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Abstract
In the surgical treatment of hepatocellular carcinoma 
and colorectal liver metastasis, it is important to 
preserve sufficient liver volume after resection in 
order to avoid post-hepatectomy liver sufficiency and 
to increase the feasibility of repeated hepatectomy 

in case of intrahepatic recurrence. Parenchyma-
sparing approach, which minimizes the extent of 
resection while obtaining sufficient surgical margins, 
has been developed in open hepatectomy. Although 
this approach can possibly have positive impacts on 
morbidity and mortality, it is not popular in laparoscopic 
approach because parenchyma-sparing resection is 
technically demanding especially by laparoscopy due to 
its intricate curved transection planes. “Small incision, 
big resection” is the words to caution laparoscopic 
surgeons against an easygoing trend to seek for a 
superficial minimal-invasiveness rather than substantial 
patient-benefits. Minimal parenchyma excision is 
often more important than minimal incision. Recently, 
several reports have shown that technical evolution 
and accumulation of experience allow surgeons to 
overcome the hurdle in laparoscopic parenchyma-
sparing resection of difficult-to-access liver lesions 
in posterosuperior segments, paracaval portion, and 
central liver. Laparoscopic surgeons should now seek 
for the possibility of laparoscopic parenchyma-sparing 
hepatectomy as open approach can, which we believe 
is beneficial for patients rather than just a small incision 
and lead laparoscopic hepatectomy toward a truly 
minimally-invasive approach.

Key words: Laparoscopy; Liver resection; Hepatectomy; 
Minimally-invasive; Parenchyma-sparing; Laparoscopic 
surgery; Hepatocellular carcinoma; Liver metastasis; 
Liver lesion; Colorectal carcinoma

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: In the surgical treatment of hepatocellular 
carcinoma and colorectal liver metastasis, it is important 
to preserve sufficient liver volume after resection in 
order to avoid post-hepatectomy liver sufficiency and 
to increase the feasibility of repeated hepatectomy in 
case of intrahepatic recurrence. Parenchyma-sparing 
hepatectomy has been developed for the best remnant 
liver function as well as sufficient surgical margins and 
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may have positive impacts on morbidity and mortality. 
Surgeons should overcome the technical difficulty and 
seek for the possibility of laparoscopic parenchyma-
sparing hepatectomy, which will lead laparoscopic 
hepatectomy toward a truly minimally-invasive and 
beneficial approach.

Ogiso S, Hatano E, Nomi T, Uemoto S. Laparoscopic liver 
resection: Toward a truly minimally invasive approach. World J 
Gastrointest Endosc 2015; 7(3): 159-161  Available from: URL: 
http://www.wjgnet.com/1948-5190/full/v7/i3/159.htm  DOI: 
http://dx.doi.org/10.4253/wjge.v7.i3.159

TOWARD A TRULY MINIMALLY-
INVASIVE LIVER RESECTION
I remember the words, “small incision, big resection”, 
in the keynote lecture by Professor Henri Bismuth 
at the European Association for Endoscopic Surgery 
meeting in 2011, which cautioned laparoscopic 
surgeons against an easygoing trend to seek for a 
superficial minimal-invasiveness of hepatectomy rather 
than substantial patient-benefits.

Laparoscopic hepatectomy has become popular[1-4] 
and is the standard of care[3] to treat lesions in the left 
lateral section[5] or peripheral anteroinferior segments[6,7] 
with better short-term outcomes compared to open 
hepatectomy, including less blood loss, less pain, and 
earlier recovery[8,9]. In addition, increasing number of 
laparoscopic major hepatectomy is actively performed 
in specialized centers all over the world[2,10], based 
on the recognition that such benefits may confirm 
the superiority of laparoscopic hepatectomy as a 
minimally-invasive surgical treatment compared 
to open hepatectomy. However, now is the time to 
reconsider if laparoscopy is truly minimally-invasive 
and advantageous for patients. Hepatectomy is 
different from other visceral surgery with regard 
to the importance of postoperative remnant organ 
function. Post-hepatectomy liver sufficiency is a life-
threatening complication, mainly observed in hepa
tocellular carcinoma (HCC) patients with cirrhosis or 
colorectal metastases (CLM) patients after prolonged 
chemotherapy. Even after successful hepatectomy, 
both HCC and CLM patients may develop intrahepatic 
recurrence and then the possibility of repeated hepa
tectomy depends on the liver functional reserve. As 
Professor Bismuth cautioned, “big resection with small 
incision” should not be beneficial for patients compared 
to “small resection with big incision”.

In seeking for both sufficient surgical margins and 
the best remnant liver function, parenchyma-sparing 
hepatectomy, including mono-segmentectomy[11] 
and combination of minor resections[12], has been 
developed in open hepatectomy. On the other hand, 
parenchyma-sparing approach is not popular in 

laparoscopic hepatectomy. This is because laparoscopy 
has a significant limitation of forceps manipulation 
so that making intricate curved transection planes 
for parenchyma-sparing hepatectomy is much more 
demanding in laparoscopic approach than in open 
approach. In our opinion, major hepatectomy with 
a single and straight transection plane, such as right 
and left hepatectomy, is easier and more suitable 
for laparoscopy, compared to anatomical or non-
anatomical minor resection. For this reason, large 
resection, which excises non-tumorous parenchyma 
more than required to obtain sufficient surgical 
margins, is often performed by laparoscopy for small-
to-intermediate-sized lesions in difficult-to-access 
areas. Recently, several reports have shown that 
technical evolution and accumulation of experience 
allow surgeons to overcome the hurdle in laparoscopic 
parenchyma-sparing resection of difficult-to-access 
liver lesions[13] in posterosuperior segments[14,15], 
paracaval portion[16], and central liver[17]. We believe 
laparoscopic surgeons should now reconsider the 
importance of parenchyma-sparing hepatectomy and 
try to minimize the extent of resection by laparoscopy 
as open approach can. “Small incision, minimum 
resection required for oncologic principles” should lead 
laparoscopic hepatectomy toward a truly minimally-
invasive and beneficial approach.
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Abstract
The intentional ingestion of foreign objects (IIFO) 
is described more commonly in prison populations 
than in the general population, with an estimated 
annual incidence of 1 in 1900 inmates in our state 
correctional facilities. Incidents often involve ingestion 
of small metal objects (e.g. , paperclips, razor blades) 
or other commonly available items like pens or eating 
utensils. Despite ingestion of relatively sharp objects, 
most episodes can be clinically managed with either 
observation or endoscopy. Surgery should be reserved 
for those with signs or symptoms of gastrointestinal 
perforation or obstruction. For those with a history of 
IIFO, efforts should focus on prevention of recurrence 

as subsequent episodes are associated with higher 
morbidity, significant healthcare and security costs. 
The pattern of IIFO is often repetitive, with escalation 
both in frequency of ingestions and in number of items 
ingested. Little is known about successful prevention 
strategies, but efforts to monitor patients and provide 
psychiatric care are potential best-practice strategies. 
This article aims to provide state-of-the art review on 
the topic, followed by a set of basic recommendations.

Key words: Ingestion; Foreign body; Endoscopy; Prisoner; 
Swallower; Prevention; Recurrence
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Core tip: Intentional ingestion of foreign objects typically 
involves ingestion of small objects (e.g. , paperclips, 
razor blades, pens, eating utensils). Most episodes can 
be managed with either observation or endoscopy. 
Surgery should be reserved for those with signs or 
symptoms of gastrointestinal perforation or obstruction. 
Due to the documented pattern of escalation, efforts 
should focus on prevention of recurrence as subsequent 
episodes are associated with higher morbidity, and 
significant healthcare and security costs. There 
are no proven prevention strategies, but efforts to 
closely monitor patients and provide early psychiatric 
intervention are among recommended best-practice 
strategies.
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INTRODUCTION
Intentional ingestion of foreign objects (IIFO) is a 
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serious problem that chronically affects the United 
States prison population. Although other non-prisoner 
patients, specifically those with severe psychiatric 
conditions, have been reported to have the propensity 
toward IIFO, the prison population seems unique 
in that the magnitude of the problem is especially 
high[1-3]. It has been estimated that up to 1500 deaths 
may be attributable to IIFO annually in the United 
States alone[4]. IIFO is a seemingly preventable 
phenomenon that is associated with high costs of 
care as well as security costs for transporting and 
guarding inmates while hospitalized[5]. Health care 
costs associated with IIFO accounted for $6.5 billion 
of the $36.8 billion spent to manage the correctional 
system budgets of 44 states[6]. In a recent study, 
IIFO episodes were associated with healthcare-
related median charges between $4683 and $7698 
for those evaluated in the emergency department and 
admitted[5]. Male sex, incarceration, and psychiatric 
disease are the predominant factors associated with 
IIFO[7].

The management of IIFO was revolutionized by the 
widespread adoption of endoscopic techniques that can 
be used for retrieval of accessible ingested objects[8]. 
The prisoner population presents unique challenges 
due to the multifactorial interaction of psychiatric 
disease, the (less likely) potential for secondary gain, 
and the escalating nature of recurrent IIFO. Inmates 
treated for IIFO often return after variable time 
intervals having ingested larger, more dangerous, or 
more toxic objects[2]. These extenuating factors should 
prompt careful consideration of treatment options 
as overly aggressive treatment can often lead to 
disastrous complications. 

LITERATURE SEARCH
An exhaustive literature search was performed using 
the terms “foreign body ingestion”, “foreign object 
ingestion”, “intentional ingestion”, “swallowed object”, 
and “ingestion”. We utilized the United States National 
Library of Medicine NIH PubMed service, as well 
as Google™ Scholar to identify as many pertinent 
English literature sources as possible. After narrowing 
down the publication list to case reports, case series, 
reviews, retrospective and prospective studies, the 
search was further focused on epidemiology, diagnosis, 
management, and prevention as additional search 
terms. Results were tabulated, with all major studies 
on the topic published to date and compiled into a 
comprehensive, definitive list (Table 1).

EPIDEMIOLOGY
The epidemiology of intentional foreign object 
ingestions continues to be poorly understood. Most 
literature focusing on foreign object ingestions is 
in the pediatric literature, where the size of the 
gastrointestinal (GI) tract is smaller and many objects 

become lodged in the pharynx or esophagus posing an 
aspiration, toxicity, or erosion risk[9-11]. Psychiatric and 
prison populations account for the majority of adults 
presenting with foreign object ingestions, the vast 
majority of which were non-accidental[2]. Due to the 
unique characteristics of these populations, relatively 
few of these patients tend to present to community 
hospitals. In the United States these patients are 
typically cared for in “safety net” hospitals, making 
IIFO a relatively high-frequency occurrence in select 
hospitals. While a general IIFO incidence in the 
community is not known, the annual incidence of 
IIFO requiring evaluation in the emergency room or 
hospital from 2006-2010 in the prison population in 
the State of Ohio was 0.0528% or approximately 1 in 
1900 inmates, making the disease quite rare in this 
high risk population (see Table 1). Unfortunately in 
the prison population, recurrent ingestions are also 
relatively more common[2,5]. The epidemiology of 
recurrent IIFO is less well understood. Grimes et al[7] 
found no evidence that conscious sedation, esophageal 
pathology, or age had any statistical significance as 
a significant predictor of recurrent ingestion. Repeat 
ingestors are more likely to ingest foreign objects and 
less likely to experience food impaction[7]. Impulsivity, 
secondary gain, or an undiagnosed psychiatric disorder 
are possible explanations for ingestions in the prison 
population[7].

Several case series and observational studies of 
IIFO in adults have been published[1-4,7,8,13-20]. Many of 
these studies included prisoners, but some included 
a mix of general psychiatric patients as well. Table 2 
summarizes the world published literature on adult 
IIFO. While children commonly ingest toys, coins, 
and loose household items, inmates and psychiatric 
patients are much more likely to ingest sharp and 
relatively dangerous objects such as blades, improvised 
shanks, and metal hardware and instruments. Table 3 
reviews the types of objects frequently ingested in the 
published literature.

HEALTHCARE COSTS
The costs of IIFO in the inmate population are high, 
especially when compared to the non-incarcerated 
population[21]. It has been estimated that the overall 
cumulative annual costs of IIFO in the majority (44 
out of 50) United States states exceed $6 billion[6]. 
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Table 1  Incidence of Ingestions 2006-2010 in the Ohio 
Department of Rehabilitation and Corrections

Year IIFO incidents seen (n) Total prisoners incarcerated[12] (n )

2006   17 48534
2007   20 49691
2008   22 50371
2009   47 50371
2010   26 50944

132 249911 (5-yr census)



The majority of IIFO care costs can be broken 
down into nursing care (56%), endoscopy services 
(14%), emergency department care (10%), and 
surgical services (6%)[19]. Considering the above, 
IIFO episodes were associated with healthcare-
related median charges between $4683 and $7698 
for both emergency department evaluations and 
hospital admissions[5]. In the subset of patients who 
required hospital admission, median per-episode 
charges exceeded $14000[5]. Moreover, when repeated 
episodes of IIFO are factored in, estimated cumulative 
“lifetime” charges for patients studied in the same 
cohort were nearly $50000[5]. In addition there are 
the costs of security and transportation to the prison 
system because these patients have to be transported 
in a secure fashion, typically with multiple guards. 
While hospitalized, a guard must remain at the patient 
bedside. Hospitals also cover the cost of around-the-
clock security for non-prisoner psychiatric patients. 
The estimated cost not reimbursed by third party 
payers for security was $278806 in Rhode Island over 
an eight year span[19]. 

DIAGNOSIS (VERIFICATION)
Actual ingestions
Most ingestions are either self-reported by the inmate 
or witnessed by security staff. Patients presenting 
typically receive a plain X-ray to localize the object. 
Patients with normal vital signs and normal physical 
exam typically do not require additional imaging, 
even in the setting of sharp or other seemingly more 
dangerous objects. 

Plain abdominal X-ray demonstrating free air is 
considered diagnostic for perforation. However, free air 
under the diaphragm is rarely seen because perforations 
are most commonly caused by impactions that have 
slowly eroded through the intestinal wall. These erosions 
are covered by fibrin, omentum, or adjacent loops of 
bowel limiting the passage of free air into the peritoneal 
cavity[22].

Patients with abdominal pain, fever, gastrointestinal 
bleeding, or other symptoms typically require CT scanning 
to evaluate for the presence of bowel perforation or other 
pathology. It has been shown that prisoners sometimes 
choose objects that will be visible on radiographs, wrap 
them in plastic or other materials to reduce the risk of 
injury, and then feign gastrointestinal symptoms[20]. 
Most objects are located in the stomach at the time 
of initial presentation (Figure 1). After initial X-ray, no 
additional workup is typically performed for radiolucent 
objects unless mandated by abnormal physical exam 
findings or vital signs. 

Fictitious ingestions
Claimed or fictitious ingestions have been reported[13]. 
Although speculative, there are three possible explanations 
for this observed pattern: (1) some form of secondary 
gain may be present when an ingestion is claimed; 
(2) an actual ingestion may have occurred but the 
object ingested is not readily detectable or has already 
passed through the gastrointestinal system; or (3) 
the patient may be contemplating ingestion, but has 
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Table 2  Published series of intentional ingestion of foreign objects with patient treatment plans when available   n  (%)

Ref. Year Patients (n ) Not undergoing intervention With psych dx Surgery Endoscopy Objects ingested (n)

O’Sullivan et al[1] 1996   36 (20 prisoners)    31 (86)     6 (16)     2 (6)       4 (11)   308
1Dalal et al[2] 2013   30 (141 episodes)    33 (23)   27 (19)   11 (7)     97 (68)   649
1Weiland et al[3] 2002   22 (256 episodes)  23 (9)   10 (4)     64 (25)   256
Barros et al[4] 1991 167 (39 prisoners)  14 (8)   6 (3)     51 (30)   117 (70)   167
Selivanov et al[8] 1984   100    42 (42)   4 (6)     12 (12)    42 (42)   101
Blaho et al[13] 1998       8        8 (100)     6 (75)     14
Velitchkov et al[14] 1996   542 (379 prisoners)  410 (75) 124 (23)   26 (5)  19 (3) 1203
Karp et al[15] 1991     19   18 (95)
1Lee et al[17] 2007 33 (52 episodes) 0       6 (12)    46 (88)   104
Bisharat et al[18] 2008     11      7 (63)       3 (27)      2 (18)
Huang et al[19] 2010     33      4 (12)   27 (81)     2 (6) 299   305
Ribas et al[20] 2014     82 142   62 (75)     5 (6)    15 (18)   162
Grimes et al[7] 2013 159 (23 prisoners)   34 (21)     5 (3) 231   254
Total 2613 1014 (39) 317 (12) 190 (7) 1129 (43) 3153 

1Many presented with multiple episodes. Not all studies reported all data. Some studies may include some non-intentional ingestions.

Table 3  Most common types of objects ingested

O’Sullivan et al[1] Batteries, sharp metal objects (nails, razor blades, 
pins)

Dalal et al[2] Pens, razor blades, spoons, sporks1, toothbrush, 
screws, bolts

Weiland et al[3] Metal bezoars
Barros et al[4] Wires, needles, balloons (filled with narcotics)
Selivanov et al[8] Coins, bones, food, razor blades, safety pins
Blaho et al[13] Razor blades
Velitchkov et al[14] Screws, pins, spoons
Huang et al[19] Pens, batteries, knives
Karp et al[15] Razors, glass, toothbrush
Lee et al[17] Metal wires, pens, toothbrush, needles
Bisharat et al[18] Razors, batteries
Ribas et al[20] Razor blades, cylindrical batteries, mattress springs
Grimes et al[7] Toothbrush, pencil

1Spork: Functional combination of a spoon and a fork.
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Table 4  Relative frequency of intentional ingestion of foreign 
objects management strategies employed in 141 episodes of 
intentional ingestion of foreign objects

operative management of fistulas in this population, 
with high rates of readmission, parenteral nutrition-
associated line infections, abdominal wall infections, 
and non-healing wounds. In our previous work we 
reported the various management strategies employed 
for 141 episodes of IIFO in inmates (Table 4)[2]. 

Observation
In the vast majority of cases (approximately 67%-80%) 
expectant management will suffice, including watchful 
waiting and serial physical exams, with or without 
concurrent radiographic assessments[1,8,14]. Most of the 
foreign bodies that clear the stomach will spontaneously 
pass through the gastrointestinal system, frequently 
within a week[3,8]. Fortunately, many of the IIFO 
episodes end up being self-limited, and do not require 
formal hospital admission[22]. The need for admission 
is present in 7%-33% of patients[1,13]. In one series 
of 141 ingestions, the risk of hospital admission was 
independently associated with elevated white blood cell 
count [odds ratio (OR) 1.4] and increasing number of 
items ingested (OR 1.3)[2].

Endoscopy
Endoscopy has revolutionized the management of 
IIFO. In fact, the forward-viewing flexible endoscope 
is the first option for retrieval of foreign objects in the 
stomach and duodenum[23]. Most ingested objects 
can be retrieved endoscopically, as long as they 
have not progressed beyond the ligament of Treitz. 
Successful endoscopic retrieval of IIFO has been 
reported in 19.5%-53.9% of cases[2,14]. Some of the 
more common objects retrieved by endoscopy are 
coins, bones, and impacted food[8]. In one study, the 
successful performance of endoscopy with retrieval 
of the IIFO has been found to reduce the risk of 
surgery by over 85%[2]. Having said that, endoscopy 
has also been associated with high failure rates and 
complications by others, thus warranting careful 
consideration when implementing this therapeutic 
option[3]. Grimes et al[7] found first time ingestors 
were more likely to have a food impaction compared 
to recurrent ingestors who were more likely to have 
ingested metal objects; however, recurrent ingestors 
experienced food impactions as well, commonly due to 
esophageal stricture[7]. In the same study one patient 
was found to be responsible for 67 ingestions (22%) 

not yet committed to this self-destructive behavioral 
pattern. It is important to note that healthcare-related 
median charges associated with verified (i.e., proven) 
ingestions are higher ($5860) than charges associated 
with claimed (i.e., fictitious) ingestions ($3997)[5].

MANAGEMENT
General principles
Like any surgical emergency, initial management is 
typically based on physical examination and patient 
physiology. Patients with peritonitis typically require 
immediate surgical exploration[2]. Selective endoscopy 
is appropriate for many intragastric objects and can 
prevent progressive peristalsis of the object (with its 
associated dangers)[2,4,8]. In inmate and psychiatric 
populations surgical exploration should be avoided 
when possible as the benefits of operative removal 
often do not outweigh the risks of surgery. Drug and 
contraband smuggling, known as “body packing,” is 
another event that should be recognized. Ribas et al[20] 

reported on 36 patients attempting to smuggle cocaine 
by ingesting packets containing the drug. These “body 
packers” usually do not undergo endoscopy for fear 
of rupture and surgery is usually only performed if 
the patient develops symptoms. The operative course 
itself may be difficult due to the adhesions of previous 
laparotomies, often due to prior such incidents, and 
patients with the associated psychiatric comorbidities 
may have a difficult postoperative course. 

In our practice there is a high rate of wound 
complications, self-inflicted wound mutilation (including 
self-inflicted evisceration of the midline laparotomy 
site), and non-compliance with physician orders (such 
as violation of nothing-by-mouth orders resulting in 
aspiration of gastric contents). Prisoners who develop 
complications of surgery for IIFO are at risk for the 
development of intestinal fistula and we have observed 
generally poor outcomes of both operative and non-
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Figure 1  Distribution of intentional ingestion of foreign objects in the 
gastrointestinal tract in inmate. (From Dalal et al[2] Figure 2, permission 
pending).

No intervention 16%
Hospital admission 10%
Surgery alone   5%
Endoscopy + surgery   3%
Endoscopy alone 12%
Endoscopy (successful) 54%
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of the ingestions. On average there were 9.2 episodes 
per patient. They also found that endoscopy was more 
successful in single ingestion patients, supporting the 
idea that the more times a patient ingests an object 
the more complex the ingestion becomes. Most objects 
that pass the ligament of Treitz are likely to pass 
through the entire GI tract. Rarely, small objects can 
become impacted in the colon. Endoscopy is frequently 
successful in removing those small objects such as the 
paperclip that was removed by the author (D.C.E.) 
depicted in Figure 2. While some sharp objects such 
as small razor blades can be removed endoscopically, 
particularly with the use of hoods, available endoscopic 
equipment and local practices may vary and we cannot 
draw any conclusions regarding recommendations for 
specific strategies for objects of various shapes, sizes, 
or sharpness.

Surgery
Operative intervention is required in up to 30% of 
IIFO cases[1,2,4,8,14], although more recent series report 
lower rates (i.e., < 15%) of operative intervention in 
this population[1,2]. In one large retrospective study, 
factors independently associated with risk of surgery 
in the setting of IIFO included elevated white blood 
cell count (OR 1.6) and increasing number of ingested 
items (OR 1.1 per item)[2]. Not surprisingly, failure 
of endoscopy has been associated with the need for 
subsequent operative intervention[4]. It has been 
noted that thinner, sharper foreign objects mandate 
a higher index of clinical suspicion due to higher 
perforation risk[14]. Also, surgery may be more likely in 
cases of proximally located IIFO, especially when the 
object is > 6-7 cm in largest dimension[14]. Previous 
surgery, obstruction, and narrowing all predispose to 
impaction of an object and increase the possible need 
for surgical intervention[22]. Long objects, such as the 
intragastric steak knife blades shown on abdominal 
X-ray (Figure 3), frequently require laparotomy. The 
author (D.C.E.) retrieved one blade endoscopically but 
the other became impacted at the esophageal hiatus 
and required laparotomy with gastrotomy for removal.

IIFO impaction is also possible, particularly in the 
ileo-cecal area[14]. The ileocecal region is particularly 
prone to obstruction by objects less than 6 cm that are 
able to maneuver through the duodenum[22]. Velitchkov 
et al[14] advocate an appendicostomy approach to 
retrieval of IIFO impacted in this location, however, 
most surgeons would prefer a simple enterotomy 
with foreign object retrieval, followed by repair of the 
enterotomy[14]. Figure 4 depicts small plastic-wrapped 
balls of narcotics removed from the terminal ileum by 
the author (D.C.E.) in a prisoner who was smuggling 
drugs by body packing. The patient developed an acute 
complete small bowel obstruction requiring emergent 
laparotomy. We performed a simple enterotomy in the 
ileum that was closed with interrupted silk sutures.

When it comes to IIFO-related gastrointestinal tract 
perforations, certain generalizations can be borrowed 
from the cumulative experience with non-intentional 
foreign object ingestions. In that setting, perforations 
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Figure 2  Paperclip in the ascending colon noted on colonoscopy (image 
rights belong to the authors).

100 mm

Figure 3  Steak knife blades in the stomach (image rights belong to the 
authors). 

Figure 4  Balls of narcotics wrapped in plastic wrap. These required 
surgical removal in a prisoner who was engaged smuggling activities by “body 
packing” (image rights belong to the authors).
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of the stomach, duodenum, and large intestine tend 
to present with slow onset of non-specific clinical signs 
while perforations of the ileum and jejunum typically 
are severe and acute[22]. This is likely due to foregut 
and hindgut perforations occurring in retroperitoneal 
spaces where perforations are often contained. In 
contrast, midgut perforations are more likely to result 
in free spillage of enteric contents into the abdomen.

PREVENTION
Recently published data reinforce the critical impor
tance of prevention in the setting of IIFO, especially 
when repeated episodes of ingestion are present[2,5]. 
It has been difficult to prevent psychologically ill 
patients from ingesting foreign bodies and psychiatric 
medication has proven ineffective. Prisoners typically 
receive mental health care in their institution and do 
not require admission to the hospital for psychiatric 
care. Many of these patients are not suicidal and their 
psychiatric illness is not acute in nature, so psychia
tric hospital admission is typically of little value[19]. 
Prevention strategies suggested include decreasing 
access to objects in the environment, increasing psy
chotherapy, changing diet for those with a history of 
food impaction, and dilating the esophagus for those 
with stricture[7].

The impetus for prevention primarily stems from 
the association between escalating psychiatric illness 
and repeated ingestion episodes. The fact that patients 
with recurrent ingestion episodes tend to have more 
severe psychiatric illness (as evident by the increasing 
number of formal psychiatric diagnoses) supports 
the contention that early and aggressive psychiatric 
intervention may help curtail the escalation of this 
self-damaging behavioral pattern. Gitlin et al[24] 
present a fascinating discussion of the psychiatric 
aspects of IIFO and found that most IIFO cases in the 
general population are associated with malingering, 
psychosis, pica, or personality disorders[24]. Treatment 
should be tailored to the patient’s specific psychiatric 
diagnosis[25]. Prisons may employ closely monitored 
units in combination with psychiatric care in an atte
mpt to reduce this type of behavior. 

Another impetus for aggressive prevention is that 
finding that the financial burden of IIFO also tends to 
escalate as this repetitive self-destructive behavior 
continues to recur[5]. As the complexity of care and 
frequency of surgical intervention increases in patients 
with a history of prior ingestions, so does the cost of 
care.

CONCLUSION
IIFO is a rare but complex and expensive disease 
in prisoners. Observation and endoscopy are 
common appropriate management strategies and 
surgery should be avoided when possible. For those 
patients who present with their first episode of 

IIFO, an intensive monitoring and prevention plan 
should be developed to reduce the risk of recurrent 
episodes. While more data on the types of prevention 
interventions and their effectiveness is needed, the 
pattern of escalation among the IIFO population 
certainly warrants organized, proactive approaches.
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Abstract
Since the first report of use of endoscopy in children 
in the 1970s, there has seen an exponential growth 

in published experience and innovation in the field. In 
this review article we focus on modern age therapeutic 
endoscopy practice, explaining use of traditional as 
well as new and innovative techniques, for diagnosis 
and treatment of diseases in the paediatric upper 
gastrointestinal tract.

Key words: Child; Pediatrics; Endoscopy; Gastroscopy; 
Intestinal polyps; Hemorrhage; Caustics; Gastrostomy; 
Mitomycin; Gastroesophageal reflux 

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: This is a comprehensive review on use of thera
peutic upper gastrointestinal endoscopy for emergency 
and elective procedures in paediatric gastroenterology. 
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INTRODUCTION
Significant advances have occurred in diagnostic 
and therapeutic paediatric endoscopy since the first 
report of its use in children in the 1970s. The last two 
decades has seen an exponential growth in published 
experience and innovation in the field of paediatric 
therapeutic endoscopic intervention in the upper 
gastrointestinal (GI) tract and is the subject of this 
review.

HISTORY
The first attempt to observe the living human body 
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directly through a tube was in 1805 when Philip 
Bozzini created an instrument known as a Lichtleiter 
(light guiding instrument) to examine the urinary 
tract, rectum and pharynx[1,2]. In 1853, Antoine Jean 
Desormeaux of France developed an instrument 
specially designed to examine solely the urinary tract 
and the bladder; he named it the “endoscope”, and it 
was the first time this term was used in history[3,4]. 

The first gastroscopy is accredited to Adolf 
Kussmaul in 1868, a German physician, who enlisted 
the help of a professional sword swallower to pass a 
47 cm long metal tube with a 13 millimetre diameter 
into his stomach[5]. It was not until 1881, that Johann 
von Mikulicz and his colleagues created the first rigid 
gastroscope for practical applications; unfortunately 
these gastroscopes were not flexible at all. Finally in 
1932, Dr. Rudolph Schindler invented the first flexible 
gastroscope that allowed examinations even while the 
tube was bent[4]. However, the significant breakthrough 
in endoscopy occurred in the 1950s with the advent of 
glass fiber, with Basil Hirschowitz being credited with 
development of the first flexible fiber-optic endoscope 
in 1957[6]. Following these adaptations, endoscopy 
of the GI tract became a routine diagnostic and 
therapeutic tool throughout gastroenterology units 
around the world.

With reduction in its size in the early 1970s, a few 
paediatricians began to adopt this new tool to examine 
the upper digestive tract[7]. During the late 1970s, the 
diagnostic value of endoscopy was slowly replacing 
the requirement of contrast radiology in the paediatric 
setting[8,9]. Subsequently, the first commercially 
available slim scope became available, the Olympus 
GIF-P, which was used in a few select paediatric 
centres around the world. However it was not till 
1981 when the first European workshop on paediatric 
gastrointestinal was held, that a dedicated scope for 
paediatric use was developed, Olympus GIF-XP, which 
had an outer diameter of 7.8 mm. Consequently, other 
models by Fuji and Pentax were developed for the 
developing paediatric market.

PAEDIATRIC ENDOSCOPES
There are no published data to guide recommendations 
for endoscope choice, so decisions are made on 
standard practice and experience. The techniques in 
paediatric gastroscopy are principally the same as in 
the adult field specific consideration needs to be given 
to the slight anatomical variations. The oesophagus 
of the newborn is about 10 cm in length and about 
0.5 cm in diameter and the trachea that sits in front 
of this is easily compressible during gastroscopy. 
The antrum and proximal duodenum are also more 
angulated requiring a greater degree of tip deflection 
before intubation into the empty duodenum which has 
a diameter of 1 cm[10].

Endoscopes for paediatric cases are chosen on 
the basis of age and weight of the patient. Table 

1 illustrates this, reflecting practice in paediatric 
gastroenterology units in Southampton and Sheffield. 
Table 2 shows the current paediatric scopes available.

INDICATIONS
Over the past few years, many organisations have 
attempted to identify selected criteria to create a list of 
indications for paediatric patients most likely to benefit 
from upper gastrointestinal tract endoscopy[11,12]. 
Because children undergo endoscopy less frequently 
than adults, the volume of evidence for its practice is 
limited compared to adults, nevertheless, there does 
remain a need for such guidelines. In essence, the 
decision to perform an endoscopy is based on whether 
it will alter diagnosis, treatment or prognosis. However, 
local expertise and availability of the test along with its 
cost can play an influential part in the decision making 
process. The most common indications for diagnostic 
and therapeutic endoscopy in the paediatric setting are 
listed in Table 3.

Recurrent abdominal pain or upper gastrointestinal 
bleeding account for the most common indications 
in the “Eastern” world[13-15] and abdominal pain and 
failure to thrive in the Western world[16-18].

INTERVENTIONAL ENDOSCOPY
The role of therapeutic intervention in the paediatric 
upper gastrointestinal tract can be divided broadly into 
(1) emergency and (2) elective procedures.

Emergency procedures
The two most common scenarios faced by the paediatric 
gastroenterologist is foreign body ingestion in the upper 
gastrointestinal tract (for example inanimate objects or 
food bolus and upper gastrointestinal tract bleeding. We 
discuss this further below.

Foreign body removal (Figures 1 and 2): As the 
child grows, explores and interacts with their local 
habitat they inevitably put foreign bodies into their 
mouths, ingesting a small proportion of them. Of over 
a 100000 cases of foreign body ingestion in the United 
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Table 1  A guide to use of paediatric scopes according to 
weight

Weight (kg) OGD ERCP

< 2.5 ≤ 6 mm gastroscope 7.5 mm duodenoscope
2.5-10 ≤ 6 mm gastroscope preferred. 

Standard gastroscopy may 
be considered particularly if 

endotherapy required

7.5 mm duodenoscope

10-35 Slim or Paediatric Gastroscope Via slim or paediatric 
gastroscope

> 35 Standard Most will tolerate 
standard therapeutic 

duodenoscope



States each year, more than 80% occur in children, 
mainly between the ages of 6 mo and 3 years[19-21]. 
Fortunately most foreign bodies that enter, pass 
through the gastrointestinal tract spontaneously, with 
only about 10%-20% requiring endoscopic removal 
and less than 1% require surgical removal[19,22]. Deaths 
are extremely rare but they have been reported[21,23]. 
The types of objects vary with geography but in 
the western world, coins are the most frequently 
encountered foreign body, while in the eastern world, 
fish bones account for a greater percentage[21,24]. 
Objects such as batteries or safety pins can add a 
degree of complexity and risk to foreign body retrieval.

After initial workup with a detailed history 
and biplane X-rays (antero-posterior and lateral), 
intervention depends on three factors; (1) the 
object ingested (2) location of the object and (3) 
the age of the patient. The location is often in areas 
of physiological narrowing; the upper oesopha
geal sphincter, the level of the aortic arch, lower 
oesophageal sphincter or the dependent part of the 
stomach, usually the gastric fundus[22,25]. It is important 
to note that the location of the pain or symptom 
does not always correlate with the associated site of 
impaction (visceral innervation)[26]. In the very young, 
due to the compressibility of the trachea, endoscopists 
need to be aware that even relatively small objects can 
potentially cause serious tracheal compression leading 
to respiratory compromise[10].

There are various methods to remove foreign 
bodies, with the flexible gastroscope being preferred 
as it allows direct visualisation, manipulation and 
observation of any potential injury to the adjacent 
mucosa[27,28]. The endoscopist should have an array 
of equipment readily available including polyp snares, 
alligator forceps, rat-tooth forceps, net baskets and 
overtubes.

Magill forceps, angled forceps commonly used 
in anaesthesia, are sometimes sufficient to remove 
a variety of objects in the oropharynx or upper 
oesophagus providing direct vision is possible. This 
may require the use of general anaesthesia and a 
laryngoscope to gently open up the oesophagus[29].

The use of a rubber or plastic dilator (Bougienage) 
may be used for foreign bodies impacted beyond the 
reach of forceps in the oesophagus to aid their passage 
into the stomach. However, careful consideration 
needs to be taken to assess that the object is judged 
able to pass along the oesophagus into the stomach 
without causing significant mucosal injury (e.g., 
blunt and small objects such as coins) The use of this 
technique is thus limited and most endoscopists would 
only advocate this in experienced hands and only in 
patients where there has been witnessed ingestion 
within 24 h without existing oesophageal disease[30,31].

An alternative method is extracting the object 
impacted in the oesophagus with the use of a Foley 
catheter. This technique involves passing the Foley 
catheter past the foreign body and inflating the 
balloon with radio-opaque dye, then with fluoroscopic 
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Table 2  Current paediatric endoscopes available

Manufacturer Model Insertion tube length/diameter (mm) Definition/magnification/colour enhancement Biopsy channel diameter (mm)

Olympus GIF-N180 1100/4.9 Standard/none/NBI 2.0
GIF-XP180N 1100/5.5 Standard/none/NBI 2.0

Fujinon EG530N 1100/5.9 High-definition/zoom/none 2.0
EG530NP 1100/4.9 High-definition/zoom/none 2.0

Pentax EG1690K 1100/5.4 Standard/zoom/iSCAN 2.0
EG1870K 1050/6.0 Standard/zoom/iSCAN 2.0

Adapted table from ASGE equipment for paediatric endoscopy status evaluation report. 

Table 3  Indications for upper gastrointestinal endoscopy

Diagnostic
   Recurrent abdominal pain (differentiation from FGIDs is important)
   Weight loss/failure to thrive not just due to lack of nutrition
   Dysphagia
   Diarrhoea/malabsorption (differentiation from FGIDs is important)
   Continued vomiting/haematemesis other than a simple 
   Mallory-Weiss tear
   Investigation for iron deficiency anaemia
   Suspected enteropathy-coeliac (new guidelines)/autoimmune
   Part of investigations for inflammatory bowel disease
Therapeutic
   Foreign body removal
   Insertion of feeding tube
   Dilation of strictures
   Injection/banding varices
   Treatment with Botox
   Excision of polyps

Figure 1  Foreign body (a plastic spoon) in the stomach of a child. Ingestion 
of coins and small lithium batteries tend to be much more common. 
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Food bolus: This does not occur as frequently as it 
does in the adult population (the most common cause 
of oesophageal foreign body in this group)[37]. The 
likelihood of there being an underlying oesophageal 
pathology is higher such as eosinophilic oesophagitis, 
achalasia or strictures[38]. 

The indications for intervention is the same as that 
of other foreign bodies and inability to swallow saliva 
always requires emergency endoscopy, otherwise 
there is a risk of aspiration.

The use of medication, for example glucagon, 
buscopan and proteolytic enzymes, although still being 
used in current practice lack any evidence and the true 
likelihood is that the bolus would have passed naturally 
anyway. Therefore, authors, do not advocate their 
use considering the associated side effect profile[39]. 
An overtube may facilitate multiple passes of the 
endoscope that may be required, but caution with its 
use needs to be considered, as mentioned earlier.

Methods of removal can be broken into two actions 
of either “pushing” of the bolus into the stomach or 
“extraction” of the bolus into the oral cavity. With 
each method the food may be extracted preferably 
whole or “piecemeal”. Both methods have been proven 
to be effective but the former “pushing” method is 
less preferable considering the unknown potential of 
pathology distal to the food bolus[40,41]. “Piecemeal” 
removal can be achieved using alligator forceps, rat-
tooth forceps or tripod forceps down the accessory 
channel facilitating safer “pushing” of contents into the 
stomach. 

Certain food boluses are not easily broken down 
into smaller pieces, in which case suction can be used 
with the aid of a cap on the end of an endoscope. If 
one is not readily available, the friction fit adaptor from 
an oesophageal band ligation kit can be used, allowing 
suction to stabilise the food bolus at the distal end 
more securely before pulling it into the oral cavity[42]. 
The authors have a preference of using a Roth Net®, 
with the catheter gently placed alongside the bolus 
with the net then opened in direct vision carefully in a 
“to and fro” manner to accommodate the food bolus 
before angling the net from one wall to the other 
to then allow the bolus to be caught in the net and 
retrieved.

Upper gastrointestinal tract bleeding: Life threatening 
gastrointestinal bleeding in paediatrics is rare but it 
is important for the endoscopist to recognise when 
it occurs and act promptly. As this is encountered 
infrequently in most endoscopy units, much of the 
evidence for the use of various haemostatic methods 
in children is inferred from the adult population. It is 
the common practice for the authors to collaborate 
with adult gastroenterologists and paediatric surgeons 
in the case of a serious gastrointestinal bleed.

Bleeding in the upper gastrointestinal tract can 
arise from peptic ulcers, varices, Mallory-Weiss tears, 

guidance, gently pulling on the catheter so the object 
is drawn back into the oral cavity and retrieved[32]. 
Many endoscopists do not advocate this technique in 
inexperienced hands as there is the risk of perforation 
or inadvertent placement of the foreign body into the 
trachea[33].

Pragmatically, foreign objects beyond the reach 
of forceps require intubation of the oesophagus with 
a flexible gastroscope. On entering the oesophagus, 
occasionally air insufflation or water flush alone may 
be sufficient to dislodge certain foreign objects to pass 
the lower oesophageal sphincter into the stomach. 
Smooth, round objects such as coins or flat batteries 
can often, more easily, be grasped with alligator jaw 
forceps. Rubber tipped or specialised alligator forceps 
are available for the paediatric 2 mm channel. 

Special mention needs to be made regarding 
“button” batteries which are now ever more increasingly 
being swallowed[34]. Although standard batteries can 
cause problems due to their size and from the leakage 
of caustic material, button batteries have the added 
risk of conducting electricity (as both poles are in direct 
contact with the mucosa) which can cause significant 
necrosis and potential perforation[35]. Hence, even if 
these small batteries are not causing direct impaction, 
if found anywhere in the upper gastrointestinal tract, 
they should be removed. The preferable technique is 
to use a Roth Net® and retracting the basket as far 
back into the endoscope as possible and removing 
the endoscope and the foreign body together in one 
sweep.

Up to 30% of objects ingested are “sharp” such 
as needles and pins[21]. Unfortunately, the majority of 
sharp pointed objects are not radio-opaque. Hence, 
if there is a clinical suspicion of ingestion of these 
objects, it is of the authors’ opinion that they should 
all proceed to having an endoscopic assessment and 
retrieval. Forceps and snares are often suitable as 
retrieval devices, minimising potential mucosal injury 
on retraction. This can be achieved by either retrieving 
the foreign body with the sharp end trailing, using 
an overtube or even novel devices such as protector 
hoods on the end of the endoscope[36].
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Figure 2  Bezoar seen at endoscopy. Endoscopic removal wasn’t possible.
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dieulafoy lesions and angioectasia[43,44]. Unfortunately, 
there are no large series looking into gastrointestinal 
bleeding in children overall, with most large prospective 
studies assessing the incidence in the specialised 
paediatric intensive care setting[45]. Case series from 
Asia and developing countries show a higher incidence 
of variceal bleeding (mainly from extrahepatic portal 
hypertension) and those in developed countries having 
a higher incidence of erosive/peptic ulcer bleeding 
(mainly in the context of a a critically ill state)[45,46].

It is important for the endoscopist to be aware of 
the different modalities of endoscopic haemostasis 
available and it is just as important to know when 
these modalities would be required. Several scoring 
systems have been created in adults, although not 
validated in children, that can be used (after certain 
parameters are adjusted), to ascertain the need for 
endoscopic intervention. Blatchford and Rockall scores 
are used worldwide although there has been recent 
debate on their validity in the prediction of re-bleeding 
and 30 d mortality[47,48].

For peptic ulcers, the Forrest criteria was created for 
high-risk bleeding stigmata found during endoscopy. 
The presence of active bleeding, a non-bleeding visible 
vessel (re-bleeding rate of 40%-100%) or adherent 
clot (re-bleeding rate of approximately 25%) are 
indications for endoscopic treatment. While clean 
based ulcers do not require endoscopic therapy as the 
risk of re-bleeding is low (5%)[49,50]. Varices that are 
not actively bleeding can still be considered at high risk 
if there are signs of engorged protuberant vessels or 
a prominent red petechial mark on the vessel (cherry 
red spot) and therefore therapy should be considered.

The type of therapy used is dependent on the size 
of child, the type of lesion, the site of bleeding and 
the judgement and ability of the endoscopist. Three 
modalities are available to the endoscopist, which can 
be divided into 3 categories: injection, mechanical 
haemostasis or thermo-coagulation. Ideally, if the 
patient size permits, a two channel scope is preferable 
so that haemostasis can be achieved with concurrent 
use of flushing of the target area with saline for better 
visualisation. 

(1) Injection therapy: Most injection needles have 
a small enough diameter to pass through a 2 mm 
channel in a paediatric gastroscope. Vasoactive agents, 
sclerosing agents and tissue adhesives can all be 
delivered by these needles.

Adrenaline is typically available in 1:10000 dilution 
and its action is via local vasoconstriction, platelet 
aggregation and mechanical tamponade[51]. In the 
case of an ulcer, it is important to wash the area, even 
if it is for a temporary view, in order to visualise the 
ulcer and identify a possible bleeding vessel. The scope 
is advanced near to the ulcer and the needle catheter 
fed through the channel. It is important to have the 
gastroscope close to the lesion or vessel as the extra 
length of catheter may predispose it to “kinking”. 
Ideally, one should aim to inject 1-2 mls aliquots in 
4 quadrants around the ulcer or near the vessel (so 
theoretically to exhibit its 3 effects circumferentially 
around the bleeding point). Unfortunately, no data 
exists for exact volumes in children as it does in adults 
where large volumes of 13-20 mls have been shown 
to be more efficacious[52].

Sclerosing agents such as sodium tetradecyl 
sulphate and ethanol act by inducing localised 
thrombosis over the bleeding vessel. In the past, 
sclerosing agents had been used for treatment of 
peptic ulcers and dieulafoy lesions[53]. In the last 
2 decades, their role has been more confined to 
dealing with varices. Although band ligation is more 
efficacious in the adult population, the benefit of 
sclerosing agents in children is that they can be used 
in scenarios where band ligators are too large to pass 
through the oropharynx of a young child. The exact 
dose to use is not clear, but recent ASGE (American 
Society of Gastrointestinal Endoscopy) suggest the use 
of a quarter to half of what would be used in adults 
in children under the age of 12 years[54]. Injection 
can be delivered directly into the varix causing direct 
thrombosis or para-varix causing tamponade and 
submucosal fibrosis. Complications can occur including 
chest pain, mucosal ulceration and stricture formation. 
The largest case series to date was by Poddar et al[55] 
who demonstrated the use of alcohol injection in 257 
children with varices and showed successful eradication 
in 95% of patients with a mean of 4.5 sessions (mean 
volume of 8 mls of absolute alcohol used). In this 
series 1.4% (n = 3) had perforation and 18% (n = 38) 
had stricture formation[55].

Tissue adhesives such as fibrin glue have emerged 
as being successful in adult treatment particularly for 
gastric varices (Figure 3)[56]. There is only one pilot 
study, to date, in the paediatric population by Rivet 
et al[57] where 8 infants were treated successfully for 
varices with fibrin glue. There are technical challenges 
with this agent, as there is a risk of the needle sticking 
to the varix or blocking the endoscope channel and 
causing serious damage. The authors’ preference is 
to inject between 1-2 mls and flush thoroughly with 
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Figure 3  Injection of glue into a gastric varix.
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water and instead of bringing the injection needle 
back up the channel, to withdraw it together with 
the endoscope and cut the tip, hence preventing any 
adhesion to the scope. 

