes (1 pack/d) 
12 years earlier. Physical examination on admission 
revealed stable vital signs, pallor, and a normal 

abdominal examination. Rectal examination revealed 
melena and no visible hemorrhoids. Laboratory analysis 
revealed Hgb = 7.4 g/dL (baseline recent Hgb = 13.3 
g/dL), evident iron deficiency anemia with ferritin = 
25 ng/mL, platelet count = 62000/L, and serum BUN:
Cr ratio = 100. Liver function tests and coagulation 
panel were within normal limits. She was intravenously 
infused crystalloid solutions, transfused 4 units of 
packed erythrocytes, and intravenously administered a 
PPI. EGD revealed no lesions, including no anastomotic 
ulcers, but the afferent limb was not intubated. Colono-
scopy revealed no lesions. Both computed tomographic 
enterography and capsule endoscopy were within 
normal limits. Bleeding slowly resolved and she was 
discharged with Hgb = 8.0 gm/dL.

The patient was readmitted 3 d later for recurrent 
melena. Laboratory analysis revealed Hgb = 5.1 g/dL, 
platelets = 201000/L, and BUN:Cr ratio = 40. A tech-
netium labeled erythrocyte (bleeding) scan did not 
reveal active GI bleeding. Push enteroscopy with intu-
bation of the afferent limb revealed a 5-mm-wide acute 
bulbar ulcer with a visible vessel that was oozing blood, 
and an otherwise normal examination (Figure 2A). The 
visible vessel was endoscopically treated with dilute 
epinephrine injection, hemoclips, and argon plasma 
coagulation (APC) (Figure 2B). Serologic tests for IgG 
antibodies against H. pylori were negative (low titer). 
The patient had one further, minor, episode of melena, 
after which the bleeding resolved, and the patient was 
discharged. She has had no further GI bleeding during 
3 mo of follow-up.

DISCUSSION
The prevalence of obesity in adults is currently 13% 
worldwide, and 34%-36% in the United States[3]. 
From 1960 to 2008 the prevalence of morbid obesity 
[body mass index (BMI) > 40 kg/m2 or > 35 kg/m2 

A B

Figure 1  Endoscopic findings and therapy during single balloon enteroscopy in Case 1. A: Diagnostic findings. Single balloon enteroscopy performed in a 
44-year-old woman, status post Roux-en-Y gastric bypass (RYGB) surgery 11 years earlier for morbid obesity, who presented with acute melena and a hemoglobin 
decline to 5.8 g/dL demonstrates a 4-cm-wide bulbar ulcer with a non-bleeding visible vessel in the afferent limb. Note the retrograde view of the duodenal bulb with 
the pylorus seen in the distance. Esophagogastroduodenoscopy performed 3 d earlier for melena had revealed no upper gastrointestinal lesions, but the afferent 
limb of the Roux-en-Y, including the excluded proximal duodenum and stomach, had not been intubated and visualized because of technical difficulties at esophago-
gastroduodenoscopy; B: Endoscopic therapy. Single balloon enteroscopy showing the ablated bulbar ulcer after dual therapy of dilute epinephrine injection and heater 
probe thermocoagulation.
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with significant obesity-related disorders) increased 
from 0.9% to 6%, and the prevalence of obesity (BMI 
> 30 kg/m2) increased from 13.4% to 34.3% in the 
United States[4]. This epidemic of obesity has led to a 
surge in the number of bariatric surgeries, from 13365 

annually in 1998 to 205000 annually in 2008 in the 
United States[5,6]. The direct annual costs of bariatric 
surgery are > 10 billion dollars per annum in the United 
States[7]. RYGB is the most common and most effective 
bariatric surgery performed in the United States[5,8]. 

Anastomotic ulcers are a common, important cause 
of UGI bleeding after RYGB, which most commonly occur 
in patients actively smoking or taking NSAIDs[9]. Such 
ulcers are usually easily detected and readily treated at 
EGD[10]. Contrariwise, bleeding from ordinary duodenal 
or gastric ulcers is rarely reported after RYGB, with only 
22 reported cases[2,11-13]. Proposed mechanisms for these 
ulcers after RYGB include: An acidic environment within 
the excluded segment[14,15], deprivation of the buffering 
effect of ingested food in the excluded segment[16], bile 
acid reflux into the excluded stomach and duodenal bulb, 
excessive alcohol consumption, frequent NSAID use, and 
H. pylori infection[5,12]. In both reported cases, excessive 
alcohol consumption, frequent NSAID use, recent cig-
arette smoking, and H. pylori infection were excluded as 
risk factors for the peptic ulcers or GI bleeding by patient 
history and laboratory tests.

Diagnosis of ulcers in the excluded segment after RYGB 
is challenging because intubating the excluded stomach 
and proximal duodenum (afferent limb) is technically 
difficult due to sharp bowel angulation, deep intubation to 
reach the excluded segment (afferent limb) through the 
jejunum, endoscopic looping, and inability to adequately 
distend the gastric remnant with air (Figure 3). However, 
intubation of only the efferent limb at EGD would result 
in missing lesions in the afferent limb. CT or magnetic 
resonance imaging (MRI) virtual gastroduodenoscopy 
can provide excellent intra-luminal views, but cannot 
provide a tissue diagnosis[17]. Percutaneous endoscopic 
gastrostomy has been successfully used to endoscopically 
access the excluded segments[1]. Alternatively, patients 
have undergone intraoperative endoscopy or gastrostomy 
to identify and treat bleeding duodenal ulcers after RYGB 
surgery. Some authors have even suggested placing 

A B

Figure 2  Endoscopic findings and therapy during push enteroscopy in Case 2. A: Diagnostic findings. Push enteroscopy performed in a 64-year-old woman 
status post RYGB surgery 10 years earlier for morbid obesity who presented with acute melena and a hemoglobin of 5.1 g/dL demonstrates a 5-mm-wide bulbar 
ulcer, which is actively oozing blood. EGD performed 5 d earlier for melena had revealed no upper gastrointestinal lesions, but the afferent limb of the Roux-en-Y, 
including the excluded proximal duodenum and stomach, had not been intubated and visualized because of technical difficulties at EGD; B: Endoscopic therapy. Push 
enteroscopy showing the bulbar ulcer after endoscopic treatment with dilute epinephrine, argon plasma coagulation, and hemoclips. RYGB: Roux-en-Y gastric bypass; 
EGD: Esophagogastroduodenoscopy.