(2) Mechanical therapy: Mechanical therapy in the 
form of clips is ever increasingly being utilised as it has 
the ability to effectively tamponade areas of bleeding. 
Its efficacy has been excellent in non variceal bleeding 
in adults, however published experience in the 
paediatric setting is lacking. Interestingly, a Japanese 
series has shown its benefit in prophylaxis. Eighty 
two children who underwent clipping of their varices, 
showed a prevention of variceal progression in 90%[58]. 
One of the limiting factors for its use is that all current 
brands on the market today need a channel size of 
2.8 mm, therefore it is not compatible with paediatric 
gastroscopes. The jaw length of haemoclips range 
from 9-11 mm. Each brand has a slightly different clip 
deployment method, with the option of opening and 
closing the clips several times as well as clip rotation 
before deployment. 

It is imperative that the endoscopist becomes 
familiar with the deployment technique. In the authors’ 
experience, it is often the lack of communication 
between the endoscopist and assistant that leads 
to unsuccessful clip deployment. Indications for clip 
deployment are mainly for a bleeding vessel in an 
ulcer base, dieulafoy lesion or bleeding from Mallory-
Weiss tears. It is the authors’ preference to use a set 
of commands consisting of: (1) expose (exposing the 
clip from sheath); (2) open (opening jaws of clip); (3) 
close (closing of jaws); and (4) deploy (deploying the 
clip from the shaft). A useful pneumonic to remember 
is Extreme OCD (expose-open-close-deploy). In a 
case of severe bleeding that subsequently requires 
angiography, the radiologist finds the clip a useful aid 
to identify the site of the bleeding vessel before coil 
placement.

Band ligation has been the mainstay of treatment 
for oesophageal variceal haemorrhage for the last 3 
decades. It can be utilised for primary haemostasis 
or for prophylactic measures. The device consists of a 
cylindrical friction fit adapter cap which has a number 
of elastic ligating bands fitted around it. The adaptor 
is placed on the end of an endoscope (minimum tip 
of 8.5 mm required) and a thread connected to these 
bands is fed through the channel of the endoscope 
to a deploying handle positioned on top of the biopsy 
channel. After the endoscope is placed in the desired 
location, suction is applied to draw the varix (or other 
lesion) into the adaptor. The bands are deployed by 
rotation of the handle, ideally suction should be held 
for a further 2-3 s to allow the band to fully reach its 
maximum tension capacity. For varices, this should 
ideally occur near the GOJ and proceed proximally to 
avoid obstruction of views by the bands or inadvertent 
displacement. In contrast to adult studies, randomised 
control studies are lacking and when they have been 

undertaken, the sample sizes have been small. As 
such, there is no consensus on the best modality, 
although reports suggest fewer complication rates with 
bands than with sclerotherapy[59]. 

(3) Thermo-coagulation: Thermo-coagulation devices 
deliver thermal energy causing coagulation and 
desiccation which can lead to haemostasis. There 
are 2 types available, monopolar and bipolar. With 
monopolar devices, e.g., hot biopsy forceps, an 
electrical current is passed through the probe tip and 
conducted through the patient through a grounding 
pad and back to the diathermy unit. The probe can 
be applied directly to a vessel until bleeding stops. 
However, the authors do not use this routinely for 
haemostasis as the depth of burn is difficult to regulate 
and a deep thermal injury or perforation is possible[60].

A preferable method is bipolar coagulation. Here, 
the probe delivers thermal energy by creating an 
electrical circuit between 2 electrodes on the probe tip. 
Therefore, the electrical current passes through the 
affected tissue only, so tissue penetration is less deep. 
There are 5-French heater probes that can be used 
with paediatric gastroscopes. Bipolar probes have 6 
points through which current can be passed and hence 
good tissue contact can be made, whether it is used en 
face or tangentially. As it has less tissue penetration, 
more pressure is required for deeper penetration 
and application time is longer. From the authors’ 
experience when haemostasis is not achieved, it is 
often when the endoscopist has not taken enough time 
to place the tip on the bleeding point, which should be 
a minimum of about 10 s for a bleeding vessel or 3-4 s 
for angioectasia.

Heater probes have an electrical heated coil inside 
a Teflon-covered insulated cylinder. Coagulation is 
performed by directly applying heat through the probe 
over the bleeding vessel with pressure. There is very 
little experience of this in paediatrics and currently no 
probe available for paediatric scopes.

Argon plasma coagulation (APC) is a non-contact 
form of coagulation in which current is transmitted in 
an arc of electricity through an ionised gas (argon). 
It has been shown to be useful in adults for non-
variceal bleeding and is commonly used in the 
treatment of radiation-induced proctitis[61]. The degree 
of coagulation is dependent on several factors: the 
power settings, duration of application, distance 
between tip and tissue and flow rate of the argon gas. 
Its advantages are that as the tissue coagulates, the 
conductivity decreases which hence limits the depth of 
injury and it is available in a 1.5 mm diameter probe 
for the paediatric gastroscope. There is only one case 
series of its use in children by Khan et al[62] where 13 
children with upper GI lesions (ulcers, haemangiomas 
and erosions) were successfully treated with APC (flow 
rate of 0.9 L/min and power at 55 w). Care should be 
taken to aspirate the argon gas frequently which is 
potentially combustible in large volumes.
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Elective procedures
As experience grows in this evolving field, the range 
of indications for “chronic” conditions suitable for 
therapeutic intervention increases. We list a few of 
these used in common practice as well as some novel 
therapies.

Percutaneous endoscopic gastrostomy
This is now very commonly used since it was first 
performed by Gauderer et al[63] in 1979. To this day, it 
is still an effective method of feeding via the stomach 
where the oral route may not be possible, providing 
hydration and nutrition[64]. Endoscopic gastrostomy 
placement compared to surgical placement was 
developed to avoid surgical intervention. The most 
common indications for its use in the paediatric setting 
are neurological impairment or failure to thrive[65,66]. 
Percutaneous endoscopic gastrostomy (PEG) use is 
based around the fact that the continuous, suture-less 
approximation of the stomach to the peritoneum and 
anterior abdominal wall by a feeding tube leads to the 
formation of adhesional attachments which subsequently 
leads to the formation of a tract around the tube[66]. 

Several modifications of the technique have been 
introduced since it was first described. The “pull” 
technique is the most commonly used. This involves 
performing a gastroscopy to identify the anterior 
stomach and using sufficient air insufflation to oppose 
the anterior stomach with the anterior abdominal wall, 
pushing aside any possible visceral organs that may 
be inadvertently punctured. The area for insertion 
of the tube is ascertained by visualisation of trans-
illumination of the gastroscope through the abdominal 
wall and visualisation of a clear finger indentation 
within the stomach lumen. This area is marked and 
sterilised before infiltration of local anaesthesia. A skin 
incision of approximately 0.5 cm is made (only few 
mm depth required) which can be made horizontally so 
the scar can be hidden within skin creases for aesthetic 
purposes. A trocar/angiocath is pushed through this 
point into the stomach under endoscopic vision. A soft 
guide wire is then inserted through this so that it just 
appears within the gastric lumen. This threading wire 
is then snared through the endoscope and the whole 
apparatus, scope, snare and thread are withdrawn 
together. After the guide wire is out, a suitable feeding 
tube is attached to it and pulled through the mouth 
and out of the incision. An external bolster/stopper is 
then placed on the skin to hold this in place. It is at 
discretion of the endoscopist whether it is necessary 
to re-intubate the scope to confirm placement of the 
tube. 

The authors would advocate that the distance 
on the PEG tube is documented, i.e., the distance 
from the “button/stopper” in the gastric end to that 
on the skin surface, markings which are available 
on all feeding tubes. This distance varies according 
to the size of the child, however, it may be a guide 
in cases where a larger than expected distance is 

noted to suggest a possible additional inadvertent 
visceral attachment. Antibiotics should always be given 
although the optimal timing, whether pre, post or peri 
can be left to local microbiology policies. 

Oesophageal dilatation: Unlike in adults, where 
malignancy is the major cause of upper gastrointestinal 
structuring, in children it is almost always caused by 
benign disorders. Techniques and equipment used 
in adult patients can be applied to children, i.e., 
bougienage, balloon dilatation and self-expanding 
stents (seldom used). The approach will be determined 
as with many cases where adult skills are transferred 
to the paediatric setting by characteristics of the 
stricture, position, size (both radial and longitudinal), 
availability of equipment, expertise of the endoscopist 
and patient size.

The most common cause of oesophageal stricturing 
worldwide is the ingestion of caustic liquids from 
around the house, with the other major causes falling 
into peptic or post-surgical strictures (mainly corrective 
surgery for oesophageal atresia)[67]. Rarer conditions 
involve the consequences of prolonged ingestion 
of certain foreign bodies, strictures associated with 
eosinophilic oesophagitis, post variceal sclerotherapy 
and congenital abnormalities.

Dilatation is indicated in patients with symptomatic 
obstruction. Anastomotic strictures post oesophageal 
atresia are common, with an incidence of up to 44% in 
some series[68,69]. Koivusalo et al[70] demonstrated that 
a watch and wait policy based on symptomatology was 
superior to routine dilatations as greater than half did 
not require any subsequent dilatations[70].

The purpose of oesophageal dilatation is to alleviate 
symptoms, permit free intake of enteral nutrition and 
reduce complications such as pulmonary aspiration. This 
must be weighed up against the risk of perforation. This 
has been reported as 0%-5% after balloon dilatation 
and 8%-9% after bougienage[71,72].

Bougie dilators come in a range of makes and 
diameters. However, in the paediatric setting experience 
is mainly with Savary-Gillard type systems, i.e., a long 
tapered, radio-opaque, wire-guided and poly-vinyl 
hollow tubes designed for use in the oesophagus. The 
bougie system is naturally limited to the oesophagus 
in the upper GI tract as transmission of the force 
more distally would be more difficult. Bougie dilators 
apply axial as well as radial forces[73]. They come in 
sizes of 5-20 mm diameter and 70-100 cm in length. 
The technique involves feeding a guide wire through 
the lumen of the stricture either endoscopically, 
fluoroscopically or both. When done solely endo
scopically, it is worthwhile to note the distance of the 
stricture from the incisors. After the endoscope is 
retracted, it is imperative, particularly if fluoroscopy is 
not used, to maintain the guide wire in a fixed position 
by an assistant so it does not inadvertently move out of 
position. The bougie is lubricated well and passed over 
the guide wire until the maximal diameter has passed 
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over the area of the stricture (as estimated from the 
previous incisor distance). In adults, it is advocated 
that only 3 dilators or a maximum increment of 3 
mm from initial dilatation occurs in a single session to 
minimise risk of oesophageal perforation[74]. This data 
is lacking in children and hence an estimate of the 
diameter of the adjacent normal calibre oesophagus 
should be used.

Balloon dilators have the benefit of potentially 
being used under direct vision and delivering direct 
radial force across the entire stricture, while controlled 
manometrically by a hand held device by an assistant. 
It cannot be passed down the standard 2.0 mm 
channel of a paediatric scope but in these scenarios, 
guide wires can be placed via fluoroscopy to enable 
the balloon catheter to pass over this[75,76]. Balloons 
are available in 4-40 mm diameter and length varying 
depending on location used. With this range is 
mind, in infants, larger length balloons may traverse 
unnecessarily the entire length of the oesophagus 
so shorter lengths, pyloric or colonic, should be used 
in this group. The ideal length of time the balloon is 
inflated is not known but it is the authors’ experience 
to leave it inflated for at least 1 min.

One of the issues with caustic strictures is the 
frequency of stricture recurrence after dilatation. The 
authors reported the first use of Mitomycin-C, an 
antifibrotic agent, for treatment of caustic strictures 
(Figure 4)[77]. Following the initial report, a case series 
was reported from 8 paediatric gastroenterology 
centres around the world about its successful use[78] 
and it has now been adopted as standard practice in 
many units[78,79].

Choice of methods for dilatation is largely down to 
the experience of the endoscopist and it is not known 
if one method is better over another for any particular 
indication. In retrospective data of oesophageal atresia 
patients, balloons were found to be more effective 
than bougienage and required fewer dilatations[79]. 
However, another report showed those with peptic 
and caustic strictures did better with bougienage[80]. 
Balloon dilatation does seem to offer a better safety 
profile and better efficacy[79]. Perforations are a risk 

although this can be minimised by cautious and gentle 
dilatation, and avoidance of excessive manipulation 
that may cause potentially damaging shearing axial 
forces.

Gastroesophageal reflux disease-novel therapies: 
The burden of gastro-oesophageal reflux (GORD) 
is well established in adults with all its associated 
symptoms including chest discomfort, recurrent cough, 
chronic respiratory disorders and regurgitation. In the 
paediatric setting, the additional sequelae of failing 
to thrive are seen which reduces the threshold for 
intervention. Those children with frequent symptoms 
under the age of 2 are more likely to have symptoms 
later in their childhood[81].

The predominant mechanism causing GORD, as in 
the adult population, is transient lower oesophageal 
sphincter (LES) relaxation. This is defined as an abrupt 
and transient decrease in LES pressure to the level of 
intra-gastric pressure, unrelated to swallowing and of 
relatively longer duration than the relaxation triggered 
by a swallow[82]. 

The aim of treatment for GORD is to achieve 
symptom relief whilst preventing complications. Those 
patients who fail to achieve control with medical 
therapy or not wishing to be dependent on long term 
anti-reflux medications may warrant an anti-reflux 
surgical procedure[83,84].

A variety of endoscopic techniques have been 
developed for treatment of GORD. These methods 
can be divided in three broad categories: (1) methods 
that attempt to create a fundoplication/gastroplication 
(plicating techniques); (2) methods that create a 
controlled stricture (radio frequency); and (3) methods 
that bulk the gastro-oesophageal junction (injecting 
bulking agents)[85]. There is only experience in the 
paediatric setting with the first two methods. The ideal 
procedure should be safe, effective over a long term 
and should not compromise future surgical options. 

Endoluminal gastroplication (Figures 5-7): 
Endoluminal plication uses mechanical techniques 
to decrease reflux by approximation of tissue at 
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Figure 4  (A) Videofluoroscopy image of a proximal and a distal stricture in the oesophagus and (B) resolution of the strictures in the same child 3 mo after 
treatment with Mitomycin C.
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or below the Gastro-Oesophageal junction (GOJ). 
The main plication device be used with the authors’ 
experience is the EndoCinch® (CR BARD Endoscopic 
technologies, Massachusetts, United States). This was 
initially developed by Swain et al[86] in London United 
Kingdom, in the mid-1980s, and was the first Federal 
Drug Agency (FDA) approved endoscopic sewing 
machine method for treating GORD[86].

The method involves placement of an overtube 
to facilitate repeat intubations that are required for 
the procedure. An endoscope with a capsule-shaped 
plication device (with a side hole) mounted at the tip is 
inserted to the level of the squamo-columnar junction 

through the overtube, where the side hole is brought 
into close contact with the wall to draw the mucosa 
into the capsule with the aid of air suction. A puncture 
needle with a non-absorbable suture attached (suture 
tag), is inserted into the biopsy channel and is then 
passed through. The suction pressure is released and 
the capsule is carefully rotated away from the stitch 
side. A suture tag is then set up in the endoscope 
again and a second set of sutures is placed following 
the same procedure at a position rotated between 
30 and 60 degrees away from the first set. The two 
sutures form a plication using a knotting device that 
is inserted into the biopsy channel of a separate 
endoscope and the process is completed by plicating 
the tissue in the form of a pouch. The second and 
third plications are performed in either a linear or 
circumferential manner, or a combination of the two, 
depending on the available area within the GOJ and 
position preference[87]. 

The procedure can be carried out as a day case, 
with studies showing it to be relatively quick, non-
invasive, effective and safe. Results have been shown 
it to be comparable to laparoscopic fundoplication in 
adults[88-90].

The authors have a preference of placing two 
plication suture lines circumferentially, 1.5 cm below 
the GOJ and one 0.5 cm below the GOJ, which we 
believe to be superior to other methods used in 
adults[88,91]. In a series of 17 children with a median 
age 13 years, with GORD refractory or dependent 
on proton pump inhibitors, all patients showed an 
improvement in symptom severity, frequency and 
reflux related quality of life scores[92]. Fourteen 
patients (88%) at 1 year and 9 patients (56%) at 3 
years remained without a need for any anti-reflux 
medication. A sustained improvement in heartburn, 
regurgitation and vomiting was seen at 3 years. Only 
one complication of gastric bleeding was observed 
which resolved spontaneously[93]. The duration of 
action is conflicting in adults and is under on-going 
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Figure 5  Endoscopic gastroplication. This figure the pattern of a zig-zag 
stich when applied with an Endocinch® sewing maching. 
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Figure 6  Endoscopic view (J manoeuvre) of a lax Gastro-Oesophageal 
junction in a child with major reflux before (A) and after (B) application of 
stitch with the EndoCinch®. 

180

160

140

120

100

80

60
Pre            6 wk post            1 year

Figure 7  Significant improvement in the total QOLRAD scores (Quality of 
life in reflux and dyspepsia), 6 wk and 1 year after gastroplication with the 
Endocinch®. 
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review[94-96]. However, there does appear to be superior 
efficacy in children and the reasons for this may be 
due to a relatively deeper suture depth in the thinner 
paediatric oesophagus[93].

Stricture formation through delivery of radio
frequency energy: Curon Medical designed the 
STRETTA® system (Figure 8) which gained FDA 
approval in 2000. The device employs a special 
balloon on a catheter with four needle electrodes. An 
upper GI endoscopy is undertaken first to identify the 
GOJ. A guide wire is then placed into the stomach, 
the endoscope is then removed and the STRETTA® 
catheter is then passed over, advancing the balloon to 
a position at the GOJ. The balloon is inflated and the 
electrodes are deployed to penetrate into the muscle 
layer. Radiofrequency energy is delivered through the 
electrodes to create thermal lesions radially at several 
levels in the lower oesophageal sphincter and gastric 
cardia[97]. As the lesions heal, it induces collagen 
tissue contraction, remodelling and modulation of the 
triggering threshold for transient LES relaxations[98].

Evidence for its benefit is promising, as shown in a 
recent meta-analysis including 1441 patients, although 
these results need to be interpreted with caution as 
there was significant heterogeneity between trials[99]. 
The largest randomised sham-control trial, to date, 
investigating 64 patients, revealed the radiofrequency 
group having significant improvement in heartburn 
symptoms (61% vs 33%) and GORD quality of 
life score (61% vs 30%) at 6 mo[100]. It is seldom 
associated with serious complications but there have 
been reports of delayed gastric emptying in a few[101].

There are only 2 reported case series in the 
paediatric setting. Islam et al[102] reported its first use 
in 6 teenagers (mean age 18, range 14-21) in those 
who had previous surgical reflux surgery. All had an 
improvement in their GORD symptom score with 5 out 
of 6 completely asymptomatic at 3 mo[102]. Liu et al[103] 
reported on 8 children aged 11-16, including 3 children 
with neurological impairment requiring a concomitant 
percutaneous gastrostomy feeding tube[103]. The 

follow-up period was up to 15 mo and 6 of the patients 
were considered to have a successful outcome, based 
on improvement of GORD symptoms and tolerability 
of feeding. Of the two failures, one required continued 
PPI use and the other a Nissen fundoplication.

Without larger published series in children to date, 
paediatric gastroenterologists are likely to be reserved 
in its use, particularly considering that it is unknown 
what the long-term effects of thermal injury to the 
GOJ in a child is likely to be. 

Another novel endoscopic treatment, the ENTERYX 
procedure involves injecting a gastro-esophageal 
biopolymer into the lower oesophageal sphincter 
(Figure 9). The authors do not recommended its use in 
paediatric practice though. Besides concerns regarding 
long-term outcome of the ENTERYX injection, perforation 
of the oesophagus is a risk during administration of this 
treatment.

Assessment and excision of upper GI polyps: 
Over the last few years, investigation of number 
of polyposis syndromes has revealed the presence 
of upper GI polyps in addition to the more widely 
documented colorectal polyps. The most common 
polyposis syndrome, familial adenomatous polyposis 
(FAP) is an inherited autosomal dominant condition 
which results from mutations within the gene locus 
on chromosome 5[104]. In addition to causing the 
development of numerous colorectal polyps in FAP 
patients, it has also been found that multiple polyps 
may occur in the gastric antrum and duodenum[105-108]. 
Domizio et al[109], investigating a series of patients 
from St Mark’s Hospital, demonstrated microscopic 
gastroduodenal pathology in 100/102 asymptomatic 
FAP patients. This included the presence of duodenal 
adenomas in 94 patients and gastric fundic gland 
polyps in 44 patients. Although the significance and 
natural history of gastric polyps in patients with 
polyposis syndromes has not been clearly described, it 
has been shown that patients with FAP have a higher 
risk of duodenal cancer and various methods of upper 
GI endoscopic assessment tools have been used 
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Figure 8  Use of a balloon to deliver radiofrequency energy via needle 
electrodes to the mucosa.

Figure 9  Injection of liquid polymer into the oesophageal mucosa. The 
Enteryx® procedure.
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including standard endoscopy, endoscopy with a side-
viewing scope and double-balloon enteroscopy[110,111]. 

In addition to FAP, other syndromes are known 
to predispose to upper GI polyps which can pose 
management challenges. It is known that children with 
Peutz-Jeghers (PJ) syndrome have a risk of polyps 
which can lead to harmful consequences like bleeding 
and obstruction. Children with PJ may often have to 
undergo laparotomies to manage these problems but 
increasingly less invasive, endoscopic management 
options are being used like balloon enteroscopy which 
can even be used to remove polyps in the proximal 
jejunum[112]. 

CONCLUSION
As experience grows in therapeutic interventions in the 
upper GI tract, treatment that was once considered 
pioneering is becoming relatively routine. Systems 
are now in place to develop training in this continually 
evolving speciality to allow expertise to develop. 
The current disparity between paediatric and adult 
endoscopy is likely to become narrower in the near 
future. 
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Abstract
Congenital esophageal stenosis (CES) is an extremely 
rare malformation, and standard treatment have 
not been completely established. By years of clinical 
research, evidence has been accumulated. We 
conducted systematic review to assess outcomes of 
the treatment for CES, especially the role of endoscopic 
modalities. A total of 144 literatures were screened 
and reviewed. CES was categorized in fibromuscular 

thickening, tracheobronchial remnants (TBR) and 
membranous web, and the frequency was 54%, 
30% and 16%, respectively. Therapeutic option 
includes surgery and dilatation, and surgery tends 
to be reserved for ineffective dilatation. An essential 
point is that dilatation for TBR type of CES has low 
success rate and high rate of perforation. TBR can be 
distinguished by using endoscopic ultrasonography 
(EUS). Overall success rate of dilatation for CES with 
or without case selection by using EUS was 90% and 
29%, respectively. Overall rate of perforation with or 
without case selection was 7% and 24%, respectively. 
By case selection using EUS, high success rate with low 
rate of perforation could be achieved. In conclusion, 
endoscopic dilatation has been established as a primary 
therapy for CES except TBR type. Repetitive dilatation 
with gradual step-up might be one of safe ways to 
minimize the risk of perforation. 

Key words: Esophageal stenosis; Esophageal atresia; 
Tracheoesophageal fistula; Esophageal perforation; 
Dilatation; Endosonography; Deglutition disorders; 
Esophagoscopes; Esophageal ring; Plummer-Vinson 
syndrome
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Core tip: Congenital esophageal stenosis (CES) is a 
rare malformation consisting of 3 types; fibromuscular 
thickening, tracheobronchial remnants (TBR) and 
membranous web. Endoscopic dilatation has been 
established as a primary therapy for CES except 
TBR type. Endoscopic ultrasonography is useful to 
distinguish TBR from other types of CES. Repetitive 
dilatation with gradual step-up is recommended to 
minimize the risk of perforation.
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INTRODUCTION
Congenital esophageal stenosis (CES) is an extremely 
rare malformation, and diagnostic criteria and standard 
treatment have not been completely established. By 
years of clinical research, evidence for the management 
of CES has been accumulated. In the management 
of CES, surgery and endoscopic modalities play a key 
role. Endoscopic management could be an effective 
and less-invasive, however, the risk of therapies and 
therapeutic margin should be considered. The aims of 
this systematic review were to identify all published 
studies of endoscopic management of CES and to 
assess outcomes in terms of relief of the stricture 
and complication rates. Frequency and characters of 
3 categories of CES, and relationship with associated 
anomalies were also reviewed. 

RESEARCH
A Definition of CES was based on the description by 
Nihoul-Fékété[1]; “an intrinsic stenosis of the esopha
gus, present although not necessarily symptomatic at 
birth, which is caused by congenital malformation of 
esophageal wall architecture”.

Systematic review of English-language articles 
reporting CES was conducted by searching the PubMed 
database, in July 2014. Search terms “congenital” 
AND “esophageal stenosis” AND “endosc*”, and MeSH 
term“Esophageal Stenosis” AND the term “congenital” 
were used. The references of each of the included 
studies were then screened for any additionally 
relevant articles. Studies were selected according 
to the following inclusion/exclusion criteria: the only 
inclusion criteria was diagnosis of CES, defined as 
intrinsic stenosis of the esophagus. Esophageal 
stricture due to compression by cardiac/vascular 
malformations or intrathoracic tumor was excluded, if 
it is “congenital”. Secondary esophageal stenosis due 
to gastro-esophageal reflux, postoperative anastomotic 
stricture of esophageal atresia (EA) with/without 
tracheal fistula, leiomyoma and dermatological diseases 
including epidermolysis bullosa, dyskeratosis congenita, 
Rothmund Thomson syndrome and Goltz syndrome 
were also excluded. Review articles and mere letters 
were excluded. There were no exclusions based on 
patient numbers or length of follow-up. Accordingly, 
a total of 570 studies were identified by the initial 
searches, of which 144 studies satisfied the selection 
criteria (Figure 1). All the studies included were case 
reports or retrospective observational studies. 

INCIDENCE
Investigators have commented on the rarity of CES, 
but the true incidence is still unknown. Bluestone 
et al[2] treated 24 cases of CES and approximately 
200 cases of trachea-esophageal fistula in the single 
institution during the same 15 years, and estimated 
that the incidence of CES was one per 25000 births 
using that the incidence of tracheoesophageal fistula 
(TEF) was one per 2500 births[2]. Nihoul-Fékété et 
al[1] found 20 cases of CES and 484 cases of EA 
in the single institution during the same 25 years 
(1960-1984). According to this data, incidence of 
CES was lower than 1/20 of that of EA. Therefore, 
1/25000-50000 live births is thought to be the incident 
rate of CES. These data are reliable and basically 
correct, but the frequency data should be revised 
based on the data at least in the 2000s. 

CLASSIFICATION
The classification of CES has been confusing mainly 
because of its infrequency. Histological classification 
has been difficult because surgical specimens cannot 
be obtained if the only bougie can improves the 
symptom. Furthermore, it has also been difficult to 
differentiate CES from other non-congenital esophageal 
stricture such as achalasia, peptic esophageal stenosis 
due to gastroesophageal reflux and herpetic esopha
geal stenosis[3,4]. 

Various classification of CES had been proposed to 
date. Ohkawa et al[5] (1975) reported 5 entities of CES 
including tracheobronchial remnants, fibromuscular 
thickening, esophageal epithelioma, short esophagus 
and achalasia. Sneed et al[6] (1979) considered that 
there are congenital fibromuscular thickening (FMT), 
tracheobronchial remnants (TBR) and membranous 
web (MW) in the category of CES. Nihoul-Fékété (1989) 
clearly define CES and categorized the cases based 
on these 3 entities[1]. This categorization based on 
this sophisticated study has been broadly accepted to 
date. Ramesh et al[7] (2001) categorized CES into 3 
groups; isolated segmental type, isolated diaphragm 
type and combined type. Isolated segmental type 
corresponds FMT and TBR, isolated diaphragm type 
corresponds MW and combined type corresponds 
segmental stenosis distal EA/TEF or MW. Although this 
classification involves the etiological consideration of 
CES, it is too complicated to use in clinical practice. 

Frequency of 3 categories of CES were assessed 
by using the 3 observational studies including pediatric 
CES cases with detailed categorization (Table 1)[1,8,9]. 
Accordingly, overall frequency of FMT, TBR and 
MW were 53.8%, 29.9% and 16.2%, respectively. 
Locations of stenosis in each categories were assessed 
by using 52 case reports including 64 patients (Figure 
2). Trends were as follows; MW mainly in the upper or 
middle third of the esophagus[10-27], FMT mainly in the 
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middle or lower third[28-39], and TBR mostly in the lower 
third[6,40-60]. 

Additionally, multiple web type of CES has been 
reported mainly in adults[61]. Only 1 pediatric case with 
multiple web has been reported[62].

ASSOCIATION WITH ESOPHAGEAL 
MALFORMATION
CES associated with esophageal atresia (EA) and/or 
tracheoesophageal fistula (TEF) is not so rare, and 
44 cases have been reported as case(s) report to 
date[12,22,26,28,31,33,37,44,47,50,55,63-75]. To assess relationship 
and EA and/or TEF, 14 observational studies of 
pediatric cases were reviewed[1,2,8,9,76-85]. According to 
the 4 observational studies[76,80,81,84], overall incidence 
rate of CES among patients with EA and/or TEF was 
9.6% (Table 2). All the CES located in the middle to 
lower third of the esophagus; 13.5% in middle third 
of the esophagus, and 86.5% in lower third of the 
esophagus. Pathological findings of CES associated 

with TEF were not clear, because not all the cases had 
surgical specimens. In 15 cases (27% of CES cases), 
pathological assessment was performed; 10 cases 
(67%) had tracheobronchial remnant and 5 cases 
(33%) had fibromuscular stenosis. CES in TEF/EA is 
not a rare association, therefore, careful attention is 
required during the management of TEF/EA, especially 
in postoperative esophagogram. 

According to the 10 observational studies[1,2,8,9,77-79,82,83,85], 
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Studies identified through MEDLINE
and bibliography search, n  = 570

Abstracts assessed, n  = 317

Full-text articles assessed, n  = 181

Full-text included, n  = 144

Excluded, n  = 253
   Duplicates
   Non-English language 

Excluded, n  = 136
   Esophageal atresia
   Dermatological diseases
   GERD, hiatal hernia, etc .

Excluded, n  = 49
   Review, letter
   No CES

Addition, n  = 12

Figure 1  Flow chart of systematic search. CES: Congenital esophageal stenosis.

Table 1  Frequency of 3 categories of congenital esophageal 
stenosis

Ref. FMT TBR MW Total

Nihoul-Fékété et asl[1] (1987) 10 (50.0%)   4 (20.0%)   6 (30.0%)   20
Takamizawa et al[8] (2002) 13 (36.1%) 15 (41.7%)    8 (22.2%)1   36
Michaud et al[9] (2013)	 40 (65.6%) 16 (26.2%) 5 (8.2%)   61
Total 63 (53.8%) 35 (29.9%) 19 (16.2%) 117

1Including cases of multiple web. FMT: Fibromuscular thickening; TBR: 
Tracheobronchial remnants; MW: Membranous web.

100

80

60

40

20

0

%

Mem
br

an
ou

s 

web
 (n

 =
 20

)

Tra
ch

eo
br

on
ch

ial
 

re
mna

nt
s (

n  =
 31

)

Fib
ro

mus
cu

lar
 

th
ick

en
ing

 (n
 =

 13
)

Figure 2  The locations of stenosis in each categories of congenital 
esophageal stenosis. 
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al[61] treated 10 adult cases of multiple esophageal 
webs during 7 years, and stated that CES in adults is 
under-recognized cause for intermittent, long-standing 
dysphagia. Although extremely rare, TBR[40,41,59] and 
FMT[34] type of CES were also reported in adults. 

FAMILY INCIDENCE
Occurrence of CES within a family was reported 
only in the 2 literatures; in father and son[94], and 
sisters[96]. They all were over middle age, suffered from 
dysphagia and/or food impaction for long duration, 
and had multiple esophageal webs (one of the sisters 
had no detail). In the former family, the son had male 
sibling who died 1 wk after birth because of an inability 
to swallow. In earlier reports, the nature of multiple 
esophageal webs has been speculated to be either 
congenital or acquired[89], and still remains unclear.

DIAGNOSIS
In diagnosis of CES, it is essential to exclude postnatally 
acquired stenoses (peptic, caustic, infectious, neoplastic), 
extrinsic compression, and achalasia[1]. Careful medical 
interview is of key importance. Both esophagogram 
and esophagoscopy is required to know location, 
range, form and degree of stenosis. To exclude peptic 
stenosis, pH monitoring may be useful. To exclude 
achalasia, measure of esophageal pressure is also 
informative. 

Endoscopic ultrasonography (EUS) is brilliant way 
to classify the CES, especially distinguishing TBR from 
FMT[8,54,100,101]. By using this modality, the cartilage 
in the esophageal wall is visualized as low echoic 
area[54,100] or high echoic area[8,101]. Whether CES is 
classified as TBR or not is important information to 
determine the therapeutic strategy, because CES of 
TBR should be managed by surgery, not bougie due to 
high rate of perforation[55].

TREATMENT
Therapeutic option consists of dilatation and surgery. 
Although surgery tends to be reserved for ineffective 
dilatation, efficacy and risk of dilatation has been 
controversial. We, therefore, reviewed the literatures 
in which more than 5 cases of CES were treated by 
dilatation[1,8,9,79,81-83,85]. Studies were divided into two 
groups by whether EUS was used for case selection 
or not. EUS was to distinguish TBR type of CES. 
Accordingly, overall success rate of dilatation for CES 
with or without case selection was 89.7% and 28.9%, 
respectively (Table 4). Overall rate of perforation 
with or without case selection was 7.4% and 23.9%, 
respectively (Table 5). By using EUS, high success 
rate with low rate of perforation could be achieved. On 
the basis of this knowledge, flow chart of treatment is 
shown in Figure 3. 

As a technique of dilatation, there are tapered 

overall incidence rate of EA and/or TEF among patients 
with CES was 24.8% (Table 3). Variation of the incident 
rate in each study may depend on study period, the 
role of institution and study design. Type of EA were 
not so different from original proportion; EA in 2.4%, 
EA+TEF in 92.7% and TEF in 4.9% of the cases. CES 
cases with complicated form of EA/TEF which cannot 
be classified were also reported[6,64]. 

Additionally, another esophageal malformation 
with CES, including esophageal duplication[22,50,86], 
diverticulum[18] and achalasia[11] were also reported.

ASSOCIATED ANOMALIES OTHER THAN 
ESOPHAGEAL MALFORMATION
Seven observational studies with detailed description 
about associated anomalies were reviewed[1,8,77-79,82,83]. 
These studies included a total of 199 cases of CES. 
The cases without any anomalies accounted for 
55.3% of CES cases. Associated anomalies other 
than esophageal malformation were miscellaneous. 
Relatively frequent anomalies were as follows; 
congenital heart disease (4.5%), 21trisomy (4.0%), 
anorectal anomaly (2.0%), duodenal atresia (1.5%), 
tracheal malacia (1.5%), esophageal hiatal hernia 
(1.0%). 

ADULT CASES
It is difficult to prove whether the adult cases with 
esophageal stenosis are truly “congenital”. Actually, 
webs of the cervical esophagus have been commonly 
associated with Plummer-Vinson syndrome. In the 
largest series of adult CES cases, 62% of cases with 
upper esophageal webs had anemia, and all of them 
were female[87]. Khosla et al[88] also reported that 
among 117 patients with iron deficiency anemia, 6 
cases (5.1%) had upper esophageal webs. Meanwhile, 
esophageal stenosis may also be found without 
the Plummer-Vinson syndrome. We found 24 case 
reports including 30 adult cases of CES with the 
categorization[10,11,13,15-18,20,21,40,41,59,89-99]. In these, 26 
cases (86.7%) had MW type of CES[10,11,13,15-18,20,21,89-

97,98,99]. In these, 16 cases had multiple webs[89-99], 
which was similar to ring of the trachea. Younes et 
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Table 2  Inc idence rate of congenita l  esophagea l 
stenosis among patients with esophageal atresia and/or 
tracheoesophageal fistula

Ref. Cases Incidence 
rate

Location of CES

Middle Lower

Holinger et al[76] (1963)   4/79   5.1% 0 (0%)      4 (100%)
Newman et al[80] (1997)   18/225   8.0% NA NA
Kawahara et al[81] (2001) 11/80 13.8% 2 (18%)   9 (82%)
Yoo et al[84] (2010)   22/187 11.8% 3 (14%) 19 (86%)
Total   55/571   9.6%    5 (13.5%)   32 (86.5%)

CES: Congenital esophageal stenosis. 
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dilator and balloon dilatator, but there has been no 
comparison study of these. Some prefer balloon dilator 
because it enable expanding force to focus on the 
stenotic segment without shear stress, resulting in 
more effective and safer[8,102]. Appropriate diameter 
of dilatation for CES is still unknown. Kozarek et al[103] 
suggested that inflation of a single large-diameter 
dilator of less than 15 mm or an incremental dilation 
of more than 3 mm may be safe in simple esophageal 
strictures in adults. Fan et al[104] reported 9 procedures 
of balloon dilatation for CES including 1 esophageal 
perforation. Although there was no statistical signi
ficance, mean balloon diameter of the procedure 
with/without perforation was 12.1 mm and 15.0 mm, 
respectively. Mean dilation achieved with/without 
perforation was 5.4 mm and 8.4 mm, respectively. Not 
surprisingly, large dilatation with large increment might 
be a risk of perforation. Therefore, repetitive dilatation 
with gradual step-up might be one of safe ways to 
minimize the risk of perforation. 

In cases of MW type of CES, efficacy of endoscopic 
dilatation with radial incision of the web has been reported. 
Instruments for incision include electrocoagulation[17,19,105], 
high-frequency-wave[27] and laser[23]. Nose et al[27] used 

balloon catheter for pulling up the web from the distal 
side during incision. Adverse events during dilatation 
with incision have not been reported. 

LONG-TERM PROGNOSIS
It is well known that the association of Plummer-Vinson 
syndrome with carcinoma of the mouth, hypopharynx 
and upper esophagus. In the 58 adult cases of MW 
type of CES, 9 cases (15.5%) had carcinoma; buccal 
carcinoma in 6, esophageal carcinoma in 3[88]. Other 
than MW type, only one case has been reported, who 
had esophageal carcinoma associated with FMT type of 
CES; 65-year-old man who had suffered from dysphagia 
and vomiting since birth, but had not received any 
treatment because of mild symptom, underwent 
esophagectomy for worsening symptom. The resected 
specimen revealed squamous cell carcinoma in the 
region of fibromuscular stenosis[34]. The authors 
speculated that chronic mechanical stimulation by food 
trapped above the stenosis may have induced dysplasia 
of the mucosa. Special attention should be paid to 
status of the esophageal passage. Long-term functional 
prognosis after dilatation of pediatric CES has not been 
reported. Further studies are still needed.
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Table 3  Incidence rate of esophageal atresia and/or tracheoesophageal fistula among patients with congenital esophageal stenosis

Ref. Cases Incidence rate EA EA + TEF TEF

Bluestone et al[2] (1969)   0/24   0.0% 0   0 0
Nishina et al[77] (1981)   4/81   4.9% 0   3 1
Dominguez et al[78] (1985)   5/34 14.7% 0   5 0
Nihoul-Fékété et al[1] (1987)   2/20 10.0% 0   1 1
Yeung et al[79] (1992) 6/8 75.0% 1   4 1
Vasudevan et al[82] (2002) 4/6 66.7% 1   2 1
Takamizawa et al[8] (2002) 13/36 36.1% 0 13 0
Amae et al[83] (2003)   4/14 28.6% 0   4 0
Romeo et al[85] (2011) 15/47 31.9% 0 15 0
Michaud et al[9] (2013) 29/61 47.5% 0 29 0
Total   82/331 24.8% 2 (2.4%) 76 (92.7%) 4 (4.9%)

EA: Esophageal atresia; TEF: Tracheoesophageal fistula.

Table 4  Success rate of dilatation for congenital esophageal 
stenosis with/without case selection by endoscopic 
ultrasonography

Ref. Case selection by EUS Modality

+ -

Success rate

Takamizawa et al[8] (2002) 16/21 (76.2%) - BD
Romeo et al[85] (2011) 45/47 (95.7%) - BD
Nihoul-Fékété et al[1] (1987) -   7/14 (50.0%) BD or TD
Yeung et al[79] (1992) -   0/7 (0.0%) BD or TD
Kawahara et al[81] (2001) -     2/9 (22.2%) BD
Vasudevan et al[82] (2002) -     3/7 (42.9%) TD
Amae et al[83] (2003) -   3/11 (27.3%) BD or TD
Michaud et al[9] (2013)	 - 13/49 (26.5%) BD or TD
Total 611/68 (89.7%) 28/97 (28.9%)

BD: Balloon dilatator; TD: Tapered dilator; EUS: Endoscopic ultrasonography. 

Table 5  Rate of perforation during dilatation of congenital 
esophageal stenosis

Ref. Case selection by EUS Modality

+ -

Rate of perforation

Takamizawa et al[8] (2002) 0/21 (0.0%) - BD
Romeo et al[85] (2011) 15/47 (10.6%) - BD
Nihoul-Fékété et al[1] (1987) -   6/14 (42.9%) BD or TD
Yeung et al[79] (1992) -     1/7 (14.3%) BD or TD
Newman et al[80] (1997)   3/18 (16.7%) BD
Kawahara et al[81] (2001) -     4/9 (44.4%) BD
Amae et al[83] (2003) - 1/11 (9.1%) BD or TD
Fan et al[104] (2011) -     1/8 (12.5%) BD
Total 5/68 (7.4%) 16/67 (23.9%)

BD: Balloon dilatator; TD: Tapered dilator; EUS: Endoscopic ultrasonography. 
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CONCLUSION
Endoscopic dilatation has been established as a 
primary therapy for CES except TBR type. EUS is useful 
to distinguish TBR from other types of CES. Repetitive 
dilatation with gradual step-up is recommended to 
minimize the risk of perforation. 
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Abstract
One of the most prominent characterist ics of 
gastrointestinal stromal tumors (GISTs) is their 
unpredictable and variable behavior. GISTs are 
not classified as “benign” or “malignant” but are 
rather stratified by their associated clinical risk of 
malignancy as determined by tumor size, location, 
and number of mitoses identified during surgical 

histology. The difficulty in assessing the malignant 
potential and prognoses of GISTs as well as the 
increasing incidence of “incidental GISTs” presents 
challenges to gastroenterologists. Recently, endoscopic 
enucleation has been actively performed as both a 
diagnostic and therapeutic intervention for GISTs. 
Endoscopic enucleation has several advantages, 
including keeping the stomach intact after the removal 
of GISTs, a relatively short hospital stay, a conscious 
sedation procedure, relatively low cost, and fewer 
human resources required compared with surgery. 
However, a low complete resection rate and the risk of 
perforation could reduce the overall advantages of this 
procedure. Endoscopic full-thickness resection appears 
to achieve a very high R0 resection rate. However, this 
technique absolutely requires a very skilled operator. 
Moreover, there is a risk of peritoneal seeding due 
to large active perforation. Laparoscopy endoscopy 
collaborations have been applied for more stable 
and pathologically acceptable management. These 
collaborative procedures have produced excellent 
outcomes. Many procedures have been developed and 
attempted because they were technically possible. 
However, we should first consider the theoretical basis 
for each technique. Until the efficacy and safety of 
sole endoscopic access are proved, the laparoscopy 
endoscopy collaborative procedure appears to be an 
appropriate method for minimally destructive GIST 
surgery. 

Key words: Gastrointestinal stromal tumor; Endoscopy; 
Laparoscopy; Efficacy; Safety

© The Author(s) 2015. Published by Baishideng Publishing 
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Core tip: Several endoscopic approaches have recently 
been investigated for removing gastrointestinal stromal 
tumors. Endoscopic enucleation has several advantages. 
However, there is the possibility of peritoneal seeding 
when accidental perforation occurs. Furthermore, 
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the rate of R0 resection is not yet acceptable. While 
endoscopic full-thickness resection has a more solid 
theoretical basis than endoscopic enucleation in terms 
of R0 resection, the possibility of tumor cell shedding 
into the peritoneum would increase when capsule injury 
results from the procedure. Compared with endoscopy 
only procedures, laparoscopy endoscopy cooperative 
surgery and LAFTR provide a higher complete resection 
rate and a more stable process, which are accordant 
with the purpose of minimally destructive surgeries.

Kim HH. Endoscopic treatment for gastrointestinal stromal 
tumor: Advantages and hurdles. World J Gastrointest Endosc 
2015; 7(3): 192-205  Available from: URL: http://www.
wjgnet.com/1948-5190/full/v7/i3/192.htm  DOI: http://dx.doi.
org/10.4253/wjge.v7.i3.192

INTRODUCTION
Gastrointestinal stromal tumors (GISTs) constitute 
an unusual tumor type that is poorly understood by 
medical and surgical oncologists. GISTs are the most 
common mesenchymal tumor of the gastrointestinal 
tract and are believed to originate from the interstitial 
cells of Cajal regulating gastrointestinal motility. In the 
medical literature, GISTs have been confused with true 
smooth muscle tumors due to their similar features 
under light microscopy. Once a poorly recognized 
disease, GISTs have gained increasing interest fo­
llowing advances in diagnostics, both in terms of 
immunohistochemistry and the characteristic gain of 
functional mutations in either the c-KIT or PDGFRa 
genes, which have been identified as hallmarks of 
their pathogenesis[1-3]. The presence of c-KIT has been 
shown through its receptor in approximately 80% of 
GISTs[4], and 8% of GISTs have mutations in PDGFRa, 
which encodes a c-KIT-homologous receptor tyrosine 
kinase[1,2].

The range of clinical feature of GISTs ranges 
from symptomatic bleeding to incidental detection 
during a routine endoscopy[5]. In general, 10%-30% 
of GISTs are clinically malignant[6], but all GISTs 
are alleged to have some degree of malignant 
potential[5]. Despite size and location of GISTs are 
imperative factors facilitating an estimation of the 
risk of malignancy prior to operation[4,7], dependable 
preoperative examination for predicting malignancy 
are not readily available. Endoscopic ultrasonography 
is useful for obtaining some specimens[8], and the 
risk of GISTs can be stratified according to several 
factors[5,7]; for instance, micro-GISTs (no more than 
1 cm) generally show benign behavior irrespective of 
the mitotic rate[9]. However, the difficulty in estimating 
the malignant potential and the increasing incidence 
of “incidental GISTs” are particularly challenging 
for gastroenterologists, who must make decisions 
regarding patient care and management of this 

disease; in the case of micro-GISTs, regular endoscopic 
follow up is generally accepted[10], but R0 resection is 
frequently considered in cases with larger tumors.

Endoscopic enucleation and related variations of this 
treatment have recently been introduced for managing 
GISTs, most often in incidentally detected cases. There 
are several advantages of endoscopic treatment, but it 
presents some risks as well. Endoscopic full-thickness 
resection (EFTR), laparoscopy endoscopy cooperative 
surgery (LECS), laparoscopy-assisted endoscopic full-
thickness resection (LAEFR), and non-exposed wall-
inversion surgery (NEWS) have been applied for more 
pathologically acceptable management. This article 
provides an overview of the theoretical basis and 
technical feasibility of gastric GIST treatment in terms 
of an endoscopic approach with or without laparoscopic 
collaboration, considering the imperative points of 
conventional surgical resection.

THEORETICAL BASIS
Incidental GIST
Endoscopic enucleation is typically performed for 
asymptomatic GISTs. Approximately 15%-30% of 
GISTs were incidentally discovered without presenting 
any symptoms[6,11,12]. In these studies, the incidental 
discovery of GISTs primarily occurred after surgical 
resection for other reasons or during postmortem 
examination. Several studies have noted the existence 
of subclinical microscopic gastric GISTs[13-16]. Micro­
scopic gastric GISTs were discovered in 22.5% of 
consecutive autopsies conducted on patients aged no 
less than 50 years old[15]. Kawanowa et al[16] presented 
evidence that microscopic GISTs were observed in 
35% of whole stomachs that were surgically resected 
due to gastric carcinoma. As upper gastrointestinal 
examination by endoscopy has been increased, the 
incidental recognition of subepithelial lesions has also 
substantially increased. According to one retrospective 
study, the prevalence of subepithelial gastric lesions 
was 0.36% during routine exanimation[17]. These 
studies show that GISTs are far more common than 
previously presumed. Considering this suggestion, a 
gastroenterologist may frequently encounter GISTs in 
normal clinical practice, and a practical guide should 
be established to avoid irregular management of 
incidentally detected GISTs.

Malignant potential
Importantly, all GISTs are thought to have some 
degree of malignant potential. Approximately 
20%-25% of GISTs in the stomach demonstrate 
malignant behavior[4]. One of the most prominent 
features of GISTs is unpredictable and variable 
behavior. Large, presumably aggressive GISTs can 
progress in an indolent manner, whereas small, 
incidentally discovered GISTs can show malignant 
behavior. Thus, GISTs are not classified as “malignant” 
or “benign” but are rather stratified by the clinical 
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risk of malignancy depending on mitotic count, size, 
location (Table 1)[7]. A preoperative estimation of risk 
can be induced from size and location, but reliable 
criteria for surgery do not currently exist. Unlike gastric 
adenocarcinomas, regional lymph node metastasis of 
GIST is unusual; the prevalence has been reported to 
range from 1.1% to 3.4%[18-20]. Because it is difficult to 
predict the malignant behavior of GISTs, together with 
the rarity of lymph node metastasis, the theoretical 
basis for endoscopic removal can be reasonably 
supported if this method results in complete resection 
and does not cause peritoneal seeding.

Gross appearance and location in the gut wall
To estimate the feasibility of endoscopic procedures, 
it is important to understand the gross findings. 
GISTs range in size from a few mm to 35 cm, with a 
median size between 5 and 8 cm[11,21]. The targets of 
endoscopic enucleation and related procedures are 
small- to medium-sized gastric GISTs less than 5 cm 
in size. Small- to medium-sized GISTs typically form 
a well-delineated spherical or hemispherical mass, 
arising mostly from the proper muscle (PM) layer 
beneath the mucosa and pushing into the lumen to 

form a smooth-contoured elevation (Figure 1A and 
B).Focal mucosal ulceration is common in GISTs 
at all sites (Figure 1C) and is not related to tumor 
malignancy. GISTs are usually well circumscribed 
and surrounded by a pseudocapsule. The presence 
of a pseudocapsule contributes to the indication for 
complete resection in endoscopic enucleation.

When considering endoscopic enucleation, GISTs 
must be classified into several types according to their 
locations in the gastric wall (Figure 2). Type Ⅰ is a GIST 
that has a very narrow connection with the PM and 
protrudes into the luminal side, similar to polyps (Figure 
2A). Type Ⅱ has a wider connection with the PM and 
protrudes into the luminal side at an obtuse angle 
(Figure 2B). Type Ⅲ is located in the middle of the 
gastric wall (Figure 2C). Type Ⅳ protrudes mainly into 
the serosal side of the gastric wall (Figure 2D). Of the 
four types, type Ⅰ is the best candidate for endoscopic 
enucleation due to its narrow connection with the PM 
layer, and it seems possible to remove type Ⅱ lesions 
by endoscopic enucleation. However, it is nearly 
impossible to achieve complete resection of type Ⅲ 
and type Ⅳ GISTs by endoscopic enucleation. Thus, 
EFTR, LECS, LAEFR, or NEWS should be considered for 
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Table 1  Prognostication of gastrointestinal stromal tumor atdifferent sites by tumor size and mitotic rate based on follow-up studies 
of over 1700 gastrointestinal stromal tumors prior to imatinib

Tumor parameters Percentage of patients with progressive disease during long-term follow-up and quantitative characterization of the 
risk for metastasis

Group Size Mitotic rate Gastric GISTs Small intestinal GISTs Duodenal GISTs Rectal GISTs

1 ≤ 2 cm
≤ 5/50
HPFs

0 none
2 > 2 ≤ 5 cm 1.9 (very low) 4.3 (low) 8.3 (low) 8.5 (low)
3a > 5 ≤ 10 cm 3.6 (low) 24 (moderate)

34 (high) 1     57 (high) 1

3b > 10 cm 12 (moderate) 52 (high)
4 ≤ 2 cm

> 5/50
HPFs

01 501 2   54 (high)
5 > 2 ≤ 5 cm 16 (moderate) 73 (high) 50 (high)   52 (high)
6a > 5 ≤ 10 cm 55 (high) 85 (high)

86 (high) 1     71 (high) 1

6b > 10 cm 86 (high) 90 (high)

1Small number of cases. Groups combined or prognostic prediction less certain; 2No tumors encountered with these parameters. (Adopted from Miettinen 
et al[4]). HPF: High power field; 50 high: Power fields equal approximately 5 mm2; GIST: Gastrointestinal stromal tumor.

CBA

Figure 1  Features of gastrointestinal stromal tumors. A: An approximately 2-cm elevated lesion covered with nearly intact mucosa was observed at the cardia; B: 
EUS demonstrated a 21-mm, generally homogenous hypoechoic, well circumscribed pear-shaped lesion originating from the inner circular layer of the proper muscle 
layer. Inside the lesion, a hyperechoic septum-like structure was noticed; C: There was a small deep focal ulceration at the center of the gastrointestinal stromal tumor 
(GIST) (white arrows).
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laparoscopic wedge resection have been shown to be 
equivalent to the open surgical approach. Guidelines 
suggest that laparoscopic wedge resection can be 
used for tumors ≤ 5 cm[22]. Laparoscopic approaches 
to GIST management continue to expand and should 
adhere to standard oncological principles, including 
avoidance of direct grasping and tumor rupture, and 
an extraction bag is recommended when tumors are 
removed[31,33-37]. Although a microscopically positive 
margin was not found to be a significant adverse factor 
in some studies[23,38], one study did find it to be an 
adverse factor for survival[39].

The guidelines of the national comprehensive 
cancer network recommended abdominal and pelvic 
CT scan every 3-6 mo for 3-5 years and annually 
thereafter following completer resection[22]. Less 
frequent surveillance may be acceptable for small 
tumors (< 2 cm). Currently, Imatinib is approved both 
in the United States and the EU as an adjuvant therapy 
for GIST after surgical resection.

TECHNICAL FEASIBILITY OF THE 
ENDOSCOPIC APPROACH
Nearly all interventions have been performed for 
submucosal tumors originating from the PM layer 
without validating preoperative histological findings. 
Therefore, it is realistic to estimate the feasibility of 
an endoscopic approach for GIST by accessing data 

type Ⅲ and Ⅳ GISTs. 

Surgical resection and follow-up program
Surgical removal is the primary treatment for a 
localized GIST in the majority of cases. Prior to 
evaluating the feasibility of therapeutic endoscopic 
procedures for GISTs, it is necessary to understand the 
surgical procedures and outcomes as a conventional 
standard strategy. The primary goal of surgery 
is complete tumor removal with clear resection 
margins. Avoiding pseudocapsule rupture is very 
important because intra-abdominal dissemination 
and a poor prognosis have been seriously associated 
with its occurrence[22]. It seems not necessary to 
perform routine lymphadenectomy due to rare nodal 
metastasis[23].

Depending on the location of the lesion, the type 
of surgery is determined. In cases of esophageal, 
small intestinal, and rectal GISTs, wide resections are 
the surgery of choice[24]. Gastric wedge resection is 
the most frequently performed procedure for gastric 
GISTs, and it is recommended as the treatment of 
choice; however, in some cases, tumor size and 
location may indicate extensive surgery, including 
a partial or total gastrectomy. Laparoscopic wedge 
resection, which is less invasive than the traditional 
technique, has been demonstrated to have comparable 
results in terms of efficacy, safety profile, and length of 
hospitalization[25-32]. Short- and long-term outcomes of 
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Figure 2  Classification of gastrointestinal stromal tumors according to the location in the gastric wall. A: Type Ⅰ is a gastrointestinal stromal tumor (GIST) 
that has a very narrow connection with the proper muscle layer and protrudes into the luminal side like a polyp; B: Type Ⅱ has a wider connection with the proper 
muscle layer and protrudes into the luminal side at an obtuse angle; C: Type Ⅲ is located in the middle of the gastric wall; D: Type Ⅳ protrudes mainly into the serosal 
side of the gastric wall. White dotted lines indicate the area dissected from the proper muscle layer. 1: Mucosa; 2: Submucosa; 3: Circular layer of proper muscle; 4: 
Longitudinal layer of proper muscle.
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acquired from submucosal lesions originating from the 
PM layer.

ENDOSCOPIC ENUCLEATION
Submucosal endoscopic dissection
GISTs originating from the PM layer are not likely to 
be removed completely and safely using standard or 
modified endoscopic submucosal dissection (ESD). In 
such cases, deep submucosal dissection and PM layer 
resection should be performed. Moreover, the PM layer 
under the lesion must be carefully dissected (Figure 3). 
Thus, perforation risk is inevitably high. Furthermore, 
the margin seems to be minimal and easily involved in 
tumor cells (Figure 3F); there is also a potential risk of 
injury to the pseudocapsule. Several studies presented 
similar rates of successful en bloc resection (64%-94%) 
and perforation rates from 0% to 12% using ESD for 
GISTs originating from the PM layer (Table 2) (n = 11, 
25, and 22)[40-42]. The imperative point, which should 
be noted, is that not all studies assessed pathologic 
evaluation, although they insisted on complete 
resection (n = 11 and 25)[40,41]. One recent study (n 
= 86) reported a 5.8% local recurrence rate after 
endoscopic enucleation of 86 GISTs, although all of the 
GISTs were completely removed endoscopically[43].

Endoscopic muscularis dissection
Liu et al[44] introduced another endoscopic technique, 

called endoscopic muscularis dissection (EMD), for 
tumors originating from the PM layer (n = 31, 14 
esophageal and 17 gastric tumors)[44]. Of these 
tumors, 97% (30/31) were completely resected. The 
perforation rate was 13% (4/31)[44]. A longitudinal 
incision may have advantages in closing the mucosa 
with clips and promoting wound healing (Figure 4).

Endoscopic submucosal tunnel dissection
Endoscopic submucosal tunnel dissection (ESTD) is 
an innovative method that provides a solution for 
perforation, which frequently occurs during proper 
muscle dissection. The first case was reported by Inoue 
et al[45], submucosal endoscopic tumor resection for 
cardial and esophageal subepithelial tumors (n = 7)[45]. 
Submucosal tunnel dissection includes four major 
procedures (Figure 5): (1) creating a submucosal 
tunnel; (2) dissecting the tumor from the mucosa or 
submucosa; (3) dissecting the PM layer attached to the 
tumor; and (4) retrieving the specimen and closing the 
mucosal entry site with clips (n = 7, 12, and 85)[45-47]. 
The imperative advantage of ESTD is maintaining 
mucosal integrity during en bloc resection of sube­
pithelial tumors (n = 143)[48]. ESTD may possibly de­
crease the risk of gastrointestinal tract leakage and 
subsequent infection[48]. Therefore, this technique may 
be a promising novel method for selected[46] GISTs 
arising from the PM layer at the cardia, particularly 
because endoscopic enucleation in this area can result 
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Figure 3  Endoscopic enucleation using the standard endoscopic submucosal dissection technique. A: An approximately 2.5-cm subepithelial tumor was 
identified at the greater curvature side of the upper body of the stomach; B: A 2.6-cm mixed echogenic tumor with a slightly irregular border arising from the proper 
muscle layer was noticed; C: Endoscopic enucleation using the endoscopic submucosal dissection technique was performed; D: En bloc resection was achieved; E: 
There was no perforation at the operation site; F: On pathologic examination, a vertical resection margin was apparently involved with tumor cells (red boxed area); 
R1 resection was confirmed. (Courtesy of Kyung Oh Kim, Gil hospital, Incheon, South Korea).
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in pneumothorax and subcutaneous emphysema[46,47].

Advantages and drawbacks
Given the safety and efficacy of endoscopic enucleation, 
these emerging techniques can be preferable options 

for GISTs arising from the PM layer who are admitted 
to institutions with experienced operators. Endoscopic 
enucleation has several advantages, such as an intact 
stomach after GIST removal, a relatively short hospital 
stay, a conscious sedation procedure, relatively low 
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Table 2  Recent publications reporting endoscopic enucleation and endoscopic full-thickness resection for upper gastrointestinal 
tumors originating from the proper muscle layer

Ref. n Method Mean operation time 
(min)

Mean tumor 
diameter (mm)

Complete resection 
rate (%)

Complications/recurrence

Wang et al[43] (2014)   86 Standard ESD - - 100 4 delayed bleedings
9 perforations

5 local recurrences
Ye et al[47] (2014)   85 ESTD   57 19 100 4 pneumothorax and subcutaneous 

emphysema
2 pneumothorax

2 subcutaneous emphysema
Feng et al[49] (2014)   48 EFTR   60 16 100 0
Li et al[48] (2012) 143 ESD (134), EFTR 

(6), ESTD (3)
  45 18    941 2 pneumothorax,

1 subcutaneous emphysema
Białek et al[42] (2012)   22 Standard ESD - -    681 2 perforations
Liu et al[44] (2013)   31 EMD   77 22   97 4 perforations
Inoue et al[45] (2012)     7 SET 152 19 100 0
Gong et al[46] (2012)   12 ESTD   48 20   83 2 pneumothorax

and subcutaneous emphysema
Zhou et al[52] (2011)   26 EFTR 105 28 100 0
Hwang et al[41] (2009)   25 ESD - 29   64 3 perforations
Lee et al[40] (2006)   11 ESD   61 21   75 0

1Pathologically evaluated. EFTR: Endoscopic full-thickness resection; EMD: Endoscopic muscularis dissection; ESD: Endoscopic submucosal dissection; 
ESTD: Endoscopic submucosal tunnel dissection; SET: Submucosal endoscopic tumor resection. 

Figure 4  Endoscopic muscularis dissection of an esophageal subepithelial tumor originating from the proper muscle layers. A: Endoscopic view of the 
esophageal submucosal tumor; B: Exposure of the tumor using a longitudinal incision; C: Blunt dissection of the tumor as deep as the proper muscle layer with a 
transparent hood; D: Stopping bleeding after blunt dissection; E: The whole tumor was removed F: Linear clipping was performed to close the submucosal entry site 
(adopted from Liu et al[44]).
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cost, and fewer human resources required compared 
with surgery.

However, it should be noted that several dis­
advantages also exist, which must be overcome to 
ensure the efficacy and safety of these advanced 
endoscopic techniques. First, there have been no 
data showing whether or not there was remnant 
GIST tissue at dissection sites when R1 resection was 
conducted; most studies have only validated en bloc 
resection[40,41,44,46,47,49]. The dissection surface was 
ablated by an electrical knife or snare, so there may 
not be remnant GIST cells, although R1 resection 
was achieved. Although this assertion seems logical, 
there have been no data proving this hypothesis. 
Moreover, one of the latest studies reported that a 
5.8% local recurrence was observed even though 
complete endoscopic resection was achieved in all 
cases. To address this hypothesis, surgical resection of 
the dissected area should be obtained, and a careful 
pathological examination of the dissected surface 
must be conducted. Although several studies have 
shown that a microscopically positive margin was not 
a significant adverse factor[23,38], we should understand 
that these were surgical outcomes. In laparoscopic 
surgery, staples are used for the procedure, and 
the additional tissue from the resection line is 
essentially removed, indicating that R1 resection of 

GIST specimens during surgical procedures includes 
cases with R0 resection in a remnant stomach. In 
contrast, endoscopic enucleation does not involve 
this additionally removed area. There has also been 
disagreement regarding this result even in conventional 
surgical procedures[39]. Considering this information, 
R1 resection in endoscopic enucleation should be 
regarded as true R1 resection until appropriate studies 
demonstrate contrasting evidence. Currently, post-
procedural management of R1 resection should be 
additional surgery, particularly for R1 resection of 
intermediate- to high-risk GISTs.

Second, because perforation is usually accom­
panied by pseudocapsule injury, the possibility of 
peritoneal seeding increases. Peritoneal seeding is 
accompanied by a high recurrence rate and can result 
in a poor prognosis. If PM layer dissection does not 
cause perforation, capsule injury may not be a serious 
problem; the tumor cells will shed into the lumen of 
the gut and will be destroyed. However, there is some 
likelihood of concomitant perforation and capsule 
rupture or injury during the procedure, particularly 
in cases where there is difficulty in conducting the 
procedure. In such situations, shedding of tumor cells 
into the peritoneal cavity is predicted. Currently, no 
comparative data with conventional surgical outcomes 
exist. 
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Figure 5  Endoscopic submucosal tunnel dissection procedure with longitudinal access. A: A 2-cm longitudinal mucosal incision was created, approximately 
5 cm over the submucosal tumor; B: Submucosal dissection was performed, making a submucosal tunnel until the tumor was visible; C: Dissection was performed 
along the margin of the tumor; D: Dissection was completed; E: After removing the tumor, potential bleeding foci were coagulated; F: Closing the entry with clips (adopted 
from Gong et al[46]). 
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ENDOSCOPIC FULL-THICKNESS 
RESECTION WITHOUT LAPAROSCOPIC 
ASSISTANCE
The first case of EFTR using a snaring technique 
was reported in 2001[50]. Ikeda et al[51] recently 
presented EFTR by ESD in a swine stomach. This trial 
demonstrates an important step forward in endoscopic 
surgery, but it is currently not likely applicable in clinical 
settings. The risk of peritoneal infection and skeptical 
views of complete closure cause potentially major 
concerns in endoscopy-only procedures. Thus, EFTR 
should overcome the prevalent idea that perforation 
is a serious complication. However, Zhou et al[52] (n = 
26) and Feng et al[49] (n = 48) succeeded in the use of 
EFTR for resecting gastric SMTs originating from the 
PM layer without laparoscopic assistance (Table 2). 
Their EFTR technique was based on standard ESD and 
consisted of four major procedures (Figure 6): (1) a 
circumferential incision as deep as the PM layer; (2) 
Creating active perforation by serosal layer incision; (3) 
removing a tumor and its surrounding PM and serosal 
layers by snare; and (4) closing active perforation site 
by several clips[49,52]. En bloc resection was achieved 
in all cases[49,52]. Furthermore, there were no serious 
complications[49,52]. According to these two studies, 
EFTR appears to be an ideal minimally destructive 
measure for gastric GISTs. One thing that should be 

noted is that EFTR essentially creates a large active 
perforation, which can result in the shedding of tumor 
cells into the peritoneum when the pseudocapsule is 
not intact. Thus, gentle maneuvering is required to 
maintain an intact pseudocapsule. The efficacy and 
safety of EFTR must be validated in multicenter studies 
to standardize this promising technique.

LAPAROSCOPIC ENDOSCOPIC 
COLLABORATIVE PROCEDURES
For the first time, a combination of gastrointestinal 
endoscopy and laparoscopy has been reported for 
removing esophageal subepithelial tumor by Izumi 
et al[53]. In this technique, a subepithelial tumor 
was pushed out by a balloon on an endoscope, and 
thoracoscopic enucleation was performed to remove 
the protruded tumor[53,54]. Hiki et al[55] (n = 7) 
reported the successful use of ESD for assisting local 
laparoscopic gastric resection to remove a GIST. In 
their technique, named LECS, laparoscopic multiple 
staplers were used for resection after approximately 
three-fourths cutline was completed by ESD. Tsujimoto 
et al[56] presented satisfactory surgical outcomes 
after LECS for gastric subepithelial tumor also (n 
= 20). Reducing the resected gastric wall volume 
is an important advantage of LECS compared with 
conventional laparoscopic wedge resection solely using 
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Figure 6  Procedure for endoscopic full-thickness resection of gastric subepithelial tumors originating from the proper muscle layer. A: A circumferential 
incision was made as deep as the proper muscle layer around the lesion with an IT knife; B: The tumor protruded into the peritoneal cavity after active perforation due 
to the incision into the serosal layer around the lesion; C: The tumor and surrounding tissue were pulled into the gastric cavity; D: The gastric wound was successfully 
closed with several metallic clips (adopted from Zhou et al[52]).
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a linear stapler[57]. 
LAEFR, i.e., EFTR with laparoscopic assistance, 

is an effective treatment for selected patients with 
gastric subepithelial tumors (n = 4 and 25)[58,59]. There 
are four major steps in LAEFR (Figure 7): (1) deep 
submucosal incision using ESD[57]; (2) endoscopic 
seromuscular layer incision, three-fourths or two-thirds 
of the circumference; (3) laparoscopic seromuscular 
incision for remaining circumference; and (4) hand-
sewn closure. The different point of LAEFR from LES 
is a hand-sewn closure without linear staples. LECS 
affords easier and more accurate resection, and the 
LAFTR results in minimal resection[57]. LECS and LAFER 
showed excellent outcomes. All reports have shown 
100% complete resection rates and no complications 

(Table 3)[55,56,58,59]. The best indication for LECS and 
LAEFR may be intraluminal growing types of gastric 
GISTs originating from the PM layer. Such lesions 
cannot be well identified from the serosal side of 
the stomach; therefore, there is a high probability 
that conventional laparoscopic wedge resection will 
cause a larger-than-expected resection and bring 
about a gastric deformity or stenosis, or conversely, 
can produce a positive surgical margin[57]. LECS 
or LAEFR can avoid such problems. Full-thickness 
resection procedures are derived from ESD. Therefore, 
both can be applied regardless of tumor size, and a 
pathologically acceptable resection margin can be 
more easily accomplished[57-60].

NEWS is a newly suggested technique developed 
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Figure 7  Procedure for laparoscopy-assisted endoscopic full-thickness resection. A: Laparoscopic view while the lesser omentum attached around the tumor 
site was dissected; B: Endoscopic view after marking around the gastric subepithelial tumor (white arrows) located on the lesser curvature side of the gastric body; 
C: Gastroscopic view after incision as deep as the submucosal layer around the lesion; D: Gastroscopic view of the full-thickness incision from inside the stomach 
using the IT knife (white arrow); E: Laparoscopic view of the full-thickness incision from inside the stomach using the IT knife (arrow, the tip of the IT knife; arrowhead, 
the gastroscope); F: Laparoscopic view of the remaining full-thickness incision from outside the stomach using a Harmonic ACE (arrow); G: Laparoscopic view after 
laparoscopic hand-sewn closure of the gastric-wall defect (adopted from Abe et al[58]). 
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to minimize the resected tissue volume as well as 
prevent peritoneal contamination (n = 6)[61]. There 
are 7 major steps in NEWS (Figure 8)[61,62]: (1) 
marking the mucosa around a lesion; (2) serosal 

marking using laparoscopy on the side opposite 
the mucosal markings; (3) injecting hyaluronate 
solution endoscopically into the submucosal layer; 
(4) laparoscopic circumferential seromuscular 
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Table 3  Publications reporting laparoscopic and endoscopic cooperative surgery, laparoscopy-assisted endoscopic full-thickness 
resection, and non-exposed wall-inversion surgery for submucosal tumors in the upper gastrointestinal tract

Ref. n Method Mean operation time (min) Mean tumor diameter (mm) Complete resection rate (%) Complications

Mitsui et al[61] (2014)   6 NEWS 306 34 100 0
Hoteya et al[59] (2013) 25 LAFER 156 32  1001 0
Tsujimoto et al[56] (2012) 20 LECS 157 38  1001 0
Hiki et al[66] (2011) 38 LECS 100 0
Abe et al[58] (2009)   4 LAEFR 201 30  1001 0
Hiki et al[55] (2008)   7 LECS 169 46 100 0

1Pathologically evaluated. LAEFR: Laparoscopy-assisted endoscopic full-thickness resection; LECS: Laparoscopic and endoscopic cooperative surgery; 
NEWS: Non-exposed wall-inversion surgery.

Figure 8  Procedure for non-exposed wall-inversion surgery. A: Laparoscopic markings on the serosal surface guided by light from the fiber-optic probe shining 
through the gastric endoscope; B: Circumferential seromuscular layer dissection outside the serosal markings; C: Seromuscular layer suture closure; D: Laparoscopic 
view of inversion of the dissected area; E: Endoscopic view of massive protrusion of the inverted tissue; F: Serosal surface (arrow) identified during mucosubmucosal 
layer dissection; G: Flipped tissue to be resected (adopted from Mitsui et al[61]).
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layer incision; (5 suturing the seromuscular layer; 
(6) spontaneous inversion of the lesion; and (7) 
circumferential incision of the mucosubmucosal layer. 
Theoretically, this technique nearly perfectly prevents 
peritoneal contamination because seromuscular 
layer suture and closure is performed before 
mucosubmucosal layer cutting (Figure 9)[61]. However, 
this innovative technique contains a few downsides 
compared with LECS or LAEFR. Mitsui et al[61] 
reported 2 perforations in 6 cases: one laparoscopic 
mucosal injury during the seromuscular incision and 
musculoserosal tearing by ESD. Two cases out of 6 
also converted due to poor recognition of the tumor 
margin[61]. Selecting appropriate lesions, type Ⅲ and 
type Ⅳ, and advancement of this technique would be 
necessary to apply NEWS in ordinary clinical fields.

IMATINIB AS AN ADJUVANT 
TREATMENT
Although a significant proportion of patients will 
be cured with surgery alone, approximately 40% 

Figure 9  Scheme of the procedure for non-exposed wall-inversion 
surgery. A: Seromuscular layer suture after submucosal injection and 
seromuscular cutting; B: Divided seromuscular layer inversion after 
laparoscopic seromuscular closure; C: Mucosubmucosal layer dissection 
(adopted from Mitsui et al[61]). 

will eventually have a relapse of disease, with the 
majority of these relapses occurring within the first 5 
years. The ACOSOG Z9001 trial[63] compared 12 mo 
of imatinib treatment with a placebo and showed an 
estimated 1-year recurrence-free survival (RFS) of 
98% in the Imatinib group compared with 83% in the 
placebo group (HR: 0.35). More recently, the Phase 
Ⅲ Scandinavian Sarcoma Group Trial[64] reported 
that patients affected by GISTs with a high risk of 
recurrence treated with adjuvant Imatinib for 36 mo 
had longer RFS (5-year RFS, 65.6% vs 47.9%; HR: 
0.46) and improved overall survival (5-year survival, 
92% vs 81.7%; HR: 0.45) compared with those 
receiving 12 mo of treatment. These trials provided 
Level 2 evidence, according to the latest edition of the 
Oxford Centre for Evidence-Based Medicine (OCEBM) 
Levels of Evidence, for the role of adjuvant imatinib 
in patients with resected GISTs. Together, the current 
evidence supports at least 3 years of adjuvant imatinib 
as a new standard for patients with resected, high-
risk GISTs, although the optimal duration of therapy 
remains unknown[65]. In endoscopic enucleation, 
imatinib treatment appears to often be neglected, 
possibly for the following reasons. First, a lesion 
removed by endoscopic enucleation is typically 
small- to medium-sized. Second, most GISTs were 
incidentally detected in asymptomatic patients unlike 
gastric cancer cases, which are typically more serious 
and draw greater attention from doctors and surgeons. 
However, it is absolutely desirable for practitioners to 
follow the guidelines for adjuvant usage of imatinib, 
based on the risk level of the GISTs.

CONCLUSION
Unpredictable malignant potential and rare lymph 
node metastasis provided the theoretical basis for 
the concept of minimally destructive surgery for 
incidentally detected asymptomatic GISTs. Under this 
theoretical concept, technical advances have been 
made based on ESD-enabled surgeons performing 
endoscopic enucleation of GISTs. However, there is the 
possibility of simultaneous occurrence of perforation 
and pseudocapsule injury, which can cause peritoneal 
seeding. Furthermore, the rate of R0 resection is not 
yet acceptable, although one study reported a high 
R0 resection rate. Well-trained surgeons and a more 
secure endoscopic enucleation technique are needed 
to justify the implementation of this procedure. 
Moreover, long-term results of endoscopic enucleation 
will be necessary to confirm the true efficacy and 
safety because reports on the use of endoscopic 
enucleation are currently limited to case reports 
and small, retrospective, or pilot series. While EFTR 
has a much better theoretical basis than endoscopic 
enucleation in terms of R0 resection, the possibility 
of tumor cell shedding into the peritoneum would 
substantially increase when capsule injury results from 
the procedure. Moreover, a surgeon needs advanced 
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skills to close a large iatrogenic perforation. In 
contrast with procedures that employ only endoscopy, 
LECS and LAFTR provide safer procedures, a higher 
complete resection rate, and a more stable process. 
Although LECS and LAFTR require more resources, 
including more people, more devices, and even 
additional machines, LECS and LAFTR could represent 
more acceptable procedures in terms of conventional 
surgical purposes, because they result in complete 
resection and avoid peritoneal seeding. 

Various endoscopic procedures have challenged 
conventional surgery with the aid of advances in 
modern medical technology. Many procedures were 
invented and attempted because they were technically 
possible. However, we should consider the aim of 
conventional surgery, which has accumulated vast 
data. Until the efficacy and safety of sole endoscopic 
access are demonstrated in multiple ways, LECS 
and LAFTR appear to be appropriate procedures for 
pursuing secure and effective surgical outcomes 
that conform to the concept of minimally destructive 
surgery.
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Abstract
Zenker’s diverticulum (ZD) is an abnormal hypopharyngeal 
pouch often presenting with dysphagia. Treatment is 
often sought with invasive surgical management of the 
diverticulum being the only mode of definitive therapy. 

Primarily done by an open transcervical approach 
in the past, nowadays treatment is usually provided 
by otolaryngologists using a less invasive trans-oral 
technique with a rigid endoscope. When first described, 
this method grew into acceptance quickly due to its 
similar efficacy and vastly improved safety profile 
compared to the open transcervical approach. However, 
the main limitation with this approach is that it may not 
be suitable for all patients. Nonetheless, progress in 
the field of natural orifice endoscopic surgery over the 
last 10-20 years has led to the increase in utilization of 
the flexible endoscope in the treatment of ZD. Primarily 
performed by interventional gastroenterologists, this 
approach overcomes the prior limitation of its surgical 
counterpart and allows adequate visualization of the 
diverticulum independent of the patient’s body habitus. 
Additionally, it may be performed without the use 
of general anesthesia and in an outpatient setting, 
thus further increasing the utility of this modality, 
especially in elderly patients with other comorbidities. 
Today, results in more than 600 patients have been 
described in various published case series using 
different techniques and devices demonstrating a high 
percentage of clinical symptom resolution with low 
rates of adverse events. In this article, we present our 
experience with flexible endoscopic therapy of Zenker’s  
diverticulum and highlight the endoscopic technique, 
outcomes and adverse events related to this minimally 
invasive modality. 

Key words: Zenker’s diverticulum; Flexible endoscopy; 
Natural orifice endoscopic surgery; Per-oral endoscopy; 
Dysphagia; Cricopharyngeus myotomy; Cricopharyngeus 
septotomy
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septotomy of the cricopharyngeus muscle. Previously 
done as an open transcervical approach by surgeons, 
treatment has now evolved to include a minimally 
invasive trans-oral approach with flexible endoscopy 
performed by gastroenterologists. In this article we 
highlight our experience with flexible endoscopic 
therapy of ZD at our institution, describe commonly 
used flexible endoscopic techniques and devices, and 
assess efficacy and safety data related to this minimally 
invasive modality. 

Perbtani Y, Suarez A, Wagh MS. Techniques and efficacy of 
flexible endoscopic therapy of Zenker’s diverticulum. World J 
Gastrointest Endosc 2015; 7(3): 206-212  Available from: URL: 
http://www.wjgnet.com/1948-5190/full/v7/i3/206.htm  DOI: 
http://dx.doi.org/10.4253/wjge.v7.i3.206

INTRODUCTION
Zenker’s diverticulum (ZD) is a pharyngeal outpouching 
caused by increased intraluminal pressure, in con­
junction with an area of inherent weakness in the 
hypopharynx known as the Killian triangle.  This area 
of vulnerability is formed in between two pharyngo-
esophageal muscles, the inferior pharyngeal constrictor 
and the cricopharyngeus.  Since the original description 
of the condition by Ludlow[1] and then Zenker von 
Zeimssen[2]; the pathophysiology that leads to the ZD 
has been poorly understood. Currently, the mechanism 
that leads to increase in luminal pressures causing 
the ZD is thought to be due to poor upper esophageal 
sphincter (UES) compliance[3,4]. 

Characteristic symptoms for ZD include dysphagia, 
which is the presenting symptom in 80%-90% of 
patients. Additionally, patients may present with cough, 
dysphonia, malnutrition and weight loss. Occurrence 
is not usual in patients under the age of 40 years with 
incidence most prevalent in males in the seventh or 
eighth decade of life[5]. The diagnosis of ZD is based on 
clinical and radiographic findings, with dynamic barium 
esophagram being the confirmatory study[6]. Surgical 
intervention involving disruption of the cricopharyngeus 
by myotomy and/or diverticulectomy is the mainstay 
of treatment. The open trans-cervical approach that 
was originally described by Wheeler[7] has now evolved 
after a sentinel paper published by Dohlman and 
Mattson[8] to a less invasive trans-oral approach using 
a rigid endoscope. This technique currently performed 
by otolaryngologists, is the method of choice due to 
similar efficacy, reduced patient morbidity and overall 
shorter hospital stay compared to traditional open 
transcervical surgery[9]. 

Indeed, all patients who are diagnosed with ZD 
would ideally undergo endoscopic therapy as the 
benefits mentioned previously make this a more 
favorable choice for patients and clinicians. However, 
as with all surgical procedures there are several pre-

interventional considerations. At the crux of these 
issues are the needs to visualize the diverticulum trans-
orally. Several patient indicators including high body 
mass index and poor neck flexibility predispose the 
patient to higher risk of adverse events and procedural 
failure. As such, an open approach is still used in 15% 
to 68% of cases[5]. Nevertheless, within the past 20 
years the trans-oral approach has progressed with 
the advent use of a flexible endoscope. Currently 
performed by interventional gastroenterologists/
endoscopists, this method helps overcome the prior 
concerns of visual limitations while still providing a 
minimal invasive approach to this complex surgical 
condition. Several variations to this procedure have 
been explored and published in recent times, though, 
lacking comprehensive long-term analysis and com­
parative effectiveness of these various techniques. In 
this article we highlight our experience with flexible 
endoscopic therapy of ZD at our institution, describe 
commonly used flexible endoscopic techniques and 
devices, and assess efficacy and safety data related to 
this minimally invasive modality. 

THE UNIVERSITY OF FLORIDA (UF) 
EXPERIENCE
Aims and outcomes
The aim of this study was to assess the efficacy and 
safety of patients undergoing flexible endoscopic 
treatment of ZD. Efficacy was defined by: (1) technical 
success of endoscopic therapy; and (2) improvement 
in dysphagia score. Safety was characterized by 
the lack of development of intra-procedural or post-
procedural adverse events (AE).

Definitions 
Technical success: Procedural technical success was 
defined as the ability to successfully perform  flexible 
endoscopic cricopharyngeus myotomy.

Dysphagia score: A score range (0-4) was used 
to quantify dysphagia prior to and after endoscopic 
treatment[10].

Adverse events: Endoscopic adverse events were 
assessed based on previously established criteria by 
the American Society of Gastrointestinal Endoscopy 
(ASGE)[11].

Methods and techniques
This study was approved by the University of Florida 
Institutional Review Board (IRB). Our electronic 
endoscopy database was queried from January 2006 
through June 2014 for patients who were referred 
to a single interventional endoscopist for flexible 
endoscopic treatment of ZD. Diagnosis of ZD was 
made with either barium esophagram, computed 
tomography or direct endoscopic visualization. 
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General anesthesia was used per anesthesiologist 
recommendations and prophylactic antibiotics were 
typically not given. The procedure was begun after 
general endoscopic evaluation of the ZD (Figure 1), 
stomach and duodenum. A nasogastric or orogastric 
tube (Figure 2) was then placed over a guidewire 
for improving visualization of the diverticulum and 
protection of the anterior esophageal wall during 
myotomy. A needle knife was then used to perform 
the myotomy (Figure 3) exposing the transverse fibers 
of the cricopharyngeus. Following the procedure, all 
patients were then admitted overnight for observation 
and gradual advance of their diet.

Results 
A total of 8 patients [50% male, mean age 72.4 years 
(range 58-88)] underwent technically successful 
flexible endoscopic myotomy of their ZD. One 
endoscopic treatment session was performed per 
patient and all patients noted improvement in their 
dysphagia symptoms after therapy. The mean pre-
procedure dysphagia score was 2.6 (range 2-4) and 
post-procedure dysphagia score was 0.4 (range 0-2). 
There were no AE and mean follow-up time was 5.8 
mo (range 0-17). Two patients with mild residual 

dysphagia did not wish to undergo a repeat procedure 
or other interventions. 

TECHNICAL ASPECTS 
Since landmark studies by Mulder[12] and Ishioka[13], 
the use of flexible endoscopy to treat ZD has come 
into many centers as an additional minimally invasive 
modality for management. Described by radiographic 
and manometric studies by Cook[3], pathogenesis of 
this abnormality seems to be related to poor UES 
compliance leading to increase swallowing pressures 
and in turn a Killian’s dehiscence. As such, the 
mainstay of treatment has been ablation or division 
of the cricopharyngeus “septum” (cricopharyngeus 
myotomy or septotomy) and there have been many 
variations in the way this myotomy is performed. 
Additionally, most institutions have employed tools 
aiding to secure and expose the septum such as 
the diverticuloscope and clear cap assisted devices. 
Currently, 19 case series/analyses[10,12-29] have been 
published describing flexible endoscopic therapy in 
over 600 patients with ZD (Table 1).  

Pre-operative assesment
Typically, symptomatic patients undergo barium 
esophagram and index upper endoscopy for diagnosis 
of ZD. One of the advantages of flexible endoscopic 
therapy for ZD is the ability to perform the procedure 
without general anesthesia in many cases. This 
allows patients who are not ideal candidates for 
endotracheal intubation to undergo either moderate 
sedation (conscious sedation/CS) or deep sedation/
monitored anesthesia care (MAC). In published studies 
(Table 2) where mode of anesthesia was mentioned, 
greater than half of all patients underwent endoscopic 
procedures with either CS or MAC, without mention 
of intraoperative adverse events related to airway 
compromise. Nevertheless, some authors[26] still insist 
in using general anesthesia to protect the airway in 
case of bleeding at the UES and since the improved 
muscle relaxation provides greater safety assurance 
when manipulating the endoscope. 
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Figure 1  Endoscopic appearance of Zenker’s diverticulum (esophageal 
lumen with guidewire is above the Zenker’s diverticulum); note the 
cricopharyngeus septum separating the Zenker’s diverticulum from the 
esophagus.

Figure 2  Nasogastric tube in true lumen of the esophagus.

Figure 3  Cricopharyngeus myotomy. 
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as an adjunct that served a similar function as the 
clear cap device. The diverticuloscope is placed as an 
overtube on the endoscope and contains two distal 
flaps that serve to straddle the septum and safeguard 
the anterior esophageal and posterior diverticular 
walls. At this point the instrument used to divide the 
septum is introduced either alongside or through 
a channel within the endoscope. In review of the 
published cases, only one study looked at outcomes 
between accessories. Costamagna et al[18] documented 
lower complication rates and procedural time with 
the diverticuloscope vs using a clear cap. However, 
it is worth noting that the diverticuloscope is only 
commercially available in Canada and Europe. 

In performing the cricopharyngeus myotomy the 
optimal instrument for ablation remains debatable. 
Moreover, due to the lack of prospective comparative 
trials the device chosen is often dependent on prior 
training and preference of the endoscopist. The most 
commonly used device is the needle knife as is our 

Procedural technique
Prior to performing the procedure various steps are 
essential to ensure safety in performing the myotomy: 
(1) Placement of a nasogastric (NG) or orogastric (OG) 
tube is a common practice that has been introduced 
with two potential benefits: First, it allows enhanced 
visualization of the esophageal lumen and diverticulum, 
and secondly it protects the anterior esophageal wall 
from injury from instruments used during myotomy; 
(2) Accessories to improve visualization: Sakai et al[16] 
originally described the use of an assist or accessory 
device during ZD therapy to stabilize and visualize the 
septum. A transparent oblique-end hood was used at 
the tip of the endoscope that extended distally. This in 
turn served to prevent closure of the upper esophageal 
sphincter thus allowing for better visualization of 
the tissue bridge between the esophagus and the 
diverticulum. Similarly, clear mucosectomy caps[19] 
have been used with similar intentions. In 2003 Evrard 
et al[17] described the use of a soft diverticuloscope 
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Table 1  Published cases for flexible endoscopic therapy of Zenker’s diverticulum

Ref. Total 
patients 

(n  = 678)

Age (range) Device for 
myotomy

Assist 
device

Pre-
procedure 
dysphagia 

score

Post-
procedure 
dysphagia 

score

Clinical 
symptom 
resolution 

rate

Adverse 
events

Recurrences Followup 
(range)

Mulder et al[12]   20 Mean 82 
(41-100)

FC None NA NA   85%   0%   0 Mean 7 (1-18)

Ishioka et al[13]   42 Mean 68  
(46-102)

NK None NA NA   93%   5%   7 Mean 38 (12-96)

Hashiba et al[14]   47 (58-81) NK None NA 0 or 1   96%    14.9%   0 (0-12)
Mulder et al[15] 125 Median 77  

(41-100)
APC None NA NA 100% 20% NA NA

Sakai et al[16]   10 (67-87) NK Cap 1.8 0 100%   0%   0 (2-12)
Evrard et al[17]   31 Median 78 NK DS   93% 13%   9 Median 12.5
Costamagna et al[18]   28 Median 66  

(47-86)
NK Cap NA NA   43% 32%   4 Median 36

(9-60)
Costamagna et al[18]   11 Median 70  

(63-84)
NK DS NA NA   91%   0% 1 Median 6.5

(3-15)
Rabenstein et al[19]   41 Mean 73 APC Cap NA NA   95%    19.5%   5 Mean 16
Christiaens et al[10]   21 Median 77.5  

(52-89)
FC Cap 1.5 0 100%   3%   2 Median 22.4

Volgelsang et al[20]   31 Median 69  
(52-92)

NK Cap NA NA 100% 23% 10 Mean 26

Manner et al[21]     8 Mean 66 APC Cap NA NA NA     37.5% NA NA
Tang et al[22]     6 Mean 71  

(48-91)
NK Endo 

Clips
NA NA 100%   0%   0 NA

Al-Kadi et al[23]   18 Mean 80  
(68-91)

NK None (2-4) NA     87.5%      5.5% NA Mean 27.5

Case et al[24]   22 Median 85 NK None NA NA 100% 32%   4 Mean 12.7
Repici et al[25]   32 Mean 74.8 

(58-92)
HK Cap 2.96 0.62 NA       6.25%   3 Mean 23.9

(12-48)
Hondo et al[26]     5 Median 69.6 

(59-83)
HS DS 2 0.20 NA 0%   0 Mean 1

Huberty et al[27] 150 Median 73 
(42-94)

NK DS 1.88 0.34 90.3%    2.2% 31 Median 43
(13-121)

Ramchandani et al[28]     3 Mean 79 SB-K DS NA NA 100% 0%   0 NA
Manno et al[29]   19 Median 74 

(46-84)
IT-K DS NA NA 100% 0%   2 Median 27

Perbtani
(current study)

    8 72.4 NK None 2.6 0.4 100% 0%   2 Mean 5.8
(1-17)

NK: Needle knife; IT-K: Insulated tip knife; SB-K: Stag beetle knife; HK: Hook knife; HS: Harmonic scalpel; FC: Forceps coagulation; APC: Argon plasma 
coagulation; DS: Diverticuloscope; NA: Not available. 
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practice, followed by argon plasma coagulation (APC) 
and forceps coagulation (Table 3). This is notably 
different amongst otolaryngologists, where either 
carbon dioxide laser or a stapler-assisted device is 
most frequently employed[30]. When using the needle 
knife the tip of the instrument is placed at the center of 
the septum where coagulation, blended or alternating 
current can be used[16,18,20]. The division through the 
septum occurs in craniocaudal motion, which exposes 
the transverse fibers of the cricopharyngeal muscle. 
The incision should not extend past the inferior portion 
of the diverticulum, as risk for perforation significantly 
increases. Length of the myotomy has been described 
safely up to 5-10 mm from the bottom of the ZD[16,26,27] 
with endoclips placed by some endoscopists[18] distally 
for prophylaxis against microperforations. 

Emerging techniques: Recent advances in natural 
orifice translumenal endoscopic surgery (NOTES) have 
given rise to novel myotomy techniques including 
per oral endoscopic myotomy (POEM)[31]. Similarly, 
endoscopic submucosal dissection (ESD) techniques 
have recently been reported[32] to extend its application 
to aid in cricopharyngeal myotomies. In this small 
case series, a modified clear cap overtube was created 
to secure the diverticular wall while indigo carmine 
solution was injected into the septum. A submucosal 
bleb or lift was then created which served to increase 
exposure of the cricopharyngeal muscle fibers and 
theoretically enabling a safer and more complete 
myotomy. Although this variation of flexible endoscopic 
treatment of ZD is in it’s infancy, this study highlights 
the continual innovative modifications being made to 
optimize clinical outcome, reduce recurrence rate and 
sidestep technical hurdles faced by its predecessor. 