Esophagus
Push enteroscope

Duodenal bulb

Peptic ulcer

Biliopancreatic
(afferent) limb Jejunoileal

(remaining small intestine)
limb

Distal (excluded) 
gastric pouch

Proximal gastric
pouch

Figure 3  Sketch showing coronal axis of upper gastrointestinal tract during 
intubation of afferent (biliopancreatic) limb using a push enteroscope in a 
patient status post Roux-en-Y gastric bypass for morbid obesity. After Roux-
en-Y gastric bypass (RYGP) direct continuity between the proximal and distal 
stomach is severed and the stomach is surgically divided and reconstructed to 
form two pouches: A small proximal gastric pouch that connects directly to the 
proximal jejunum via a surgical anastomosis (efferent limb) and a large distal 
pouch that connects retrograde only to the duodenum via the duodenal bulb 
(afferent limb). Surgical reconstruction of a small proximal gastric pouch promotes 
weight loss by causing early satiety due to limited proximal gastric pouch capacity, 
and by causing decreased appetite by reducing ghrelin synthesis. The sketch 
shows that the afferent (biliopancreatic) limb is hard to reach and intubate using a 
routine esophagogastroduodenoscope after RYGP because of the long distance 
traversed (through the jejunum) to reach the afferent limb, and sharp angulation 
at the anastomosis between the afferent and efferent limbs. Failure to intubate the 
afferent limb results in missing lesions in this limb, as occurred in the 2 currently 
reported cases in which duodenal bulb ulcers with high risk stigmata of recent 
hemorrhage were missed.

Hakim S et al . Missed lesions in excluded segment at EGD S/P RYGB



525 October 16, 2017|Volume 9|Issue 10|WJGE|www.wjgnet.com

a gastrostomy tube within a radiopaque silastic ring 
during primary RYGB surgery to facilitate subsequent 
percutaneous endoscopic access to the excluded sto-
mach[1].

There are no standard recommendations in RYGB 
patients who present with obscure GI bleeding. Eid et 
al[9] recommended that examination of the bypassed 
stomach and duodenum should be attempted before 
performing colonoscopy to evaluate for a lower GI source 
and before performing capsule endoscopy to evaluate 
for a small bowel source. This work adds to the literature 
by suggesting the diagnostic and therapeutic benefits 
of push enteroscopy or single balloon enteroscopy if 
EGD was non-diagnostic and the excluded segments 
were not intubated at EGD in patients status post RYGB 
surgery (Figure 4). These alternative endoscopies can 
be performed either before or after colonoscopy and 
capsule endoscopy, depending on the likelihood of the 
patient having had an UGI bleed. Push enteroscopy or 

single balloon enteroscopy can even be done initially 
instead of EGD in patients status post RYGP to increase 
the diagnostic yield and therapeutic efficacy of the initial 
endoscopy. Push enteroscopy, however, can sometimes 
fail to reach the desired area. Double balloon enteroscopy 
is a promising alternative technique that requires an 
experienced endoscopist and is currently offered primarily 
at tertiary care centers. Double balloon enteroscopy was 
approximately 83% successful in intubating the excluded 
segment in a study of 6 patients status post RYGB[18,19]. 
Cappell et al[20] in 1992 reported 3 cases in 2 patients of 
severely symptomatic gastric ulcers within the surgically 
excluded gastric segment in patients status post vertical 
banded gastroplasty that were missed at EGD and only 
diagnosed at laparotomy. Whereas the ulcers in the 
surgically excluded segment status post vertical banded 
gastroplasty were endoscopically inaccessible, the 
currently reported ulcers in the excluded segment status 
post RYGB are often accessible using push enteroscopy 

Patient S/P RYGB presenting with 
suspected UGI bleeding (e.g. , melena)

History, physical examination, 
and laboratory tests

Patient resuscitation:
IV fluids, packed erythrocyte transfusion as needed, 
correct electrolyte disorders, and correct coagulopathy

EGD

Non-diagnostic EGDDiagnostic of 
bleeding lesion

Treat 
appropriately

Colonoscopy

At EGD, the excluded segment 
was intubated and viewed but no 
bleeding source was identified

At EGD, the excluded segment 
was not intubated and viewed

Single balloon or double balloon 
enteroscopy or push enteroscopy to 
intubate and view the excluded segment

Figure 4  Flow diagram showing a proposed diagnostic/therapeutic algorithm for patients status post Roux-en-Y gastric bypass surgery presenting with 
acute gastrointestinal bleeding that is highly likely from an upper gastrointestinal source (e.g., patient presenting with melena). The important difference 
in this algorithm from a general patient with UGI bleeding (who is not status post RYGB) is the addition of push enteroscopy, single balloon enteroscopy, or possibly 
double balloon enteroscopy if the EGD was non-diagnostic but the excluded stomach and duodenum (afferent limb) had not been intubated and viewed at EGD. 
Alternative management algorithms include: (1) performing push enteroscopy or single balloon enteroscopy initially instead of EGD in patients status post RYGB; or (2) 
performing colonoscopy before performing push enteroscopy or single balloon enteroscopy (or double balloon enteroscopy) after a non-diagnostic EGD. RYGB: Roux-
en-Y gastric bypass; EGD: Esophagogastroduodenoscopy. 
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or single balloon enteroscopy.
Angiography with embolization should be considered 

in actively bleeding and hemodynamically unstable 
patients. Emergency surgery, possibly including resection 
of the bypassed stomach, should be considered for 
patients with refractory bleeding, but such surgery 
without prior endoscopic localization of the bleeding site 
increases the surgical failure rate[9]. Some authorities 
even suggest resection of the excluded stomach, which 
can be performed during the initial bypass surgery[21]. 
Advantages of this resection include: (1) decreased acid 
production because of resection of most of the gastrin-
releasing part of the stomach; (2) removal of difficult to 
access parts of the stomach; and (3) avoiding gastro-
gastric fistulization. Disadvantages of this resection 
include: (1) risk of duodenal stump leakage; (2) risk of 
intraoperative or postoperative bleeding; (3) potential 
abscess formation from necrosis of omental fat; (4) 
bacterial overgrowth in the biliopancreatic blind pouch; 
and (5) nutrient deficiencies, including vitamin B12 
deficiency. Due to the rarity of bleeding or perforation 
from peptic ulcers in the excluded segment after RYGB, 
surgical treatment should be individualized[21,22].

RYGB patients also face potentially delayed diagnosis 
of GI cancers in the excluded segment due to technically 
difficult endoscopic access, but RYGB patients have a 
lower incidence of gastric cancer as compared to the 
general population[18,23]. Five cases have been reported in 
the excluded segment of gastric adenocarcinoma, most 
of which were advanced cancers[18,24], and several cases 
of lymphoma or gastrointestinal stromal tumors have 
been reported[25]. Another problem in diagnosing these 
cancers are the limitations of virtual gastroduodenoscopy, 
including: (1) lack of visualization of fine mucosal detail, 
especially vascularity; (2) missing small, flat lesions; 
(3) confusion of residual intragastric food with a gastric 
mass; and (4) inability to obtain biopsy specimens for 
histological diagnosis[17]. Voellimger et al[26] suggested 
that resection of the bypassed stomach should be 
considered during the primary RYGB operation in patients 
with precancerous gastroduodenal lesions.

This study is limited by reporting only 2 cases and 
the retrospective methodology. 