Post-operative care
In the post-operative period patients have been 
discharged as outpatients after as short as 6 h as 
long as there were no apparent adverse events[20]. 
However, in most cases, patients are hospitalized for 
24-48 h with gradual progression of their diet 12 h 
post-operatively. Post-procedural radiologic studies 
remain institution dependent. The development of 
perforations is a concern but there is a low sensitivity 
for detection of microperforations using this method. 
Additionally, little correlation has been seen between 
radiographic findings and patient symptoms[6,33]. We 
endorse imaging only if there is a clinical suspicion for 
perforation. 

OUTCOMES
Multiple centers have reported their results of the 
flexible endoscopic approach to ZD therapy since 
it’s original description in 1995. There have been 
19 reported case series that have been published 
consisting of 670 patients (Table 1). However, due to 
the subjective manner in which procedural outcome 
is determined in these series, it is difficult to gauge 
true objective clinical success. Often, success is 
based on patient symptoms and not on objective 
data. Moreover, there are no guidelines or studies 
that suggest if endoscopic or radiologic surveillance 
would be beneficial. To improve upon this aspect some 
centers have instituted using a dysphagia score[10]. The 
scale ranges from 0-4 as follows: 0: no dysphagia; 
1: dysphagia to solids; 2: dysphagia to semi solids; 
3: dysphagia to liquids; 4: patient cannot swallow 
saliva. A score of this manner provides an objective 
measurement of outcome as is routinely used at our 
center and in this study as well. In studies where 
dysphagia score was used, the average pre- and post- 
treatment dysphagia score was 2.1 (range 1.8-4) 
and 0.26 (range 0-0.6) respectively. More routinely 
reported is the clinical resolution rate (CRR). This is 
commonly described as a symptom improvement 
either immediately or 2-4 wk post-procedurally. Of 
the available studies the reported CRR was over 90% 
(Table 1) and patients with persistent symptoms 
typically underwent either a repeat procedure or were 
referred to otolaryngologists for surgical management. 
Recurrence rate (RR) for symptoms was near 15% 
from the available data with an average follow-up 
time of 20 mo. However, follow-up period was not 
mentioned in nearly a quarter of the reports and is 
commonly seen as a shortcoming when reporting 
outcomes for this procedure. 

ADVERSE EVENTS
Adverse events (AE) for the flexible endoscopic 
therapy of ZD have been well reported since first being 
described. However, due to the lack of standardization 
there remains heterogeneity of how accounted 
complications are reported and designated. In the 
678 patients that have been reported to undergo 
the flexible endoscopic procedures, including our 
current study, 80 patients (11.8%) were reported to 
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Table 2  Modes of sedation used  n  (%)

Sedation type Patients (n  = 678)

Conscious sedation      352 (52)
Monitored anesthesia care      60 (9)
General anesthesia        77 (11)
Not reported      189 (28)

Table 3  Devices used for cricopharyngeus myotomy  n  (%)

Device for myotomy Patients (n  = 678) 

Needle knife     404 (59.6)
APC     174 (25.7)
Forceps coagulation 41 (6)
Hook knife    32 (4.7)
Insulated tip knife    19 (2.9)
Harmonic scalpel      5 (0.7)
Stag beetle knife      3 (0.4)
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have AE (Table 4), the most common being micro-
perforations, which encompasses greater than half of 
reported complications. These are described as the 
patient developing either: cervical, subcutaneous or 
mediastinal emphysema. Most of these documented 
by various radiographic studies, had inconsequential 
medical outcomes and were treated conservatively 
with or without antibiotics[34]. Macroscopic perforations, 
the more morbid AE, were only reported in 4 cases. 
These perforations were seen either during endoscopic 
visualization or by oral contrast extravasation and were 
typically managed with endoscopic clipping without 
any long-term sequelae being reported. Bleeding 
occurred in 6 of the reported cases, mostly intra-
procedural and treated with epinephrine injection, 
endoclips or electrocautery. Prolonged post-procedural 
bleeding has only been recorded in 1 case[14] with 
hemostasis achieved with endoscopic injection of 
epinephrine. Fever was reported as the most common 
presentation of infections reported in published cases. 
Patients were usually treated with antibiotics if specific 
organ involvement was apparent or for fever lasting 
more than 24 h. If fever persisted and a focus of 
infection was not found, then appropriate testing to 
rule out perforation or mediastinitis is essential[35]. 
Patient mortality is infrequent, with only one case 
being reported[15] due to pulmonary embolism. At our 
institution, similar to previously published series from 
other centers, we did not encounter any procedural 
adverse events. However, as mentioned earlier, 
accurate reporting of AE is likely best achieved in 
prospective studies using objective predetermined 
criteria as suggested by the ASGE[11].

CONCLUSION
Flexible endoscopy therapy appears to be a minimally 
invasive option for the treatment of ZD with several 
studies showing favorable clinical outcomes and an 
adequate safety profile. Future efforts should include 
prospective trials with further standardization of 
technical aspects, comparison of endoscopic devices 

and accessories, and report of long-term clinical 
outcomes with this technique. 
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Abstract
Rapid advances in radiologic technology and increased 
cross-sectional imaging have led to a sharp rise in 
incidental discoveries of pancreatic cystic lesions. 
These cystic lesions include non-neoplastic cysts with 
no risk of malignancy, neoplastic non-mucinous serous 
cystadenomas with little or no risk of malignancy, 
as well as neoplastic mucinous cysts and solid 
pseudopapillary neoplasms both with varying risk 

of malignancy. Accurate diagnosis is imperative as 
management is guided by symptoms and risk of 
malignancy. Endoscopic ultrasound (EUS) allows high 
resolution evaluation of cyst morphology and precise 
guidance for fine needle aspiration (FNA) of cyst fluid 
for cytological, chemical and molecular analysis. Initially, 
clinical evaluation and radiologic imaging, preferably 
with magnetic resonance imaging of the pancreas and 
magnetic resonance cholangiopancreatography, are 
performed. In asymptomatic patients where diagnosis 
is unclear and malignant risk is indeterminate, EUS-
FNA should be used to confirm the presence or 
absence of high-risk features, differentiate mucinous 
from non-mucinous lesions, and diagnose malignancy. 
After analyzing the cyst fluid for viscosity, cyst fluid 
carcinoembryonic antigen, amylase, and cyst wall 
cytology should be obtained. DNA analysis may add 
useful information in diagnosing mucinous cysts 
when the previous studies are indeterminate. New 
molecular biomarkers are being investigated to improve 
diagnostic capabilities and management decisions in 
these challenging cystic lesions. Current guidelines 
recommend surgical pancreatic resection as the 
standard of care for symptomatic cysts and those with 
high-risk features associated with malignancy. EUS-
guided cyst ablation is a promising minimally invasive, 
relatively low-risk alternative to both surgery and 
surveillance. 

Key words: Endoscopic ultrasound; Pancreatic cyst; 
Serous cystadenoma; Intraductal papillary mucinous 
neoplasms; Mucinous cystic neoplasm; Solid pseu
dopapillary neoplasms; diagnosis; Management; 
Ablation
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Core tip: Endoscopic ultrasound with fine needle 
aspiration (EUS-FNA) is an important and safe 
diagnostic tool in pancreatic cystic lesions to help 
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diagnose malignancy, identify features concerning 
for malignancy, and differentiate mucinous from non-
mucinous cysts. More recently EUS-guided pancreatic 
cyst ablation may offer a minimally invasive and safer 
alternative to surgical resection for carefully selected 
pancreatic cysts. 

Kadiyala V, Lee LS. Endosonography in the diagnosis and 
management of pancreatic cysts. World J Gastrointest Endosc 
2015; 7(3): 213-223  Available from: URL: http://www.
wjgnet.com/1948-5190/full/v7/i3/213.htm  DOI: http://dx.doi.
org/10.4253/wjge.v7.i3.213

INTRODUCTION
Endoscopic ultrasound with fine needle aspiration 
(EUS-FNA) has revolutionized diagnosis, and more 
recently treatment, of a variety of gastrointestinal 
conditions accurately and safely. This includes the 
seemingly ubiquitous pancreatic cystic lesion. The rapid 
advancement and widespread use of cross-sectional 
imaging has resulted in more incidentally discovered 
pancreatic cysts. Recent studies from the United states 
have estimated an overall prevalence of 2.5%[1]. 
Pancreatic cysts may be seen in as many as 14%-20% 
of magnetic resonance imaging (MRI) studies[2,3] and 
in 3% of computed tomography (CT) scans[4]. The 
prevalence of these incidental cystic lesions is directly 
correlated to increasing age[5]. Internationally, studies 
have shown steadily increasing rates of detection of 
pancreatic cysts over the years[6] and, specifically, 
intraductal papillary mucinous neoplasms (IPMN)[7]. 
In addition to increased frequency, the median size 
of these incidentally detected lesions has decreased 
by about half from 3 cm to 1.5 cm over 12 years in a 
Korean study[6] and from 4 cm to 2 cm over 5 years in 
a study from the United States[8].

This trend of increased discovery of pancreatic 
cysts is particularly important because specific types 
of pancreatic cystic lesions have varying potential 
for malignant transformation[9]. A study of a large 
national database estimated the overall prevalence 
of malignant cysts as 33 in 100000[1], and recent 
natural history studies have estimated 1.3%-3.3%[6,8]. 
Pancreatic cysts can generally be classified as non-
neoplastic, neoplastic and necrosis of solid tumors. 
Non-neoplastic cysts have no malignant potential; 
these include pseudocysts, retention cysts, mucinous 
non-neoplastic cysts, lymphoepithelial cysts and 
benign epithelial cysts. Two-thirds of pancreatic 
cysts are cystic neoplasms (Table 1); these include 
mucinous cysts [mucinous cystic neoplasms (MCN) 
and intraductal papillary mucinous neoplasms (IPMN)], 
non-mucinous cysts [serous cystadenoma (SCA)] and 
solid pseudopapillary neoplasms (SPEN). Mucinous 
cysts and SPENs are considered premalignant or 
may harbor malignancy. There is further variability in 

malignant potential among the premalignant mucinous 
subtypes [MCN, branch duct (BD)-IPMN, main 
duct (MD)-IPMN and mixed/combined IPMN]. Non-
mucinous SCAs have little to no malignant potential. 
Consequently, these different types of cystic lesions 
require a range of different management strategies, 
from monitoring to surgical resection, depending on 
the risk of malignant transformation[10,11]. Therefore, 
accurate diagnosis is of the utmost importance.

Initial diagnostic testing usually focuses on 
radiologic imaging. Following incidental identification of 
a pancreatic cyst, MRI of the pancreas with magnetic 
resonance cholangiopancreatography (MRCP) is 
recommended[12]. If MRI/MRCP cannot be performed, 
a pancreatic protocol multidetector (MD) CT should 
be obtained. MRI/MRCP is preferable as it is better 
able to evaluate septa, nodules, main pancreatic duct 
involvement, branch duct involvement, communication 
with the main pancreatic duct and cyst contents/
debris; and is 79%-82% accurate in identifying 
mucinous cysts[13-16]. Both CT and MRI predict the 
presence of malignancy in pancreatic cysts with 
73%-79% accuracy[17]. A recent retrospective study 
of resected pancreatic cysts noted MRI was 100% 
accurate for diagnosing mucinous and malignant cysts, 
although sample size was small (4-7 patients), while 
CT was 53%-56% accurate[18].

ROLE OF EUS IN DIAGNOSIS OF 
PANCREATIC CYSTS
Clinical evaluation, MDCT and MRI may be sufficient 
to make the diagnosis and guide management 
when certain pathognomonic and/or characteristic 
features are present[9-11,19]. While individual cyst types 
do have characteristic morphologic features, their 
actual appearance on imaging studies can be very 
similar[20,21]. Clinical and radiologic findings are often 
indeterminate, making diagnosis and estimating risk 
of malignancy difficult. A recent study examined the 
diagnostic utility of EUS and EUS-FNA beyond that 
of radiology. EUS with or without cyst fluid aspirate 
analysis [cytology, amylase and carcinoembryonic 
antigen (CEA)] was more sensitive (76%) than CT or 
MRI (48% and 34%) for differentiating neoplastic from 
non-neoplastic cysts[22]. While these results indicate 
EUS may be useful in identifying neoplastic cysts, the 
accuracy of radiologic imaging in this study was far 
lower than has been demonstrated by others. This 
study also only applies to resected cysts, which may 
bias in favor of EUS.

Following initial evaluation it is necessary to 
decide if a patient requires further diagnostic testing 
by EUS/EUS-FNA, radiologic surveillance or surgical 
resection. Patients with symptomatic pancreatic cysts 
(e.g., pancreatitis) should be evaluated for surgery. 
In addition, the 2012 International Association of 
Pancreatology (IAP) guidelines for mucinous cysts 
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recommends that patients with these “high risk 
stigmata” for malignancy should undergo surgical 
evaluation: obstructive jaundice with a cyst located 
in the pancreatic head, a solid component with 
post-contrast enhancement, or a main pancreatic 
duct diameter ≥ 10 mm[23]. Patients suspected of 
having SPENs should also be referred for surgery. 
Among asymptomatic patients with incidental cysts, a 
decision analysis study compared three management 
strategies: radiologic follow-up, surgery for all surgical 
candidates and an EUS-directed approach. The most 
cost-effective approach was to use EUS-FNA to guide 
the decision to manage the cystic lesion with radiologic 
follow-up or surgery[24].

The suggested approach to asymptomatic patients 
with incidentally discovered cysts is based on cyst size 
and the presence of features concerning for malignancy 
(solid component, mural nodule and main pancreatic 
duct ≥ 1 cm) (Figure 1)[10]. Patients with cysts < 1 
cm and no concerning features can be followed with 
radiologic imaging unless any change (e.g., increased 
size) is detected, at which point EUS-FNA is warranted. 
In patients with cysts > 1 cm, further investigation by 
EUS-FNA would be advised to rule out the presence 
of concerning features and determine if the cyst is 
mucinous. In a recent retrospective study of resected 
cysts > 3 cm, EUS-FNA with cytology and cyst fluid 
analysis correctly identified mucinous and non-
mucinous lesions in 88% of cases[18]. Even in patients 
with high risk features or imaging consistent with 
SPEN where surgery is indicated, evaluation by EUS-

FNA and/or endoscopic retrograde pancreatography 
may be helpful in confirming risk of malignancy (or 
malignancy) prior to resection, particularly if the 
patient is a poor or reluctant surgical candidate. The 
same study of resected cysts > 3 cm found that 65% 
of these cysts were benign and that cytology, cyst fluid 
CEA and amylase had a negative predictive value of 
94.1% for malignancy, which may allow conservative 
management in high-risk surgical candidates[18].

Among the mucinous lesions, MCN and IPMN can 
often be difficult to distinguish. In cases where these 
two types are lesions are suspected, the 2012 IAP 
guidelines recommend EUS in patients who present 
with pancreatitis or “worrisome features” (size ≥ 
3 cm, thick enhancing wall, non-enhancing nodule, 
main pancreatic duct diameter 5-9 mm, abrupt 
change in duct diameter with distal gland atrophy and 
lymphadenopathy)[23]. In these cases EUS should be 
used to confirm nodules, main duct involvement and 
cytological atypia with FNA. Surgery is indicated if 
any of these three features are confirmed. In cases 
where these features are absent, close surveillance 
of cysts > 2 cm by EUS and MRI is recommended. 
Alternatively, surgery may be considered in a young 
otherwise healthy person who would require prolonged 
monitoring. When initial EUS is inconclusive, cysts 
should be closely monitored with EUS and MRI[23].

EUS MORPHOLOGY
EUS is a minimally invasive procedure allowing high 
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Table 1  Characteristics of common pancreatic cystic lesions

Characteristic Pseudocyst SCA MCN MD-IPMN1 BD-IPMN1 SPEN

Male:female 1:1 1:4 Nearly all female 2:1 2:1 1:4
Age (yr) 40-70 60-80 30-50 60-80 60-80 20-30
Location Any Any Body, tail (90%) Any (head and 

uncinate 50%)
Any (head and 
uncinate 50%)

Body, tail (60%)

Imaging features Unilocular, 
thick or thin 

walled

Multilocular, 
lobulated. Typically 

microcystic 
appearance. Central 

scar

Unilocular, smooth 
and encapsulated. 

Septations and 
peripheral 

calcifications possible

Diffuse or focal 
main duct dilation. 
Fish-mouth papilla 
with visible mucus

Dilated side branches. 
Lobular with 

septations. “Bunch of 
grapes” appearance

Unilocular, encapsulated 
with solid and cystic 

structure. Hemorrhagic 
components

Communication 
with main duct

Variable None None Yes Yes None

Cytology Cyst 
contents

Cuboidal cells. 
Glycogen (+), PAS 

(+) and hemosiderin-
laden macrophages

Columnar cells. Atypia 
varies. Mucin (+)

Columnar cells. 
Atypia varies. 

Mucin (+)

Columnar cells. 
Atypia varies. Mucin 

(+)

Branching papillae and 
fibrovascular stroma. 

Vimentin (+), chromogranin 
(-) and keratin (-)

Amylase (U/L) > 250 < 250 < 250 > 250 > 250 N/A
CEA (ng/mL) < 5 < 5 > 192 > 192 > 192 N/A
KRAS mutation None None Yes Yes Yes N/A
Malignant potential None Very rare Yes (6%-27%) Yes (40%-70%) Yes (15%-20%) Yes (2%-15%)
Morphological 
predictors of 
malignancy

None None > 6 cm, solid 
component, 

peripheral nodules or 
calcifications

Main duct ≥ 8 mm, 
solid component, 

nodules

≥ 3 cm, solid 
component, nodules, 

main duct ≥ 1 cm, 
and suspicious/

malignant cytology

None

1Mixed IPMN have features of both MD and BD-IPMN. SCA: Serous cystadenoma; MCN: Mucinous cystic neoplasm; MD-IPMN: Main duct intraductal 
papillary mucinous neoplasm; BD-IPMN: Branch duct intraductal papillary mucinous neoplasm; SPEN: Solid pseudopapillary neoplasm; PAS: Periodic 
acid-Schiff stain; CEA: Carcinoembryonic antigen.
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to MRI in its sensitivity for identifying septa (77.8%), 
mural nodules (58.3%), main duct dilation (85.7%) and 
communication with the pancreatic duct (88.9%)[17].

Nodules are an important predictor of malignancy, 
but may be difficult to distinguish from mucus. Mucus 
appears as a hypoechoic lesion relative to adjacent 
tissue with a smooth, hyperechoic rim (Figure 2H). 
On the other hand, nodules are iso- or hyperechoic 
compared to adjacent tissue without a hyperechoic 
rim or smooth edge (Figure 2I). During EUS, rotating 
the patient and trying to move the lesion with a FNA 
needle can also help to differentiate mucus from a 

resolution diagnostic evaluation of the pancreatic 
parenchyma and ductal system. A linear echoendo
scope should be used to evaluate pancreatic cystic 
lesions as FNA may be performed. EUS is particularly 
valuable in assessing diagnostic features and potential 
predictors of malignancy, including size, shape (lobular 
vs smooth contour), number of cysts, calcifications, 
cyst wall structure (thick vs thin wall), septa, nodules, 
solid masses associated with the cyst, pancreatic duct 
diameter, communication with the pancreatic duct, 
and lymphadenopathy (Table 2, Figures 2A-G). In a 
study of 50 patients EUS was found to be comparable 
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Asymptomatic 
cyst on imaging 

(CT or US)

MRI/MRCP 
(or pancreatic 
protocol CT)

Cyst size 1-3 cm 
and no high risk 

features

Cyst size < 1 cm 
and no high risk 

features

Cyst size > 3 
cm, high risk 

features, or SPEN

MRI 
surveillance

If change, 
EUS-FNA

EUS-FNA to confirm no 
high risk features and  

diagnose cyst (mucinous 
vs  nonmucinous)

EUS-guided cyst 
ablation ± MRI  

surveillance

EUS-FNA to confirm 
high risk  features 

and diagnose 
mucinous cyst

Surgical 
candidate

MRI surveillance Surgery
Yes

No

Figure 1  Approach using endoscopic ultrasound in the diagnosis of asymptomatic pancreatic cystic lesions. CT: Computed tomography; EUS: Endoscopic 
ultrasound; EUS-FNA: Endoscopic ultrasound-guided fine needle aspiration; MRCP: Magnetic resonance cholangiography; MRI: Magnetic resonance imaging; SPEN: 
Solid pseudopapillary neoplasm; US: Ultrasound.

Table 2  Endoscopic ultrasound features suggestive of mucinous or malignant cysts

EUS Feature Type of cyst Concerning for increased risk of malignancy

Size - > 3 cm
Shape Smooth unilocular: pseudocyst or MCN

Lobular, multilocular: SCA or BD-IPMN
-

Number of cysts Multiple: BD-IPMN -
Calcifications Central scar: pathognomonic for SCA 

Peripheral calcification: pseudocyst, SPEN, MCN
Peripheral calcification in MCN

Cyst wall Thick: pseudocyst, cystic neuroendocrine, MCN, SPEN Thick
Septa - Thick 
Nodule - Presence
Solid mass - Presence
Debris Pseudocyst -
Pancreatic duct diameter Dilated > 5 mm: MD-IPMN or mixed IPMN Dilated > 8-10 mm
Communication with pancreatic duct IPMN, pseudocyst -

EUS: Endoscopic ultrasound; MCN: Mucinous cystic neoplasm; SCA: Serous cystadenoma; BD-IPMN: Branch duct intraductal papillary mucinous 
neoplasm; MD-IPMN: Main duct intraductal papillary mucinous neoplasm; SPEN: Solid pseudopapillary neoplasm; IPMN: Intraductal papillary mucinous 
neoplasm. 
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nodule. A pathology-based study of MCN and BD-
IPMN confirmed the modest diagnostic accuracy of 
EUS for a nodule (57%)[25]. However, after training 
endosonographers in the above EUS criteria for diffe
rentiating a nodule from mucus, accuracy improved 
to 79%. The sensitivity and specificity of EUS (75% 
and 83%) were superior to CT (24% and 100%) for 
nodules[25], and likely surpasses diagnostic yield of MRI 
as well when using these defined criteria. In addition, 
EUS is superior to CT and potentially MRI for detecting 
small pancreatic masses[26,27]. EUS demonstrated 98% 
sensitivity compared with 86% for MDCT for identifying 
pancreatic masses[26]. Data comparing EUS and 
MRI is limited with an older study supporting higher 
sensitivity for EUS. More studies are needed using the 
newer MRI machines.

A recent multicenter study from Korea examined 84 

resected BD-IPMNs in order to evaluate EUS predictors 
of malignancy in BD-IPMNs[28]. An EUS scoring system 
(0-10) was developed in which points were assigned 
based on cyst size, mural nodules, pancreatic duct 
dilation, thick septa and the characteristic “patulous”
papilla[28]. This scoring system was found to have 
an overall area under the curve of 0.944 with 75% 
sensitivity and 94% specificity for malignant BD-IPMN 
using an EUS score cutoff of ≥ 7. In their data, this 
EUS score was more specific than the 2012 IAP criteria 
(16%) and mural nodules alone (46%), but less 
sensitive (2012 IAP criteria 100% and mural nodules 
94%).

Despite the utility of EUS imaging in diagnostic 
evaluation and estimating malignant potential of 
pancreatic cysts, EUS alone is not adequate for 
diagnosis of pancreatic cysts. A multicenter trial 
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Figure 2  Endoscopic ultrasound imaging. A: A lobular microcystic lesion consistent with serous cystadenoma; B: A smooth, unilocular, thin walled cyst consistent 
with mucinous cystic neoplasm; C: A cyst with peripheral calcification (arrow) and debris layering at the bottom of the cyst consistent with pseudocyst; D: A thick walled 
cyst filled with debris representing walled-off pancreatic necrosis; E: A cyst communicating with a nondilated main pancreatic duct (arrow) representing branch duct 
intraductal papillary mucinous neoplasm; F: A multiseptated lobular cyst appearing like a “cluster of grapes” consistent with branch duct intraductal papillary mucinous 
neoplasm; G: A well-defined heterogeneous mass-like lesion with hyperechoic foci and small anechoic focus diagnosed as solid pseudopapillary neoplasm on 
cytology; H: A unilocular cyst with mucus (arrow) appearing hypoechoic relative to the adjacent pancreatic parenchyma with a smooth hyperechoic rim; I: Endoscopic 
ultrasound-guided fine needle aspiration of a nodule which appears isoechoic with pancreatic parenchyma without a hyperechoic rim within a dilated main pancreatic 
duct. Cytology showed adenocarcinoma.
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Table 3  Endoscopic ultrasound-fine needle aspiration cyst fluid analysis

Cyst fluid marker Type of cyst Sensitivity Specificity

CEA < 5 ng/mL SCA, pseudocyst, neuroendocrine tumor 54%   94%
CEA >192 ng/mL Mucinous cyst (MCN or IPMN) 73%   84%
CEA > 800 ng/mL Mucinous cyst (MCN or IPMN) 98%   48%
Amylase < 250 U/L Excludes pseudocyst 44%   98%
KRAS mutation + LOH Malignant cyst 37%   96%
KRAS mutation Mucinous cyst (MCN or IPMN) 54% 100%

of 341 patients found EUS morphology to be only 
56% sensitive and 45% specific (51% accurate) 
in distinguishing mucinous from non-mucinous 
cysts[29]. Furthermore, EUS performance is highly 
operator dependent. Agreement among expert 
endosonographers (performed > 1000 pancreas EUS) 
was better than semi-experts (performed 50-200 
pancreas EUS) in a Dutch study[30]. However, even 
among expert endosonographers, interobserver 
agreement was fair to moderate in distinguishing 
mucinous and non-mucinous cysts [intraclass 
correlation coefficient (ICC) = 0.43][30,31]. There was 
good agreement among experts for nodules (ICC 
0.65); moderate for solid component (ICC = 0.52) 
and communication between cyst and main duct 
(ICC = 0.44); and fair for suspected malignancy (ICC 
= 0.27)[30]. An earlier study of 31 cases found only 
fair interobserver agreement (κ = 0.24) among 8 
endosonographers at tertiary care referral centers for 
distinguishing neoplastic from non-neoplastic lesions 
by EUS, with accuracy ranging from 40%-93%[31].

EUS-FNA
Due to the limitations of imaging alone, diagnosing 
pancreatic cysts requires a combination of diagnostic 
imaging and cyst fluid analysis. Under EUS-guidance, 
FNA can safely obtain cyst fluid for cytologic and 
molecular analysis[32]. Cysts should be at least 1 cm 
in size to obtain sufficient fluid for analyses. The 
general technique of EUS-FNA of pancreatic cysts is 
similar to FNA of solid lesions with a few differences to 
minimize complications. Cyst fluid is usually aspirated 
with a single pass using a 22 or 25-gauge aspiration 
needle with the goal of completely collapsing the 
cyst. Occasionally 19-gauge aspiration needles can 
be advanced into larger cysts with thick fluid although 
these larger needles are difficult to use in the pancreatic 
head or uncinate process. A dose of prophylactic 
intravenous antibiotics (usually fluoroquinolone) is 
recommended followed by 3 d of oral antibiotic to 
prevent infection from cyst aspiration[33].

 Before sending the cyst fluid for testing, visual 
inspection of the fluid may offer diagnostic clues. 
Fluid viscosity may be evaluated by the “string sign”: 
a drop of fluid is placed between the thumb and first 
finger and slowly pulled apart. If the fluid stretches 

out at least 3.5 mm, this is consistent with a mucinous 
cyst[34]. SCAs typically have thin, serosanguinous or 
frankly bloody fluid while pseudocyst fluid appears 
cola-colored and fluid from lymphangiomas may look 
like milk. 

Cyst fluid aspirates are often virtually acellular and 
consequently cytology has generally limited utility (< 
50% sensitive) in diagnosing mucinous lesions[29,35,36]. 
Exceptions include cyst fluid cytology of cystic 
neuroendocrine tumors, SPENs, and lymphangiomas 
where diagnostic yield may be higher[37-41]. Specifically 
targeting the cyst wall during aspiration has been 
shown to increase the diagnostic yield of cytology 
for mucinous lesions by 29% compared to fluid 
cytology[42]. This is a simple technique whereupon 
after cyst fluid is aspirated and the cyst wall collapsed, 
the needle is advanced back and forth through the 
wall several times, and the tissue sent for cytology. 
A core biopsy needle may increase diagnostic yield 
from pancreatic cysts without increased complications. 
A study of 60 cysts biopsied using the 22 gauge 
Procore Echotip biopsy needle (Cook Medical, Ireland) 
reported a 65% sample adequacy rate and 100% 
concordance between biopsy diagnosis and surgical 
pathology (available in 28% of the patients) with only 
minor complications in 3.3% of patients[43]. Further 
studies are needed to compare fine needle biopsy with 
fine needle aspiration. In order to further improve 
diagnostic yield and accuracy, FNA should also target 
mural nodules and/or solid components when present. 

Chemical analysis of cyst fluid usually measures 
carcinoembryonic antigen (CEA) and amylase con
centrations (Table 3). Amylase below 250 U/L can 
rule out a pseudocyst with 98% specificity[44]. Usually, 
although not always, amylase is lower in SCA. Typically 
amylase levels are higher in IPMN than MCN although 
they can be similar as well. CEA is the main biomarker 
used to determine if a cyst is mucinous. CEA > 192 ng/
mL is 73% sensitive, 84% specific, and 79% accurate 
for mucinous lesions from the classic study by Brugge et 
al[29]. The exact threshold used for diagnosing mucinous 
cysts remains debated with higher levels yielding 
greater specificity but lower sensitivity. For example, 
CEA > 800 ng/mL is 98% specific but only 48% 
sensitive for mucinous cysts, which means that cysts 
with elevated CEA are almost always mucinous while 
many mucinous cysts with CEA < 800 will be missed[44]. 

CEA: Carcinoembryonic antigen; SCA: Serous cystadenoma; MCN: Mucinous cystic neoplasm; IPMN: Intraductal papillary mucinous neoplasm; LOH: 
Loss of heterozygosity.
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Conversely, low CEA < 5 ng/mL is 95% specific for 
SCA, pseudocyst, or neuroendocrine tumor[44]. Cyst 
fluid CEA is not predictive of malignancy[45]. It is 
important to note that currently available assays are 
validated for measuring serum, but not cyst fluid, CEA 
concentrations. Consequently, there is as much as 85% 
variation in mean cyst fluid CEA concentrations among 
the various assays[46].

Molecular analysis of aspirated cyst fluid for DNA 
mutations may help to distinguish mucinous from 
non-mucinous cyts. A study including 142 surgically 
resected cysts found that KRAS mutation was 54% 
sensitive and 100% specific for mucinous cysts[47]. 

Specifically, KRAS mutations were 67% sensitive 
for IPMNs but only 14% sensitive for MCN. Using a 
combination of CEA and KRAS improved sensitivity 
for mucinous lesions to 83% but specificity dropped 
to 85%[47]. On the other hand, a smaller study of 48 
resected cysts reported that combining KRAS, CEA 
and cytology did not improve accuracy compared to 
CEA and cytology or KRAS alone[48]. Two or more loss 
of heterozygosity (LOH) mutations and DNA quantity 
> 40 ng/µL were each less than 11% sensitive 
for mucinous cysts. However, the presence of any 
molecular changes (KRAS, LOH or elevated DNA 
quantity) was over 90% specific for mucinous cysts. 
Consequently, the utility of DNA analysis may be 
limited to patients whose evaluation is indeterminate 
for a mucinous cyst. 

The multicenter pathology-based PANDA study 
suggested that KRAS followed by LOH mutations could 
diagnose malignant cysts with 96% specificity and 
37% sensitivity[49]. Our group evaluated the diagnostic 
accuracy for malignant cysts of the 2006 and 2012 IAP 
guidelines and commercially available DNA analyses 
(KRAS, LOH mutations, and DNA quantity) in 257 
pancreatic cysts[50].  The 2012 guidelines were the most 
accurate for malignant cysts (90% specificity and 88% 
sensitivity). The addition of DNA mutation analysis 
contributed no significant improvement in diagnostic 
performance. To date, studies of commercial DNA 
analyses have not been able to clearly define their role 
in clinical practice[49-53].

Current cyst fluid analyses are unable to con
sistently differentiate specific cyst types or predict 
malignant potential[20,54]. Consequently, differentiating 
benign from pre-malignant cystic lesions remains 
challenging. Recent studies have found that the 
preoperative diagnostic accuracy for specific cyst 
type ranged from 47% to 68% compared to surgical 
pathology[55,56]; accuracy improved to 73% when 
cysts were categorized as benign, premalignant and 
malignant[56]. A retrospective study of 118 patients in 
a community setting suggested a higher accuracy for 
EUS (87%) in distinguishing benign, premalignant, 
and malignant cysts; however, this study is limited 
because 65% of patients were diagnosed mainly by CT 
radiologic surveillance with a median follow-up of only 
337 d[57]. 

Therefore, in light of the limitations of current 
diagnostic tools, novel diagnostic biomarkers have 
received considerable interest[58]. GNAS mutations 
have been associated with IPMNs in resected tissue, 
cyst aspirates and pancreas fluid[59,60]. The combination 
of GNAS and KRAS mutations in aspirated cyst fluid 
has been shown to be specific and sensitive for 
IPMN[61]. Our own study (accepted for publication) 
on resected cysts found GNAS mutations to be 
significantly more prevalent in IPMNs (42%) than 
in SCAs (10%), adenocarcinomas (0%) and MCNs 
(0%). In addition, double mutations in KRAS and 
GNAS only occurred in IPMNs (P = 0.006). A recent 
study of genetic mutations in cyst fluid aspirated by 
EUS-FNA from 91 cysts found that GNAS mutations 
occurred in 39% of IPMNs and 22% of IPMNs with 
adenocarcinoma while KRAS mutations were present 
in 68% and 78%, respectively[61]. Notably, mutations 
in either GNAS or KRAS occurred in 83% of IPMNs, 
89% of IPMNs with cancer and 6% of MCNs, and no 
mutations found in PNETs, SCAs and non-neoplastic 
cysts[61]. The combination of GNAS and KRAS was 98% 
specific and 84% sensitive for IPMN. Poor sensitivity 
for MCNs, as in other mutation studies, resulted in only 
65% sensitivity for mucinous lesions overall. Neither 
gene was predictive of malignant potential within 
mucinous lesions.  

MicroRNA (miRNA) are small noncoding RNA 
which may help diagnose a variety of malignancies 
and potentially pancreatic cystic lesions as well[62]. 
We evaluated miRNA in 69 pathology specimens of 
pancreatic cystic neoplasms, and identified several 
miRNA panels (4 miRNA in each) that differentiated 
SCAs from MCNs and IPMNs, and MCNs from BD-
IPMNs (sensitivity 85%-100% and specificity 100%)[63]. 

These promising miRNA panels now need to be 
validated in EUS-FNA cyst fluid aspirates obtained 
during diagnostic evaluation. A recent study of the 
cyst fluid proteome demonstrated that proteomic 
profiling of mucin in cyst fluid (obtained by EUS-FNA) 
was 98% accurate for pre-malignant and malignant 
cysts[64]. A study of select proteins in 22 cyst fluid 
samples identified a 3 biomarker panel of protein 
glycoforms that was 91% accurate for mucinous 
cysts[65]. Metabolomic analysis has demonstrated that 
metabolites, glucose and kynurenine, were lower in 
mucinous cysts compared to non-mucinous cysts[66]. 
These molecular biomarkers may be able to provide 
improved diagnostic accuracy while requiring only 
small amounts of fluid, particularly as the number of 
small cysts identified by imaging continues to increase. 

EUS-GUIDED THERAPY
For patients with pancreatic cystic neoplasms that 
are symptomatic, malignant, or have a high potential 
for malignant transformation, the current standard 
of care is surgery. Pancreatic surgical resections are 
major procedures associated with a high complication 
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rate (> 40%)[67,68] and long-term morbidity due to 
loss of pancreatic tissue (i.e., diabetes and exocrine 
insufficiency). EUS-guided therapies may provide 
a minimally invasive alternative to surgery in poor 
or reluctant surgical candidates and a low-risk 
intervention in cases where conservative management 
is unsatisfactory because malignant potential is 
uncertain. 

To date ethanol (80%-98%) and paclitaxel have 
been investigated as ablative agents in pancreatic 
cysts. Ethanol has effectively destroyed solid and 
cystic tumors in a number of organs, and elicits better 
response in pancreatic cysts than saline[69]. Ethanol 
lavage is believed to induce cell membrane breakdown, 
rapid protein degradation and vascular blockage[70,71]. 
Paclitaxel is a commonly used chemotherapeutic agent 
which stabilizes the microtubule polymer to inhibit its 
disassembly and consequently induce apoptosis. Its 
hydrophobic and viscous nature allows it to exert a 
long-lasting effect on the epithelial lining of the cyst 
while posing little risk of leakage[72].

Prospective studies evaluating EUS-guided 
pancreatic cyst ablation have shown cyst resolution 
(no visible residual cyst on cross-sectional imaging) 
in 33%-38% of patients using ethanol alone[69,73,74]. 
Injection of paclitaxel produced improved response 
with 60%-79% cyst resolution (< 5% of original 
size on CT follow-up)[75-77]. Long term follow-up of 9 
patients who achieved resolution after ethanol lavage 
found that cyst resolution persisted in all patients 
over a median 26 mo follow-up (range 13-39 mo)[78]. 

In 22 patients undergoing EUS-guided ablation with 
ethanol and paclitaxel, 75% of patients demonstrated 
at least a 75% reduction in cyst volume (complete 
cyst resolution in 50% of patients) over a mean 27 mo 
follow-up (range 17-42 mo), and elimination of pre-
operatively detected DNA mutations in LOH and KRAS 
in 36% of patients[79]. Although this may suggest that 
ablation leads to DNA changes that decrease risk of 
malignant progression, this has yet to be proven and 
new mutations were actually detected in 3 patients.  

The technique of EUS-guided pancreatic cyst 
ablation uses a curvilinear-array echoendoscope. 
Following cyst puncture with a 22-guage needle, 
a syringe is used to completely aspirate cyst fluid, 
similar to when performing standard EUS-FNA of 
a pancreatic cyst. Complete evacuation of highly 
viscous fluid may not be possible, and saline injection 
(0.5-1.0 cc) may help thin the fluid to achieve this[80]. 
Without removing the needle, the cyst cavity is then 
injected with ethanol, equal in volume to the aspirated 
cyst fluid. For 5 min, the cyst cavity is repeatedly 
evacuated and injected. This involves 3-4 lavages 
over the 5 min when cyst fluid is thick, or 7-8 lavages 
if the fluid is thin. The ethanol is then completely 
removed. If used, paclitaxel is then injected into the 
cyst but not removed. At no point should the cyst be 
expanded beyond its original size. Care should be 
taken to ensure that the needle tip remains within the 

cyst during the whole procedure to avoid injury to the 
pancreatic parenchyma and leaks in the cyst wall[80-82].

Ideally, cysts considered amenable to ablation 
should be benign with no malignant features, 2-4 
cm in diameter, uni/oligolocular, and demonstrate 
no connection with the pancreatic duct. Cysts 
consistent with MD-IPMN or features suggestive of 
malignancy should not undergo ablation. Patients with 
active pancreatitis, ascites, portal hypertension or 
coagulapathy are also excluded from cyst ablation.

Cyst ablation has been overall well tolerated 
although complication rates are higher than for 
EUS-FNA of pancreatic cysts. The most common 
acute complication is non-specific post-procedure 
abdominal pain (2%-20%)[69,73-77,79]. Pancreatitis rates 
range between 2%-10% with no reports of severe 
pancreatitis, while other less common adverse events 
include chemical peritonitis with ileus in 3%, gastric 
wall cyst in 3%, and intracystic bleeding in 2% of 
cases. 

While promising, this procedure is still being studied 
as concerns about remnant premalignant epithelium, 
unclear effects on the natural history of cysts, and 
uncertainty over long term monitoring and outcomes 
remain[9,78,82].

CONCLUSION
The increasing number of incidentally discovered 
pancreatic cystic lesions, and their varying potential for 
malignant transformation, makes accurate diagnosis 
and choosing appropriate management strategies 
vitally important. Under current guidelines, EUS and 
EUS-FNA are critical components in the approach to 
evaluating and monitoring these lesions. EUS-FNA 
may provide additional information when the diagnosis 
is unclear, confirm the presence/absence of features 
associated with increased risk of malignancy, diagnose 
malignancy, and monitor for changes in the cysts. Even 
so, diagnosis remains challenging as current radiologic 
imaging modalities and EUS-FNA have proven to be 
limited in diagnostic accuracy. Promising research into 
new imaging, chemical and molecular biomarkers, as 
well as EUS-guided therapies may be able to improve 
diagnosis and management of pancreatic cystic 
lesions.
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Abstract
Advanced endoscopic imaging is revolutionizing our 
way on how to diagnose and treat colorectal lesions. 
Within recent years a variety of modern endoscopic 
imaging techniques was introduced to improve 
adenoma detection rates. Those include high-definition 
imaging, dye-less chromoendoscopy techniques and 
novel, highly flexible endoscopes, some of them 

equipped with balloons or multiple lenses in order to 
improve adenoma detection rates. In this review we 
will focus on the newest developments in the field of 
colonoscopic imaging to improve adenoma detection 
rates. Described techniques include high-definition 
imaging, optical chromoendoscopy techniques, virtual 
chromoendoscopy techniques, the Third Eye Retroscope 
and other retroviewing devices, the G-EYE endoscope 
and the Full Spectrum Endoscopy-system.

Key words: Advanced endoscopic imaging; G-Eye; 
Full Spectrum Endoscopy-system; Chromoendoscopy; 
I-scan; Narrow band imaging; Fujinon Intelligent Color 
Enhancement; 3rd Eye; Polyps; Colorectal cancer
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Core tip: Here we focus on the newest developments 
in the field of colonoscopic imaging to improve 
adenoma detection rates. Described techniques include 
high-definition imaging, optical chromoendoscopy 
techniques, virtual chromoendoscopy techniques, 
the Third Eye Retroscope and other retroviewing 
devices, the G-EYE endoscope and the Full Spectrum 
Endoscopy-system.
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INTRODUCTION
Colorectal cancer is the second most common cause 
for cancer related death in developed countries. 
The age-adjusted incidence of colorectal cancer is 
estimated 61.2 cases and 44.8 cases per 100000 
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populations among men and women, respectively[1]. 
Colonoscopy is considered the golden standard for 
screening of colorectal cancer and its precursor lesions, 
the colorectal adenomas. The main advantage of 
colonoscopy in comparison to non-endoscope based 
screening tests is that it also allows therapy or at 
least tissue acquisition of colorectal lesions to guide 
subsequent therapy. 

Recently, Nishihara and coworkers examined the 
association of the use of colonoscopy with colorectal-
cancer incidence and colorectal-cancer mortality 
among participants in the Nurses’ Health Study and 
the Health Professionals Follow-up Study[2]. Overall, 
more than 88000 participants were followed over a 
period of 22 years. Within this time, 1815 incident 
colorectal cancers and 474 deaths from colorectal 
cancer were documented. Multivariate hazard ratios 
for colorectal cancer were 0.57 after polypectomy, 0.60 
after negative sigmoidoscopy, and 0.44 after negative 
colonoscopy. In addition, negative colonoscopy was 
associated with a reduced incidence of proximal colon 
cancer. Moreover, a reduced mortality from proximal 
colon cancer was observed after screening colonoscopy 
but not after sigmoidoscopy. Accordingly, this long-
term study confirmed the efficacy of screening 
colonoscopy to reduce colorectal cancer. 

Very recently, Corley and coworkers evaluated 
the association between the adenoma detection rate 
and patients’ risk of subsequent colorectal cancer 
(i.e., interval cancer) and death[3]. Over 314000 
colonoscopies performed by 136 endoscopists were 
included. The adenoma detection rates ranged from 
7.4% to 52.5%. During the follow-up period, 712 
interval cancers were diagnosed. The adenoma 
detection rate was inversely associated with the risks 
of interval colorectal cancer, advanced-stage interval 
cancer, and fatal interval cancer. Importantly, each 1% 
increase in the adenoma detection rate was associated 
with a 3% decrease in the risk of colorectal cancer.

Therefore, the above mentioned studies highlighted 
the importance of a precise colonoscopic examination 
to reduce colorectal cancer incidence. Within recent 
years, various new endoscopic imaging techniques 
have been introduced to assist endoscopists in 
performing accurate endoscopic examinations. In this 
review we will focus on the newest developments 
in the field of colonoscopic imaging including high-
definition imaging, optical chromoendoscopy 
techniques, virtual chromoendoscopy techniques, 
the Third Eye Retroscope and other retroviewing 
devices, the G-EYE endoscope and the Full Spectrum 
Endoscopy (FUSE)-system.

ADVANCED ENDOSCOPIC IMAGING 
TECHNIQUES
High-definition imaging
Multiple studies have addressed the specific issue 

whether high-definition white-light imaging is superior 
to standard white-light endoscopy for diagnosis of 
colorectal adenomas. Results of those studies are 
sometimes conflicting. In addition, interpretation 
is often difficult as new endoscopes are not only 
equipped with newer chip technology allowing high-
definition imaging, but also with wide-field optics 
and closer focus modes. Therefore, it is not possible 
to determine which of these individual factors led to 
altered adenoma detection. One recent meta-analysis 
compared the diagnostic yield of colonic polyps 
between high-definition colonoscopy and standard 
video endoscopy[4]. Five studies involving 4422 
patients were included. The incremental yield of high 
definition colonoscopy for the detection of any polyp 
was 3.8% with a number needed to treat of 26. For 
the detection of adenomatous polyps the incremental 
yield was 3.5% with a number needed to treat of 
28. There were no significant differences between 
high-definition and standard video endoscopy in the 
detection of high-risk adenomas. Nonetheless, the 
pooled weighted mean difference in small adenoma 
detection was significantly higher with high-definition 
colonoscopy. In a retrospective study including 2430 
consecutive patients the adenoma detection rate was 
significantly higher among patients who underwent 
high-definition white-light endoscopy compared with 
standard white-light colonoscopies[5]. These data are 
in contrast to one recent trial including 426 individuals 
who underwent high-definition white-light endoscopy 
and 426 individuals who underwent conventional 
colonoscopy[6]. In this study, high-definition endoscopy 
did not increase the detection of individuals with 
polyps, adenomas, or high-risk adenoma features. 
High-definition did also not increase the detection of 
individuals with clinically insignificant colonic lesions.

Importantly, one recent study aimed to investigate 
whether detection rates of individual endoscopists 
increase within 1 year before and 1 year after the 
switch from standard to high-definition endoscopy[7]. 
In this study, the adenoma detection rates of endo
scopists with a low detection rate (< 20%) increased 
significantly after switch from standard to high-
definition endoscopy (P = 0.0076) while this effect was 
not measurable for high-adenoma detectors (≥ 20%). 