Despite the two currently reported diagnostic su-
ccesses, these advanced endoscopic techniques may 
be non-diagnostic because of absence of lesions in the 
excluded segments or potential inability to sometimes 
intubate the excluded segments with these enteroscopes. 
Furthermore, endoscopic therapy of ulcers with stigmata 
of recent hemorrhage (SRH) may not necessarily pre-
vent recurrent bleeding; one of the currently reported 
patients required surgery for re-bleeding despite the 
therapeutic endoscopy. Nonetheless, endoscopic therapy 
of ulcers with high risk SRH significantly reduces the 
risk of rebleeding and is therefore recommended 
despite occasional therapeutic failures[27]. This work 
should prompt a large, prospective, study to determine 
the technical success rate of single or double balloon 
enteroscopy vs standard EGD in intubating the excluded 

gastroduodenal segment (afferent limb) in patients 
status post RYGB. 

In conclusion, intubation of the excluded stomach and 
duodenum at EGD is technically difficult in patients status 
post RYGB, and therefore the diagnosis and opportunity 
for endoscopic therapy of gastric or duodenal lesions 
may be missed. Two cases are reported of UGI bleeding 
10 or 11 years status post RYGB in which the EGD was 
non-diagnostic due to failure to intubate the excluded 
stomach and proximal duodenum, whereas single ba-
lloon enteroscopy or push enteroscopy successfully 
diagnosed duodenal ulcers and provided for endoscopic 
treatment of these ulcers. These case reports suggest 
consideration of push enteroscopy, or single balloon 
enteroscopy, where available, in the evaluation of acute 
UGI bleeding in patients status post RYGB surgery when 
EGD was non-diagnostic because of failure to intubate 
these excluded segments. The results of this study 
require confirmation by a large study that is preferentially 
prospective, randomized, and controlled. 

COMMENTS
Case characteristics
In case 1, a 44-year-old woman with prior Roux-en-Y gastric bypass (RYGB) 
11 years earlier for morbid obesity presented with melena, weakness, and 
orthostatic dizziness for 1 wk. She had been taking non-steroidal anti-
inflammatory drugs (NSAIDs) about two days per month for several months, but 
was not taking proton pump inhibitors (PPIs). She was a non-smoker and non-
alcoholic. Physical examination revealed stable vital signs, pallor, and a benign 
abdominal examination. Rectal examination revealed melena and no visible 
hemorrhoids. In case 2, a 64-year-old woman with prior RYGB for morbid 
obesity 10 years earlier presented acutely with melena and hematochezia, 
associated with dyspnea, fatigue, and syncope. She was taking ibuprofen about 
800 mg/d for about 2 d per week for arthralgia, but had stopped about 3 mo 
ago. She was not taking PPIs, did not drink alcohol, and had stopped smoking 
cigarettes (1 pack/d) 12 years earlier. Physical examination on admission 
revealed stable vital signs, pallor, and a normal abdominal examination. Rectal 
examination revealed melena and no visible hemorrhoids.

Clinical diagnosis
In case 1, the clinical history of melena, weakness, and orthostatic dizziness 
strongly suggests acute gastrointestinal bleeding. Melena strongly suggests 
acute upper GI bleeding, but lower GI bleeding cannot be completely excluded 
by this history. The symptoms of weakness and orthostatic dizziness suggest 
that the bleeding caused hypovolemia and was therefore physiologically 
significant and severe. In case 2, the clinical history of melena suggests acute 
upper GI bleeding, although occasionally melena may occur secondary to 
lower GI bleeding. The symptoms of dyspnea, fatigue, and syncope all suggest 
severe GI bleeding that is causing symptoms of end-organ injury or insufficiency 
from hypovolemia: Syncope from insufficient cerebral blood perfusion; and 
dyspnea and fatigue from profound anemia with decreased oxygen-carrying 
capacity of the blood. 

Differential diagnosis
In case 1, the history of prior RYGB surgery in a patient presenting with melena 
suggests possible bleeding from an anastomotic (marginal) ulcer, but other 
common causes of upper GI bleeding are in the differential diagnosis, including 
ordinary peptic ulcer disease, hemorrhagic gastritis, hemorrhagic reflux 
gastritis, as well as relatively uncommon lesions. Bleeding from esophageal 
varices is unlikely because of no history of chronic liver disease, absence of 
stigmata of chronic liver disease, and normal biochemical parameters of liver 
function. Also lower GI lesions must be considered in the differential diagnosis 
of patients presenting with melena when the EGD is non-diagnostic. The 
patient lacked potential risk factors for peptic ulcers or other causes of upper 
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GI bleeding including known H. pylori infection, frequent NSAID use, smoking 
cigarettes, or alcoholism. In case 2, the melena suggests likely upper GI 
bleeding. Most prominent in the differential diagnosis in a patient status post 
RYGB with melena is an anastomotic (marginal) ulcer. However, other common 
causes of upper GI bleeding are in the differential diagnosis, including ordinary 
peptic ulcer disease, hemorrhagic gastritis, hemorrhagic reflux gastritis, as well 
as relatively uncommon lesions. Bleeding from esophageal varices is unlikely 
because of no history of chronic liver disease, absence of stigmata of chronic 
liver disease on physical examination, and normal biochemical parameters 
of liver function. Also lower GI lesions must be considered in the differential 
diagnosis of patients presenting with melena when the EGD is non-diagnostic. 
The patient lacked risk factors for peptic ulcer disease or other causes of upper 
GI bleeding including known H. pylori infection, recent NSAID use, recently 
smoking cigarettes, and alcoholism.

Laboratory diagnosis
In case 1, on admission the hemoglobin level was 4.1 g/dL. This profound 
anemia demonstrated the importance of relatively rapidly transfusing the 
patient to prevent end organ injury from hypovolemia, and the patient was 
transfused 4 units of packed erythrocytes. A coagulopathy was not contributing 
to the bleeding as the coagulation profile was normal. The blood urea nitrogen:
creatinine ratio was 36, consistent with upper rather lower GI bleeding. These 
findings are consistent with severe, upper GI bleeding. In case 2, laboratory 
analysis revealed hemoglobin = 7.4 g/dL (recent baseline hemoglobin = 13.3 
g/dL), evident iron deficiency anemia with ferritin = 25 ng/mL, platelet count = 
62000/L, and serum BUN:Cr ratio = 100. Liver function tests and coagulation 
panel were within normal limits. The current very low hemoglobin level that 
has recently declined from a normal hemoglobin level suggests acute, severe, 
GI bleeding. The iron deficiency anemia suggests the bleeding has been 
sufficiently long and severe to deplete iron stores. Melena usually arises 
from an upper GI source, but can occasionally result from a lower GI source, 
especially when associated with hematochezia. The highly elevated BUN:
creatinine ratio strongly suggests that the melena is from upper rather than 
lower GI bleeding.

Imaging diagnosis
In case 1, EGD did not reveal any source of UGI bleeding, but the excluded 
duodenum and distal stomach were not intubated and examined. This was due 
to the difficulty in intubating the afferent limb status post RYGB surgery because 
of the long intubation needed to reach the afferent limb and acute angulation at 
the anastomosis to the afferent limb. Colonoscopy was performed because the 
EGD was non-diagnostic and did not reveal any etiology of lower GI bleeding. 
The patient experienced recurrent GI bleeding, with hemoglobin decline to 
5.8 g/dL for which the patient was again medically stabilized. Abdominal 
computerized tomography with intravenous contrast was within normal limits. 
Single balloon enteroscopy, with intubation of the afferent limb, revealed a 
non-bleeding, 4-cm-wide bulbar ulcer with a non-bleeding visible vessel in the 
afferent limb and no other lesions. The diagnosis of a giant duodenal ulcer by 
single balloon enteroscopy after a non-diagnostic EGD due to failure to intubate 
the afferent limb at EGD is notable. In case 2, EGD did not reveal any source of 
UGI bleeding, including no anastomotic ulcers, but the excluded duodenum and 
distal stomach (afferent limb) status post RYGB surgery was not intubated and 
examined. This was due to the difficulty in intubating the afferent limb status 
post RYGB surgery because of the long intubation needed to reach the afferent 
limb and acute angulation at the afferent limb anastomosis. Colonoscopy was 
performed because of the history of melena and a non-diagnostic EGD, but 
did not reveal any etiology of lower GI bleeding. Both computed tomographic 
enterography and capsule endoscopy were within normal limits. Bleeding 
slowly resolved and she was discharged with hemoglobin level of 8.0 g/dL. The 
patient was readmitted 3 d later for recurrent melena with a hemoglobin level of 
5.1 g/dL. A technetium labeled erythrocyte (bleeding) scan did not reveal active 
GI bleeding. Push enteroscopy revealed a 5-mm-wide acute bulbar ulcer with 
a visible vessel that was oozing blood, and an otherwise normal examination. 
The visible vessel was endoscopically treated with dilute epinephrine injection, 
hemoclips, and argon plasma coagulation.

Pathological diagnosis
In case 1, giant duodenal ulcer in excluded gastroduodenal segment in 
afferent limb after RYGB surgery which was diagnosed by single-balloon 

enteroscopy and confirmed at surgery. The lesion was not resected and 
therefore the diagnosis was by endoscopic and intraoperative examination 
without a pathologic diagnosis. In case 2, peptic ulcer in the duodenal bulb in 
the excluded gastroduodenal segment (afferent limb) after RYGB surgery, as 
diagnosed by enteroscopy. The bulbar ulcer was not resected and therefore the 
diagnosis was by enteroscopy, without a pathologic diagnosis. 

Treatment
In case 1, the visible vessel was ablated at single-balloon enteroscopy 
by injection of dilute epinephrine and by heater probe thermocoagulation. 
However, the patient had another episode of melena and the hemoglobin 
acutely declined from 9.5 g/dL to 6.5 g/dL 72 h after therapeutic single balloon 
enteroscopy. Failure despite use of two methods of endoscopic hemostasis 
(dilute epinephrine injection and heater probe thermocoagulation) was 
most likely related to the exceedingly large size of the duodenal ulcer (4 cm 
diameter). A technetium-labeled erythrocyte (bleeding) scan and an abdominal 
arteriogram did not reveal an actively bleeding source. Exploratory laparotomy 
revealed a giant, posterior, bulbar ulcer (which had been detected at single-
balloon enteroscopy), which was oversewn. The patient was discharged with 
no further bleeding during the hospitalization or for three months of follow-
up. In case 2, the patient received intravenously infused crystalloid solutions, 
transfused 4 units of packed erythrocytes, and intravenously administered 
a PPI. The duodenal ulcer lesion was endoscopically treated with dilute 
epinephrine injection, hemoclips, and argon plasma coagulation (APC) because 
it was oozing blood at the endoscopy. The patient had one further, self-limited, 
episode of melena, after which the bleeding resolved, and the patient was 
discharged. She has had no further GI bleeding during 3 mo of follow-up.

Related reports
This work reports two cases of duodenal ulcers occurring after RYGB, 
supplementing 22 prior case reports of peptic ulcers after RYGB.

Term explanations
RYGB is an acronym for Roux-en-Y gastric bypass surgery, a popular form 
of bariatric surgery, in which a large part of the stomach and the duodenum 
is surgically excluded from the normal stream of food. This surgery leads to 
weight loss from decreased assimilation and absorption of food, from early 
satiety because of the very small residual stomach pouch, and from decreased 
production of ghrelin which acts as a “hunger hormone”. The afferent limb (also 
called the biliopancreatic limb) is composed of the duodenum which is excluded 
from the alimentary track after RYGB. The gastrojejunal (alimentary) limb 
connects directly from the proximal gastric pouch to the jejunoileum after RYGB 
surgery. After RYGB surgery the distal gastric pouch, duodenal bulb and rest of 
the duodenum are excluded from continuity with the rest of the alimentary tract. 

Experiences and lessons
These two cases report bleeding giant or moderately-sized duodenal 
ulcers being missed at routine EGD performed for acute upper GI bleeding 
because of inability to intubate the afferent limb (excluded segment) due to 
acute angulation and the need for deep intubation. This finding has been 
previously reported in case reports. This work reports that the afferent limb 
was successfully intubated by either a single balloon enteroscope or push 
enteroscope. This work further confirms the findings in previous isolated case 
reports. Use of these specialized endoscopes (enteroscopes) permitted the 
diagnosis of the etiology of the acute upper GI bleeding as peptic ulcers, 
permitted identification of high-risk stigmata of recent hemorrhage (SRH) 
consisting of either a visible vessel or active oozing of blood, and permitted 
performance of therapeutic endoscopy for hemostasis. Although recurrent GI 
bleeding from only one of the two high risk peptic ulcers was prevented by the 
endoscopic therapy and the second patient required GI surgery for recurrent GI 
bleeding, these two cases illustrate the usefulness of specialized enteroscopes 
rather than standard esophagogastroduodenoscopes to intubate, examine, 
and diagnose lesions in the excluded gastroduodenal segment (afferent limb) 
status post RYGB surgery. This work adds to the literature by emphasizing 
the potential diagnostic and therapeutic benefits of push enteroscopy or single 
balloon enteroscopy if EGD was non-diagnostic in patients status-post RYGB 
surgery. This work points out the need for a prospective, large study comparing 
the diagnostic yield of enteroscopy vs EGD in patients with upper GI bleeding 
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status post RYGB surgery. 