Optical chromoendoscopy
Optical chromoendoscopy uses optical filters within the 
light source of the endoscope to narrow the bandwidth 
of the light. The normal bandwidth consists of a red-
green-blue image. The narrow band imaging (NBI; 
Olympus, Tokyo, Japan) narrows the red light. The 
resulting green-blue image improves imaging of the 
mucosal vascular and surface pattern morphology[8]. 

To date, four meta-analyses evaluated the impact 
of NBI for colon polyp detection as compared to white-
light endoscopy. None of these could find convincing 
evidence that NBI is significantly better than white-
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light endoscopy for detection of colorectal polyps[9-12]. 
The most recent meta-analysis included 7 studies with 
a total of 2936 patients[12]. No statistically significant 
difference in the overall polyp or adenoma detection 
rate with the use of NBI or white-light endoscopy was 
detected. In addition, when the number of adenomas 
and polyps per patient was analyzed, no significant 
difference was found between NBI and white-light 
endoscopy.

One main disadvantage of the NBI system is the 
relatively dark image according to its principle of 
light filtering. While NBI has proven its efficacy for 
characterization of lesions in multiple studies its value 
for detection of lesions seems to be limited as the 
darker NBI image does mostly not allow a detailed 
view of the colonic structures. 

Very recently, a new NBI system was launched 
(Olympus, Tokyo, Japan), now allowing an up to 
4-times brighter image (Figure 1). The new system 
was already evaluated in a trial by Leung et al[13] which 
included 360 patients. Patients were randomized 
to undergo either NBI or high-definition white-light 
endoscopy. In this well designed study, both the 
adenoma and polyp detection rates were significantly 
higher in the NBI group as compared with the high-
definition white-light group. No significant differences 
were observed in the adenoma miss rates between the 
two groups. Therefore, these early results suggest that 
the new NBI system is superior to conventional white-
light endoscopy. The final results of multicenter studies 

addressing this issue are therefore highly anticipated.

Virtual chromoendoscopy
Virtual chromoendoscopy techniques rely on the 
principle of digital postprocessing and include Fujinon 
Intelligent Color Enhancement (FICE, Fujifilm, Tokyo, 
Japan), i-scan (Pentax, Tokyo, Japan) and the recently 
introduced SPIES system (Storz, Tuttlingen, Germany) 
(Figure 2). The technical details of the systems have 
been reviewed in detail elsewhere[14,15].

Similar to optical chromoendoscopy, results on 
the efficacy of virtual chromoendoscopy for improved 
adenoma detection are contrary with studies reporting 
on improved adenoma detection rates and others 
not. One early study by Arthur Hoffman included 
220 patients which were randomized in a 1:1 ratio 
to undergo high-definition white-light endoscopy or 
i-scan[16]. Colonoscopy performed with i-scan detected 
significantly more patients with colorectal neoplasia 
(38%) as compared to standard white-light endoscopy 
(13%). These data were confirmed in a retrospective 
study by Testoni et al[17] reporting significantly more 
detected lesions with i-scan as compared to stan
dard white-light endoscopy. Contrary, Hong et al[18] 
performed a prospective, randomized trial using a 
back-to-back colonoscopy design. Overall, 389 patients 
were randomized. The adenoma detection rates during 
the first withdrawal of high-definition white-light 
endoscopy and i-scan and the adenoma miss rates 
of each group were not statistically different between 
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Figure 1  Colonic polyp imaged with high-definition white-light (A), narrow band imaging (B), Fujinon Intelligent Color Enhancement (C) and i-scan (D). 
Data on detection rates are inconsistent. Nevertheless, dye-less chromoendoscopy techniques allow for a detailed and adequate examination of the mucosal pit 
pattern and the mucosal vascular pattern morphology to predict polyp histology in real time.
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Eye Retroscope for adenomas was 25% and 33%, 
respectively. Every polyp that was detected with 
the Third Eye Retroscope was subsequently located 
with the colonoscope and removed. Another, open-
labeled, prospective, multicenter study at nine sites 
evaluated the impact of the Third Eye Retroscope 
on adenoma detection rates during colonoscopy[23]. 
Overall, a 16% increase in the adenoma detection 
rate by using the Third Eye Retroscope was detected. 
For lesions 6mm or larger and 10 mm or larger, the 
overall additional detection rates with the Third Eye 
Retroscope for all adenomas were 24% and 19%, 
respectively. Meanwhile, the data have also been 
confirmed by other investigators demonstrating an 
improved adenoma detection rate with the Third Eye 
Retroscope by visualizing areas located proximal (i.e., 
behind) colonic folds[24,25].

However, despite its efficacy, one potential limitation 
of the Third Eye Retroscope might be that the working 
channel is blocked. Accordingly, in order to perform 
endoscopic therapy of detected lesions, one have to 
withdraw the device first before advancing additional 
equipment necessary for polyp removal. In the 
attempt to offer a hybrid of a therapeutic scope which 
also allows relatively easy visualization of areas located 
behind the colonic folds, new “RetroView” devices were 
recently introduced. These devices (3490TFi, Pentax, 
Tokyo, Japan and 580RD, Fujifilm, Tokyo, Japan) are 
slim colonoscopes allowing retroflexion of the distal tip 
at 210 degrees (Figure 3) In addition, the endoscopes 
are equipped with latest virtual chromoendoscopy 
techniques (i.e., i-scan; FICE) and working channels of 
3.2mm thereby allowing characterization, demarcation 
and endoscopic therapy at once. Currently, no scientific 
evidence regarding the new retroviewing devices is 
available but multiple groups are already evaluating 
the potential beneficial effect of the technology. 

The FUSE system
FUSE (EndoChoice, GA, United States) was recently 
introduced as a new platform (Figure 3). The FUSE-
colonoscope consists of three imagers integrated 
into the distal tip of the endoscope and at the lateral 
sides thereby enabling a 330° angle of view of the 
colon. Images are displayed on three contiguous 
monitors. Very recently, Ian Gralnek et al[26] presented 
the results of a large international multicenter study 
comparing standard forward viewing endoscopy with 
the FUSE system. Patients underwent same-day, 
back-to-back tandem colonoscopy with a standard 
forward-viewing colonoscope and the full-spectrum 
colonoscope after a 1:1 randomization. Overall, 185 
patients were included and randomly assigned to both 
groups. By per-lesion analysis, the adenoma miss rate 
was significantly lower in patients receiving FUSE than 
in those in the standard forward-viewing group (7% vs 
41%). Therefore, the FUSE platform represents a new 
and promising technology to improve the efficacy of 
colorectal cancer screening and surveillance.

the different groups. Based on the multivariate 
analysis, the application of i-scan was not associated 
with an improvement in adenoma detection and the 
prevention of missed polyps. While there are currently 
no data on the newly introduced SPIES-system, even 
the results of studies evaluating the FICE system 
produced inconsistent data. In this context, one 
study enrolled 359 patients and randomly assigned 
those to the white-light group followed by the FICE 
group and the FICE group followed by the white-light 
endoscopy group. There was no significant difference 
between FICE and white-light endoscopy in the 
adenoma detection rate[19]. Another study examined 
135 consecutive patients by total colonoscopy and 
128 patients were randomized to compare white-
light colonoscopy and FICE[20]. Colonoscopy with 
FICE identified significantly more patients with small 
colorectal adenomas than conventional white-light 
colonoscopy.

Retroscope technology
In 2007, the Third Eye Retroscope (Avantis Medical 
Systems, Sunnyvale, United Ststes) was introduced[21]. 
The device consists of a fiber optic which is intro
duced through the working channel of a standard 
colonoscope until it extends beyond its other end. 
Afterwards, the Third Eye Retroscope turns around 
180 degrees. The endoscopist has now two images 
on one monitor. One image is showing the standard 
colonoscopic view and one image is providing the 
retrograde view. Main advantage of the system is 
that it allows to visualize lesions located proximal 
(i.e., behind) the colonic folds. Various studies have 
evaluated the Third Eye Retroscope. One multicenter 
study included eight different centers and a total of 
249 patients[22]. 257 polyps were identified with the 
colonoscope alone while the Third Eye Retroscope 
detected significantly more additional polyps and 
adenomas. For lesions 6mm or larger and 10 mm or 
larger, the additional detection rates with the Third 
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Figure 2  RetroView devices allow for a 210 degree bending of the distal 
tip and are equipped with virtual chromoendoscopy techniques and large 
working channels to allow adequate characterization of colonic lesions 
and subsequent endoscopic therapy (Image with kind permission from 
Fujifilm).
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G-EYE endoscope
Very recently, the G-EYE endoscope (Smart Medical, 
Ra’anana Israel) was launched. The G-EYE relies on a 
standard endoscope in which a permanently integrated 
balloon was incorporated at its distal bending section 
(Figure 4). The balloon is inflated in the cecum and the 
endoscope is withdrawn with the balloon inflated until 
the rectum is reached. The inflated balloon stabilizes 
the endoscope during the withdrawal phase and 
interventions and provides additional folds straightening 
in order to improve adenoma detection rates. Early 
data provided by Kiesslich and coworkers suggest 
that the adenoma detection rate with the G-EYE 
endoscope could be increased by at least 48% (personal 
communication). Final results of the ongoing multicenter 
studies are expected by the end of the year.

CONCLUSION
In the attempt to improve adenoma detection rates 
various advanced endoscopic imaging techniques 
have been introduced within the past 5 years. 
Scientific evidence is still missing for some of the 

new technologies. It is still not fully known whether 
pure high-definition white-light endoscopy improves 
adenoma detection rates. Therefore, prospective, 
randomized, multicenter studies addressing this issue 
are highly warranted. While there was no beneficial 
effect of the first NBI system, recent evidence suggests 
that the new NBI system is superior to conventional 
white-light endoscopy and could improve adenoma 
detection rates. Again, results of multicenter studies 
addressing this issue are highly anticipated. Study 
results on the potential of virtual chromoendoscopy 
techniques using digital postprocessing for improved 
adenoma detection in the colorectum are still 
inconsistent. Multiple, large and multicenter studies 
are currently addressing this issue and the results of 
those studies are anticipated latest within the next 
two years. New endoscope platforms now allow for 
a more detailed view of the luminal gastrointestinal 
tract. Early data demonstrate the impressive potential 
of those new platforms to improve early diagnosis of 
colorectal lesions without detriment to procedure time 
or procedure complications. Therefore, new endoscopic 
imaging techniques will assist the endoscopists to 
improve adenoma detection rates for better diagnosis 
and early therapy of colorectal lesions.
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Abstract
Endoscopy plays a crucial role in the management 
of inflammatory bowel disease (IBD). Advances 

imaging techniques allow visualization of mucosal 
details, tissue characteristics and cellular alteration. In 
particular chromoendoscopy, magnification endoscopy, 
confocal laser endomicroscopy and endocytoscopy 
seem to have the possibility to radically modify the 
approach to surveillance and decision making. Dye-
based chromoendoscopy (DBC) and magnification 
chromoendoscopy improve detection of dysplasia, 
and evaluation of inflammatory activity and extension 
of ulcerative colitis and are thus considered the 
standard of care. Dye-less chromoendoscopy could 
probably replace conventional DBC for surveillance. 
Narrow band imaging and i-scan have shown to 
improve activity and extent assessment in comparison 
to white-light endoscopy. Confocal laser endomicro
scopy (CLE) can detect more dysplastic lesions in 
surveillance colonoscopy and predict neoplastic and 
inflammatory changes with high accuracy compared 
to histology. This technology is best used in conjunction 
with chromoendoscopy, narrow-band imaging, or 
autofluorescence because of its minute scanning area. 
This combination is useful for appropriate tissue 
classification of mucosal lesions already detected 
by standard or optically enhanced endoscopy. The 
best combination for IBD surveillance appear to 
be chromoendoscopy for identification of areas of 
suspicion, with further examination with CLE to detect 
intraepithelial neoplasia. However cost, availability, and 
experience are still an issue.

Key words: Ulcerative colitis; Crohn’s disease; Endoscopy; 
Surveillance; Colorectal cancer
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Core tip: Modern endoscopic imaging techniques 
might change the approach to surveillance of patients 
with inflammatory bowel disease (IBD). They allow 
visualization of mucosal details, tissue characteristic 
and cellular changes. In particular chromoendoscopy, 
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magnification endoscopy, confocal laser endomicro
scopy and endocytoscopy promise to radically modify 
surveillance and decision making in IBD, however their 
widespread availability and cost/effectiveness is an 
issue.

Gabbani T, Manetti N, Bonanomi AG, Annese AL, Annese 
V. New endoscopic imaging techniques in surveillance of 
inflammatory bowel disease. World J Gastrointest Endosc 
2015; 7(3): 230-236  Available from: URL: http://www.
wjgnet.com/1948-5190/full/v7/i3/230.htm  DOI: http://dx.doi.
org/10.4253/wjge.v7.i3.230

INTRODUCTION
Endoscopy plays a basic role in the diagnosis, manage­
ment, prognosis and surveillance of inflammatory bowel 
diseases (IBD). IBD is a chronic lifelong condition that 
requires careful medical management and follow-
up because it can be associated with significant 
morbidity, need for hospitalization and surgery. Once 
IBD is suspected based on clinical signs, symptoms, 
laboratory markers and/or radiology studies, endo­
scopy with mucosal biopsies is the gold standard to 
confirm the diagnosis. After diagnosis, endoscopic 
examination is important to assess the disease extent 
and severity, to monitor disease activity, to provide 
endoscopic treatment and for surveillance of dysplasia 
and neoplasia[1,2]. Patients with longstanding IBD have 
an increased risk of colorectal cancer (CRC) compared 
to the general population and the CRC risk appears 
to be the same in Crohn’s colitis and ulcerative 
colitis (UC)[3,4]. The exact mechanism behind this 
increased risk are unknown, although data suggest a 
profound role of chronic inflammation of the intestinal 
mucosa[5]. There are several meta-analysis evaluating 
the incidence of CRC in IBD patients. Eaden et al[6] 
reported an overall prevalence of CRC in UC patients 
of 3.7%, Ekbom found a standardized incidence ratio 
(SIR) of 5.7 (95%CI: 4.6-7.0)[7] while Bernstein et al[8] 
reported a SIR of 2.3 (95%CI: 2.0-2.6) in UC patients 
and 2.6 (95%CI: 1.69-4.12) in CD patients. There are 
many risks factors implicated in the development of 
CRC: the duration of the inflammatory disease, the 
extension of the disease, the degree of inflammation, 
the coexistence of primary sclerosing cholangitis (PSC), 
and family history of CRC. The association between 
duration of the disease and development of CRC is the 
rationale for endoscopic surveillance, that should begin 
after 7-8 years of initial symptoms complain. The 
extent of colitis is another important risk factor of CRC 
risk[9]. CRC risk is high in patients with extensive colitis, 
intermediate in left-colitis and low in proctitis. Risk 
assessment of CRC also critically relies on endoscopic 
appearance of the severity of disease activity: both 
endoscopic and histological inflammations were shown 

to be associated with increased risk. The presence of 
post-inflammatory polyps probably reflects a previous 
severe inflammation and is associated with an increased 
risk of CRC development. On these bases, is clear how 
surveillance endoscopy permits detection of dysplasia 
and early detection of CRC, leading to an improvement 
of prognosis[10]. Surveillance should be performed in 
everyone with UC or Crohn’s colitis, except patients with 
proctitis or Crohn’s colitis affecting only one segment 
of colon. Regarding optimal surveillance intervals there 
is not clear evidence yet but individualizing intervals 
based on risk stratification is basic. Patients with an high 
risk factors for development of CRC should perform a 
colonscopy every one year (extensive colitis with severe 
inflammation, diagnosis of PSC, stricture and dysplasia 
identified in the last five years, history of CRC in a first-
degree relative with less than 50 years). Patients with 
intermediate risk factors should perform a colonscopy 
every 2-3 years (extensive colitis with mild or moderate 
inflammation, presence of post-inflammatory polyps, 
history of CRC in a first degree relative at 50 years and 
over). For patients with a low risk of CRC, guidelines 
advise to perform a colonscopy every 5 years[6,7].

CRC mostly develop in raised protruded lesions 
but it can also occur in flat lesions or in mucosa with 
normal feature too. In the recent past, raised neoplastic 
lesions arising within an area of inflammation have 
been termed dysplasia-associated lesions/masses 
(DALMs)[11,12]. These lesions may present low or high 
dysplasia, in situ and invasive cancer. Subsequently 
the term adenoma-like mass (ALM) has been intro­
duced to describe polyps with dysplasia in an area 
of colitis, but endoscopically very similar to sporadic 
adenomas[13]. However, no clear endoscopic, histologic 
or immunohistochemical difference between DALMs, 
ALMs and sporadic adenomas has been described, 
although some endoscopic lesions are more common 
in UC than non-UC patients. Therefore the terms DALM 
and ALM are more recently dismissed. Actually, lesion’s  
morphology is best described by the standardized 
terminology of the Paris classification[14] either in 
abbreviated (0-Ⅱa) or extensive form (e.g, flat, 
minimally elevated lesion), although some irregular 
or less defined lesions may not be easily categorized. 
A detailed endoscopic description of morphology, pit 
pattern, and grade of background mucosal inflammation 
is requested. Moreover, current terms to describe low 
and high-grade dysplasia are also low grade non-
invasive neoplasia or high grade non-invasive neoplasia, 
respectively[15]. Surveillance endoscopy white standard 
light endoscopy and multiple random biopsies may miss 
a quantum of lesion. Previous literature data showed 
that in up to 50% of colitis-associated neoplasms, the 
lesions were not visible at endoscopy[16]. This problem 
have suggested to perform an high number of random 
biopsies, every 10 cm of colon in four quadrants, 
which is a time consuming and costly approach, 
either for endoscopists and pathologists[17]. Recently, 
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new emerging endoscopic imaging techniques have 
been introduced thus allowing a better visualization of 
mucosal and submucosal lesions[18]. This review will 
focus on these endoscopic modalities, highlighting their 
potential role in the surveillance of IBD. 

MAGNIFICATION
Magnification endoscopy is performed by an endoscope 
with a variable lense, which allows to modify the 
magnification degree until 150-fold. Thanks to this 
feature is possible to have a detailed characterization 
of the mucosal surface and the pit pattern. It has 
been shown that magnification endoscopy combined 
with chromoendoscopy has the potential to improve 
targeting biopsy examination in patients with long-
standing colitis and facilitate early detection of 
intraepithelial neoplasia and colorectal cancer[19].

CHROMOENDOSCOPY 
Chromoendoscopy uses different staining techniques and 
endoscopic/optical or computer-based colour programs 
to enhance the mucosal detail and submucosal vascular 
pattern; this procedure improve detection of mucosal 
lesions and permit a more precise characterization. 
Currently, chromoendoscopy is distinguished in dye-
based (DBC) and dye-less imaging techniques (DLC).

Dye agents uses in DBC can be grouped in three 
types: Contrast agents (Indigo carmine and Acetic acid), 
Absorptive agents (Toluidine blue, Lugol, Cresyl violet 
and Methylene blue) and Reactive staining agents (Congo 
red and Phenol red). These agents are frequently used 
through spraying or catheters. Chromoendoscopy in 
combination with high magnification, allows a better 
definition of spreading and degree of inflammation, 
if compared with standard white light colonoscopy, 
in particular in patient with IBD. In addition, these 
techniques highly improve early detection of intrae­
pithelial CRC[20]. 

A randomized controlled trial has evaluated the 
chromoendoscopy for early detection of intraepithelial 
neoplasia and CRC in UC. A total of 165 patients with 
long-standing UC were randomized at a 1:1 ratio to 
undergo conventional colonoscopy or colonoscopy 
with chromoendoscopy using 0.1% of methylene 
blue. In the chromoendoscopy group, there was a 
significantly better correlation between the endoscopic 
assessment of degree (P = 0.0002) and extent 
(89% vs 52%; P < 0.0001) of colonic inflammation 
and the histopathologic findings compared, with 
the conventional colonoscopy group. In addition, 
significantly more intraepithelial neoplasia were 
detected in the chromoendoscopy group (32 vs 10; 
P = 0.003). Therefore DBC showed a more accurate 
diagnosis of extent and grade of inflammatory in 
UC compared with standard white-light endoscopy 
and, more importantly, improved early identification 

of intraepithelial dysplasia and CRC in patients 
with UC[21]. Some other trials and a meta-analysis 
evaluated pancolonic chromoendoscopy for detection 
of dysplasia in UC. Two of these have demonstrated 
that biopsies guided by dye spray revealed more 
dysplasia than random biopsies (P = 0.02 and P = 
0.001, respectively)[22,23]. A meta-analysis showed a 
diagnostic odds ratio of 17.5 with a pooled sensitivity 
of 83.3% and a specificity of 91.3%. Therefore, 
chromoendoscopy appear to have an high sensitivity 
with an high diagnostic accuracy for detection of 
dysplasia[24]. High-magnification chromo-colonoscopy 
is also a tool for reliable assessment of disease extent 
in compared to conventional colonoscopy[25]. However, 
dye-based chromoendoscopy has some potential 
limitations, mainly its availability but especially the 
length of procedure. Moreover, dyes do not always coat 
all surface required and this procedure does not allow 
a detailed analysis of sub-epithelial capillary network, 
which is another important feature in the diagnosis of 
CRC.

DLC is grouped in optical chromoendoscopy and 
virtual chromoendoscopy. Optical chromoendoscopy 
include narrow band imaging (NBI; Olympus®). 
Virtual chromoendoscopy include I-scan (Pentax®) 
and Fujinon intelligent colour enhancement (FICE; 
Fujinon®). NBI uses an optical filters, applied on 
the light source of endoscope, which narrow the 
bandwidth of spectral transmittance. This methodology 
highly enhance the visualization of blood vessels 
pattern. I-scan and FICE, instead, use digital post-
processing with computed spectral estimation to 
achieve a better tissue contrast[26]. The latter are not 
dependent on the presence of optical filters inside of 
the video endoscope. FICE and i-scan use endoscopic 
images and reconstruct virtual images in realtime by 
increasing the intensity of blue light to a maximum 
and by decreasing red light and green light to a 
minimum resulting in an improved contrast of the 
capillary patterns and enhancement of the mucosal 
surface. A nice study of Matsumoto et al[27] evaluated 
magnifying colonoscopy with NBI for the diagnosis of 
intraepithelial neoplasia in ulcerative colitis. In this trial 
it was showed that the tortuous pattern determined 
by NBI colonoscopy could be a clue for the diagnosis 
of dysplasia during surveillance for UC. Van den Broek 
et al[28] undertaken a randomized trial to compare NBI 
and high definition white-light colonoscopy (HDE). 
Twenty-five patients with UC underwent NBI or 
HDE in a random order with at least 3 wk of interval 
between the two endoscopies. The study showed 
that NBI does not improve the detection of neoplasia 
in patients with UC compared to HDE endoscopy. 
In addition, NBI was insufficient in differentiating 
neoplastic from non-neoplastic mucosa[28]. Sub­
sequently, Van den Broek et al[29], have tested the 
efficacy of trimodal imaging for the surveillance of 
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line, whereas the brightness of a resulting image 
pixel corresponds to the relative intensity of detected 
fluorescent light. The gray-scale image created is an 
optical section representing one focal plane within 
the examined specimen. Real-time confocal laser 
scanning microscopy-sequences (1 min-duration) are 
recorded and stored digitally for later evaluation. CLE 
evaluation and its high-quality images have shown 
high agreement with the histology[33-35]. A number 
of studies have investigated the usefulness of CLE in 
the diagnostic work-up of IBD, especially in ulcerative 
colitis. CLE has shown that could have a role in 
assessing the extension and the activity of disease. 
Moreover it could be useful in targeting biopsies and 
to improve the early detection of dysplasia. The most 
recurrent histologic modification in crypt architecture of 
UC are the crypt dilation, disorganized arrangement of 
crypts, dilatated spaces between crypts, destruction or 
fusion of crypts and crypt abscess. The microvascular 
modifications often consist of dilatation and swelling 
of branching vessels. Dysplasia is identified by darks 
cells with depletion of mucin and density reduction 
of goblet cell. The architectural pattern is often 
disorganized, epithelial thickness is variable with 
dark epithelial border and villiform structures. The 
blood vessels are enlarged with anomalous branching 
and weak orientation to basement membrane. The 
Miami classification system has been designed, 
with a worldwide consensus, for p-CLE images[36]. 
Due to the technical differences, p-CLE images are 
not comparable to e-CLE images and there is not a 
worldwide accepted classification f CLE images in UC, 
so this is a limitation of this technique[37]. Watanabe 
et al[38] and Li et al[39] reported on inflammation 
activity assessment by CLE. The inflammation activity 
assessment includes crypt architecture, cellular 
infiltration, and vessel architecture. These studies 
showed that images obtained with CLE techniques 
provided information that are similar to conventional 
histology, with a good differentiation between active 
and non-active UC during endoscopy examination. In 
a double-blind trial, CLE was shown to be superior to 
NBI[40]. In another study evaluating more than one 
hundred polyps, probe-based CLE showed a trend 
of higher sensitivity compared to NBI (86% vs 64%, 
P = 0.08), with similar accuracy (82% vs 79%, P 
= 0.59). The overall accuracy of using probe-based 
CLE together with NBI to predict polyp histology 
was greater than 94%[41]. In the management of 
patients with UC, an important diagnostic goal, is the 
detection of dysplasia/neoplasia, with a small number 
of biopsies, thus minimizing time and cost. In this 
contest Kiesslich et al[42] have shown that identification 
and diagnosis of dysplasia in UC could be maximized 
by using together pan-chromoendoscopy and targeted 
CLE, achieving high value of diagnostic accuracy 
(sensitivity 94%, specificity 98%). Subsequently this 
result has been confirmed also by Van den Broek et 
al[43]. A trial of longstanding ulcerative colitis, exploring 

neoplasia in fifty patients with longstanding UC. In the 
trial, each segment of colon was inspected twice, once 
with autofluorescence imaging (AFI) and once with 
standard white light endoscopy, in a randomized order. 
This study showed that AFI decreased the necessity of 
random biopsies improving the detection of neoplasia. 
In addition, NBI pit pattern analysis predicted the 
histologic findings with a moderate accuracy while 
AFI colour appeared useful in excluding the presence 
of neoplasia[29]. In another prospective, randomized 
study, NBI was compared with CE for the detection of 
intraepithelial lesions. NBI was less time consuming 
and equally effective compared to chromoendoscopy 
for identification of intraepithelial neoplasia (26.9 ± 
9.9 min vs 15.7 ± 5.6 min, P < 0.01). NBI resulted in 
a significantly lower false-positive biopsy rate and a 
similar true-positive rate (P = 0.001). The percentage 
of missed intraepithelial neoplasia lesions was superior 
with NBI, although not reaching statistical significance. 
However, given the intraepithelial neoplasia miss 
rate, NBI should not be recommended as the gold 
standard endoscopic technique for surveillance in 
IBD[30]. Only one trial tested FICE in a IBD setting, the 
latter showed that FICE does not improve detection 
of ulcers and erosions due to Crohn’s disease, but this 
data should be evaluated in larger prospective trials[31]. 
Finally a study tested the efficacy of high definition (HD) 
endoscopy compared to i-scan or chromoendoscopy 
with methylene blue (0.1%) in screening for colorectal 
cancer and it was found that both i-scan and 
chromoendoscopy identified more lesions compared to 
high definition endoscopy alone[12,32].

Given these evidences, ECCO consensus guidelines 
on endoscopy in IBD recommend pan-colonic 
methylene blue or indigo carmine chromoendoscopy 
during surveillance colonoscopy, with targeted biopsies 
of any visible lesion. When chromoendoscopy is 
not available multiple random biopsies should be 
performed. 

CONFOCAL LASER ENDOMICROSCOPY
Confocal laser endomicroscopy (CLE) has been first 
introduced in 2004. It can be performed with two 
devices: one integrated into endoscope (e-CLE; Pentax®,  
Tokio, Japan), and one using a mini-probe through 
the scope (p-CLE; Cellvizio, Mauna Kea Technologies, 
Paris, France). Confocal laser microscopy consists of 
focusing a laser ray onto the mucosal surface and 
filtering the returned light by means of a small pinhole 
which rejects out of focus light. The illumination and 
detection systems are in the same focal plane and 
are termed confocal. After passing the pinhole, the 
fluorescent light is detected by a photo-detection, 
transforming the light signal into an electrical one, 
that is recorded by a computer. All detected signals 
from the illuminated spot are captured and measured. 
As the laser scans over the plane of interest, a 
whole image is obtained pixel-by-pixel and line-by-
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the efficacy of the combined application of CE and 
targeted p-CLE in diagnosing dysplasia, has underlined 
the high diagnostic accuracy of such procedures 
compared to standard histology (sensitivity 100%, 
specificity 90%, positive predictive value 83%, and 
negative predictive value 100%)[44]. Another recent 
study prospectively evaluated the clinical applicability 
and predictive power of endomicroscopy for the in 
vivo differentiation of dysplasia-associated lesional 
mass (DALM) or adenoma-like mass (ALM). This trial 
showed that the accuracy of endomicroscopy was 97% 
with an excellent agreement between endomicroscopy 
and histopathological diagnosis[45]. Neumann et 
al[46] have explored the clinical utility of CLE also in 
patients affected by Crohn’s disease (CD), determining 
whether the disease activity can be graded by using 
CLE. The authors proposed a CLE score for assessing 
CD activity in vivo, with a potential utility of predicting 
the CD course and response to medical therapy. CLE 
application in IBD has been evaluated also under a 
prognostic view. A trial has shown that cell shedding 
and barrier loss detected by CLE are able to predict 
relapse of IBD and therefore has a potential role as 
diagnostic tool for the management. The sensitivity, 
specificity and accuracy for the CLE grading system 
to predict a flare were 62.5%, 91.2% and 79%, 
respectively[47]. A second paper confirmed the 
prognostic power of CLE in predicting the course for 
other relevant clinical end-points for patients affected 
by IBD, such as future hospitalization or surgery[48]. No 
data are available to compare p-CLE with e-CLE. pCLE 
has some advantages and disadvantages compared 
with eCLE. Advantages include the greater versatility 
of pCLE probes, which can be used in conjunction with 
virtually any endoscope (high-resolution endoscopes, 
NBI, cholangioscope, etc.), and acquisition at video 
frame rate of 12 frames/s, allowing in vivo imaging of 
capillary flow. Disadvantages include a slightly lower 
resolution (approximately1 μm compared with 0.7 
μm for eCLE) and smaller field of view (240 μm vs 
600 μm).This technology is best used in conjunction 
with chromoendoscopy, narrow-band imaging, or 
autofluorescence because of its minute scanning 
area. So it is useful only for appropriate classification 
of tissue at a mucosal site already detected by 
standard or optically enhanced endoscopy. The 
best combination in IBD surveillance appears to 
be chromoendoscopy for identification of areas of 
suspicion, and that examination with CLE to confirm 
intraepithelial neoplasia. However, confocal techniques 
are limited by high costs and need of contras media, 
such as intravenous Fluorescein. In addition, more 
prolonged time for the procedure is inevitable and the 
operator’s expertise and learning curve is an issue. 
Larger studies on the combined use of such modalities 
are required to assess cost/effectiveness. 

ENDOCYTOSCOPY
Endocytoscopy (EC; Olympus®) is a new imaging 

technique, enabling microscopic imaging of the 
mucosal layer of the gut at a magnification up to 
1400-fold. Endocytoscopy is based on a contact light 
microscope which enables real-time visualization of 
cellular structures of the superficial epithelial layer 
in a plane parallel to the mucosal surface. Systems 
integrated into the distal tip of an endoscope (iEC) and 
probe-based (pEC) are available. Probe-based systems 
consist of handheld miniprobes, inserted through 
the accessory channel of a standard endoscope. The 
device provides ultra-high magnification imaging from 
an optical sampling site of about 0.5 mm in diameter. 
Endocytoscopy requires preparation of the mucosal 
layer with absorptive contrast agents like methylene 
blue or toluidine blue[13]. The technique seems to be 
useful and safe for the examination of gastrointestinal 
mucosal surfaces[49], and could recognize neoplasia 
in aberrant crypt foci and distinguish cancerous 
lesions from non-cancerous ones[50]. A trial has 
recently showed the value of EC for assessment of 
inflammatory disease activity and differentiation of 
single inflammatory cells in patients with IBD. In that 
study concordance between EC and histopathology for 
grading intestinal disease activity in CD was 100%[51].

CONCLUSION
The endoscopy is crucial for diagnosis, prognosis, 
and management of IBD. In addition, a critical role is 
that of surveillance of colorectal cancer and detection 
of dysplasia. In this context the colonoscopy is 
traditionally coupled with histology, with the need 
of multiple biopsies. This is suboptimal for dysplasia 
detection and time consuming for either endoscopists 
and pathologists. The utilization of chromoendoscopy, 
possibly combined with magnification, is actually 
considered the “gold standard”, given the adequate 
diffusion of the methodology and the opportunity 
to perform targeted rather than random biopsies. 
In contrast, so far, the techniques of so called 
virtual or optical chromoendoscopy, although more 
operator friendly, have not proven to be comparable 
to chromoendoscopy with vital colorants. However, 
technology is on progress and several comparative 
trials underway. Finally, future development and 
diffusion of confocal endomicroscopy or endocytoscopy 
could prove further advantage including the need of 
less biopsies or avoid histology. However, possible 
medico-legal consequences should be taken into 
account, and cost/effectiveness, learning curve and 
length of procedure should be taken into account. 
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Abstract
Peroral endoscopic myotomy (POEM) is a new endoscopic 
treatment for achalasia. Compared to the classical 
surgical myotomy, POEM brings at least the advantage 
of minimal invasiveness. The data provided until now 
suggest that POEM offers excellent short-term symptom 
resolution, with improvement of dysphagia in more than 

90% of treated patients, with encouraging manometric 
outcomes and low incidence of postprocedural gastro
esophageal reflux. The effectiveness of this novel 
therapy requires long-term follow-up and comparative 
studies with other treatment modalities for achalasia. 
This technique requires experts in interventional 
endoscopy, with a learning curve requiring more than 20 
cases, including training on animal and cadaver models, 
and with a need for structured proctoring during the 
first cases. This review aims to summarize the data on 
the technique, outcomes, safety and learning curve of 
this new endoscopic treatment of achalasia.

Key words: Peroral endoscopic myotomy; Achalasia; 
Myotomy; Endoscopic treatment
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Core tip: This review aims to highlight the importance 
of a new minimally invasive technique for the treatment 
of achalasia, compared to classical surgical treatment. 
Although discovered recently, this method has already 
imposed itself as a safe and very efficient therapy. The 
difficult issue in this topic is related to the specialist 
who performs it and the learning curve in such a rare 
pathology. The gastroenterologist has to be expert 
in interventional endoscopy and have special skills in 
surgery, an excellent knowledge in anatomy and the 
strength to manage the complications. Considering the 
low rate of adverse events and the efficacy, as a team 
already performing POEM, we believe that this is the 
therapy of the future for achalasia.
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INTRODUCTION
The loss of inhibitory innervation of the lower esophageal 
sphincter (LES) resulting in inadequate relaxation and 
higher baseline pressures of the LES defines achalasia. 
Another feature of achalasia is the absence of 
esophageal peristalsis, these pathogenic modifications 
explaining the clinical complaints such as regurgitation, 
dysphagia, retrosternal pain and weight loss. Achalasia 
has an incidence of 1/100000 per year, which places 
this disease in the area of rare pathologies. Otherwise, 
achalasia is the most frequent primary non malignant 
disease of the esophagus[1].

Although no treatment with curative intention has 
been identified, some palliative methods comprising 
medical, endoscopic and surgical methods have been 
proposed, all aiming to lower LES pressure. Medical 
treatment with nitrate and calcium antagonists has 
proved to have poor efficacy and significant side 
effects[2-4]. However, some of the medical methods 
such as smooth muscle relaxants are still used for 
chest pain relief in patients with vigorous achalasia. 
Of the endoscopic treatments, Botox injections and 
pneumatic dilatation (PD) have been traditionally used. 
Botox injections at the gastroesophageal junction 
(GEJ) are initially successful in over 90% of patients, 
but the effects only last for 6-9 mo. Botox injections 
are therefore generally reserved for elderly patients or 
poor surgical candidates[5]. Pneumatic dilatation is the 
nonsurgical technique with the highest success rate[6]. 

Surgical myotomy was originally reported by Heller 
in 1913 and consisted of 2 longitudinal incisions of 
approximately 8 cm on the anterior and posterior 
esophageal wall, the complete release of the LES being 
mandatory to achieve complete relief from achalasia 
symptoms. Later, bilateral myotomy was modified to a 
single myotomy. One of the limitations and failures of 
surgical myotomy is gastroesophageal reflux disease 
(GERD), which was reported in up to 30% of cases, 
resulting in an additional antireflux procedure, such as 
fundoplication.

A multicenter study recently published demonstrated 
no significant differences in clinical success between 
PD and laparoscopic Heller myotomy (LHM) with 
fundoplication at a 2 year follow-up[7]. Although these 
results are no longer available when it comes to a 
longer follow-up, the failure rate of PD remaining 
at 50%-60% promotes LHM as the treatment of 
choice in young patients and in those without special 
contraindications for surgery[6].

 Considering these facts, a new endoscopic 
technique, the peroral endoscopic myotomy (POEM) 
that combines the surgical element of a controlled 
myotomy with the minimal invasiveness of endoscopic 
approach, imposes itself as a real alternative in the 
treatment of achalasia[8].

ENDOSCOPIC MYOTOMY
The endoscopy myotomy as a treatment option 

in achalasia was first described in 1980[9]. A limit 
of this first report was the use of direct incision 
of the mucosa, which was considered unsafe and 
unreliable, so it was abandoned. Later, the technique 
of endoscopic myotomy through a submucosal channel 
was described in an animal model[10,11]. Pauli was the 
first who described the crossing of gastroesophageal 
junction and esophageal cardiomyotomy[12]. Based 
on this experimental background, Inoue refined the 
technique for clinical application in humans, namely 
POEM[13,14].

During POEM, the muscle layer is intentionally dis
sected and divided through a submucosal tunnel. Mucosa 
works as a strong barrier to isolate gastrointestinal 
lumen from the mediastinum or peritoneum. If the 
mucosa is kept intact, neither peritonitis nor mediastinitis 
can occur. Complete endoscopic myotomy was first used 
in a clinical experience together with the development of 
the POEM.

POEM PROCEDURE
Indications, contraindications
It is generally recommended that teams beginning 
a POEM program should do it with approval from an 
institutional review board and after a learning curve 
completion. Age under 18, previous esophageal 
or mediastinal surgery and morbid obesity were 
previously considered exclusion criteria but are 
no longer valid today. Fungal infection or heavy 
esophageal loading with food are also considered 
contraindications but they can be eventually overcome. 
A real contraindication for POEM remains the inability 
to undergo general anesthesia[15] but there are some 
cases in which POEM has been performed without 
general anesthesia. POEM is considered to be a safe 
and effective alternative to the surgical approach 
in achalasia. The role of POEM in the treatment of 
other esophageal motor disorders such as diffuse 
esophageal spasm (DES), non-relaxing hypertensive 
LES and nutcracker esophagus is still under debate. 
Also, its role in treating patients with prior conventional 
therapies for achalasia, in the final stages of achalasia, 
in children, the elderly and in patients with significant 
comorbid diseases is still not clear. However, the first 
reports on this topic are optimistic regarding the 
benefit of POEM in these pathologies[8,16].

PREOPERATIVE INVESTIGATIONS
On admission to hospital, all patients diagnosed 
with achalasia complete a standardized validated 
symptom assessment form, according to the Eckardt 
classification. Based on the calculated score, the 
patients are included in different classes of severity. All 
patients undergo extensive preoperative investigations 
such as an esophagogastroscopy, barium swallow 
study and a pH study useful for the diagnosis of an 
asymptomatic reflux. In the diagnosis and classification 
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of achalasia, an essential tool is high resolution 
manometry.

According to the manometric measurements, 
achalasia is classified into 3 subtypes (Chicago 
classification)[17]: (1) type Ⅰ (classic achalasia) defined 
as mean integrated relaxation pressure (IRP) > 15 
mmHg and when peristalsis has 100% failed; (2) 
type Ⅱ (achalasia with compression) as mean IRP 
> 15 mmHg, abnormal peristalsis, panesophageal 
pressurization with ≥ 20% of swallows; and (3) type 
Ⅲ as mean IRP > 15 mmHg, abnormal peristalsis, 
fragments of distal peristalsis or premature (spastic) 
contractions with ≥ 20% of swallows preserved.

A group of researchers[18] have elaborated a new 
endoscopic classification of achalasia based on three 
structures: multi-ring, crescent-like and diverticulum 
structure, named Ling classification. They divided 
achalasia into three types: type Ⅰ, smooth without 
multi-ring, crescent-like structure or diverticulum 
structure; type Ⅱ, with multi-ring or crescent-like 
structure, no diverticulum structure; and type Ⅲ, 
with diverticulum structure. Type Ⅱ and Ⅲ were 
also classified into three subtypes (Ⅱa, Ⅱb, Ⅱ
c; Ⅲ1, Ⅲr and Ⅲ1r). The authors concluded that 
patients classified as type Ⅰ and Ⅱa patients can be 
recommended for POEM. Patients included in class Ⅱ
b are at risk of mucosal damage so they might be 
considered for POEM, but cautiously. This classification 
needs further confirmation.

Preoperatively, all patients are recommended 
to have a liquid diet for at least one day before the 
procedure and some endoscopists perform an upper 
endoscopy the day before POEM to wash out the 
esophagus prior to the intervention. Patients may 
receive oral antimycotics preoperatively to treat 
any potential esophageal Candida overgrowth. A 
prophylactic dose of antibiotics was reported to be 
given before the procedure. Some authors reported 
the administration of dexamethasone at the start of 
the procedure to minimize mucosal edema, which 
will eventually make the closure of the mucosa more 
difficult, but this is not clearly stated[19].

TECHNICAL ASPECTS OF POEM
Set up and positioning
The procedure is usually done in the operating room 
under general anesthesia with endotracheal intubation. 
The gastroscope used for POEM is a standard one. 
Some authors use a large working channel endoscope 
with water jet function, but a slim diagnostic scope can 
be more suitable sometimes for crossing an extremely 
narrow GEJ. A transparent distal dissecting small cap or 
an oblique cap can be used at the tip of the endoscope. 
In order to avoid mucosal laceration at the mucosal 
incision site during POEM, an overtube might be placed 
for stabilization of the scope. Another important device 
to use during this procedure is the carbon dioxide 
(CO2) insufflator, which helps to reduce the risk of 

complications related to air insufflation (pneumothorax, 
pneumoperitoneum, embolism and subcutaneous 
emphysema). The air supply button should expressly 
be closed during the procedure, even when the CO2 
insufflator is on. A thorough cleaning of the esophageal 
lumen is done before the beginning of the intervention. 
Sterile saline should be used during the creation of the 
submucosal channel given the potential mediastinal or 
peritoneal entry. Communication with the anesthesia 
team is essential as the patient may develop tension 
pneumoperitoneum and may require a decompression 
of the pneumoperitoneum with a Veress needle[19].

EQUIPMENT REQUIRED FOR POEM
Submucosal tunneling and myotomy are performed 
commonly using a triangle tip knife (TT knife) with 
three angulations which spreads the energy towards 
a wide circumferential range[19]. A high frequency 
electrosurgical energy generator is required that 
determines a spray coagulation during tissue dissection 
in a noncontact manner. It can be effectively used 
in combination with a special knife, e.g., a TT knife, 
a hook knife, a water jet or hybrid knife for both 
submucosal dissection and myotomy[20]. Additionally, 
for the hemostasis of large bleeding vessels, a 
monopolar coagulating forceps might be useful during 
dissection[20].

POEM PROCEDURE
The following technical details of POEM are consistent 
with those from original reports[2,13,14,19].

General anesthesia
Most frequently, POEM is performed with the patient in 
a supine position, intubated, under general anesthesia. 
CO2 insufflation avoids the risk of air-related com
plications. CO2 insufflation does not eliminate the risk 
of gas entry in the mediastinum or abdomen. It does, 
however, greatly reduce it because CO2 is rapidly 
reabsorbed. The air feeding button will remain closed 
during POEM. The upper abdomen will be checked 
from time to time during the whole procedure and if 
the abdomen is excessively distended, an abdominal 
wall puncture will be performed in order to prevent 
abdominal compartment syndrome. 

Submucosal tunneling
Mucosal entry: Initially, the distal end of the dissection 
is marked with methylene blue when performing 
retroflexion in the stomach. Then, an esophageal 
mucosal lift is performed with a saline injection con
taining a small amount of methylene blue or indigo 
carmine on the right anterior side of the esophageal 
wall. This is followed by a longitudinal mucosectomy 
of 1-2 cm. It has to have a longitudinal orientation 
as transverse incisions are nearly impossible to close. 
Once the submucosal space is entered, the introduction 
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to distal and the plane of dissection should be 
maintained correctly. The confirmation of complete 
myotomy is immediately provided by the facile 
passage of the scope through the EGJ at the end of 
myotomy. When reaching the LES, the dissection of 
all muscle bundles responsible for achalasia should 
performed. No anti-reflux procedure is required after 
the POEM procedure because the external structures of 
LES are preserved. After completion of the myotomy, 
the complete relaxation of LES is endoscopically 
confirmed by the retroflex view of the cardia.

In cases of previous surgical failure, posterior 
myotomy is recommended to avoid the access to the 
scar site from the previous surgery. 

Closure of mucosal entry
The stomach should be emptied of fluid and gas 
before closing the mucosa and an antibiotic (e.g., 
gentamycin) should be spread into the submucosal 
tunnel[19]. The mucosal entry site, which is usually up 
to 3 cm long, is closed with endoscopic clips from the 
distal to proximal end with a distance of a maximum 
of 3 mm between clips. A few alternative closure 
methods have been described such as over-the-
scope clips (OTSC)[23] and fibrin sealants in the case 
of perforation of the gastric cardia[24]. Another option 
described for mucosotomies that cannot be closed 
is a covered stent[25]. Lately, an endoscopic suturing 
device with a two layered closure of esophagotomy 
(OverStitch) has proved to be a good alternative to 
clips in difficult situations.
 
Postoperative care
Patients are kept nil per os the day after the procedure 
and they should receive an intravenous proton-pump 
inhibitor immediately after the end of procedure. The 
intravenous therapy can be subsequently changed 
to oral treatment once a per os diet is allowed. A 
gastrografin esophagram should be performed the 
next day to rule out a mucosal defect and to ensure 
adequate opening of the GEJ post myotomy. If there 
is no evidence of radiological complications, the 
patient can be discharged after 24 h of hospital stay, 
with recommendations of a liquid diet for one week. 
There is no consensus for a “second look” EGD within 
the next days following POEM as it often does not 
change the management of these patients[16]. As the 
experience in POEM grows, there are some authors 
that have reported the release of the patients from 
hospital on the same day after a normal postoperative 
contrast esophagography[26]. 