Peer-review
The authors report two cases with acute UGIB following Roux-en-Y gastric 
bypass where the diagnosis and treatment were performed successfully with 
enteroscopy. This report treats interesting cases.
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Abstract
Cap polyposis is a rare intestinal disorder. Characteristic 
endoscopic findings are multiple inflammatory polypoid 
lesions covered by caps of fibrous purulent exudate. 
Although a specific treatment has not been established, 
some studies have suggested that eradication therapy for 
Helicobacter pylori  (H. pylori) is effective. We report a case 
of a 20-year-old man with cap polyposis presenting with 
hematochezia. Colonoscopy showed the erythematous 
polyps with white caps from the sigmoid colon to rectum. 
Histopathological findings revealed elongated, tortuous, 
branched crypts lined by hyperplastic epithelium with 
a mild degree of fibromusculosis in the lamina propria. 
Although H. pylori  eradication was instituted, there was 
no improvement over six months. We then performed 
en bloc excision of the polyps by endoscopic submucosal 
dissection (ESD), which resulted in complete resolution 
of symptoms. ESD may be a treatment option for cap 
polyposis refractory to conservative treatments. We review 
the literature concerning treatment for cap polyposis and 
clinical outcomes. 

Key words: Endoscopic submucosal dissection; Cap 
polyposis; Eradication therapy; Helicobacter pylori
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Core tip: Although for cap polyposis, conservative treatment 
should be selected as first-line therapy, the optimal 
treatment of cap polyposis refractory to conservative treat-
ment has not been established. Endoscopic submucosal 
dissection may be a treatment option for cases refractory to 
conservative treatment.

Murata M, Sugimoto M, Ban H, Otsuka T, Nakata T, Fukuda 
M, Inatomi O, Bamba S, Kushima R, Andoh A. Cap polyposis 
refractory to Helicobacter pylori eradication treated with endoscopic 
submucosal dissection. World J Gastrointest Endosc 2017; 9(10): 
529-534  Available from: URL: http://www.wjgnet.com/1948-5190/
full/v9/i10/529.htm  DOI: http://dx.doi.org/10.4253/wjge.v9.i10.529

INTRODUCTION
Cap polyposis is a rare intestinal disorder with unique 
clinical, endoscopic, and histological findings. Clinical 
symptoms include mucoid and bloody diarrhea, abdo
minal pain, tenesmus, weight loss, and dysplasia. 
Endoscopy typically reveals multiple reddish, mucus
capped inflammatory polyps in the rectosigmoid area 
with normal mucosa interspersed between the polyps[1]. 
Pathologically, the surfaces of these inflammatory 
polyps are covered by a thick layer of fibrinopurulent 
exudate, hence the term “cap”[1]. However, the etiology 
of cap polyposis is unclear and its clinical course varies 
from spontaneous clinical and endoscopic remission 
without treatment[24] to persistent disease refractory to 
conservative treatment[57], requiring surgical resection. 
Little is known about its longterm course. 

The optimal treatment for cap polyposis has not 
been established[216]. Some cases have been treated 
successfully by the avoidance of straining at defecation[8], 
antimicrobial agents (i.e., metronidazole)[9], steroids[2], 
immunomodulators (i.e., infliximab)[12], endoscopic 
therapy[13,14] and surgical resection[57]. Recently, the 
efficacy of Helicobacter pylori (H. pylori) eradication 
therapy for H. pylori-positive patients with cap polyposis 
has been reported[10,11,15,16], and in 2016 the Japanese 
Society for Helicobacter Research added cap polyposis as 
a possible H. pyloriassociated disease in its treatment 
guidelines. However, no treatments for H. pylorinegative 
cap polyposis or H. pyloripositive cases refractory to 
eradication therapy have yet been established.

Here, we report a case of H. pylorinegative cap 
polyposis refractory to H. pylori eradication therapy that 
was successfully treated with endoscopic submucosal 
dissection (ESD). We also review the literature concerning 
conservative and endoscopic treatments for cap polyposis.

CASE REPORT
A 20yearold Japanese man presented with a 1year 
history of hematochezia and tenesmus. He denied 

straining at stool and had no history of anal prolapse. 
His past medical and family history were unremarkable. 
Laboratory tests revealed mild hypoproteinemia (serum 
albumin 3.9 g/L), but no hepatic or renal dysfunction, 
leukocytosis, elevation of Creactive protein, or anemia. 
Colonoscopy revealed the characteristic appearance of 
cap polyposis, with approximately 2030 erythematous 
variform inflammatory polyps with white caps of fibri
nopurulent exudate from the sigmoid colon to the rectum 
(Figure 1A and B). Magnification endoscopy with narrow-
band imaging showed amorphous exudate in the white 
caps overlying long branching tortuous crypts in the 
basal part of the polyps (Figure 1C and D). Endoscopic 
ultrasonography (EUS) with radial array scanning showed 
significant thickening of the mucosa without evidence 
of invasion into the submucosa (Figure 1E). Histologic 
findings from a polyp revealed elongated, tortuous, 
branched crypts lined with hyperplastic epithelium 
with inflammatory cell infiltration and a mild degree of 
fibromusculosis in the lamina propria (Figure 2). The 
surface of the polyps was covered by thick inflammatory 
granulation tissue with exudate (Figure 2). The intervening 
mucosa between lesions was histologically normal. 
Computed tomography and magnetic resonance imaging 
showed multiple elevated lesions thickening the walls of 
the sigmoid colon and rectum (Figure 3A and B). Barium 
enema showed multiple raised mucosal lesions without 
stenosis or sclerotic changes in the sigmoid colon and 
rectum (Figure 3C). The differential diagnosis included 
the mucosal prolapse syndrome, inflammatory polyps, 
colon cancer, malignant lymphoma, inflammatory bowel 
disease, and adenomatous polyposis. We diagnosed cap 
polyposis based on the endoscopic and histopathological 
characteristics. 

The patient had no evidence of H. pylori infection by 
urea breath test, antiH. pylori antibody, or endoscopic 
findings (i.e., gastric mucosal atrophy or diffuse redness 
of gastric mucosa). However, according to previous 
evidence that H. pylori eradication therapy was effective 
for patients with cap polyposis[10,11,15,16], H. pylori 
eradication therapy with vonoprazan 20 mg, amoxicillin 
750 mg and clarithromycin 200 mg twice daily for 7 d 
was initiated. Abdominal symptoms (i.e., hematochezia 
and tenesmus), bowel habits, and endoscopic findings 
did not improve over the six months after therapy. 
Therefore, as conservative alternative treatment, we 
performed en bloc excision of the polyps with ESD (Figure 
4). After resection, the patient’s symptoms disappeared 
and he had no endoscopic evidence of recurrence for six 
months.

DISCUSSION
We report a case of a patient with cap polyposis re
fractory to H. pylori eradication therapy who then 
underwent en bloc excision of polyps by ESD with good 
results. This is the first report of the efficacy of ESD for 
treatment of cap polyposis. More studies of ESD as a 
treatment option for cap polyposis are needed to validate 
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its use instead of surgical resection. 