A 6 mo follow-up is performed after POEM. Patients 
should undergo follow-up manometry, pH study and 
esophagogastroscopy. The long-term follow-up consists 
of performing an upper endoscopy every 5 years in all 
achalasia patients, given the slightly increased risk for 
esophageal carcinoma[27].

of the scope in the submucosa is facilitated by the use 
of a biliary stone extraction balloon. Then, a dissection 
fenestrated cap is placed on the tip of the scope for 
the progression in the submucosal space. A tunnel in 
the submucosa is created using a combination of spray 
coagulation, CO2 insufflation and blunt dissection. The 
separation of the mucosa from the muscle layer is 
facilitated by repeated injections of the lifting solution. 
Researchers have tried to improve the technique of 
submucosal dissection by using a gel that has the 
capacity of auto-tunneling[20]. Further studies are 
needed to confirm the efficacy of this method. The 
submucosal tunnel should be extended beyond the 
GEJ for about 2 cm into the proximal stomach. 

Identification of GEJ
It is important to correctly identify the GEJ for an 
adequate myotomy on the gastric side. There are 
some signs that can be helpful for finding the GEJ: 
length of insertion of the endoscope, the presence of 
palisading mucosal vessels, and the transitory increase 
and later decrease in the resistance of dissection 
when passing the LES. The increased thickness of the 
circular muscle bundles of the LES and the yellowish 
appearance of the submucosal cardial space are an 
important mark for GEJ. Finally, the discoloration of 
the cardial mucosa overlying the submucosal tunnel as 
seen upon retroflexion of the scope in the lumen of the 
stomach allows the estimation of the distance from the 
GEJ[19].

Circular muscle myotomy
The circular muscle bundle usually starts to be 
dissected two centimeters distal to the mucosal entry 
point in the submucosal tunnel. The progression of 
the dissection is important as both the mucosa and 
the longitudinal muscle layer should be preserved. 
The specialists observed that the standard length of 
myotomy should be more than 10 cm (12 cm on the 
esophageal side and 2 cm below the GEJ), with an 
average of 16 cm, but Inoue reported a myotomy 
length of up to 25 cm[19]. Given the high incidence of 
GER post-POEM, there is a tendency to decrease the 
length of the myotomy, except in cases of vigorous 
achalasia where a longer myotomy is needed. This 
tailored approach is facilitated by a new endoluminal 
imaging probe that measures the GEJ distensibility 
before and after the selective myotomy[21]. 

There are some groups of researchers that have 
compared the full thickness myotomy with a circular 
muscle myotomy. They concluded that full thickness 
myotomy improved the procedure time without a 
significant increase in the procedure-related adverse 
events or clinical reflux complications. Still, the 
dissection of the circular muscle layer is generally 
recommended[22]. 

Circular muscle dissection advances from proximal 
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RESULTS FROM THE DATA PUBLISHED 
UNTIL NOW-POEM FOR THE TREATMENT 
OF ACHALASIA 
Effectiveness of POEM
The results obtained after treating achalasia can be 
assessed using clinical data and technical features. 
The decrease of Eckardt score under 3, the lowering 
of LES pressure by more than 50% and the improved 
aspect of barium esophagogram regarding the time of 
esophageal emptying can define an efficient therapy[28].

The first clinical study performed on a database 
of 17 patients was published by Inoue et al[13]. Blunt 
dissection combined with electrocautery were used to 
achieve the dissection of the circular muscle layer. The 
site of mucosal dissection was closed with endoclips 
and the procedure was completed in all patients. 
Regarding complications, pneumoperitoneum occurred 
in one patient, successfully treated using a needle to 
puncture the abdominal wall. No case of emphysema 
was reported postoperatively and no long-term 
complications occurred. The dysphagia symptom score 
was significantly reduced (from 10 to 1.3; P = 0.0003) 
and the resting LES pressure decreased from 52.4 to 
19.8 (P = 0.0001) after POEM. 

Since then, new studies have been conducted on 
the performance of POEM for achalasia, which have 
confirmed the high success rate of this technique[13,29-44] 
(Table 1).

The majority of studies published on this theme 
reported a successful therapy in more than 80% of 
patients, with significant reductions in the Eckardt 
score and LES pressure. There were a few studies 
assessing the efficacy of POEM only with a barium 
esophagogram, the majority using the decrease of 
pressure as an objective assessment of treatment. 
Still, there are new methods promising a high quality 
evaluation of POEM efficacy, such as EndoFLIP 
(Endolumenal Functional Lumen Imaging Probe), 
which provides a quantitative assessment of luminal 
patency and sphincter distension. EndoFLIP was tested 
for POEM procedure and surgical myotomy. A similar 
improvement in EGJ distensibility was demonstrated 
for both methods. The intraprocedural use of FLIP 
can be predictive of postoperative symptomatic 
outcomes, providing evidence that FLIP can be used 
as a calibration tool during therapeutic procedures for 
achalasia[45,46]. 

POEM compared to LHM 
As a surgical approach in achalasia, including the 
relatively new experience with an endoscopic 
approach, has been used for a number of years, there 
are already some studies that have compared the 
efficacy, time of surgery and complications according 
to these two types of treatment. Teitelbaum et al[46] 
analyzed a group of 17 LHM vs a group of 12 POEM 
patients using timed barium esophagograms before 

and after the procedure. Both groups had improved 
column heights after treatment at 1, 2 and 5 min. 
There was no difference between the procedures 
in changes from baseline column height. Both 
operations resulted in a decreased esophageal width 
and less angulation between the esophageal body 
and esophagogastric junction. The authors concluded 
that POEM and LHM have similar anatomical and 
functional results in the short term. Ujiki et al[47] also 
compared POEM with LHM in 18 vs 21 patients and 
he observed that operative time, myotomy length and 
complication rates were equal. After treatment, pain 
differed significantly (POEM 3.9 ± 0.6 vs LHM 5.7 ± 0.4, 
P = 0.02 for the visual analog score) and analgesic 
use was also lower after endoscopic therapy (POEM 
26.0 ± 13.7 mg vs LHM 90.0 ± 48.5 mg morphine, 
P = 0.02). Return to activities was significantly faster 
in the POEM group (2.2 ± 0.6 d vs 6.4 ± 1.0 d, P = 
0.03). Postoperative dysphagia and Eckardt scores 
were not different in the two groups. Different results 
were reported regarding the pain and analgesia by 
Hungness et al[34]

. They observed that pain scores were 
similar upon post-anesthesia care unit arrival and on 
postoperative day 1, but were higher at 2 h for POEM 
patients (3.5 vs 2, P = 0.03). The operative times 
were shorter for POEM (113 vs 125 min, P < 0.05) and 
estimated blood loss was less (≤ 10 mL in all cases 
vs 50 mL, P < 0.001). In terms of efficacy, POEM and 
LHM appeared to have similar perioperative outcomes. 
Two other American and European studies reported no 
differences between the two methods regarding the 
efficacy and safety[26,48].

POEM for refractory achalasia in the setting of prior 
interventions 
Sharata et al[49] analyzed the outcomes of POEM 
in 12 patients (9 achalasia) in the setting of prior 
endoscopic interventions. POEM was successfully 
completed in all patients. The improvement of 
symptoms was achieved in all patients, based on the 
Eckardt score from 5 to 1 after POEM. There were no 
differences regarding perioperative outcomes when 
compared to POEM performed in patients without 
previous endoscopic intervention. A case of intramural 
bleeding was reported and one of dehiscence at the 
place of mucosotomy. The authors concluded that 
previous endoscopic therapies do not change the 
outcomes and complications with POEM. Another 
study compared 21 patients with failed pneumatic 
dilation with 30 patients without prior treatment, 
both groups treated subsequently with POEM. For 
patients with a failed pneumatic dilation, a significant 
improvement in the Eckardt score, LES pressure and 
barium esophagogram was observed after POEM. 
Regarding the operation time, the patients in the 
group of previously failed pneumatic dilations had a 
significantly longer procedure compared to patients 
without previous treatment of achalasia. The outcomes 
in terms of efficacy were similar in both groups[50].
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When analyzing the surgical Heller myotomy, the 
persistence of symptoms or the recurrence of them 
was reported in approximately 10%-20% of patients 
after 2 years of follow-up[7]. The team conducted by 
Zhou et al[51] published their experience in performing 
POEM after 11.9 years from primary HLM. The 
therapeutic efficacy was proved in 11/12 patients 
with a decrease of the Eckardt score under 3 and a 
significant improvement of LES pressure. Non-serious 
complications were reported: one case of mucosal 
perforation at GEJ managed endoscopically, one case 
of pneumoperitoneum that needed decompression 
with needle, and one patient requiring a chest tube for 
symptomatic pneumothorax.

Although the optimal therapy for these patients 
is not standardized yet, the authors suggested that 
POEM is feasible and has excellent results in terms of 
symptom relief.

Another report of 10 cases was published regarding 
the use of POEM after surgical myotomy for recurrence 
of symptoms. A significant decrease in LES pressure 
after rescue POEM was reported after a follow-up of 
three months, without complications. They concluded 
that short-term results of POEM after surgical 
myotomy were optimistic but long-term results are to 
be confirmed[52].

A very recent article studying the results of POEM 
after endoscopic and surgical treatment for achalasia 
was published. The authors reported excellent results 
in forty cases of POEM after prior endoscopic or surgical 
therapies. No differences were found with respect 
to the short-term outcomes and complications. The 
authors concluded that POEM is a reliable alternative to 
surgical techniques but longer follow-up will reveal the 
real results[53].

ADVERSE EVENTS IN POEM
The rate of serious adverse events of POEM, obtained 
from the data available until now, is low. The data 

we are discussing are based on information from the 
IPOEMS survey[16]. The most frequent complications 
reported until now are CO2 retention, capnoperitoneum 
and mediastinal exposure[27].

Intraoperative adverse events
The risk of aspiration during intubation can be 
prevented by standard airway protection with a rapid 
induction time and frequent aspiration of mouth 
contents. Aspiration as a complication occurs very 
rarely (< 0.1%)[16]. As we already mentioned in the 
technique description, the use of CO2 as the insufflation 
gas is extremely important. The occurrence of 
complications related to air or CO2 insufflation can be 
prevented if the insufflations are used sparingly when 
creating the submucosal channel. In less than 10% of 
cases, a mucosal perforation or bleeding may occur. 
Regarding inadvertent perforations, as their occurrence 
is more frequent in full thickness myotomies during 
POEM, a more robust closure has to be executed[54]. 
If a lesion of the mucosa occurs during POEM, a tight 
closure of the breech should be performed using clips 
in order to prevent the intraluminal content reaching 
the mediastinum. 

Bleeding can occur especially at the distal part of 
dissection. It is usually controlled with coagulation 
using the tip of the knife but it is important to have 
electrosurgical hemostatic forceps for larger bleeding 
vessels. Some authors reported the use of the 
endoscope, removed from the submucosal tunnel and 
advanced in the lumen for compression at the bleeding 
site. 

Regarding the complications related to CO2 insu
fflation, physiological effects were reported in some 
studies. Subcutaneous emphysema may occur in a 
significant manner in up to 15% of cases, but this is 
usually well tolerated. Capnothorax is rare (less than 
5% of cases) and it is also well tolerated; however, if 
there are signs of hemodynamic instability, a needle 
for thoracostomy should be placed to prevent tension 
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Table 1  Efficacy of peroral endoscopic myotomy-data from literature (adapted after[27])

Ref. n Eckardt score (before/after) LES pressure (before/after) Efficacy Time of follow-up (mo) Patients with recurrent dysphagia

Inoue et al[13]   17 10/1.3 52.4/19  100%   5 0
von Renteln et al[30]   16 7.8/0.7 27.2/11.8   94%   3 1
Costamagna et al[31]   11 7.1/1.1 45.1/16.9  100%   3 0
Swanstrom et al[32]   18 6/0 45/16.8   94%   6 1
Ren et al[33] 119 -/<3 29.4/13.5 91.7%    10.4 -
Hungness et al[34]   18 7/1 19/9   89%   6 2
Inoue et al[35] 300 6.13/1.33 27.3/13.4   98% 12 5
Chiu et al[36]   16 5.5/0 43.6/29.8  100%   3 0
Lee et al[37]   13 6.4/0.4 30.3/15.3  100%      6.9 0
Minami et al[38]   28 6.7/0.7 71.2/21  100% 16 0
Verlaan et al[39]   10 8/1 20.5/6.8 - 16 -
Stavropoulos et al[40]   66 7.9/0.2 42.5/15.4   96% 13 2
Zhou et al[41] 205 Relief in 199/205 -   97%     8.5 3
Von Renteln et al[42]   70 6.9/1 27.6/8.9   82% 12 9
Teitelbaum et al[43]   41 7/1 22/9   92% 12 -

LES: Lower esophageal sphincter.
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pneumothorax. Capnoperitoneum occurs in up to 50% 
of the cases but it is clinically insignificant[28]. 

Postoperative adverse events 
Mediastinitis was the most dangerous complication 
after POEM, due to an esophageal leak. The incidence 
of mucosal lesions that leads to leakage has been 
remarkably low (0.2%) and no severe consequences 
or deaths have been reported. The few cases 
reported with leaks were drained surgically, without 
complications[40,52].

Postoperative bleeding also has a low prevalence. 
The IPOEMS reported a rate of 1% for bleeding[16], with 
rates of 0.7%[55], 3%[26] and 7%[44] in three prospective 
series. The management of the bleeding complications 
was performed conservatively using transfusions as 
required and clinical observation, but there were some 
cases that required endoscopic re-intervention with 
hemostasis or Blakemore tamponade[33,56].

Cardiopulmonary complications are not frequent, 
although there was one case reported of aspiration 
pneumonia that required prolonged postoperative 
recovery[16].

Late adverse events
Incomplete myotomy and GERD are the main sources 
of treatment failure. The early studies reported a 
low prevalence of GERD based on symptoms but 
later studies indicated a higher prevalence of reflux 
disease, ranging between 20% and 46% after POEM, 
revealed by endoscopic findings (erosive esophagitis) 
or abnormal pH study[12-16,18,20-22,24]. The prevalence of 
GERD after POEM based on pH studies is similar to 
that reported in large prospective trials after a Heller 
myotomy with fundoplication[55,57,58].

POEM IN OTHER MOTOR ESOPHAGEAL 
DISEASES
There are some short reports in small groups of cases 
with hypertensive motility disorders of esophagus 
treated with POEM. The efficacy of POEM in patients 
with diffuse esophageal spasm[39,59-61], hypertensive 
LES[16,62], type Ⅲ spastic achalasia[1,13,14,16], nutcracker 
esophagus[38] and jackhammer esophagus[63] has been 
studied. It has been suggested that pain responds less 
well to POEM than dysphagia does[16]. An interesting 
remark is related to a low POEM efficacy in patients 
with diffuse esophageal spasm and type Ⅲ achalasia 
but the results observed in hypertensive LES and 
nutcracker esophagus were optimistic. Longer 
esophageal myotomy seems to be indicated in diffuse 
esophageal spasms that are characterized by long 
spastic segments in the distal esophagus. In the same 
respect, POEM may be more useful than LHM in motor 
esophageal disorders as the endoscopic approach 
allows the proximal extension in the body of the 
esophagus.

LEARNING CURVE IN PERFORMING POEM 
POEM is a treatment for a rare disease, the low 
prevalence contributing to the difficulty of teaching. 
The procedure meets the principles of natural orifice 
transluminal endoscopic surgery (NOTES) and 
interventional endoscopy. It is a demanding procedure, 
implying potentially serious adverse effects that should 
be performed only in specialized centers by experts 
in interventional endoscopy or surgeons who are 
skilled in endoscopy. The procedure requires specific 
knowledge, judgment, technical skills and training, the 
ability to recognize anatomy and maintain orientation.

The team performing the procedure must be 
familiar with esophageal pathology, with peculiarities 
of EGJ, with the technique of submucosal dissection 
and with the management of the most frequent 
complications. A learning curve of approximately 20 
cases has been proposed to accomplish the training 
period in POEM for an experienced endoscopist[61]. It 
has been proved that the length of the procedure and 
the incidence of inadvertent mucosotomies becomes 
constant after 20 cases[61]. 

Training in the laboratory on animal or cadaver 
models may facilitate the time for the acquisition of 
skills necessary to perform a POEM. Proctoring at first 
cases is also necessary. In a meta-analysis published 
recently, POEM operators pursued preclinical training 
before a human POEM in 10 of 16 centers analyzed. 
Most centers used live animal training with fewer 
centers using ex vivo models or cadavers. The extent 
of preclinical training varied widely (total hours spent 
on preclinical training ranged from 12 to 154 h). 
Proctoring was used in 9 of 16 centers in the first cases 
of a human POEM. The authors mentioned a number 
of proctored cases ranging between 1 and 7.

There are some studies published focusing on the 
learning curve of POEM. Kurian et al[61] analyzed the 
learning curve for their first 40 POEMs. The outcomes 
were assessed using the time of procedure and 
incidence of perforations. The learning curve seemed 
to reach a plateau at around 20 procedures. Another 
study observing the accidental mucosotomies and the 
number of clips required as a means for acquiring the 
ability of performing the POEM well demonstrated a 
learning curve of 7 procedures. The myotomy time 
was also acquired during these procedures but the 
tunneling time was not reached during this short 
practice[64]. Submucosal tunneling seems to be the 
most challenging part of POEM, with the longest 
learning curve, but in this study there were not 
enough patients to analyze the necessary number 
of procedures for a submucosal tunneling without 
adverse events.

POEM IN CHILDREN AND THE ELDERLY
A special concern regarding POEM was related to 
the feasibility of this procedure in patients with 
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age extremes. Successful therapy was reported in 
children aged 3 and also in the elderly, the highest 
age reported being 97. These results encourage us 
to believe that POEM is a feasible treatment option in 
different patients irrespective of age, if the patients are 
selected properly[41,46,65,66].

POEM IN PATIENTS WITH 
COMORBIDITIES
The majority of experts consider that POEM is not 
indicated in patients with a history of cirrhosis with 
portal hypertension, especially in the presence 
of varices. Severe coagulopathy could be a con
traindication as well as prior interventions resulting in 
significant submucosal fibrosis, such as esophageal 
irradiation and ablation therapy. Pulmonary fibrosis 
with respiratory failure makes POEM difficult to 
recommend in patients with this type of pathology[16].

CONCLUSION
POEM appears to be a feasible endoscopic therapy for 
achalasia with excellent short-term clinical results and 
improvement in manometric outcomes. Compared 
to the classical gold standard approach (surgical 
myotomy), it is a minimally invasive procedure with 
good outcomes and a safe profile. On the other hand, 
POEM is a sophisticated and technically demanding 
procedure that should be performed only by experts in 
interventional endoscopy and developed in equipped 
technical centers with numerous cases of achalasia. 
Further prospective randomized trials are required to 
compare the effectiveness of POEM with other actual 
therapies and to establish its long-term outcomes for 
the management of achalasia.
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Abstract
Double balloon enteroscopy (DBE) is an advanced type 
of endoscopic procedure which brings the advantage of 
reaching the whole small bowel using anterograde or 
the retrograde route. This procedure is both diagnostic 
and interventional for a variety of small intestinal 
diseases, such as vascular lesions, tumors, polyps 
and involvement of inflammatory bowel diseases. 

Main indication is the diagnosis and treatment of 
mid-gastrointestinal bleeding according to the recent 
published data all over the world. The complication 
rates seem to be higher than conventional procedures 
but growing experience is lowering them and improving 
the procedure to be safe and well tolerated. This 
review is about the technique, indications, diagnostic 
importance and complications of DBE according to the 
literature growing since 2001. 

Key words: Endoscopy; Small bowel; Double balloon 
enteroscopy

© The Author(s) 2015. Published by Baishideng Publishing 
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Core tip: Double balloon enteroscopy (DBE) is a novel 
technique of great interest as the clinician gains the 
opportunity of examining the whole small bowel without 
any surgical intervention. Diagnostic and therapeutic 
ability of the procedure influences the importance and 
common use of DBE for patients with documented or 
suspected small bowel disease. This review summarizes 
the indications, diagnostic yield and complications of 
the procedure according to the worldwide knowledge 
since 2001. 
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INTRODUCTION
Evolving fiber optic technology provided the opportunity 
of examining inner body compartments that can be 
reached through either a natural or an artificial orifice. 
Gastrointestinal (GI) endoscopy is one of the best 
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modalities to perform further investigations for the 
patients with digestive complaints. However before 
1980s due to lack of technological improvements 
physicians had chance to examine only a short portion of 
the GI tract. Luckily only esophagogastroduodenoscopy 
and colonoscopy had the ability to diagnose and treat 
most of GI disturbances as we still experience in our 
daily practice that diseases associated with small bowel 
are comparably less to ones that involve upper GI and 
colon. The initial technique for small bowel endoscopy 
is push enteroscopy which was needed to be improved 
due to restricted capability of investigation depth. 
Single and double balloon enteroscopy (DBE) are 
now better procedures with improved visualization 
capability that gives physicians to examine the whole 
small bowel. By combining either upper or lower GI 
investigations now we have the opportunity to visualize 
the whole GI tract. These novel types of endoscopic 
procedures increase the effectiveness of diagnosis 
and minimally invasive treatments of small bowel and 
reduce the need for surgical interventions. This review 
aims to summarize indications, clinical importance and 
complications of DBE.

REVIEW
Technical information
DBE system consists of a high-resolution video 
endoscope, with a working length of 200 cm and 
a flexible overtube made of polyurethane. Latex 
balloons are attached at the tip of the endoscope 
and also on the overtube, and can be filled with air 
or emptied using a pressure controlled pump. The 
principle of the DBE technique is based on alternating 
pushing and pulling maneuvers, in order to place 
the small bowel segments onto the overtube step 
by step[1]. DBE can be performed via oral or anal 
route according to the clinical decision. Twelve hours 
of food and approximately 4 h of clear liquid fasting 
will be enough for the patient preparation of oral 
DBE. However standard colonoscopy preparation 
with restricted diet and laxatives will be needed for 
retrograde examination[2]. Peroperative sedation 
is necessary as the procedure duration is long and 
lower patient tolerance is expected to disturb the 
success of the procedure. Many options can be used 
for sedation but conventional conscious sedation with 
propofol is mainly used. Deep monitored sedation (with 
propofol, midazolam and/or fentanyl) can be preferred 
for oral examination with prolonged duration of the 
procedure[3]. Radiologic fluoroscopic assistance can 
be used according to the endoscopist’s preference. 
The goal of the procedure is to examine the whole 
small bowel from duodenum to caecum or vice 
versa. However total enteroscopy can be performed 
in approximately 20% to 70% of the patients. Using 
both routes (oral and anal) complementary to each 
other by signing the furthest depth by tattooing or clip 

application, increases total enteroscopy rates. 230 cm 
beyond Treitz and 135 cm proximal to ileocecal valve 
can be considered as the average insertion depths for 
oral and anal route according to many different case 
series in the literature (Figure 1). 

Indications of DBE
The indications of DBE mainly consist of similar path
ologies of upper and lower GI system that are localized 
or suspected to be in the small intestine. As the 
procedure takes long time and is an advanced and hard 
intervention, it is mostly indicated after some initial 
investigations. The indications and some interventions 
due to diagnosis are summarized on Table 1.

Mid-GI bleeding
The most common indication (up to half of the 
procedures) for DBE is suspected or known mid-
GI bleeding which refers to the blood loss from the 
distance between papilla Vateri and ileocecal valve. 
This can be either occult or obscure which may 
suggest an idea to choose the beginning route for the 
procedure, where melena encourages the oral route, 
the occurrence of hematochesia which cannot be 
defined by routine colonoscopy suggests retrograde 
examination for the initial management[4,5]. Video 
capsule endoscopy (VCE) is mostly the first choice to 
investigate occult mid-GI bleeding and after diagnosis 
of bleeding site or determining the need for additio
nal intervention DBE is performed as a completing 
procedure[6]. DBE has up to 90% of diagnostic yield 
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Figure 1  Double balloon system, the tip and overtube. 



for mid GI bleeding which is comparable to VCE and 
significantly better than push enteroscopy as having 
the advantage of improved insertion depth[7]. As an 
alternative, push enteroscopy has been proven to have 
a diagnostic yield from 12% to 80% in investigating 
mid-GI bleeding, and higher rates are achieved when 
the bleeding is obscure (Figure 2). 

Beyond diagnostic accuracy DBE brings the advan
tage of therapeutic interventions and ability to obtain 
tissue samples which is a great advantage when 
compared to VCE[8]. Clinician can perform endoscopic 
hemostatic techniques for bleeding sites at the time 
of diagnosis even documented initially with another 

examination (i.e., radiological, scintigraphic or angio
graphic) or not. Also lesions that cause bleeding (i.e., 
angiodysplasia, polyps, small bowel tumors, foreign 
bodies...) diagnosed by using VCE can be reached 
with DBE for further tissue sampling or therapeutic 
interventions[9,10]. When the bleeding is severe and 
persistent or the probability of intervention is strong, 
DBE can take the first place instead of VCE (Figure 3).

Abnormal findings in other examinations
The interventional advantage offers DBE to be performed 
after abnormal findings of an initial diagnostic modality. 
Computed tomography (CT), magnetic resonance 
imaging (MRI) and VCE findings with suspected lesions 
can be confirmed and further applications can be 
performed with DBE. Also with suspected or known 
strictures of the small bowel, DBE comes further than 
VCE in order to avoid retention of the capsule and DBE 
becomes the initial approach for the patient[8]. 

Polyposis syndromes
The use of DBE in polyposis syndromes such as Familial 
Adenomatous Polyposis and Peutz Jeghers syndrome 
can be for screening and interventions for symptomatic 
patients (i.e., bleeding or partial obstruction)[11]. Polyps 
larger than 15 mm are considered to bring tendency to 
intussusception and are recommended to be removed. 
VCE is mainly used for detecting the large polyps or for 
surveillance, but DBE is encouraged to be performed 
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Table 1  Indications and Interventions in double balloon 
enteroscopy

Indications Therapeutic interventions

Mid-gastrointestinal bleeding Endoscopic hemostatic therapies
Injection sclerotherapy

Argon plasma coagulation 
Endoscopic hemostatic clip 

application
Abnormal findings in other 
examinations

Diagnosis and therapy

Polyps of the small bowel (e.g., 
polyposis syndromes)

Endoscopic polypectomy

Crohn's diseases Diagnostic sampling
    Diagnosis, complications Balloon dilatation for strictures
Foreign body ingestion	 Foreign body removal
Small bowel tumors Diagnostic sampling

Self-expanding stents for obstruction
Endoscopic retrograde 
cholangiography in surgically 
altered anatomy

Diagnosis
Stone extraction

Dilatation
Stenting

Incomplete colonoscopy due to 
technical difficulty

Complete colonoscopy

Occult GI bleeding

Gastroscopy and colonoscopy

Computed tomography or 
MR enterography

Push enteroscopy

Single or double balloon 
enteroscopy

(According to suspected site or 
local decision)

Video capsule enteroscopy

Figure 2  Algorithm for suspected occult gastrointestinal bleeding. 
Radiological imaging or video capsule endoscopy can be used for initial 
addressing the focus and enteroscopy (suitable route and modality) 
can be used for definitive diagnosis and therapeutic intervention. GI: 
Gastrointestinal; VCE: Video capsule endoscopy; MR: Magnetic resonance.

B

A

Figure 3  Double balloon enteroscopy. A: Endoscopic appearance of an 
angioectasia in mid jejunum; B: Eradication of angioectasia with Argon Plasma 
Coagulation application. 
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Endoscopic dilatation therapy is an option for short (< 
3-4 cm), fibrotic strictures mainly due to scar tissues. 
The recurrence of strictures and need for repetitive 
dilatation or surgery is observed in a wide range and 
this information needs further investigations to be 
determined[14] (Figure 6).

Foreign body removal
Ligament of Treitz is one of the anatomical narrow 
points where the intestinal passage is relatively altered. 
However foreign bodies may pass this anatomical site 
and reach small bowel easily. The foreign bodies that 
are beyond the reach of gastroscopy and colonoscopy 
are candidates for DBE. Foreign bodies can be 
observed in pathologically narrowed intestinal sites 
such as tumors, strictures and large polyps. Even 
wireless capsules used for VCE can get stuck and need 
to be removed with DBE. Potentially harmful foreign 
bodies such as needles can be safely removed by using 
DBE with the help of overtube.  

Small bowel tumors
Suspected small bowel lymphoma in Celiac disease and 
a solitary mass of small bowel documented in an initial 
diagnostic procedure can be the indication to perform 
DBE. As small bowel tumors can be seen nearly 5% 
of patients with mid GI bleeding, direct visualization 
of the lesion and histologic sampling before surgical 
intervention is crucial and DBE is the choice of initial 
procedure[15]. Also tattooing with DBE prior to surgery 
would be useful for surgeons to perform the most 
suitable surgical design (Figure 7).  

Biliary interventions in surgically modified GI tract
DBE gives clinicians the chance to perform endoscopic 
retrograde cholangiopancreatography in patients 
with Bilroth Ⅱ and Roux-en-Y anastomosis who have 
altered anatomy due to surgery. This approach can 
be both diagnostic or interventional such as stone 
extraction, dilatation or biliary stenting. Also patients 
who underwent bariatric surgery and gastric bypass 
have a long descending small bowel loop that lead 

for polypectomy instead of surgery. Patients with 
obstruction are treated with surgery and most of these 
patients that underwent surgery have intraabdominal 
adhesions. The risk of getting stuck and iatrogenic 
obstruction with capsule itself limits the use of CE 
in this setting and DBE becomes mainly the first 
choice for even surveillance of the small bowel. The 
opportunity for polypectomy and mechanical dilatation 
of the intestinal strictures are the other unique 
advantages of DBE against other diagnostic tools[12] 
(Figures 4 and 5).

Crohn’s disease
DBE is not the first choice for the diagnosis of Crohn’s 
disease (CD), but suspicion of the disease with only 
small bowel involvement and follow up of the strictures 
to confirm even inflammatory or fibrotic to modify 
the treatment of the patient would bring the need 
for using DBE in the diagnostic side of this disease. 
Also tissue sampling for suspected malignancy on CD 
and ability to dilate the strictures in the small bowel 
other implementations of DBE in CD[13]. Endoscopic 
confirmation of strictures to be inflammatory or 
fibrotic is of great importance to steer the treatment. 
Inflammatory strictures are suitable candidates 
for medical therapy where fibrotic strictures need 
mechanical interventions such as dilatation or surgery. 
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Figure 4  Jejunal polyp of Peutz-Jeghers syndrome.

Figure 5  Polypectomy with double balloon enteroscopy.

Figure 6  Jejunal stricture of Crohn’s disease.
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to the afferent loop which can obtain access to the 
duodenum or the gastric remnant. DBE is used to 
pass this prolonged route in order to reach the biliary 
system. 

DBE can also be used in patients who could not have 
complete ileocolonoscopy due to technical difficulties 
such as adhesions. 

Complications
Procedure related complications differ according 
to the content of the examination. A procedure 
without therapeutic intervention brings low rates of 
complications. Due to prolonged procedure and air 
insufflation, abdominal pain can be observed in up 
to 20% patients. Acute pancreatitis with a rate of 
0.3%-0.4% is the most common complication for 
oral route. It is supposed to be the result of increased 
pressure at the site of major papilla and ischemia 
of pancreas due to push and pull maneuvers. When 
therapeutic intervention is used complication rates 
increase up to 10% (perforation or bleeding following 
polypectomy or mucosal resection)[9,13,16]. Patients who 
had previous abdominal surgery and altered anatomy 
has greater risk of complications. Also prolonged 
sedation beyond from the procedure itself has the 
risk of respiratory depression and aspiration with a 
rate of 1%. Experience of the endoscopist, shorter 
time of procedure and inflating the balloons distal 
to Treitz ligament are the clues to reduce the rate of 
complications. 

Contraindications of DBE
The contraindications for DBE are the same as conven
tional upper or lower GI endoscopic procedures. These 
are presence of shock, acute myocardial infarction, 
fulminant colitis, acute perforation and peritonitis. 
Intraabdominal adhesions increase the difficulty of the 
procedure and limit the depth of insertion but they are 
not counted as a contraindication. 

Alternative techniques to examine the small bowel
VCE is a good alternative or an initial procedure to 
use as a diagnostic tool mainly investigating mid-GI 

bleeding. However the inability of intervention is the 
main drawback of VCE. Three meta-analyses in the 
literature of DBE vs VCE showed similar diagnostic 
yields in patients with obscure GI bleeding[17-19]. A 
retrospective study of 162 patients demonstrated 
an advantage of VCE where it is technically hard to 
reach with DBE and superiority of DBE in patients 
with Roux-en-Y loop anatomy and diverticula. Overall, 
the diagnostic yield for DBE vs VCE appears to be 
similar. VCE has the advantage of being noninvasive 
and is more likely to achieve complete small bowel 
enteroscopy. As VCE can be performed in outpatient 
setting without sedation it does not carry the additional 
risks of anesthesia.

In most clinical scenario the initial approach is 
VCE and after addressing the site of pathology DBE 
is used for sampling or therapeutic intervention. This 
sequential approach decreases the procedure duration 
and enhances interventional success. 

Single balloon enteroscopy (SBE) is another alter
native procedure for similar indications with similar 
capabilities. Limited number of trials that compare SBE 
and DBE have showed that they have similar diagnostic 
and therapeutic yield. However DBE seems to be more 
effective in performing complete enteroscopy[20-23].  

Intraoperative enteroscopy (IOE) is an another 
alternative but after development of balloon entero
scopy techniques, IOE is not of initial choice as it is 
incomparably invasive.

CONCLUSION
DBE was first introduced by Yamamoto et al[1] In 
2001. Evolving technologic advances and experience 
of the clinicians has made this particularly difficult 
procedure to be highly effective and safe for evaluation 
of the small bowel[24]. Growing experience more 
than a decade provided the chance to examine the 
whole intestinal system via oral or rectal route. DBE 
has reduced the need of surgery for small intestinal 
diseases. Despite its high diagnostic yield the 
complications of the procedure are reasonable and 
can be reduced with experience and basic precautions. 
Despite the easy use of VCE DBE will remain an 
important small intestinal examination as it has the 
ability of therapeutic intervention and tissue sampling. 
Cumulative experience of the endoscopist increase 
the success and insertion depth when reducing the 
complications and duration of the procedure. This 
knowledge suggest that DBE should be best performed 
in referral centers by educated endoscopists. Also use 
of carbon dioxide insufflation instead of ambient air 
increases insertion depth and patient tolerance during 
the procedure[25,26].
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Abstract
Traditionally, treatment of renal lesions is indicated 
based only on imaging features. Although contro
versy exists about tissue sampling from small renal 
masses, renal biopsy is indicated in some cases. In 
this review, we discuss the rationale for endoscopic 
ultrasound-guided fine needle aspiration (EUS-FNA) and 

summarize the recent advances in this field, providing 
recommendations for the practicing clinician. The use 
of EUS-FNA appears to be a safe and feasible means 
of confirming or excluding malignancy. EUS allows 
assessment and biopsy of masses or lesions within 
both kidneys and related complications are rare. The 
main advantages of EUS-FNA are that it can be done 
as an outpatient procedure, with good results, minimal 
morbidity and a short hospital stay. Nevertheless, 
EUS-FNA of renal masses should be indicated only in 
selected cases, in which there is potential to decrease 
unnecessary treatment of small renal masses and to 
best select tumors for active surveillance and minimally 
invasive ablative therapies. Additionally, some renal 
lesions may be ineligible for EUS-guided biopsy because 
of anatomical limitations. EUS-FNA renal biopsy will 
probably be best applied to central anterior renal 
masses, while tumors on the posterior aspect of the 
kidney, percutaneous access will probably be superior.

Key words: Kidney; Renal; Endoscopic ultrasound; 
Cancer; Puncture

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Although controversy exists on the need of 
renal biopsy, endoscopic ultrasound-guided fine needle 
aspiration (EUS-FNA) can be used in selected cases. 
In this review we discuss the rationale for EUS-FNA 
kidney and summarize the recent advances in this field, 
providing recommendations for the practicing clinician.
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INTRODUCTION
Improvements on imaging technology and widespread 
use of imaging studies have not only increased the 
detection, but also allowed better characterization 
of incidental renal masses, which resulted in smaller 
lesions being depicted on such studies[1]. Up to 80% of 
renal cell carcinomas (RCC) are incidentally detected 
during radiological work-up, usually for non-urological 
indications. At time of nephrectomy, 70%-90% of 
solid renal lesions prove to be RCC[2,3], accounting 
for 2% of all cancers and being the leading kidney 
malignancy[2,4,5]. Therefore, an enhancing renal 
neoplasm on computed tomography (CT) or magnetic 
resonance imaging (MRI) has been considered by 
most urologists to be a sufficient indication for surgery 
because about 80% of such lesions prove to be RCC. 

Some recent studies demonstrated that up to 
30% of detected renal lesions are benign at surgery, 
depending on renal lesion size[6,7]. Furthermore, 
current management of small renal tumors involves 
from surveillance strategies to alternative minimally 
invasive and nephron-sparing options, such as 
laparoscopic/robotic partial nephrectomy, cryotherapy 
and radiofrequency ablation. In this scenario, pre-
therapeutic guided biopsy might be helpful to 
avoid unnecessary surgery and to choose the most 
appropriate management strategy. In almost 30% 
of selected patients, a surgical procedure became 
non-mandatory after renal biopsy results were 
obtained[8]. Therefore, if a renal biopsy might impact 
treatment decisions, the use of core biopsy and fine 
needle aspiration (FNA) for better characterization 
of suspicious renal masses preoperatively should be 
considered.

In most patients, treatment of renal lesions is 
indicated based on imaging features alone. Although 
controversy exists about tissue sampling from small 
renal masses (tumors with less than 4 cm, since 
they have up to 30% chance of being benign), renal 
biopsy is indicated to: (1) characterize radiographically 
indeterminate lesions; (2) confirm malignancy in 
patients, who either are not surgical candidates or plan 
primary treatment with minimally invasive ablative 
therapy; and (3) rule out non-renal cell primary tumors 
(metastasis and lymphoma) or benign conditions 
(abscess), which may not require surgery[9-11].

Biopsy has also been used to confirm the diagnosis 
and the histological subtype of a renal primary lesion in 
patients with disseminated metastasis or unresectable 
retroperitoneal mass. In metastatic RCC, patients with 
clear cell subtype histology are most likely to benefit 
from adjuvant immunotherapy following cytoreductive 
nephrectomy. Additionally, new target therapies 
demonstrate variant response rates with distinctive 
RCC subtypes[2,8]. 

Tissue sampling of renal lesions is traditionally 
performed by using percutaneous sonographic or CT 
guidance. The use of endoscopic ultrasound-guided 

fine needle aspiration (EUS-FNA) is infrequently 
performed for the evaluation for RCC and there are few 
reported studies addressing the safety and feasibility 
of this technique[2,8,11-14], as shown in Table 1.

The objective of this review is to: (1) outline the 
rationale for EUS-FNA kidney; (2) detail the procedural 
technique; (3) evaluate the clinical outcomes and 
limitations of the method; and (4) provide recom
mendations for the practicing clinician.

RATIONALE FOR EUS-FNA OF KIDNEY 
LESIONS
Since EUS initial report in the 1980s, it rapidly crawled 
from a pure imaging modality used mainly for diagnostic 
purposes, especially for lesions of digestive tract, to 
a more interventional and therapeutic application[15]. 
With the subsequent advent of FNA, this technique 
has became the gold-standard procedure for the 
assessment of benign and malignant diseases of the 
gastrointestinal tract and of adjacent organs[16,17]. EUS-
FNA is highly accurate, sensitive and specific with 
estimates reaching 80%, 90% and 100%, respectively 
for cytological diagnosis[18-20].

As discussed above, percutaneous renal mass 
biopsy must not be performed for renal lesions less 
than 40 mm but it should be indicated for incompletely 
accurate renal imaging diagnosis after a full imaging 
evaluation. As well, EUS-FNA cannot currently be 
recommended as routine for cytologic diagnosis of 
renal masses, however, it might be useful in the 
aforementioned clinical situations when a renal biopsy 
should have an impact on clinical decision, especially 
for central and anterior renal masses. The advantages 
of a EUS-FNA in these cases is the potential to 
decrease unnecessary treatment of small renal masses 
and to best select renal tumors for active surveillance 
and minimally invasive ablative therapies[12,21]. EUS-
FNA appears to be a safe and cost-effective way of 
confirming or excluding malignancy and may hinder 
the need for CT-guided exams[2].

PROCEDURAL TECHNIQUE
Anatomic approximation to both kidneys allows access 
for tissue sampling with the echoendoscope positioned 
in the upper gastrointestinal (GI) tract. Translating 
the probe within the duodenum or stomach, with the 
extension of 12.5 cm for 7.5 MHz probe, is sufficient to 
visualize both kidneys. The right kidney can be readily 
imaged by locating the transducer in the second 
portion of the duodenum (green area Figure 1) and 
rotating laterally, and the left kidney can be visualized 
when the transducer is facing posterolaterally into the 
body of the stomach (grey area Figure 1A)[12]. Color 
doppler ultrasound can verify the presence of major 
trespassing vascular structures, which should be 
identified and avoided during FNA.

Lopes RI et al . EUS-FNA of kidney lesions

254 March 16, 2015|Volume 7|Issue 3|WJGE|www.wjgnet.com



EUS-FNA is performed (Figure 1B) using curvilinear 
array echoendoscopes that are produced by three 
leading manufacturers: Olympus (Olympus Medical 
Systems Inc., Tokyo, Japan), Pentax (Pentax, Tokyo, 
Japan) and Fujinon (Fujifilm Corp., Tokyo, Japan). The 
working channel must be at least of 2.8 mm to accept 
the FNA needle and the echoendoscopes present at 
an elevator located on the side of the scope at the tip 
portion, that is able to make changes in the exit angle 
of the FNA needle to facilitate the targeting process[15].

Needles for renal EUS-FNA are currently available 
in 3 sizes (19, 22 and 25 gauge). Thinner needles are 
used to gather cytological specimens, while thicker 
needle are better applied for acquisition of a tissue 
specimen for histological examination, that can be 
more useful to reach the definitive diagnosis. The 
choice of the needle depends on the type and site of 
the lesion to be sampled. In all the studies listed in 
Table 1, the kidney was punctured using a 22-gauge 
needle. More data is probably needed to characterize 
the correct needle size depending to the type and 
location of the lesion. 

Whenever possible, EUS-FNA should be done 
under deep sedation with the assistance of an 
anesthesiologist. The main advantages of EUS-FNA 
are that it can be done as an outpatient procedure, 
and it appears to be safe with good results, minimal 
morbidity and a short hospital stay, as demonstrated 
in Table 1.

PROCEDURAL LIMITATIONS
Some renal masses may be ineligible for EUS-guided 
biopsy because of anatomical limitations. EUS-FNA 
renal biopsy will probably be best applied to central 

anterior renal masses, while tumors on the posterior 
aspect of the kidney, percutaneous access will probably 
be superior. Among other reasons, these limitations 
are likely to restrict widespread application of EUS for 
this indication[11]. 

 EUS-FNA related complications of kidney masses 
sampling are similar to those for aspiration of GI 
masses and include localized bleeding, infection, 
hematoma, hematuria, pneumothorax, and needle 
tract seeding[14]. The risk of complications associated 
with EUS-FNA spans from less than 1% to 6%. 
Tracheal suction (5%), vomiting (0.3%), aspiration 
(0.3%), esophageal perforation and death (less 
than 0.06%) are reported complications of EUS. In 
a relatively small group of patients, the frequency of 
bleeding as a result of fine-needle aspiration of the 
kidney was 0.5%, whereas that associated with fine-
needle aspiration of GI lesions was 1.3%[2].

Since the EUS needle has to transverse fewer 
tissue layers, the risk of needle seeding may be 
lower, with few cases reported. Overall, the prospect 
of needle track seeding is minor and it should be 
balanced against the benefit of a tissue diagnosis[12]. 
In a retrospective review of patients submitted 
to pancreatic mass FNA, either by EUS-FNA or 
percutaneous access, the incidence of peritoneal 
carcinomatosis was lower in the EUS-FNA group, which 
might suggest a lower risk of needle seeding[22].

Higher accuracy rates are achieved with on-
site cytopathology examination to assess specimen 
adequacy that, however, is not available in all centers 
and may increase the cost of the procedure[15].

EUS-FNA is not done in situations when it is unlikely 
to alter the management of a cancer. In addition 
to the usual contraindications for any endoscopic 
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Table 1  Reported endoscopic ultrasound-guided fine needle aspiration case series

Ref. Design Location Mean size Approach No. of EUS-FNA Technical success Complications

Farrell et al[2] Case report Right kidney 9 cm Duodenum 
22 G needle 

2 passes

  1 100% No

Eloubeidi et al[13] Prospective 
study

N/A N/A N/A 
22 G needle 

up to 5 passes

  1 N/A N/A

Artifon et al[12] Case report Left kidney 1.3 cm Gastric body 
22 G needle 

3 passes

  1 100% No

DeWitt
et al[11]

Case series Right kidney (n = 5)
Left kidney (n = 10)

3.2 cm 
(1.1-6 cm)

Duodenum for right kidney 
and gastric body for left kidney 

22 G needle 
2 - 4 passes

15 80% (12/15) No

Lakhtakia et al[14] Case report Right kidney 1.5 cm Duodenum 
22 G needle 
N/A passes

  1 100 Transient 
hematuria

Moura et al[8] Case series Right kidney (n = 4)
Left kidney (n = 4)

Bilateral (n = 1)

6 cm 
(1.3-16 cm)

Duodenum for right kidney 
and gastric body for left kidney 

22 G needle 
3 passes

10 90% (9/10) No

EUS-FNA: Echoendoscopic ultrasonographic fine needle aspiration; N/A: Non available.
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procedure, including severe bleeding diathesis and 
thrombocytopenia, EUS-FNA is not advocated when 
good views of the lesion are not obtained or when a 
major vascular structure is present on the way to the 
target[15].

CONCLUSION
New techniques in EUS are emerging and will likely 
have a niche in aiding the diagnosis of undeterminate 
lesions. EUS allows visualization and sampling renal 
masses. This technique is evolving and will possibly 
have a role in diagnostic EUS in the future, as it 
appears to be a safe and feasible procedure with good 
results, minimal morbidity and a short hospital stay in 
the cases reported on the literature[2,8,11-13].