Diagnosis of cap polyposis 
Cap polyposis can be difficult to diagnose. It can re
semble mucosal prolapse syndrome (MPS). There has 
been a debate about whether cap polyposis is a specific 
form of inflammatory disorder or part of a spectrum 
of MPS[12]. MPS and cap polyposis share some clinical, 
endoscopic, and histological features. Both diseases 
show infiltration of inflammatory cells with elongated 
stroma and fibromuscular obliteration of the lamina 
propria. However, the fibromuscular obliteration is more 
marked in cap polyposis. MPS is usually confined to the 

rectum, but cap polyposis usually involves the sigmoid 
and/or descending colon as well as the rectum. EUS 
findings in cap polyposis show significant thickening of 
the mucosa[9], whereas MPS is characterized by smooth, 
diffuse thickening of the submucosa and minimal 
thickening of the lamina propria[17]. 

Cap polyposis and protein loss
Common clinical features of cap polyposis are hema
tochezia (82%), chronic straining (64%), and mucous 
diarrhea (46%)[1]. When mucous diarrhea is severe 
and/or continuous for long periods, excessive protein 
loss is observed as a result[1,5]. Direct loss of protein was 

Figure 1  Endoscopic findings of multiple inflammatory polyps. A and B: Caps of fibrinopurulent exudate from the sigmoid colon to the rectum interspersed with 
normal colonic mucosa; C and D: Magnifying endoscopy shows an area in the cap of amorphous fibrinopurulent exudate and tortuous and long branching crypts 
under the cap; E: Endoscopic ultrasonography showed significant thickening of the colonic mucosa layers.

A B C

D E

Figure 2  Microscopic findings of inflammatory polyps show elongated, tortuous, branched, and dilated crypts with epithelial hyperplasia, inflammatory 
granulation tissue and a mild degree of fibromusculosis in the lamina propria. Hematoxylin-Eosin stain, × 4 (A) and × 20 (B).

A B

HE × 4 HE × 20
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demonstrated in a case of cap polyposis by scintigraphy 
with technetium 99mlabeled diethylenetriaminepentaacetic 
acid complexed to human serum albumin[18]. In our case, 
blood tests revealed mild hypoproteinemia, with an albumin 
level 39 g/L, possibly secondary to protein loss from 
mucous diarrhea. 

Cap polyposis and H. pylori infection
Cap polyposis has been attributed to colonic dysmotility, 
immune abnormalities, bacterial infection (i.e., H. py-
lori) or other unknown pathogens. Géhénot et al[19] 
suggested the possibility of bacterial infection, reporting 
on a cap polyposis patient who had no evidence of 

colonic dysmotility and who was successfully treated with 
metronidazole. Of the myriad gut microbiota, although 
H. pylori is not detected in mucosa obtained from cap 
polyposis lesions[10], most cases of cap polyposis with H. 
pylori infection have resolved after H. pylori eradication 
therapy[10,11,15,16,18]. H. pylori infection is wellknown to 
cause not only gastroduodenal diseases, but also diseases 
such as idiopathic thrombocytopenic purpura and chronic 
idiopathic urticaria[20,21]. In addition, eradication therapy 
often induces regression of mucosaassociated lymphoid 
tissue (MALT) lymphoma in the rectum and thyroid[22]. 
Although an H. pylori-associated immune reaction may 
play a role in the development of some cases of cap 

A B C

Figure 3  Multiple elevated lesions with wall thickening in the sigmoid colon. Rectum on computed tomography (A) and magnetic resonance imaging (B); Barium 
enema shows a collection of small sessile polyps in the sigmoid colon and rectum (C).

Figure 4  Endoscopic submucosal dissection. Post-dissection ulcers after endoscopic submucosal dissection at the sigmoid colon and rectum (A). Fresh specimen 
of cap polyposis after endoscopic submucosal dissection (B) and fixed specimen (C). The fixed specimen revealed bleeding into the polyps. Microscopic findings of 
inflammatory polyps [HE stain, × 4 (D)].

A B C

D
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polyposis, there is no evidence for efficacy of H. pylori 
eradication therapy in H. pylorinegative cap polyposis 
patients, as in our case. Because the development of cap 
polyposis with active inflammation in the colonic mucosa 
may be related to other bacterial infections that are also 
sensitive to the antimicrobial agents used in H. pylori 
eradication therapy (i.e., clarithromycin, amoxicillin, 
and metronidazole), we selected eradication therapy as 
the firstline treatment. Although eradication failed to 
cure the cap polyposis, further studies will be required 
to investigate whether other pathogens are related to 
this diagnosis, and whether their eradication can effect 
resolution. 

Cap polyposis and endoscopic treatment
The efficacy of endoscopic treatment, such as poly
pectomy and endoscopic mucosal resection (EMR), for 
cap polyposis has been reported[12,14]. However, en bloc 
excision is difficult to perform with conventional EMR, 
and the use of surgical resection is more frequent[57]. 
Although there have been no reports of malignant 
transformation, surgical resection may be excessive for 
the treatment of cap polyposis. We consider ESD en 
bloc excision to be less invasive, and also can prevent 
recurrence.

ESD, an endoscopic procedure that originated in 
Japan and Korea in the late 1990s which has since spread 
rapidly to other nations, is now commonly used to 
treat gastrointestinal tumors[23,24]. ESD allows complete 
pathological assessment, proving this technique sup
erior to polypectomy or conventional EMR to prevent 
recurrence[25]. To date, no case of cap polyposis treated 
with ESD has been reported. Our present case suggests 
that ESD may be an effective treatment for intractable 
cap polyposis, with lower invasiveness than surgical 
resection. Our patient remains under surveillance for 
recurrence. 

Conclusion
For cap polyposis, conservative treatment should be 
selected as firstline therapy. In particular, we recom
mend eradication therapy for H. pylori infection. To 
our knowledge, however, the optimal treatment of cap 
polyposis refractory to conservative medical treatment 
has not been established. This is the first report of cap 
polyposis refractory to conservative medical treatment 
effectively treated with ESD. We believe that ESD is less 
invasive and more effective than surgical resection in 
cases refractory to conservative treatment. ESD may 
be a treatment option for cap polyposis cases refractory 
to conservative medical treatments, such as H pylori 
eradication, metronidazole, steroids, and infliximab. 
Further investigation is required.

 
COMMENTS
Case characteristics
A 20-year-old Japanese man with cap polyposis located in sigmoid colon and 
rectum refractory to Helicobacter pylori (H. pylori) eradication and resected with 

endoscopic submucosal dissection. 

Clinical diagnosis
Cap polyposis.

Differential diagnosis
Although the differential diagnosis includes the mucosal prolapse syndrome 
(MPS), inflammatory polyps, colon cancer, malignant lymphoma, inflammatory 
bowel disease, and adenomatous polyposis, MPS is most possible disease as 
differentiation disease, because cap polyposis and MPS share some clinical, 
endoscopic, and histological features.

Laboratory diagnosis
Although mild hypoproteinemia was revealed, there was no hepatic or renal 
dysfunction, leukocytosis, elevation of C-reactive protein, or anemia. 

Imaging diagnosis
Colonoscopy revealed the characteristic appearance of cap polyposis, with 
approximately 20-30 erythematous variform inflammatory polyps with white 
caps of fibrinopurulent exudate from the sigmoid colon to the rectum.

Pathological diagnosis
Pathological findings revealed elongated, tortuous, branched crypts lined with 
hyperplastic epithelium with inflammatory cell infiltration and a mild degree 
of fibromusculosis in the lamina propria in the polypoid lesion and thick 
inflammatory granulation tissue in the surface of the polyps. 

Treatment
Because this case was refractory to H. pylori eradication as the first-line 
therapy, en bloc excision of polyposis with endoscopic submucosal dissection 
(ESD) was selected as second-line therapy. 

Related reports
Previously, although endoscopic treatment including polypectomy and 
EMR, and conservative medical treatments including H. pylori eradication, 
metronidazole, steroids, and infliximab, had been reported, the optimal 
treatment for cap polyposis has not been established.

Experiences and lessons
ESD may be a treatment option for cap polyposis cases refractory to conservative 
treatments (i.e., H. pylori eradication, metronidazole, steroids, and infliximab).

Peer-review
The paper is well written.
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Abstract 
Endoscopic pancreatic stenting has been widely used in 
various pancreatic conditions. With the increasing use 
of pancreatic stents, many complications have been 
recognized. Especially, proximal stent migration presents 
a serious condition because of subsequent pancreatic 
duct obstruction, impaired drainage, ductal dilation, and 
pancreatic pain. Although endoscopic retrieval is the 
preferred treatment for proximally migrated pancreatic 
stents, it is not always successful, resulting in conversion to 
surgery. To date, endoscopic ultrasound-guided pancreatic 
duct drainage (EUS-PD) has never been reported for 
treatment of pancreatic duct obstruction caused by 
proximally migrated pancreatic stent. We herein describe a 
case of pancreatic duct rupture and obstruction caused by 
proximally migrated pancreatic stent that was successfully 
treated by EUS-guided pancreaticogastrostomy while 
keeping the former stent in situ after failed endoscopic 
retrograde cholangiopancreatography. We believe that this 
report adds to the increasing evidence of symptomatic 
pancreatic duct obstruction being successfully treated by 
EUS-PD.

Key words: Endoscopic retrograde cholangiopancreato-
graphy; Pancreatic stent; Stent migration; Pancreatic duct 
obstruction; Endoscopic ultrasound-guided pancreatic 
duct drainage

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Stent migration is a rare complication of pan-
creatic stenting. Especially, proximal migration presents 
a serious condition because of subsequent pancreatic 
duct obstruction, impaired drainage, and pancreatic pain. 
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We described a case of symptomatic pancreatic duct 
obstruction caused by proximally migrated pancreatic 
stent that was successfully treated by endoscopic ultra-
sound-guided pancreatic duct drainage (EUS-PD) while 
keeping the former stent in situ . To the best of our 
knowledge, EUS-PD has never been reported for relief of 
pancreatic duct obstruction caused by proximally migrated 
pancreatic stent, and this report adds to the increasing 
evidence of the safety and effectiveness of EUS-PD.

Lu L, Jin HB, Yang JF, Zhang XF. Endoscopic ultrasoundguided 
pancreaticogastrostomy for symptomatic pancreatic duct obstruction 
caused by migrated pancreatic stent. World J Gastrointest Endosc 
2017; 9(10): 535539  Available from: URL: http://www.wjgnet.
com/19485190/full/v9/i10/535.htm  DOI: http://dx.doi.org/10.4253/
wjge.v9.i10.535

INTRODUCTION
Endoscopic pancreatic stenting has become an accepted 
therapy for various pancreatic diseases, including 
pancreatic duct obstruction due to benign strictures, 
stones, or tumors, drainage of pancreatic pseudocysts, 
symptomatic pancreaticobiliary anomalies, and 
preventing post-ERCP pancreatitis (PEP)[1,2]. With the 
increasing use of pancreatic stents, various complications 
have been recognized, such as bleeding, infection, 
stent occlusion, duodenal perforation, stent fracture, 
and PEP. Especially, proximal stent migration is a rare 
complication and presents a serious condition because 
of subsequent pancreatic duct obstruction, impaired 
drainage, ductal dilation, and pancreatic pain[3]. Although 
endoscopic removal of proximally migrated stents can 
be quite effective, it is not always successful, resulting in 
conversion to surgery[4]. Endoscopic ultrasound-guided 
pancreatic duct drainage (EUS-PD) is a promising option 
for pancreatic duct decompression after failed endoscopic 
retrograde cholangiopancreatography (ERCP)[5], however, 
it has never been reported for relief of pancreatic duct 
obstruction caused by proximally migrated pancreatic 
stent. We herein report a case of a 78-year-old woman 
with symptomatic pancreatic duct obstruction caused by 
proximally migrated pancreatic stent that was recovered 
via EUS-guided pancreaticogastrostomy (EPG).

CASE REPORT
A 78-year-old woman was admitted to our hospital 
with epigastric discomfort of three months’ history. On 
admission, she appeared ill, vitally stable, not jaundiced, 
and her abdomen was soft but mild tenderness over the 
epigastrium. Laboratory data were within the normal 
ranges. Abdominal computed tomography (CT) showed 
a bright linear object extending from the main pancreatic 
duct (MPD) and parenchyma into the lesser omental 
bursa along with a dilated distal MPD (Figure 1). 

The patient’s medical history revealed recurrent acute 

pancreatitis during the past 7 years. At 71 years of age, 
she experienced the first attack of acute pancreatitis. 
Further examination excluded the possibilities of biliary, 
alcoholic or hyperlipidemic causes. ERCP was then 
performed and demonstrated a stricture of the head 
segment of MPD. A positron emission tomography/
computed tomography (PET-CT) was performed for 
further evaluation and no pancreatic mass was detected. 
For reliving the stricture of MPD, a pancreatic stent was 
inserted by ERCP and the patient achieved symptomatic 
relief at discharge. However, regular stent exchange was 
refused by the patient for fear of endoscopic procedure. 
Thereafter, she had several episodes of acute pancreatitis 
and occasional epigastric pain which were all managed 
conservatively. She could not remember which type of 
pancreatic stent was used after 7 years.