We recommend that EUS-FNA of renal masses 
should be indicated only in selected cases, in which 
the procedure may alter clinical management by 
avoiding unnecessary treatment and helping to select 
patients for active surveillance and minimally invasive 
ablative therapies. Further research should evaluate 
the benefits of preoperative renal biopsy use and 
randomization of percutaneous, laparoscopic and 
echoendoscopic approach should be compared.
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Figure 1  The right kidney image. A: Endoscopic ultrasound positioning and access for tissue sampling; B: Fine needle aspiration of a renal lesion. The asterix is 
over the needle to show the fine needle aspiration of the tumor.
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Abstract
Chronic pancreatitis increases the risk of developing 
pancreatic cancer. This often presents as a mass lesion 
in the head of pancreas. Mass lesion in the head of 
pancreas can also occur secondary to an inflammatory 
lesion. Recognising this is crucial to avoid unnecessary 
surgery. This is sometimes difficult as there is an overlap 
in clinical presentation and conventional computed 
tomography (CT) abdomen findings in inflammatory and 

malignant mass. Advances in imaging technologies like 
endoscopic ultrasound in conjunction with techniques 
like fine needle aspiration, contrast enhancement and 
elastography as well as multidetector row CT, magnetic 
resonance imaging and positron emission tomography 
scanning have been shown to help in distinguishing 
inflammatory and malignant mass. Research is ongoing 
to develop molecular techniques to help characterise 
focal pancreatic mass lesions. This paper reviews the 
current status of imaging and molecular techniques 
in differentiating a benign mass lesion in chronic 
pancreatitis and from malignancy. 

Key words: Chronic pancreatitis; Pseudotumour; Imaging; 
Endoscopic ultrasonography; Molecular tool
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Core tip: Evaluating head mass in chronic pancreatitis 
is clinically challenging. Advances in pancreatic imaging 
including endoscopic ultrasonography and molecular 
tools have been reviewed.
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INTRODUCTION
The risk of developing pancreatic cancer in patients 
with chronic pancreatitis is about fifteen times higher 
than in the average population[1]. A meta analysis has 
shown that 5% of the patients with chronic pancreatitis 
develop pancreatic cancer over a 20 year period[2]. 
About 70% of these tumours are located in the head 
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region of pancreas[3]. Patients with chronic pancreatitis 
also tend to develop inflammatory lesions in the head 
of pancreas which appears like tumour mass and 
is referred to as pseudotumour[4]. Confirming the 
diagnosis preoperatively is crucial because confusion 
may lead to either major pancreatic resection for 
benign disease or rejection of surgery for a potentially 
curable lesion. 

Clinical features and biochemical parameters that 
suggest malignant mass in head of pancreas are 
older age, persistent jaundice, worsening abdominal 
pain, gastric outlet obstruction, significant weight 
loss and elevated CA 19:9 greater than 300 U/mL[5]. 
Conventional Imaging techniques like Ultrasound 
abdomen, CT and MRI provide useful information that 
helps in differentiating benign from malignant mass in 
head of pancreas[6]. Unfortunately, due to an overlap 
in clinical, biochemical and conventional imaging 
parameters, it is sometimes difficult to differentiate an 
inflammatory mass from cancer in head of pancreas[6]. 
This is supported by the fact that most large series of 
pancreatic resections for carcinoma head of pancreas 
show that 5%-10% of cases of inflammatory mass 
masquerade as pancreatic carcinoma[7,8]. 

The advent of endoscopic ultrasound (EUS) has 
been a major development in assessment of pan
creatic disease including mass lesions in the head of 
pancreas[9]. High frequency EUS probes in the stomach 
located close to the pancreas, provide detailed images 
with no intervening bowel gas[9]. In addition, fine needle 
aspiration (FNA) performed for obtaining tissue sample 
further helps in diagnosis. New EUS based techniques 
like Digital Image analysis, EUS Elastography and 
Contrast enhanced EUS have shown promise in better 
characterisation of pancreatic mass lesion. In this paper 
we review the role of EUS in assessing pancreatic 
head mass in chronic pancreatitis and also briefly look 
at other radiological and molecular tools available for 
evaluation of this entity.

ENDOSCOPIC ULTRASONOGRAPHY
Endoscopic ultrasonography has been found to be very 
useful in detecting small pancreatic mass lesions and 
has been shown to be better than other modalities 
for assessing vascular invasion and local spread[10,11]. 
EUS in association with other techniques like FNA or 
contrast enhancement has also been found to be useful 
in distinguishing benign from malignant pancreatic 
mass lesions. The data from studies evaluating the role 
of EUS in assessing pancreatic mass lesion has been 
summarised in Tables 1 and 2. Table 1 shows only 
studies which have included patients with background 
chronic pancreatitis. Most studies show that EUS alone 
is not capable of precisely differentiating between a 
pseudotumoral mass and carcinoma in the setting of 
chronic pancreatitis[12-14]. Presence of multilobularity, 
homogenous pattern, hyperechoic septa and Doppler 
signal within a lesion favour pseudotumour[12]. One 

of the limitations with EUS is the subjective nature 
of image assessment and performance which varies 
depending on experience. As the architectural changes 
are better detected by computer based methods than 
naked eye, it is possible that digital image analysis (DIA) 
obtained during EUS can remove the error of subjective 
assessment. Two studies with adequate number of 
subjects have shown that digital image analysis has 
sensitivity and specificity of above 90% in differentiating 
malignant and benign pancreatic mass lesion[15,16]. 

The limitations of conventional B mode EUS can 
be overcome by performing FNA which gives a tissue 
diagnosis. FNA is relatively safe as it does not traverse 
peritoneal cavity and avoids seeding of peritoneum. 
Unfortunately, FNA which has a sensitivity of above 90% 
in detecting pancreatic malignancy in pancreas with 
normal parenchyma, underperforms in the presence of 
chronic pancreatitis with sensitivity dropping to below 
75%[12,17-19]. Vardarajulu and colleagues reported that 
in the 300 EUS FNA performed for pancreatic mass 
lesions, sensitivity was 91.3% in pancreas with normal 
parenchyma but only 73.9% when chronic pancreatitis 
was present[17]. Other studies have shown even 
poorer performance. In a study from Romania on 72 
patients with Chronic Pancreatitis (17 had Pancreatic 
Carcinoma), EUS FNA had a sensitivity of only 50%[18]. 
Similarly, in another report from Germany on 13 
patients with Chronic Pancreatitis and carcinoma, EUS 
FNA was able to detect carcinoma in only 7 of them[19]. 
Making more number of passes during FNA or repeating 
FNA may improve the yield[17,20]. 

Using molecular tools to detect mutation in tissue 
sample may be a useful adjunct to improve diagnostic 
yield[21-23]. Khalid et al[21], studied microsatellite 
markers and mutation in K-ras gene on EUS-FNA 
samples from patients with benign and malignant 
pancreatic masses. The mean fractional mutation 
rate was higher in pancreatic malignancy and use of 
molecular tool improved the diagnostic performance 
of FNA[21]. In another study from Czech Republic which 
included 101 subjects, mutations in K-ras and allelic 
loss in tumour suppressor genes were determined on 
EUS-FNA specimen[22]. Detection of mutation in k-ras 
gene, allelic loss of p16 and DPC4 gene improved the 
sensitivity of cancer detection to 100%[22]. A large 
prospective multicenter study which only looked at 
k-ras mutations in addition to cytopatholgy on FNA 
samples, found that assessing for k-ras mutation 
improved the diagnostic sensitivity for malignancy 
to 88% which was only marginally better than 
cytopathology alone (83%)[24]. However, absence 
of K-ras mutation was a strong indicator of benign 
lesion[24]. This study also highlights the importance 
of studying multiple markers rather than single one. 
Other studies have shown that absence of k-ras 
mutation in FNA samples from patients with chronic 
pancreatitis and mass lesion strongly suggest a benign 
lesion[24,25]. Data from the above studies suggest that 
molecular tests can play a significant role in diagnosing 
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pancreatic cancer in FNA samples and one should 
assess for k-ras mutations along with loss of tumour 
suppressor genes to improve yield. 

Recent advances in EUS based technology like EUS 
Elastography, Contrast Enhanced EUS and computer 
software in interpreting images have shown promise in 
better characterisation of pancreatic mass lesions[26-28]. 
EUS elastography measures tissue stiffness[26,29]. The 
stiffness in malignant tumour is different from benign 
lesion or normal tissue and this is represented as 
different colour regions on the conventional real time 
EUS images. Usually blue colour indicates hard tissue, 
red suggests soft tissue and green represents tissue 
with intermediate stiffness. To remove subjective 
error, tissue strain can be quantitatively measured by 
software to provide strain ratios which are different for 
benign and malignant lesions[29,30]. The results of earlier 
studies with EUS elastography were disappointing 
showing low sensitivity and specificity[31,32]. This was 
probably due to fibrous architecture in both tumour 
and chronic pancreatitis[31]. Subsequent studies after 
the introduction of quantitative assessment methods 
including measurement of strain ratio have shown 
better outcomes (sensitivity > 90%)[30,33-35]. In a study 
measuring strain ratio during EUS elastography, ratio 
was 1.68 for normal pancreas, 3.38 for inflammatory 
mass and a very high ratio of 18.12 for pancreatic 
adenocarcinoma[30]. 

Contrast enhanced (CE) EUS makes use of 
injected contrast to assess vascularity of lesion and 
low mechanical index technique enables this to be 
done in real time without problem of artefacts[36]. 
Arterial phase lasts for about 30 s and venous 
phase for the next 90 s[37]. Pancreatic tumours are 
hypovascular with delayed contrast uptake and 
usually lack venous structure[13,38,39]. A time intensity 
curve can be generated using image software and 
the peak characteristics can give a clue to the 
underlying diagnosis. Results from most studies using 

CE EUS have been encouraging with sensitivity and 
specificity greater than 90%[13,14,38,40,41]. Seicean et al[38] 
measured the contrast uptake ratio index during CE 
EUS and found it to be significantly lower in pancreatic 
cancer than in mass forming chronic pancreatitis. 
A cut-off ratio of 0.17 had good discriminatory 
value[38]. The contrast enhancement and elastography 
techniques can also be used in combination. In a 
study using combination of above techniques, the 
positive predictive value was 96.7% in evaluating 
pseudotumour of chronic pancreatitis and pancreatic 
cancer[41]. The results of elastography, CE EUS and 
digital image analysis are encouraging but are affected 
by equipment characteristics and type of contrast 
used. Development of consensus guidelines and 
uniformity in performing these procedures will make it 
easier to integrate their use in clinical practice. 

OTHER IMAGING MODALITIES
Computed tomography
Computed tomography (CT) was considered to 
be the gold standard for pancreatic parenchymal 
imaging. Conventional CT however has difficulty in 
differentiating between inflammatory and neoplastic 
masses as well as detecting lesions < 2 cm in dia
meter as small tumours are sometimes isoattenuated 
to background pancreatic parenchyma. Recent deve
lopments including 64 slice multidetector row CT 
(MDCT) have shown promise in evaluating pancrea
tic mass lesion[42,43]. During triple phase pancreatic 
protocol CT, normal pancreas shows early washout 
(first phase) while there is delayed washout in chronic 
pancreatitis[44]. On the other hand pancreatic cancer 
shows an increasing pattern without washout[44]. This 
can be quantitatively assessed using time attenuation 
curve and Yamada et al[44] have shown this technique 
to have 90.4% accuracy in differentiating pancreatic 
cancer from chronic pancreatitis. Lu et al[45] evaluated 
15 patients with pancreatic pseudotumor and 64 
patients with pancreatic cancer and quantitative 
hemodynamic information obtained using time density 
curve was useful in distinguishing the two conditions. 

Magnetic resonance imaging
Magnetic resonance imaging (MRI) has traditionally 
been considered less sensitive than CT scan for 
assessing pancreatic mass lesions. T1 weighted images 
have similar features in both chronic pancreatitis 
and pancreatic cancer but T2 weighted images show 
different signal intensity pattern in inflammatory and 
neoplastic tissue[46]. Assessment of pancreatic ductal 
structures can sometimes provide a clue as pancreatic 
cancers may lack pancreatic ductal structures while a 
pseudotumour may contain dilated side branches[47]. 
Recent advances in techniques and technology have 
been effective in distinguishing between inflammatory 
and malignant mass of pancreas[42,43,48,49]: (1) Diffusion 
weighted MRI: Huang et al[50] studied 37 patients 
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Table 1  Endoscopic ultrasound in evaluating pancreatic mass 
lesions in patients with chronic pancreatitis

Ref. Study subjects Procedure Outcome1

Fritscher-Ravens et al[19] 74 patients with 
focal pancreatic 

lesions and chronic 
pancreatitis

EUS FNA Sn-54%

Vardarajulu et al[17] 75 patients with CP 
and focal pancreatic 

mass lesion

EUS FNA Sn-73.9%
Sp-100%

Iordache et al[18] CP-55 
CP and PC-17

EUS FNA Sn-50%
Sp-73.7%

Hocke et al[13] 86 patients with 
CP and pancreatic 

lesion

EUS Sn-73.2%
Sp-83.3%

CE-EUS Sn-91.1%
Sp-93.3%

1Differentiating malignant and non-malignant pancreatic lesion. Sn: 
Sensitivity; Sp: Specificity; CP: Chronic pancreatitis; PC: Pancreatic cancer; 
CE: Contrast enhanced; EUS: Endoscopic ultrasound; FNA: Fine needle 
aspiration.
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Positron emission tomography 
The sensitivity of FDG-positron emission tomography 
(PET) for differentiating pancreatic cancer from 
chronic pancreatitis is more than that of CT or MRI[53]. 
Singer and colleagues have shown that pancreatic 
cancer causes focal tracer enhancement while chronic 
pancreatitis causes diffuse enhancement[54]. This 
feature had 86.4% sensitivity and 78.9% specificity 
in distinguishing cancer from benign mass in their 
study on 41 patients. PET-CT detects unsuspected 
metastasis to liver, lung and bone which aids in 
discriminating between inflammatory mass and cancer. 
The sensitivity of PET is superior to CT in detecting 
lesions less than 2 cm in diameter, but CT scanning 
is superior to PET for diagnosing cancers larger than 
4 cm in diameter because of lower metabolic rates in 
larger tumors[55]. 

Molecular techniques
Advances in molecular techniques and tools like 
microarray, nuclear magnetic resonance and mass 

with pancreatic cancer and 14 patients with mass 
forming chronic pancreatitis using diffusion weighted 
MRI imaging with quantification techniques and 
showed that this technique can differentiate mass 
forming chronic pancreatitis from pancreatic cancer; 
(2) Gadolinium (Gd) enhanced 3D- Gradient echo: 
Kim et al[51] studied 22 patients with pancreatic 
mass (pancreatic cancer: 14; chronic pancreatitis: 
8) using Gd enhanced 3D-GE and found that this 
technique differentiated pancreatic cancer from 
inflammatory mass with a sensitivity and specificity 
of 93% (13/14) and 75% (6/8), respectively; (3) 
Time signal intensity curve obtained during contrast 
enhanced MRI is another technique that helps in 
differentiating between malignant and inflammatory 
lesions[50]; and (4) Magnetic resonance spectroscopy: 
Focal pancreatitis has lower lipid content compared 
to cancer due to difference in fibrous tissue content 
in the two conditions. This can be detected by mag
netic resonance spectroscopy and helps distinguish 
inflammatory mass from cancer[52]. 
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Table 2  Data from other studies on role of endoscopic ultrasound in evaluating pancreatic mass lesions

Ref. Study subjects Procedure Outcome1

Ardengh et al[12] 69 patients with pancreatic head mass
EUS

Sn-63.63%
Sp-75.86%

EUS FNA
Sn-72.7%
Sp-100%

Das et al[16]
Normal-22

CP-12
PC-22

EUS, Digital image analysis
Sn-93%

Sp-92%

Zhu et al[15] CP-262
EUS, Digital image analysis

Sn-96.25%
PC-126 Sp-93.38%

Hirsche et al[32] 70 patients with focal pancreatic lesion
EUS Sn-41%

Elastography Sp-53%

Giovannini et al[33] 121 patients with pancreatic mass lesion
EUS

Sn-92.3%
Sp-68.9%

EUS Elastography
Sn-92.3%
Sp-80%

Iglesias-Garcia et al[35] 78 patients with malignant pancreatic tumour
EUS Elastography

Sn-100%
42 patients with inflammatory pancreatic mass Sp-85.5%

Iglesias-Garcia et al[30] 86 patients with pancreatic mass 
(27 of them had inflammatory mass)

Quantitative EUS Elastography
Sn-100%
Sp-92.9%

Seicean et al[38] 
30 patients with pancreatic lesion 

(12 had pseudotumour)
CE harmonic-EUS

Sn-80%
Sp-91.7%

Saftoui et al[41] Focal pancreatic mass lesion 
(21 had pseudotumour)

CE + elastography during EUS
Sn-75.85
Sp-95.2%

Saftoui et al[34] 258 patients with focal pancreatic mass Quantitative EUS Elastography
Sn-93.4%
Sp-66%

Hocke et al[14]

Focal CP-39 
EUS

Sn-61.5%
Sp-73.7%

EUS elastography
Sn-33.4%
Sp-94.7%

PC-19
CELMI-EUS

Sn-76.9%
Sp-84.2%

CEHMI-EUS
Sn-89.5%
Sp-84.2%

Gheona et al[40] PC-32 
Quantitative CE-EUS

Sn-93.7%
Pseudotumoural pancreatitis-19 Sp-89.4%

1Differentiating malignant and non-malignant pancreatic lesion. Sn: Sensitivity; Sp: Specificity; CP: Chronic pancreatitis; PC: Pancreatic cancer; CE: Contrast 
enhanced; CELMI: Contrast enhanced low mechanical index; CEHMI: Contrast enhanced high mechanical index; EUS: Endoscopic ultrasound; FNA: Fine 
needle aspiration.

Dutta AK et al . Chronic pancreatitis head mass



spectrometry have enabled detection of a large 
number of molecules rapidly. At cellular level genetic 
information gets transcribed into m RNA which gets 
translated into proteins and subsequently metabolised. 
Alteration of genes at cellular level in neoplastic cells 
leads to changes in protein and metabolites and 
this can be detected using “omics” technology[56-58]. 
Genomics aims at detecting genes, proteomics at 
detecting set of expressed proteins and metabolomics 
the metabolic profile. While molecular techniques 
can detect a large array of products, filtering out 
the specific markers useful for diagnosing different 
conditions remains a challenge. A proteomics based 
study from United States, aimed to identify the plasma 
protein profile in subjects with chronic pancreatitis, 
pancreatic cancer and non-pancreatic disease 
controls[59]. They identified more than 1300 proteins 
and found that a composite marker of TIMP1 and 
ICAM1 performed better than CA19-9 in differentiating 
pancreatic cancer from rest of the group. They also 
suggested that a protein called AZGP1 could serve as 
a biomarker for chronic pancreatitis[59]. Paulo et al[60] 
studied expressed proteins in chronic pancreatitis, 
pancreatic cancer and autoimmune pancreatitis and 
found a range of differentially expressed proteins in the 
three different groups. Using liquid chromatography 
with tandem mass spectrometry, they found that 
29 proteins were exclusively expressed in chronic 
pancreatitis and 53 protein in pancreatic cancer[60]. 
These tests were conducted on tissue samples and 
hence can serve as an adjunct to histology but require 
validation in larger cohort. 

Zhang et al[61] used NMR based metabolomics 
strategy to distinguish pancreatic cancer from chronic 
pancreatitis and healthy individuals and found the 
results promising. Patients with pancreatic cancer 
had a number of abnormalities in amino acid and 
lipid metabolism including elevated levels of N-acetyl 
glycoprotein and dimethylamine and reduced levels 
of citrate, alanine, glutamine. In another meta
bolomics based study done employing gas chro
matography mass spectrometry on subjects with 
chronic pancreatitis, pancreatic cancer and healthy 
volunteers, Kobayashi and colleagues were able to 
develop a model which performed reasonably well in 
differentiating PC from CP. Other studies have shown, 
Ca 242, M2 pyruvate kinase, PBF-4, PNA binding 
glycoprotein, nTert, MMP-2, Synuclein-gamma, and 
neopterin to be useful biomarkers in differentiating 
pancreatic cancer from chronic pancreatitis[59,62,63]. 
A study from Germany has shown that micro RNA 
abundance measured in tissue and blood performs well 
in distinguishing chronic pancreatitis and pancreatic 
cancer[64]. Overall, molecular tools appear promising 
but are not yet ready for clinical application. 

CONCLUSION
There have been a number of developments in imaging 

and molecular technologies to aid in differentiating 
benign from malignant mass lesion in patients with 
chronic pancreatitis. While some like EUS-FNA and 
advanced CT/MRI techniques are already in clinical 
use, technologies like CE EUS, EUS elastography 
and digital image analysis require development of 
standardised protocol, consensus and operator training 
facilities before they can be inducted into regular 
clinical usage. The molecular techniques are still in 
the early stage of development. Continued research 
and development is required to help in the correct 
diagnosis of this challenging condition.  
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Abstract
Collagenous gastritis is a rare disease characterized 
by the subepithelial deposition of collagen bands 
thicker than 10 μm and the infiltration of inflammatory 
mononuclear cells in the lamina propria. Collagenous 
colitis and collagenous sprue have similar histological 
characteristics to collagenous gastritis and are thought 
to be part of the same disease entity. However, while 
collagenous colitis has become more common in 
the field of gastroenterology, presenting with clinical 
symptoms of chronic diarrhea in older patients, 

collagenous gastritis is rare. Since the disease was first 
reported in 1989, only 60 cases have been documented 
in the English literature. No safe and effective treatments 
have been identified from randomized, controlled trials. 
Therefore, better understanding of the disease and the 
reporting of more cases will help to establish diagnostic 
criteria and to develop therapeutic strategies. Therefore, 
here we review the clinical characteristics, endoscopic 
and histological findings, treatment, and clinical outcomes 
from case reports and case series published to date, 
and provide a summary of the latest information on the 
disease. This information will contribute to improved 
knowledge of collagenous gastritis so physicians can 
recognize and correctly diagnose the disease, and will 
help to develop a standard therapeutic strategy for 
future clinical trials. 

Key words: Collagenous gastritis; Collagen deposition; 
Collagenous colitis; Nodularity
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Core tip: The diagnosis of collagenous gastritis is based 
on the histological findings of collagen bands thicker 
than 10 μm in the subepithelial layer and infiltration of 
inflammatory mononuclear cells in the lamina propria. 
Similar histological changes are seen in the colon in 
collagenous colitis. While there are many cases of 
collagenous colitis published in the literature, there are 
only 60 reported cases of collagenous gastritis since the 
disease was first identified in 1989. The present review 
discusses the characteristics of this disease entity 
and summarizes the cases reported to date. Better 
knowledge and understanding of collagenous gastritis 
will help physicians to diagnose the disease, and the 
accumulation of future cases will help to develop a 
standard therapeutic strategy.
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INTRODUCTION
Collagenous gastroenteritides include collagenous 
gastritis, collagenous sprue, and collagenous colitis. 
This disease entity is relatively uncommon and believed 
to be rare. The diseases are characterized by marked 
subepithelial collagen deposition accompanying with 
mucosal inflammatory infiltrate[1-5]. The exact etiology 
and pathogenesis of this inflammatory disorder 
remains unclear and clinical presentations are related 
to the region of the gastrointestinal tract involved. 
While collagenous colitis is the most frequently found 
in this disease category[5,6], collagenous gastritis and 
collagenous sprue involving the proximal side of the 
gastrointestinal tract is rarer. Recently, it is reported 
that the overall annual incidence of collagenous colitis 
ranges from 1.1 to 5.2 cases per 100000 population 
and it is a relatively frequent cause of chronic diarrhea 
in elderly patients[7]. For collagenous gastritis, Colleti 
reported first case of 15-year-old girl who presented 
with recurrent abdominal pain and gastrointestinal 
bleeding in 1989[8]. On endoscopy, nodular changes 
were seen in the stomach. Subepithelial collagen 
deposits and inflammatory infiltration of the lamina 
propria were observed on histological examination. 
Despite treatment with histamine H2-receptor 
antagonists, sucralfate, and furazolidone, no clinical 
or pathological improvement was achieved[8]. Since 
1989, only 60 cases of collagenous gastritis have been 
reported in the English literature[2-4,8-40]. Because of the 
small number of cases, no standard therapy has been 
established based on randomized, controlled clinical 
trials. However, based on case reports, two phenotypes 
of the disease (pediatric and adult) have been 
defined[21]. The presenting symptoms of the pediatric 
type are mainly upper gastrointestinal, including 
abdominal pain and anemia secondary to the stomach-
specific inflammation and collagen deposition[10,21]. 
In contrast, the adult type is characterized by the 
simultaneous occurrence of collagenous colitis, 
which may be related to autoimmune processes and 
celiac disease[21]. The endoscopic findings of mucosal 
nodularity and the histological findings of inflammatory 
infiltration with thick collagen deposits are common in 
both adult and pediatric disease. However, the areas of 
the gastrointestinal tract involved are different, raising 
the possibility of a different etiology[1,3]. Because the 
pathophysiology of collagenous gastritis remains 
uncertain, no effective therapeutic strategies have 
been developed. Better knowledge and understanding 
of the disease will help physicians make a correct 
diagnosis at an early stage, and may help to establish 
rational treatment options. In this paper, we review 
the clinical and pathological characteristics of the 60 

cases[2-4,8-40] reported to date. 

LITERATURE ANALYSIS
A literature search was conducted using PubMed 
and Ovid, with the term “collagenous gastritis.” The 
literatures written in English from relevant publications 
were selected. We summarized the available infor
mation on demographics, clinical symptoms, endo
scopic and histological findings, treatment, and the 
clinical course. 

CLINICAL CHARACTERS
Among the 60 reported cases of collagenous gastritis, 
there was a slight female predominance (35 females, 
25 males). The ages ranged from 9 mo to 80 
years[2-4,8-40]. 

Clinical symptoms included abdominal pain in 26 
cases[3,4,8-10,12-15,17,18,20,26,30-33,38-40], anemia in 24[2,4,8,10,11,14,

16,17,19,21,22,30,36,37,39,40], diarrhea in 18[13,17,21-29,35-37], nausea 
and vomiting in 7[3,15,17,31,32], body weight loss in 4[3,23,35], 
abdominal distention in 3[24,32,36], gastrointestinal 
bleeding in 3[8,17,36], and fatigue[4], retrosternal pain[11], 
dyspepsia[2], perforated ulcer[17], dysphagia[17], and 
constipation[38] in 1 case each. Lagorce-Pages et 
al[21] reported that clinical symptoms differ between 
pediatric and adult patients based on the severity 
of the disease and part of the gastrointestinal tract 
involved. Pediatric patients typically present in their 
early teens with anemia and abdominal pain related 
to involvement of the stomach[3,21,33,38]. The adult type 
is characterized by more diffuse involvement of the 
gastrointestinal tract and typically presents with a 
chronic watery diarrhea associated with collagenous 
colitis and collagenous sprue[36,37]. Adult collagenous 
gastritis is also associated with autoimmune diseases, 
such as Sjögren syndrome[36], lymphocytic gastritis, 
lymphocytic colitis, and ulcerative colitis[37]. Of the 
11 patients who presented with abdominal pain and 
anemia, 8 were teenagers (72%)[4,8,10,14,17,30]. Of the 
18 patients who presented with diarrhea, 15 were 
older than 20 years (83%)[17,21-27,35-37] (Table 1). Ten 
of the adult patients had collagenous duodenitis, 
which is extremely rare, and of these, 9 also had 
collagenous colitis[2,40]. Our literature search revealed 
no difference in the presence of Helicobacter pylori 
infection between pediatric (n = 6)[15,19,28,29] and adult 
patients (n = 4)[9,21,33]. The eradication of H. pylori 
did not produce any therapeutic benefit. The clinical 
characteristics of the 60 published cases supported 
the differences between pediatric-type and adult-
type collagenous gastritis reported to date. In the 
pediatric form of the disease, inflammation is limited 
to the stomach and patients present with relatively 
severe upper gastrointestinal symptoms. The adult 
form of collagenous gastritis often involves other parts 
of the gastrointestinal tract, and might be the part 
the collagenous gastroenteritides disease entity. In 
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adults, the presenting symptoms vary depending on 
the severity of the inflammation and the areas of the 
gastrointestinal tract involved. 

ENDOSCOPIC FINDINGS
Nodularity of the gastric corpus is the characteristic 
endoscopic finding in collagenous gastritis. However, 
it is not seen in all cases. Our literature review 
found that 32 of the 60 patients showed endoscopic 
nodularity, with no difference in frequency between 
pediatric (n = 17)[4,8,10,13,15-19,21,29,30,38] and adult (n = 
16)[2,17,20-22,24,31,32,34,35,39,40] cases (Table 1). The other 
endoscopic findings included mucosal erythema, 
erosions, and exudates. Normal gastric mucosa 
was found in 7 patients. The mucosal nodules were 
irregular in size and were located diffusely throughout 
the gastric body and antrum. The size and number 
depended on the severity of the inflammation (Figure 
1A)[34]. Interestingly, in collagenous gastritis, it is 
not the mucosal thickening that causes the typical 
nodular appearance, but the depressed mucosa 
surrounding the nodules. This suggests that uneven 
inflammation causes glandular atrophy and collagen 
deposition in the depressed mucosa. Therefore, the 
nodular lesions show fewer inflammatory infiltrates 
and atrophic changes. In contrast, collagenous colitis 
shows a relatively even distribution of inflammation 
and atrophic changes, resulting in the homogeneous 
mucosal changes seen on the endoscopy of the colon. 
These findings have been supported by the recent 
results of narrow band imaging (NBI) studies and 
histological analysis. Kobayashi et al[41] used NBI with 
magnifying colonoscopy to examine the gastric mucosa 
in collagenous gastritis patients. The mucosal surface 
of the nodular lesions showed no marked changes and 
no abnormal capillary vessels were observed. However, 
as expected, the depressed mucosa surrounding these 
nodules showed an amorphous or absent surface 
structure and abnormal capillary vessels, including 
blind endings and irregular caliber changes (Figure 
1B). This indicates that the depressed mucosal pattern 

is the result of inflammation with atrophic changes and 
collagen deposition, whereas the nodular lesions are 
the remaining undamaged mucosa[34]. 

 
PATHOLOGICAL FINDINGS
The pathological findings of collagenous gastritis 
are characterized by the infiltration of chronic 
inflammatory cells in the subepithelial layer, especially 
in the lamina propria, and the deposition of collagen 
bands thicker than 10 μm[13,37]. The inflammatory cells 
include lymphocytes, plasma cells, and eosinophils. 
Inflammation causes atrophic changes in the mucosal 
glands and leads to the depressed mucosal pattern 
found on endoscopy (Figure 2A)[34]. The pathological 
changes are less marked in the nodular mucosal 
lesions (Figure 2B)[34]. Therefore, a heterogeneous 
inflammatory pattern causes the nodular lesions in 
the stomach. These pathological findings suggest 
that several mucosal biopsies are needed for correct 
diagnosis, and careful mapping is required for the 
follow-up of mucosal inflammation and the thickness 
of collagen deposits. Our review found that most 
of the cases with information on the thickness of 
collagen deposits had bands thicker than 10 μm, 
with a range between 10 and 100 μm[11,20,30,40]. This 
supports the evidence for the heterogeneity of collagen 
deposition. The thickness of the collagen deposits 
may increase with disease duration; however, it may 
also be influenced by the location of the biopsy rather 
than the severity of the disease[16,17,19,21,37]. Total of 
11[4,11,13,22,23,25-28] patients showed collagen deposition in 
colon and 7 (63%)[4,22,23,25-27] were older than 20 years 
old. These adult patients with coexisting collagenous 
colitis, showed diffuse and continuous collagen 
deposits in the colon but heterogeneous changes in the 
stomach[4]. This finding supports the hypothesis that 
the adult type of collagenous gastritis is part of the 
collagenous gastroenteritides, which tend to present 
with more severe symptoms related to involvement 
of the colon[4]. In addition, as 4 patients among 11 
who showed collagenous colitis were young patients 
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Figure 1  Endoscopic findings of collagenous gastritis. A: Nodular lesions (black arrow) in the greater curvature of the gastric body. Depressive mucosal lesions 
are seen in between nodular lesions (white arrow)[34]; B: Magnifying endoscopic image with narrow band imaging. Amorphous or absent surface pit pattern and 
abnormal capillary vessel patterns are seen in the depressed mucosal area[41].
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(36%)[11,13,28], it is suggested that the disease type 
might not only be related to the age, but the etiology 
reflecting the tract involved.  

Collagen deposition can be clearly visualized 
with Masson Trichrome staining. Collagen samples 
have been typed in a few patients[4,18,20,21,25], with 
types Ⅲ and Ⅵ identified. Some samples were 
positive for tenascin, a marker of cell proliferation 
and migration[4,42]. Type Ⅲ collagen is released from 
subepithelial fibroblasts to repair damage caused by 
inflammation. Therefore, the collagen synthesis in 
collagenous gastritis is not a primary pathology but 
a reparative response[4]. The study focusing on the 
collagen tissue type may contribute to clarify the 
etiology and help to differentially diagnose adult and 
pediatric types. The pathological findings reported 
in the published cases support the evidence that 
the endoscopic finding of nodularity is the result of 
heterogeneous inflammation and the destruction of 
mucosal glands and the surrounding mucosa (Table 2). 
However, the reason for the uneven inflammation in 
the stomach, in contrast to the relatively homogeneous 
inflammation in the colon, remains unclear.

THERAPY
Because of the small number of patients and the unknown 
etiology, there is no established standard therapy for 
collagenous gastritis. Anti-secretary agents including proton-
pump inhibitors[2,4,9-11,13,15,17-20,26,29,32,39,40], and H2-receptor 
antagonists[4,8,18,39,40], steroids[11,13,17,19,21-23,25,28,29,35,37], iron 
supplementation[2,4,10,12,13,16,19,30], and hypoallergenic 
diets[4,17,36] have been tried with limited success (Table 1). 
Other treatment modalities, such as sucralfate[8,11,17,18], 
mesalazine[13,14,29,37], bismuth subsalicylate[29], 
furazolidone[8], sulfasalazine[21,24], azathioprine[35], and 
parenteral nutrition[21,28,35] have also been tested. A 
few patients have shown improvement of the clinical 

symptoms but no randomized, controlled trials have 
been performed. Further cases are needed to establish 
a standard therapeutic strategy. However, potential 
therapeutic approaches are complicated by the possibility 
that the pediatric and adult forms of the disease may 
have different etiologies. Furthermore, it remains unclear 
whether the pediatric type transforms to the adult type 
over time.

FOLLOW UP
The course and prognosis of collagenous gastritis 
remain unclear. The case reports include 30 patients 
who had undergone follow-up (Table 1). The median 
follow-up period was 2 years (0.08-14) and the clinical 
course and the response to therapy was evaluated. 
Kamimura et al[34] reported that in a patient followed 
for 14 years, the nodular appearance on endoscopy 
became more conspicuous and extended throughout 
the stomach. Histology showed that the thickness 
of collagen deposits increased over the 14 years. As 
discussed above, the heterogeneity of inflammation 
affects the thickness of the collagen deposits. Therefore, 
it is difficult to conclude that the collagen bands did 
become thicker. However, Billiemaz et al[28] reported 
similar endoscopic and histological findings of gradual 
disease progression during long-term follow-up. 
Conversely, Winslow et al[18] found no changes in 
the nodular appearance on endoscopy during the 12 
year follow-up of one patient. Over the same 12 year 
period, biopsies showed patchy, chronic active gastritis 
with gradual progression in disease severity, although 
the collagen deposits did not appear to become more 
diffusely distributed or thicker over time. Lagorce-
Pages et al[21] reported on 2 patients who showed 
complete absence of collagen deposits (40-year-old 
female) or a moderate decrease (11-year-old male) 
in the thickness of subepithelial collagen deposits 
on biopsy obtained 2 and 8 years after the initial 
diagnosis, respectively. The patient who recovered 
had been treated with steroid, salazopyrin, and 
parenteral alimentation. Hijaz et al[10] also reported on 
a patient who showed improvement of inflammation 
and an absence of collagen deposits 5 years after the 
initial diagnosis. This patient was treated with oral 
iron supplementation and proton-pump inhibitors[10]. 
Leung et al[17] reported a case of a 19-year-old male 
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100 mm 100 mm

Figure 2  Histological findings of collagenous gastritis. A: Nodular mucosal 
lesion did not show marked inflammatory infiltration and collagen deposition; 
B: Depressive mucosal lesion showed a thick collagen deposition (black arrow) 
and inflammatory infiltrates (red arrow). The glandular atrophy and epithelial 
damage is marked (black arrowhead)[34]. 

Table 2  Difference of mucosal pattern

Nodular mucosa Depressive mucosa

No significant inflammation Infiltration of inflammatory cells
Irregular distribution Atrophic glands
Irregular size Collagen band
Normal mucosal surface pattern Amorphous or 

absent surface structure 
Abnormal capillary vessels

Kamimura K et al . Collagenous gastritis: Review
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who showed improvement of inflammation and a 
decrease in the thickness of collagen deposits 3 
mo after treatment with sucralfate[17]. On the other 
hand, Vakiani et al[22] and Rustagi et al[2] reported on 
patients who showed improvement of inflammation 
but unchanged or thicker collagen deposits after 
treatment with steroids and budesonide for 1.5 years, 
and oral iron supplementation and a proton-pump 
inhibitor for 0.83 years. These reports suggest that 
the inflammation can be managed by treatment. 
However, in most cases, the collagen deposits 
remain unchanged or become thicker as a result of 
continued inflammation. There was no evidence of the 
transformation of the pediatric-type disease to adult-
type among the case reports.

DISCUSSION
Collagenous gastritis is a rare clinicopathological entity 
with only 60 cases reported to date[2-4,8-40] (Table 1). 
Although a primary vascular abnormality causing 
increased vascular permeability and collagen deposition 
has been proposed, the etiology of the disease is 
poorly understood[10]. The symptoms vary depending 
on the area of gastrointestinal tract involved, and in 
young patients, abdominal pain and anemia occur 
secondary to stomach-specific infiltration. Multiple 
areas are involved in adult patients, who often show 
chronic diarrhea because of coexisting collagenous 
colitis[3,5,6,21]. Characteristic differences are summarized 
in Table 3 and our review supports this hypothesis. 
Of the 11 patients who presented with abdominal 
pain and anemia, 8 were teenagers (72%)[4,8,10,14,17,30]. 
Conversely, of the 18 patients who presented with 
diarrhea, 83% (15 patients) were adults[17,21-27,35-37]. 
This suggests that adult-type collagenous gastritis 
is part of the collagenous gastroenteritides disease 
entity. The endoscopic findings include relative 
nodular changes in the mucosa, due to the chronic 
inflammatory infiltration, mucosal atrophy, and the 
deposition of bands of collagen. Compared with the 
diffuse and continuous deposition seen in collagenous 
colitis, the changes in collagenous gastritis are 
heterogeneous. The reason for this heterogeneity 
remains unclear, but it might be related to the etiology 
of gastritis. In addition, as 4 among 11 patients who 
had collagenous colitis were young patients[11,13,28], it 
is suggested that the disease type might not only be 
related to the age, but the etiology reflecting the tract 

involved.  
Compared with collagenous gastritis, more 

patients are diagnosed with collagenous colitis. In 
these patients, adult-type collagenous gastritis may 
coexist. Therefore, upper endoscopy is recommended. 
In addition, multiple mucosal biopsies are needed 
because of the heterogeneous inflammatory pa
ttern. Some areas of the stomach may show normal 
mucosa and our review identified 7 patients with 
endoscopically normal mucosa. Currently, transition 
from pediatric-type to adult-type disease is thought 
to be rare. However, more cases are needed to better 
understand this disease entity and to establish a 
standard therapeutic strategy.
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Abstract
Large bile duct stone (> 10 mm) or multiple stones 
(≥ 3) are challenging for endoscopists. Endoscopic 
sphincterotomy (EST) is a routine therapeutic endoscopic 
retrograde cholangiopancreatography (ERCP) procedure 
usually used. It is safe and effective, but severe 
perforation or massive bleeding are the main causes 
of mortality. Because of the permanent destroy of 

Oddi sphincter, the use of EST is still controversial. 
Endoscopic papillary balloon dilation (EPBD) gives 
another way to open the sphincter. Less incidence of 
bleeding, perforation and partly preserving the Oddi 
sphincter’s function are the main advantages. But 
high incidence of post-ERCP pancreatitis becomes a 
predominant problem. According to the anatomical 
feature of Oddi sphincter, limited EST + EPBD seems a 
more reasonable procedure. Compared to the former 
two procedures, it makes the stone extraction process 
much easier with lower incidences of short-term and 
long-term complications.

Key words: Endoscopic retrograde cholangiopancreato
graphy; Common bile duct stone; Endoscopic sphinctero
tomy; Endoscopic papillary balloon dilation
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Core tip: This review describes endoscopic sphincterotomy 
(EST), endoscopic papillary balloon dilation (EPBD) 
and limited EST + EPBD in the treatment of difficult 
bile duct stones. We analyze the advantages and 
disadvantages of these procedures from a unique 
anatomic view. Limited EST + EPBD may be the most 
reasonable procedure with the highest successful rate 
and the lowest incidence of complications.
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INTRODUCTION
Endoscopic sphincterotomy (EST) which was developed 
from the 70’s of last century has been widely used in 
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therapeutic endoscopic retrograde cholangiopancreato­
graphy (ERCP) for a few decades. It is a safe and 
effective method for the treatment of extrahepatic bile 
duct stones. Although the short-term complications 
are decreased with the development of technique 
and equipment, massive bleeding and perforation 
are still the main causes for patients’ death. As 
an operation which destroys the Oddi sphincter 
permanently, the use of EST is controversial. The long 
-term complications, such as intestinal content reflux, 
biliary tract inflammation and stone recurrence, are 
the grounds of argument for those who object the 
use of EST. In 1982, Staritz treated common bile duct 
stones by endoscopic papillary balloon dilation (EPBD) 
successfully. Since then, many authors published 
reports on the benefits of EPBD and their outcome 
were almost comparable to EST. Compared with EST, 
EPBD was easier to operate and of less incidence 
of bleeding and perforation. Most of all, it might 
preserve the function of the Oddi sphincter. But soon 
the high incidence of post ERCP pancreatitis (PEP) 
reported by DiSario et al[1] and his colleagues after a 
series of multicenter studies questioned the value of 
this technique. Their results showed that 15%-20% 
patients developed PEP after EPBD and 2 patients 
died of severe pancreatitis and EPBD was the only 
reason for PEP. Incomplete dilation of the papilla, intra-
mucosal bleeding and local edema were thought to 
be the main causes. Due to the high risk of PEP, most 
of the endoscopists in North America abandoned this 
method. But EPBD was still used in Europe and East 
Asia. Recently some authors report that with large 
balloon (≥ 10 mm) and long term (3 to 5 min) could 
prominently decreased the incidence of PEP after 
EPBD compared to the traditional small balloon and 
short term (< 1 min) procedure. More recent reports 
recommend the combination of limited EST + EPBD 
and it seems to be a more reasonable technique. 

A WIDE OPENING IS CRUCIAL FOR A 
SUCCESSFUL STONE EXTRACTION
The treatment of a large bile duct stone (> 10 mm) 
or multiple stones sometimes appears to be a difficult 
experience for endoscopists. How to get the opening 
as wide as possible is the key factor for a successful 
treatment. To understand the difference between these 
3 techniques, some further understanding should be 
made on the anatomy of the Oddi sphincter. It is a 
very complicated muscle structure which is composed 
of sphincter choledochus, sphincter pancreaticus, 
sphincter ampullae and some longitudinal bundles. 
In most human beings, the muscle fibers around the 
orifice of the papilla and the one passing through the 
duodenum wall are dense and thick. They are the main 
barrier for stone extraction like two dense rings in the 
papilla (Figure 1).

It is usually defined that the tunnel starts from 
the distal portion of the bile duct to the orifice of the 

papilla as the stone extraction tunnel (SET). Based 
upon the anatomy described above, we divide the 
tunnel into two segments: the distal bile duct and the 
intra-mural portion of the Oddi sphincter constitute the 
proximal segment, which contains the proximal ring, 
and the intra-duodenal portion of the papilla forms the 
distal segment which contains the distal ring around 
the orifice (Figure 1). EST, EPBD and limited EST + 
EPBD have different effects on that tunnel. Traditional 
EST cuts almost the entire distal segment from the 
orifice up close to the duodenal wall. EPBD dilates the 
total SET. Limited EST opens the distal portion of the 
intraluminal papilla and at the same time EPBD dilates 
the rest portion. Analyzing based on our “2-ring” 
theory, EST opens the distal ring, shortens SET while 
does nothing on the proximal ring. EPBD dilates 
the entire SET including 2 rings but keep the whole 
structure intact. Limited EST + EPBD cut the distal ring 
to shorten SET and dilate the proximal ring as well. So 
the combination procedure may be better to access a 
wide opening of SET from the anatomical view. 

Poincloux et al[2] studied 64 cases of limited EST + 
EPBD for difficult bile duct stones retrospectively. The 
successful rate in the first attempt was 95.3% without 
the use of mechanical lithotripsy (ML). Stefanidis et 
al[3] did a prospective study on EST + EPBD and EST 
+ ML for the treatment of large stones (> 12 mm). 
There was no difference between the two groups 
of the successful rate in the first attempt (97.7% 
vs 91.1%, P > 0.05). It was concluded that EST + 
EPBD decreased the frequency of ML usage. Another 
RCT study[4] shows that there’s no difference on the 
successful rate between limited EST+EPBD and EST 
group. However, the frequency of ML usage is much 
lower in the former group (28.8% vs 46.2%, P = 0.028) 
and the difference becomes more prominent when the 
diameter of the stones are beyond 15 mm (58.1% vs 
90.9%, P = 0.002). 

Reviewing the recent 5-year reports on simple 
EPBD in treating difficult bile duct stones, the 
successful rate in the first attempt was 65.8%-92.7% 
and ML was frequently used[5-8], which indicates the 
effects are not as good as EST and EST + EPBD.