In view of her medical history and imaging findings, 
a possibility of pancreatic duct obstruction due to a 
proximally migrated pancreatic stent was considered 
and we attempted to drain the MPD to relieve her 
symptoms. Endoscopic transpapillary treatment was 
failed because of pyloric deformation preventing access 
to the second portion of the duodenum. After a brief 
discussion with the patient’s family and obtaining their 
consent, we decided to perform endoscopic ultrasound-
guided pancreaticogastrostomy (EPG) while keeping 
the former stent in situ. The dilated MPD was punctured 
transgastrically with a 19-gauge needle (Echotip 19A; Cook 
Medical Inc., United States) (Figure 2A), and a sample 
was aspirated for further testing. Under fluoroscopy, 
pancreatogram displayed the dilated pancreatic duct 
proximal to complete obstruction (Figure 2B). After 
introduction of a 0.035-inch guidewire (Jagwire, Boston 
Scientific) into the MPD, the EUS needle was removed 
(Figure 2C), and a 6 Fr cystotome (Cook Endoscopy) was 
used to dilate the tract. Finally, the pancreaticogastrostomy 
was then stented with a 6-Fr double pigtail stent (Figure 
2D). The amylase concentration of the effusion was 72450 
U/L, while CEA and CA-199 were within the normal range. 
The patient revealed great resolution of abdominal pain, 
which was confirmed by CT scanning performed after 1 
wk (Figure 3). There were no adverse events, and the 
patient remains asymptomatic at present (five months 
after the EPG procedure). We planned to make the follow-
up investigations (endoscopic ultrasonography) for the 
possible stent occlusion and pancreatic duct obstruction 
after 6 mo and then once a year. Stent exchange under 
EUS is planned if recurrent acute pancreatitis occur.

DISCUSSION
Stent migration is an infrequent complication of endo-
scopic pancreatic stenting. Distal stent migration has 
been reported in 7.5% of pancreatic stent placement[3]. 

This rarely presents a problem since the stent can clear 
from the intestine spontaneously. However, proximal stent 
migration can result in serious complications, including 
ductal damage, recurrent pancreatitis, impaction and 
subsequent difficulty to retrieve the migrated stent[3]. In 
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the case presented, the proximal stent tip migrated into 
the lesser omental bursa, which resulted in duct distortion 

and obstruction, and eventually symptomatic pancreatic 
duct hypertension. This patient had never undergone stent 

A B

C

Figure 1  Abdominal computed tomography. A: Computed tomography image showing a pancreatic stent; B and C: An endoprosthesis extending from the main 
pancreatic duct (MPD) and parenchyma into the lesser omental bursa with a dilated distal MPD.

Figure 2  Endoscopic ultrasound-guided pancreaticogastrostomy. A: Endoscopic ultrasound-guided puncture; B and C: Contrast injection and cystotome 
advancement; D: Double pigtail stent placement.

A B

C D
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revision or retrieval since its placement 7 years earlier. Her 
history of long term recurrent acute pancreatitis might 
indicate stent migration and subsequent pancreatic duct 
obstruction, however, which was unfortunately ignored 
during her previous hospitalization.

Currently, ERCP is the preferred procedure for 
treating pancreatic duct obstruction. However, it may 
not be feasible in approximately 3% to 10% of patients 
because of surgically altered anatomy, complete ductal 
obstructions, or disrupted ducts. In these cases, percu-
taneous radiologic intervention or surgical treatment 
is required[6]. However, both methods have been 
associated with significant morbidity and mortality rates. 
The development of EUS allowed the ability to visualize 
the pancreatic ductal system, and introduction of the 
therapeutic linear echoendoscope allowed access to the 
pancreatic duct with a needle in the case of ERCP failure. 
EUS-PD was first described by Bataille et al[7] in 2002. 
Following this report, several case series with satisfactory 
results have been published[8-10]. Technically, EUS-PD 
can either be performed via a rendezvous technique, 
combining EUS and ERCP, or via a transluminal technique. 
The former should be attempted in patients with accessible 
ampulla. Actually, in the present case, the echoendoscope 
cannot access the second part of duodenum because of 
pyloric deformation, and EUS-PD with transmural stenting 
seems to be the primary intervention. 

To date, EUS-PD remains one of the most technically 
challenging endosonography interventions[11]. Suc-
cess rates vary widely and adverse events occur in 
approximately 15% of reported cases[12]. Mainly, 
EUS-PD might be associated with complications such 
as pancreatitis, hemorrhage, stent migration, stent 
dysfunction, perforation, pneumoperitoneum, pancreatic 
juice leakage as well as abscess formation. Although 
there was no procedure related mortality, severe adverse 
events were noted when pancreatic drainage failed, 
and EUS-PD should be performed in endoscopic units 
experienced in therapeutic endoscopy[13].

Endoscopic retrieval is the primary treatment modality 
for proximally migrated pancreatic stents[4]. Matsumoto 
et al[4] reported that the successful endoscopic retrieval 
rate for proximally migrated pancreatic stents was 
approximately 80%. In the presented case, endoscopic 

transpapillary removal of the migrated stent was 
impossible because of pyloric deformation, and surgical 
intervention is too invasive for patients with benign 
cause. Once the pancreatic duct decompression was 
achieved, it does not seem necessary to remove the 
migrated pancreatic stent, which entails little damage to 
her health.

In conclusion, proximal migration of a pancreatic 
stent into the lesser omental bursa resulting in distortion 
and obstruction of the MPD, and symptomatic pancreatic 
duct dilation is a rare and catastrophic complication of 
pancreatic stenting. EUS-PD appears to be an effective 
and safe treatment for MPD decompression when 
conventional ERCP fails. This report adds to the increasing 
evidence of symptomatic pancreatic duct obstruction 
being successfully treated by EUS-PD.

COMMENTS
Case characteristics
A 78-year-old woman with endoscopic pancreatic duct stenting 7 years earlier 
presented with epigastric discomfort of three months’ history.

Clinical diagnosis
The patient had a history of recurrent acute pancreatitis within 7 years. After 
admission to the hospital, CT scan showed a bright linear object extending from 
the main pancreatic duct (MPD) and parenchyma into the lesser omental bursa 
along with a dilated distal MPD.

Laboratory diagnosis
All laboratory data were within normal limits.

Imaging diagnosis
Computed tomography scan revealed a bright linear object extending from the 
MPD and parenchyma into the lesser omental bursa along with a dilated distal 
MPD.

Treatment
Endoscopic ultrasound-guided pancreatic duct drainage (EUS-PD) was 
performed after failed endoscopic retrieval.

Related reports
There is no related report about EUS-PD for pancreatic duct obstruction caused 
by proximally migrated pancreatic stent.

Experiences and lessons
Proximal stent migration is an infrequent complication of endoscopic pancreatic 
stenting and can sometimes result in serious complications including pancreatic 
duct obstruction, pancreatic pain and acute pancreatitis. Endoscopic retrieval 
is the primary treatment modality for proximal migrated pancreatic stents. EUS-
PD is feasible and safe for pancreatic duct drainage, as well as symptomatic 
relief if endoscopic retrieval has failed.

Peer-review
The authors propose the migration of a proximal pancreatic duct stent, which 
cannot be removed by ERCP, as a new indication for EUS-PD. This interesting 
case report adds to the increasing evidence of the use of EUS-PD as an 
effective and safe treatment for pancreatic duct decompression.
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