MORE PATENT THE PANCREATIC 
OUTFLOW, LESS POST-ERCP 
PANCREATITIS
Although most of post-ERCP pancreatitis (PEP) cases 
are mild, it is a common early complication after 
ERCP intervention. Studies on early EPBD treatment 
showed a higher incidence of PEP when compared 
with EST, especially for the severe PEP. Obstruction 
of the outflow of pancreas aroused by intra-mucosa 
bleeding and/or local edema after EPBD is assumed to 
be the main cause. But some authors think that the 
procedures before EPBD, such as difficult cannulation, 
guidewire runing into the pancreatic duct repeatedly, 
opacification of the pancreatic duct or even ML are the 
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key factors for PEP. To prove this hypothesis, Seo et 
al[9] designed an interesting study. Fifty-six antegrade 
balloon dilation of the papilla through the PTCD 
method were done for the treatment of common bile 
duct stones. Two hundred and eight cases of EPBD 
of the same period were put into the control group. 
Except for 4 cases of hyperamylasemia, there was no 
pancreatitis in the experimental group, but the PEP and 
hyperamylasemia rate was 6.7% (including 1 severe 
type) and 29.8% respectively in control group. But this 
hypothesis can’t explain why there is a lower incidence 
of PEP in the EST group when the similar pre-EPBD 
procedures exists. Reviewing some early reports on 
EPBD, we can find that the incidence of PEP was as 
high as 15%-20%. Most of these studies utilized short-
term (< 1 min) dilation of the Oddi sphincter with 
small diameter balloons. Incomplete dilations brought 
difficulties in stone extraction and resulted in high 
incidence of ML usage. The subsequent intra-mucosa 
bleeding and/or local edema around the pancreatic 
orifice became the main cause of pancreatic outflow 
obstruction and thus PEP. Comparing to the incomplete 
short-term dilation with small balloons, EST shortens 
SET and makes a wider opening which facilitates 
stone extraction. Therefore, it leads to less edema and 
eventually a lower incidence of PEP. 

Recently, there has been a great development in 
the EPBD therapy. Long term (3-5 min) dilation with 
large balloon (12-20 mm) is replacing the old method. 
Complete dilation results in a total paralysis of the 
sphincter. It not only makes the extraction easier, but 
also guarantees a patent bilio-pancreatic outflow for 
a period of time. Limited EST with long-term large 
balloon dilation is more widely accepted now, especially 
in East Asia. This operation is recommended for that it 
not only opens the distal ring to shorten SET, but also 

dilates the proximal ring. The bilio-pancreatic outflow 
is more patent than that made by EST because EST 
has done nothing to the proximal ring. Although it is 
called “limited”, the cutting edge can usually reach or 
even exceed the pancreatic orifice. So the subsequent 
balloon stress maybe only focused on the proximal 
ring, which may alleviate the extent of edema around 
the pancreatic orifice. 

The recent reports on large balloon and long-term 
EPBD with or without EST indicate that the incidence 
of PEP is 5% and there’s no significant difference when 
compares to EST. Park et al[10] published a multicenter 
retrospective studying which EPBD with or without 
limited EST were used to treat 964 cases of large (> 10 
mm) common bile duct stones. Their result confirms 
that the incidence of PEP has an inverse correlation to 
the diameter of the balloon. We don’t agree that “the 
bigger, the better” can be the principle for choosing 
a balloon caliber. The common consensus is that the 
adequate diameter of a balloon should at least be 
equal to that of the biggest stone. Furthermore, EPBD 
is not recommended for the patients without bile duct 
dilation and those with distal bile duct stricture[10]. 

LESS CUTTING, LESS BLEEDING AND 
LESS PERFORATION
The incidence of bleeding after EST is about 0.8%-2%. 
Radiologic intervention or surgery may be necessary 
when massive bleeding occurs. Cirrhosis, coagulopathy 
and anti-coagulant taking are the contraindications for 
EST. The early purpose of replacing EST with EPBD is 
to avoid bleeding and perforation. In Japan, Takahara 
et al[11] reported a 37-case group of bile duct stone 
patients who were undertaking hemodialysis. Only 2 
(5.4%) patients developed bleeding after EPBD. When 
reviewing the recent Meta-analysis comparing EST and 
EPBD, it is showed that EST has a higher incidence of 
bleeding.

According to the anatomy of vessel distribution 
around Oddi sphincter, the small vessels are usually 
located at the roof of the papilla just close to the 
duodenal wall. The territory from 11 o’clock to 1 o’
clock direction is recommended for a safe EST. In 
order to get a large outlet for stone extraction, total 
EST is recommended to extend the incision up close 
to the duodenal wall, as a result bleeding cannot be 
totally avoided. Limited EST only cut the distal ring and 
leave the proximal portion intact to keep a distance 
from these vessels, so bleeding is rare. Park’s et al[10] 
study demonstrated this hypothesis. They found that 
complete EST or limited EST is the independent factor 
that influences the incidence of post-operative bleeding 
(OR 6.22, P < 0.001).

Although the incidence of bleeding after EPBD or 
limited EST + EPBD is low, the result is unacceptable. 
Excessive cutting, distal bile duct stricture or 
inadequate use of a large balloon are the main factors 
for tearing the mucosa of the lower bile duct apart. 
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Because the location of the bleeding vessels is very 
high as described, the uncut structure after EPBD or 
limited EST + EPBD prevent the endoscopists from 
visualizing the bleeding point directly under the scope. 
And finally, there may be multiple bleeding exists when 
the mucosa is torn apart. These factors make the 
diagnosis and treatment much challenging. Recurrent 
hemorrhage is common after radiologic intervention or 
even surgery. Fully covered metal stent maybe useful 
in this situation.

IS ODDI SPHINCTER 
WORTH PROTECTING IN 
CHOLEDOCHOLITHIASIS?
Besides the advantages for less bleeding and less 
perforation, preserving the function of Oddi sphincter 
is another goal of EPBD. According to Kojima’s[12] 
excellent manometry study on patients’ sphincter 
before and after EPBD, he concluded that 70% of the 
sphincter function was preserved after EPBD. 

Changes of bile composition and bacterial infection 
are well-known causes for bile duct stone formation. 
But little is known in present about the role of 
biliary dynamics. We believe that it takes great part 
in the pathogenesis of choledocholithiasis or even 
cholecystolithiasis. 

The normal functions of Oddi sphincter are: (1) to 
provide a patent pathway for bile excretion; and (2) to 
prevent bowel reflux. Either disorder in these 2 aspects 
may result in stone formation. If the etiology is due to 
an inadequate patency, EST maybe the correct choice; 
while if bowel reflux is the main problem, such as the 
para-papilla diverticulum, it may be more reasonable 
to do EPBD. Some further evidence-based studies 
was needed on these interesting topics. But above all, 
development in atraumatic and repeatable diagnostic 
methods to evaluate the status of Oddi sphincter was 
looking forward.

CONCLUSION
In summary, EST + EPBD is a reasonable procedure 
for difficult bile duct stones. It makes a wide opening 
of the Oddi sphincter to ensure a high success rate of 
stone extraction with lower incidence of PEP, bleeding 
and perforation. The long-term results need further 
researches on the dynamics study of the biliary tract, 
especially the Oddi sphincter.
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Abstract
AIM: To evaluate the success rates of performing 
therapy utilizing a rotational assisted enteroscopy device 
in endoscopic retrograde cholangiopancreatography 
(ERCP) in surgically altered anatomy patients. 

METHODS: Between June 1, 2009 and November 
8, 2012, we performed 42 ERCPs with the use of 
rotational enteroscopy for patients with altered 
anatomy (39 with gastric bypass Roux-en-Y, 2 with 
Billroth Ⅱ gastrectomy, and 1 with hepaticojejunostomy 
associated with liver transplant). The indications for 
ERCP were: choledocholithiasis: 13 of 42 (30.9%), 
biliary obstruction suggested on imaging: 20 of 42 
(47.6%), suspected sphincter of Oddi dysfunction: 4 of 
42 (9.5%), abnormal liver enzymes: 1 of 42 (2.4%), 
ascending cholangitis: 2 of 42 (4.8%), and bile leak: 2 
of 42 (4.8%). All procedures were completed with the 
Olympus SIF-Q180 enteroscope and the Endo-Ease 
Discovery SB overtube produced by Spirus Medical. 

RESULTS: Successful visualization of the major 
ampulla was accomplished in 32 of 42 procedures 
(76.2%). Cannulation of the bile duct was successful 
in 26 of 32 procedures reaching the major ampulla 
(81.3%). Successful therapeutic intervention was 
completed in 24 of 26 procedures in which the bile 
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duct was cannulated (92.3%). The overall intention to 
treat success rate was 64.3%. In terms of cannulation 
success, the intention to treat success rate was 
61.5%. Ten out of forty two patients (23.8%) required 
admission to the hospital after procedure for abdominal 
pain and nausea, and 3 of those 10 patients (7.1%) 
had a diagnosis of post-ERCP pancreatitis. The average 
hospital stay was 3 d. 

CONCLUSION: It is reasonable to consider an attempt at 
rotational assisted ERCP prior to a surgical intervention 
to alleviate biliary complications in patients with altered 
surgical anatomy.

Key words: Gastric bypass; Gastrostomy; Cholangio
pancreatography; Endoscopic retrograde; Double-
Balloon enteroscopy; Ampulla of vater; Sphincterotomy; 
Endoscopic; Pancreatitis; Retrospective studies
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Core tip: This manuscript shows a single tertiary care 
center experience in a large number of patients with 
surgically altered anatomy by evaluating the success 
rates of reaching the major ampulla, cannulating 
the bile duct, and subsequently performing therapy 
utilizing a rotational assisted enteroscopy device in an 
endoscopic retrograde cholangiopancreatography. This 
study will also determine the associated morbidity, 
mortality, and length of hospitalization associated 
with the procedures. Given our institutions success 
rates and minimal complication profile, specialized 
centers could consider this approach in this rapidly 
growing population. This will be instrumental in the 
development of new therapeutic options for patients 
suffering from this condition.

Zouhairi ME, Watson JB, Desai SV, Swartz DK, Castillo-Roth 
A, Haque M, Jowell PS, Branch MS, Burbridge RA. Rotational 
assisted endoscopic retrograde cholangiopancreatography in 
patients with reconstructive gastrointestinal surgical anatomy. 
World J Gastrointest Endosc 2015; 7(3): 278-282  Available 
from: URL: http://www.wjgnet.com/1948-5190/full/v7/i3/278.
htm  DOI: http://dx.doi.org/10.4253/wjge.v7.i3.278

INTRODUCTION
Endoscopic retrograde cholangiopancreatography 
(ERCP) remains the gold standard in both diagnosis 
and therapeutic management of pancreato-biliary 
diseases. However, patients with surgically altered 
anatomy present a unique endoscopic challenge. 
In patients with normal anatomy, rate of successful 
cannulation and sphincterotomy by expert endoscopists 
is greater than ninety percent[1]. In patients who have 
had reconstructive gastrointestinal surgery, reaching 

the ampulla and subsequently performing therapy 
during ERCP has been reported in a multicenter study 
to be 63%[2]. Additionally, as the obesity epidemic has 
widened in the United States, patients with altered 
anatomy due to bariatric surgery are increasingly 
presenting with the need for evaluation for pancreato-
biliary disease[3].

Multiple methods have been described to gain 
access to the biliary tract in post surgical patients, 
which is particularly challenging because the standard 
duodenoscope cannot reach the ampulla due to 
increased distance of the Roux limb. Methods to gain 
biliary access with a standard duodenoscope, such as 
a surgically created gastrostomy have been previously 
described[4-6]. Non-surgical endoscopic methods using 
different types of enteroscopy techniques have also 
been described. These endoscopic techniques include 
double-balloon, single-balloon, and rotational assisted-
ERCP (RA-ERCP)[7-9].

The goal of this retrospective study is to review a 
single tertiary care center experience in RA-ERCP in 
patients with reconstructive gastrointestinal surgery. 
Outcomes measured include the success rates of 
reaching the major ampulla, cannulating the bile 
duct, and subsequently performing a complete ERCP. 
Additionally, the associated morbidity, mortality, and 
length of hospitalization associated with RA-ERCP were 
measured. 

MATERIALS AND METHODS
Study and patients
An IRB approved retrospective review of all patients 
undergoing rotational assisted ERCP was performed. 

Between June 1, 2009 and November 8, 2012, a total 
of 42 RA-ERCPs were attempted for patients with altered 
anatomy. Thirty-three of these patients underwent Roux-
en-Y gastric bypass, 2 underwent Billroth Ⅱ gastrectomy, 
and 1 underwent hepaticojejunostomy associated 
with liver transplant. A total of 6 patients had repeat 
procedures.

Procedures
Sedation for the procedures were either moderate 
sedation (9 patients) or general anesthesia (33 
patients) with the positioning of all patients in the 
prone position. An attending advanced endoscopist 
performed all procedures with the assistance of the 
advanced endoscopy fellow. A total of 4 attending 
physicians with experience in rotational assisted ERCP 
performed the procedures. 

All RA-ERCPs were performed using an Olympus 
SIF-Q180 enteroscope and the Endo-Ease Discovery 
SB overtube manufactured by Spirus Medical. 

Patients were not randomized, as the procedure was 
chosen based on availability and physician discretion. 
Procedural time for RA-ERCP was determined from the 
onset of the “time-out” patient verification to the time 
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the patient arrived in the recovery bay. 

Statistical analysis
The statistical methods of this study were reviewed 
by Majed El Zouhairi, MD and Rebecca Burbridge, MD 
from Duke University Medical Center.

RESULTS
Rotational enteroscopy was performed in forty-
two separate procedures, in thirty-six patients with 
altered anatomy. Thirty-four patients were women 
(94.4%) and the mean age was 49.3 (range 29-75) 
(Table 1). The indications for ERCP were: biliary 
obstruction suggested on imaging 20 of 42 (47.6%), 
choledocholithiasis 13 of 42 (30.9%), suspected 
sphincter of Oddi dysfunction 4 of 42 (9.5%), 
ascending cholangitis 2 of 42 (4.8%), bile leak 2 
of 42 (4.8%), and abnormal liver enzymes 1 of 42 
(2.4%) (Table 2). The ability to reach and visualize the 
major ampulla was successful in 32 of 42 procedures 
(76.2%) (Figure 1). Attempted cannulation of the bile 
duct was performed in 29 out of the 32 procedures 
which successfully reached the major ampulla, with 
a subsequent bile duct cannulation rate of 89.7% 
(Figure 2). No attempt was made to cannulate the 
bile duct in three patients because procedures were 
only intended to remove previously placed stents. 
The reason for failed cannulation in the three patients 
in whom we were not able to cannulate the bile 
duct despite reaching the ampulla was an ampullary 
polyp (1 patient) and biliary stricture (2 patients). 
Successful therapeutic intervention including, but not 
limited to, sphincterotomy, stone removal, bile duct/
pancreatic duct stent placement, balloon sweeping, 
and brushing was completed in 24 of 26 procedures 

in which the bile duct was cannulated (92.3%) (Figure 
3). Of the total 42 cases, there were 15 failed cases, 
and 27 successful procedures, therefore the overall 
intention to treat success rate was 64.3%. In terms of 
cannulation success, 24 of 39 attempts at cannulation 
were successful, with an intention to treat success rate 
of 61.5%.

Ten patients out of 42 procedures (23.8%) required 
hospital admission for abdominal pain and nausea 
following the procedure. Three of those 10 patients 
(7.1%) had a diagnosis of post-ERCP pancreatitis. The 
average hospital stay was 3 d (Table 3). There were no 
overtube related complications. 

DISCUSSION
Surgically altered anatomy has become increasingly 
more common in the United States, particularly due 
to bariatric surgery. Reaching the ampulla in patients 
with surgically altered anatomy remains challenging 
even for skilled endoscopists despite advances in deep 
small bowel enteroscopy. Currently, the standard of 
care for pancreato-biliary disease in these patients 
often involves surgical assistance to help access the 
major ampulla. Success rates with single-balloon[10-13] 

and double-balloon enteroscopy systems[2,14-19] have 
been reported to range from 60% to 88%[2]. In limited 
studies, RA-ERCP has been shown to be a promising 
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Table 1  Patient characteristics

No. of patients 36
No. of ERCPs 42
Age    49.3
Sex M = 2, F = 34
BMI 36.3
Roux-en-Y surgery patients 33
Billroth Ⅱ surgery patients   2
Hepaticojejunostomy associated with liver transplant   1

M: Male; F: Female; ERCP: Endoscopic retrograde cholangiopancreatogra
phy.

Table 2  Indications for endoscopic retrograde cholangio­
pancreatography

Suspected gallstones/choledocholithiasis 13
Sphincter of Oddi dysfunction Ⅰ/Ⅱ 1/3
Biliary obstruction on imaging 20
Ascending cholangitis   2
Biliary obstruction with negative imaging   1
Bile leak   2

Figure 1  Scout film with the positioning of the scope.

Figure 2  Cholangiogram.
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therapeutic interventions after cannulating the major 
ampulla of 92.3% with an overall intention to treat 
success rate of 61.5%. This seems consistent with the 
rate published by Shah et al[2], and would suggest that 
RA-ERCP is on par with other non-surgical endoscopic 
techniques. 

Limitations of this study include the lack of direct 
comparison with other deep enteroscopy techniques. 
A second limitation is that all procedures were 
performed in a tertiary-care center which may not be 
generalizable to smaller gastroenterology practices 
which serve a local community. Additionally, the 
strength of one specific endoscopic technique for 
non-ERCP enteroscopy has not been consistently 
demonstrated. The concept that experience may play 
an important role in success is supported by data from 
the non-ERCP enteroscopy literature. For example 
the efficacy of double balloon compared to rotation 
assisted enteroscopy is still debatable and experience 
in either modality may be more important than the 
type of enteroscopy modality chosen[20-22].

Given our institution’s success rates and minimal 
complication profile, we believe it is reasonable to 
consider an attempt at rotational assisted ERCP prior 
to a surgical intervention to evaluate pancreato-biliary 
diseases in patients with altered surgical anatomy. Our 
data, as well as other smaller studies, have confirmed 
the safety and relative efficacy of this approach. In 
determining the method of endoscopic approach to 
ERCP in post surgical patients, relative experience 
with other enteroscopy modalities such as DBE or SBE 
should also be considered.

COMMENTS
Background
Endoscopic retrograde cholangiopancreatography (ERCP) has been a mainstay 
in the diagnosis and management of pancreato-biliary diseases. With the use 
of a standard duodenoscope, success rates are greater than ninety percent in 
patients with normal gastrointestinal anatomy. However, reaching the ampulla 
and subsequently performing therapy during ERCP is difficult in patients with 
surgically altered anatomy. Utilizing a rotational enteroscopy device to assist in 
reaching the ampulla in this population may increase the chances of being able 
to successfully complete the procedure. 
Research frontiers
There have been only a few small number of studies examining the use of RA-
ERCP in approaching biliary complications in patients with Roux-en-Y gastric 
bypass surgery. 
Innovations and breakthroughs
This manuscript shows a single tertiary care center experience in a large 
number of patients with surgically altered anatomy by evaluating the success 
rates of reaching the major ampulla, cannulating the bile duct, and subsequently 
performing therapy utilizing a rotational assisted enteroscopy device in order 
to complete an ERCP. This study will also determine the associated morbidity, 
mortality, and length of hospitalization associated with the procedures.

technique for pancreato-biliary access in post surgical 
patients. Hegde et al[7] reported that RA-ERCP allowed 
successful cannulation in 2 patients after double-
balloon assisted ERCP had failed, but that it was more 
time-consuming. Al-Lehibi et al[8], also noted that 
RA-ERCP was successful in 5 of 6 cases. A recent 
prospective study reported in 2012 by Wagh et al[9] 
on 13 patients showed that cannulation of the desired 
duct and endoscopic therapy using RA-ERCP in patients 
with surgically altered anatomy was successful in 90% 
of the procedures if the papilla/duct-enterostomy was 
reached. 

A recent multi-center retrospective study published 
in January 2013 by Shah et al[2] compared ERCP 
success in 129 patients with surgically altered anatomy 
utilizing single-balloon (SBE), double-balloon (DBE), 
or rotational overtube enteroscopy. Fifty-seven RA-
ERCP cases were performed with an intention to 
treat success rate of 63%, defined as successful 
planned therapeutic intervention. They concluded that 
therapeutic success in long-limb surgical bypass was 
similar irregardless of the endoscopic method used.

Our study is the largest single-center experience 
evaluating RA-ERCP in patients with reconstructed 
gastrointestinal anatomy. We noted RA-ERCP procedural 
success rate in visualizing the ampulla of 76.2%, 
cannulating the bile duct in procedures reaching the 
major ampulla of 81.3%, and successfully completing 
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No. of ERCPs
n  = 42

Visualization of papilla
n  = 32

Failed visualization of 
papilla
n  = 10

Attempted
cannulation of CBD

n = 29

Successful cannulation 
of CBD
n = 26

Failed cannulation of 
CBD

n = 3

Successful endoscopic 
therapy
n  = 24

Failed endoscopic 
therapy after papilla 

reached
n  = 2

Figure 3  Outcomes. ERCP: Endoscopic retrograde cholangiopancreatography.

Table 3  Complications

Adverse events 10
No. of admission 10
Length of hospital stay after admission (d)   3 

 COMMENTS
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Applications
Surgically altered anatomy has become increasingly more common in the 
United States, particularly due to bariatric surgery. Currently, the standard 
of care for pancreatico-biliary complications in these patients often involves 
surgical assistance to help access the major ampulla. Given our institutions 
success rates and minimal complication profile, the authors believe it is 
reasonable to consider an attempt at rotational assisted ERCP prior to a 
surgical intervention to alleviate biliary complications in patients with altered 
surgical anatomy.
Terminology
ERCP; rotational assisted-ERCP (RA-ERCP); single-balloon enteroscopy (SBE); 
double-balloon enteroscopy (DBE).
Peer-review
This paper is interesting.
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Abstract
AIM: To evaluate the efficacy of endoscopic ultrasound 
guided biliary drainage (EUS-BD) in patients with 
surgically altered anatomies.

METHODS: We performed a search of the MEDLINE 
database for studies published between 2001 to July 

2014 reporting on EUS-BD in patients with surgically 
altered anatomy using the terms “EUS drainage” and 
“altered anatomy”. All relevant articles were accessed 
in full text. A manual search of the reference lists of 
relevant retrieved articles was also performed. Only full-
text English papers were included. Data regarding age, 
gender, diagnosis, method of EUS-BD and intervention, 
type of altered anatomy, technical success, clinical 
success, and complications were extracted and 
collected. Anatomic alterations were categorized as: 
group 1, Billroth Ⅰ; group 2, Billroth Ⅱ; group 4, Roux-
en-Y with gastric bypass; and group 3, all other types. 

RESULTS: Twenty three articles identified in the 
literature search, three reports were from the same 
group with different numbers of cases. In total, 101 
cases of EUS-BD in patients with altered anatomy were 
identified. Twenty-seven cases had no information and 
were excluded. Seventy four cases were included for 
analysis. Data of EUS-BD in patients categorized as 
group 1, 2 and 4 were limited with 2, 3 and 6 cases 
with EUS-BD done respectively. Thirty four cases with 
EUS-BD were reported in group 3. The pooled technical 
success, clinical success, and complication rates of 
all reports with available data were 89.18%, 91.07% 
and 17.5%, respectively. The results are similar to the 
reported outcomes of EUS-BD in general, however, with 
limited data of EUS-BD in patients with altered anatomy 
rendered it difficult to draw a firm conclusion.      

CONCLUSION: EUS-BD may be an option for patients 
with altered anatomy after a failed endoscopic-retrograde-
cholangiography in centers with expertise in EUS-BD 
procedures in a research setting.

Key words: Endoscopic ultrasound-guided anterograde 
approach; Endoscopic ultrasound-guided biliary drainage; 
Endoscopic ultrasound-guided choledochoduodenostomy; 
Endoscopic ultrasound-guided hepaticogastrostomy; 
Endoscopic ultrasound-rendezvous technique; Surgically 
altered anatomy; Overtube-assisted enteroscopy-endoscopic 
retrograde cholangiopancreatography
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Core tip: Endoscopic retrograde cholangiopancreatography 
(ERCP) in patients with surgically altered anatomy is 
challenging, with a failure rate as high as 26%. Data 
of endoscopic ultrasound-guided biliary drainage (EUS-
BD) in patients with altered anatomy from the literature 
show a similar efficacy to that of EUS-BD in general. 
EUS-BD may be selected as an alternative for patients 
with altered anatomy who failed overtube-assisted 
enteroscopy-ERCP in centers where the expertise in 
EUS-BD is available. However, the EUS-BD approach 
should be performed in a research setting based on the 
current stage of EUS-BD techniques.

Siripun A, Sripongpun P, Ovartlarnporn B. Endoscopic 
ultrasound-guided biliary intervention in patients with surgically 
altered anatomy. World J Gastrointest Endosc 2015; 7(3): 283-289  
Available from: URL: http://www.wjgnet.com/1948-5190/full/
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INTRODUCTION
Endoscopic retrograde cholangiopancreatography 
(ERCP) has been widely accepted as a standard 
procedure with a high success rate for the management 
of biliary disorders[1]. However, conventional ERCP in 
patients with surgically altered anatomy is technically 
difficult, and is accompanied by a relatively high rate 
of complications. In large case series, technical failures 
varied from 13% to 67%, and the rate of perforation 
was as high as 18%, with a mortality rate of 3%[2,3]. 
ERCP with overtube-assisted enteroscopy (OAE-ERCP), 
with a balloon or spiral overtube, achieved a success 
rate of approximately 74% and a 3.4% complication 
rate in patients with surgically altered anatomies[4]. 
Percutaneous transhepatic biliary drainage (PTBD) is a 
well-established technique that is usually selected as 
an alternative in patients with failed ERCP. However, 
despite the high clinical success rate, the PTBD 
approach is associated with 0.5%-15% morbidity and 
0%-4.9% mortality rates[5].

Endoscopic ultrasound-guided biliary drainage 
(EUS-BD) was first reported in 2001 by Giovannini 
et al[6]. Subsequently, many groups reported the 
utilization of EUS-BD with various approaches as an 
alternative biliary drainage for failed ERCPs, with an 
average success rate varying from 77% to 94% and 
complication rate of 19%-27%[7]. This method may 
be an option for patients with altered anatomy for 
whom OAE-ERCP is difficult, as reflected by a high 
failure rate (26%)[4]. However, the role of EUS-BD in 
patients with altered anatomy and failed ERCP is not 
well defined, and the suitability of this as an alternative 
drainage procedure is unclear. This review analyzes the 
clinical efficacy, complications, clinical implication, and 

limitations of EUS-BD in patients with surgically altered 
anatomy from data available in the literature. 

MATERIALS AND METHODS
A PubMed search of the MEDLINE database was 
conducted for articles published between 2001 and 
July 2014 using the terms “EUS drainage” and “altered 
anatomy”. A manual search of the reference lists 
of relevant retrieved articles was also performed. 
Only full-text English papers were included. The 
computerized endoscopic data at our center were also 
searched for additional cases of EUS-BD in altered 
anatomy conducted after our published data[8]. Data 
regarding age, gender, diagnosis, method of EUS-BD 
and intervention, type of altered anatomy, technical 
success, clinical success, and complications were 
collected. 

Classification of EUS-BD techniques
The three main techniques of EUS-guided procedures for 
biliary drainage that were included were: anterograde 
EUS-BD, transluminal drainage, and the rendezvous 
method[7,9,10]. Anterograde EUS-BD involves interven
tion via an anterograde route across the ampulla or 
anastomosis. Transluminal drainage encompasses 
transesophageal, transgastric (hepaticogastrostomy), 
transduodenal (choledochoduodenostomy, EUS-CDS), 
or transjejunal approaches. The rendezvous method 
involves EUS-guided placement of a guide-wire across 
the ampulla or anastomosis that is exchanged with a 
standard duodenoscope or enteroscope to perform the 
intervention. 

Classification of surgically altered anatomy
Anatomic alterations were categorized as: group 1, 
Billroth Ⅰ; group 2, Billroth Ⅱ; group 3, Roux-en-Y with 
pancreaticoduodenectomy (with or without a modified Child 
procedure), pylorus-preserving pancreaticoduodenectomy, 
hepaticojejunostomy, choledochojejunostomy, and total 
or partial gastrectomy, distal gastrectomy without specific 
anastomosis mentioned, and hepatic and bile duct 
resection; and group 4, Roux-en-Y with gastric bypass 
(RY-GB). 

Statistical analysis
The descriptive data of age was analyzed by using 
Minitab 15® and no other statistical analysis was done 
since this study was a descriptive review. 

RESULTS
EUS-BD IN patients with surgically altered anatomy 
Of the 23 articles identified in the literature search, 
three reports were from the same group with different 
numbers of cases[11-13]. As no details regarding 
individual cases were available from these three 
reports, the cases with the same type of surgically 
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altered anatomy and the same diagnosis were treated 
as one case. In total, 101 cases of EUS-BD in patients 
with altered anatomy were identified. Only one report 
was a case series[14], all other reports were case 
reports or reports of EUS-BD that included normal and 
altered anatomy patients. Twenty-seven cases had 
no information and were excluded[12,15-17], leaving 74 
patients with altered anatomy who underwent EUS-
BD[8,11,14,18-32]. Available demographic and procedural 
information of these cases is presented in Table 1. 
Of the 40 cases reporting complications, there were 
incidences of mild pancreatitis (n = 2), mild abdominal 
pain (n = 1), hematoma (n = 1), cholangitis (n = 1), 
minor bleeding (n = 1), and surgical repositioning of a 
stent in the peritoneum (n = 1), with no mortalities. 

EUS-BD in altered anatomy subtypes
The classification of altered anatomy types is listed in 
Table 2. In group 1, one case of EUS-BD with common 
bile duct (CBD) stones was reported[25], and EUS-BD 
was performed in one patient with distal CBD stricture 
at our center. Both had successful clinical outcomes. 
There were three cases with EUS-BD in group 2: two 
cases with malignant stricture and one case with a 
CBD stone, in whom the EUS-BD failed[11,32]. 

Within group 3, Roux-en-Y was performed with 
hepaticojejunostomy (n = 10), choledochojejunostomy 
(n = 1), total gastrectomy (n = 5), subtotal gastrectomy 
(n = 2), Whipple’s operation (n = 6), distal gastrectomy 
(n = 2), pylorus-preserving pancreaticoduodenectomy 
(n = 5), pancreaticoduodenectomy with a modified 
Child procedure (n = 2), and hepatic and bile duct 
resection (n = 1)[8,11,14,18-32]. The diagnoses in group 3 
included bile duct stones (n = 9), benign stricture (n 
= 9), malignant stricture (n = 9), occluded metallic 

stents placed by percutaneous route (n = 1), or were 
unspecified (n = 6). The success rates were in the 
range reported for EUS-BD in general. However, the 
missing data in a large proportion of patients in this 
group rendered it difficult to draw a firm conclusion.

Six cases within group 4 received EUS-BD with RY-
GB[33]. These patients all had CBD stones, and stone 
clearance was achieved with EUS-BD in five of these, 
with a failure in one with a hematoma. 

In 27 cases that were excluded from analysis due 
to insufficient information[12,15-17], the overall technical 
success rate (including patients with altered anatomy) 
varied from 67.2% to 94.0%, the clinical success rate 
varied from 63.2% to 97.0%, and the complication 
rate varied from 12.0% to 23.2%.

DISCUSSION
EUS-BD vs PTBD
PTBD is a traditional alternative for patients with 
a failed ERCP, though it is associated with a risk of 
complication and significant morbidity[5]. One of the 
major drawbacks of PTBD is external bile loss, which 
leads to a decreased total bile pool. Theoretically, 
maintenance of enterohepatic bile circulation is 
important for host defense function. Kamiya et al[33] 
reported that bile replacement by oral intake of the 
externally diverted bile helped restore gut barrier 
function in patients with bile duct obstruction, but 
internal drainage is still more physiologic than external 
drainage. Moreover, the burden to the patients or 
family members caring for the catheter is considerable, 
and individuals who bathe twice daily may be 
disturbed by the inability to do so, thus decreasing 
their quality of life. In one retrospective study that 
compared 22 EUS-BD patients with 51 PTBD patients, 
the procedures showed a similar clinical success, but 
EUS-BD was associated with fewer adverse events 
and was less costly in the long term[34]. However, 
PTBD in their study had a 100% success rate, which 
was significantly higher than the 86.4% with EUS-BD. 
Another retrospective study compared 25 cases with 
EUS-BD with 26 cases with PTBD, and showed that 
EUS-BD was superior to PTBD in terms of success and 
complication rates[35]. In contrast, a prospective study 
showed a similar efficacy between EUS-BD performed 
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Table 1  Demographics of endoscopic ultrasound-guided biliary 
drainage patients with altered anatomy[8,11,14,18-32] (n  
= 74)

Characteristic Value

Age, yr (n = 36) 64.14 ± 15.08 
Sex, female/male (n = 36) 22/14
Diagnosis (n = 38)
Bile duct stone 14
Benign stricture 10
Malignant stricture 11
Gastric cancer   2
Occluded stent   1
Outcome of EUS-BD, n (%)
Clinical success 51 (91.1)
Complications   7 (17.5)
Technical success 66 (89.2)
EUS-BD technique with technical success, n
Anterograde 28
Hepaticogastrostomy 18
Hepaticojejunostomy   2
Hepaticoesophagostomy   1
Rendezvous   3
Unavailable 14

EUS-BD: Endoscopic ultrasound-guided biliary drainage.

Table 2  Results of endoscopic ultrasound-guided biliary 
drainage in altered anatomy subgroups

Group Subtype No. of 
cases

Technical 
success

Clinical 
success

Complications

1 Billroth Ⅰ 2 2 2 0
2 Billroth Ⅱ 3 2 2 0
3 Roux-en-Y 34 33 (97.0%) 23 (92.0%) 5
4 Roux-en-Y 

gastric bypass
6 6 5 1

Twenty-seven cases with unspecified type and no details available were 
excluded.
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transluminal drainage is preferred, as repeated 
procedures may be easier using a standard endoscope. 
In patients with bile duct stones associated with 
altered anatomy and OAE-ERCP access to the papilla 
or biliary anastomosis with failed ERCP cannulation, 
EUS-BD with anterograde or rendezvous procedures 
may be preferred for stone removal[4,45]. EUS-BD with 
anterograde stone removal using balloon dilation with 
the stones pushed across the ampulla or anastomosis 
was reported in 11 patients with one failure[8,14,22], and 
may be an option in select patients with failed OAE-
ERCP access to the papilla or biliary anastomosis. 
Placement of a transgastric nasobiliary drainage tube 
or a plastic stent to maintain access for subsequent 
repeated procedures was also an option[8,14]. The 
details of the procedure should be customized based 
on clinical setting. 

EUS-BD as an initial modality
OAE-ERCP is increasingly used in patients with altered 
anatomy with more supporting data compared with 
EUS-BD[4,8,11,14,18-32,45], though no comparative studies 
are available. In patients with benign strictures, 
standard ERCP (for patients with Billroth Ⅰ or Ⅱ 
anatomy, Whipple’s operation,) or OAE-ERCP is 
more suitable because of the likelihood for repeated 
procedures for additional stent placement or stent 
exchange. In patients with malignant strictures, EUS-
BD may be an alternative to PTBD in centers with 
appropriate expertise when OAE-ERCP is not available, 
however, this should be done in a research setting. 
For patients with bile duct stones, OAE-ERCP may be 
suitable as the options for treatment of the stones 
are more readily available, and EUS-BD should be 
reserved for patients in whom this procedure fails. 

Limitations of EUS-BD 
As it is difficult to pass the linear EUS endoscope into 
the afferent limb[46], EUS-CDS is not the appropriate 
option for patients with altered anatomies. The EUS-
BD drainage access is limited to the left biliary system, 
and requires the presence of a dilated ductal system. 
Manipulation of the guide-wire to cross a stricture or 
papilla may be difficult, and the guide-wire can be 
sheared[47,48]. As only limited data for anterograde 
EUS-BD were available[48], the success rate may 
be lower with a lower complication rate compared 
with other techniques[7]. EUS-hepaticogastrostomy 
is limited by the lack of adherence between the 
stomach and the liver, which may increase the risk 
of stent dislocation and lead to bile leak. The risk 
of bleeding from the liver may also increase[48]. The 
main limitation of the rendezvous method is the 
requirement of an endoscopically accessible papilla or 
anastomosis, which is always troublesome in cases of 
surgically altered anatomy. In addition, the rendezvous 
procedure requires exchanging the echoendoscope for 
a duodenoscope, during which guide-wire access can 
be lost[48].

in 13 patients and PTBD in 12 patients[36]. Taken 
together, these data suggest that EUS-BD is a suitable 
alternative in patients with failed ERCP, and it may be 
an option in the centers where EUS-BD is available.

Role of EUS-BD in altered anatomy patients
The available data suggest that EUS-BD is as effective 
in patients with altered anatomy as in general patients. 
EUS-BD is still in a state of development, with proper 
procedural techniques under refinement. Furthermore, 
EUS-BD for patients with altered anatomy and failed 
ERCP should be assessed in a research setting to 
properly define its role. A standardized treatment 
algorithm for selection of EUS-BD techniques based on 
the clinical context may improve the outcome[26].

In patients with a Billroth Ⅰ operation, the straight 
anatomy of the stomach and duodenum cause the tip 
of a standard duodenoscope to come too close to the 
papilla, making it difficult to position the ERCP catheter 
along the axis of the bile duct, leading to a failed 
procedure in some patients[37]. In patients with Billroth 
Ⅱ anatomy, OAE-ERCP has an endoscopic success 
rate of 96% and a successful ERCP rate of 90%[4]. 
ERCP is the most difficult in patients with RY-GB, and 
OAE-ERCP has an endoscopic success rate of only 80% 
and successful ERCP rate of only 70%[4]. In post RY-GB 
patients with failed OAE-ERCP, laparoscopy-assisted 
ERCP may be an alternative, as the results in four 
publications[38-41] demonstrated a high success rate of 
90%-100%. However, these studies were limited by 
the number of patients, longer procedure time, the 
need for a laparoscopic doctor, and a much higher cost 
of treatment. The data supporting the role of EUS-
BD in groups 1, 2 and 4 were very limited, and need 
further evaluation. 

EUS-BD may be a suitable alternative in patients 
with failed OAE-ERCP with altered anatomy classified 
as group 3. In patients with benign stricture, the 
accepted treatment includes extended multiple 
plastic stents or metallic stent placement[42-44]. Short-
term outcome of EUS-BD for a small number of 
these patients was promising, though no long-term 
data is available[8,11,14,18,21,27,31]. Anterograde balloon 
dilation has been reported in very few cases, with a 
successful short-term outcome[8,14,21], and transgastric 
placement of multiple plastic stents across the 
anastomotic stricture was feasible in select patients. 
One patient in our report had a good long-term result 
after three years[8]. Because of the repeated nature 
of the procedures in this group for the assessment of 
stricture patency or insertion of an additional stent, 
EUS-BD with anterograde or rendezvous techniques 
may be initially selected as a bridging procedure in 
the patients with endoscopic access of the papilla or 
biliary anastomotic site, but failed ERCP cannulation. 
At present, EUS-BD in patients with benign stricture 
and failed OAE-ERPC access to the papilla or biliary 
anastomosis is challenging. In patients with malignant 
strictures, the same approach is applicable, but 
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The majority of the data concerning EUS-BD is 
reported by experts, and may not translate to clinical 
practice. For example, in a national study in Spain 
involving community endoscopists, EUS-BD had a 
lower success rate (67.2%) and a complication rate of 
23.2%[15]. Moreover, there is no well-designed EUS-
training system and training using swine models, or 
computer-based simulators are expensive and not 
accessible by all trainees[47]. This may hinder the 
establishment of skills in therapeutic EUS. 

FUTURE DEVELOPMENTS
Most of EUS-BDs were performed with conventional 
fine-needle aspiration needles. The new 19-gauge 
blunt tip (Echo-HD; Cook Medical, Bloomington, IN, 
United States) may reduce catching at the needle 
tip during to-and-fro manipulation of a guide-wire 
that may reduce shearing. Needle-knife dilation was 
reported to increase the risk of complications in EUS-
BD[49]. The tip of the needle knife may not align with 
the axis of the guide-wire, thus a 6 Fr catheter with 
diathermic ring (Endoflex, Voerde, Germany) was 
used in some centers[47]. A prototype compression 
coil and twin-headed needle may simplify the EUS-
BD procedure, and shows promise for use in EUS-
CDS in a study in canines[50]. The development of a 
forward-viewing echoendoscope allows simultaneous 
visualization of the endoscopic and EUS operating 
fields, while the perpendicular access and lack of 
angulation at the exit of the working channel allow for 
easy introduction of a 19-gauge needle and passing of 
the stent without indentation[51]. Although the forward-
viewing echoendoscope showed a high success rate 
for EUS-CDS in a prospective case series[52], further 
studies are needed to confirm its advantage in EUS-
BD. Multiple exchanges over the wire during EUS-
BD may increase the risk of leakage, increase the 
procedure time, and increase the chance to lose 
guide-wire access[47]. Non-exchange systems have 
been evaluated in experimental animal studies[53,54], 
and may minimize the aforementioned drawbacks of 
the current EUS-BD technique when the devices are 
available in the future.

CONCLUSION
EUS-guided biliary intervention is technically feasible 
and the available data indicate a high success rate in 
patients with surgically altered anatomies. Although 
the complication rate may be higher than for OAE-
ERCP in patients with altered anatomy (17.5% vs 
3.4%[4]), EUS-BD may be a rescue option in patients 
for whom OAE-ERCP has failed when conducted within 
centers with appropriate expertise and in a research 
setting. A standardized algorithm for using different 
EUS-BD techniques, refinement of these methods, 
and the development of new devices may improve 
the efficacy of EUS-BD and minimize the complication 

rate. The role of forward-viewing echoendoscope and 
comparison with the current standard EUS endoscope 
remain to be assessed. 
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Abstract
Squamous papilloma of the esophagus is a rare benign 
lesion of the esophagus. Radiofrequency ablation is an 
established endoscopic technique for the eradication of 
Barrett esophagus. No cases of endoscopic ablation of 
esophageal papilloma by radiofrequency ablation (RFA) 
have been reported. We report a case of esophageal 
papilloma successfully treated with a single session 
of radiofrequency ablation. Endoscopic ablation of 
the lesion was achieved by radiofrequency using a 
new catheter inserted through the working channel 
of endoscope. The esophageal ablated tissue was 
removed by a specifically designed cup. Complete 
ablation was confirmed at 3 mo by endoscopy with 
biopsies. This case supports feasibility and safety of as 
a new potential indication for BarrxTM RFA in patients 
with esophageal papilloma. 

Key words: Esophageal papilloma; Endoscopic ablation; 
Radiofrequency; Minimally invasive; Natural orifice 
transluminal endoscopic surgery
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Core tip: This paper reports for the first time a flexible 
endoscopic treatment of esophageal papilloma by a 
new radiofrequency system that goes into the working 
channel of the endoscope. This allows the endoscopist 
to see what he is doing along the procedure and to 
complete the procedure in few minutes. The procedure 
was performed without particular difficulties and did 
not required elevated skills. 
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INTRODUCTION
Esophageal benign lesion is often a major concern 
due to need of an effective and low risk procedure 
combined to unmodified physiology[1]. Radiofrequency 
ablation (RFA) is an established endoscopic technique 
for the eradication of Barrett esophagus, which has 
been investigated in a variety of study designs and 
settings[2-6].

RFA is associated with an acceptable safety profile, 
high rates of complete eradication of dysplasia and 
intestinal metaplasia, durability of effect, and a significant 
relative risk reduction for neoplastic progression, thus it 
is considered a standard of care for patients with high-
grade dysplasia[7].

Squamous papilloma (SP) of the esophagus is a 
rare benign lesion of the esophagus. The prevalence 
ranges from 0.01 % to 0.45 %[8]. SP of the esophagus 
is usually asymptomatic and rarely causes dysphagia. 
Esophageal squamous papillomatosis is typically 
reported as a wart-like and fleshy-pink single lesion, 
most commonly in the middle or distal esophagus; 
the typical endoscopic appearance is a single, round 
sessile lesion[9]. The underlying etiology is unclear, but 
chronic reflux disease, mucosal trauma, and human 
papillomavirus (HPV) infection have been implicated, 
although most lesions are found in absence of HPV[10]. 
The malignant potential of the lesion is unknown, 
and no guidelines exist regarding follow-up of these 
lesions[11]. Some authors have recently reported the 
possibility of an endoscopic removal[12,13]. To the best 
of our knowledge, no cases of endoscopic ablation of 
esophageal papilloma by RFA has been reported. We 
report a case of esophageal papilloma successfully 
treated with a single session of RFA.

CASE REPORT
This case was conducted according to the Declaration 
of Helsinki and approved by the local institutional 
review board. In February 2014, a 52-year-old 
white asymptomatic woman was referred to our 
unit in the preoperative assessment of intragastric 
baloon placement for obesity. Upper gastrointestinal 
endoscopy (UGIE) revealed the presence of a single 
whitish wart-like area of about 0.5 cm in diameter 
which was located 37 cm from the incisors, above 
the Z-line (Figure 1). Narrow band imaging (NBI) 
confirmed the presence of an unstained area. 
Histologic examination showed the presence of 
micropapilloma of the esophagus surrounded by 

cilindric epithelium with congestion and flogosis (Figure 
2). In April 2014 a session of RFA (BarrxTM, Covidien, 
CA, United States) on the dysmorphic esophageal area 
was performed. Total length of the procedure was 10 
min. No complications occurred during the procedure. 
Postoperative course was uneventful.
 
Endoscopic technique 
The patient was positioned in the left lateral decubi
tus position under monitoring of vital signs. Intra
venous sedation was administered. An UGIE allowed 
identification of the esophageal papilloma. The total 
length of the area was calculated. Esophageal lumen 
was pre-treated with N-acetycysteine 1% (MucomystTM). 
A new designed catheter (Channel RFA Endoscopic 
Catheter, Barrx™, Covidien) was inserted through the 
working channel of a standard flexible gastroscope 
(Figure 3). The electric pad of the catheter was placed 
under direct visualization so that the entire suspected 
area was covered. Radiofrequency was applied at 300 
W and 12 J/cm2. The wound along the ablation zone 
was cleaned from debris using Barrx™ RFA Cleaning 
cup mounted on distal end of endoscope. The ablation 
was repeated using the same procedure (Figure 4). 
The patient was discharged the same day. An UGIE 
was repeated after one months, showing a whitish 
area suggestive of scarring at the site of ablation 
without macroscopical evidence of residual papilloma. 
A second UGIE with biopsies, at 3 mo, excluded the 
presence of recurrent disease. 

DISCUSSION
RFA has been recently reported to be more effective 
and less costly than photodynamic therapy in the 
treatment of Barrett’s related dysplasia[14]. On the 
other hand, an important advantage of RFA lays on 
simplicity and safety of the procedure suggesting 
the treatment can be effective with potential lower 
complications rates than more invasive techniques 
such as endoscopic resection. In this case an 
asymptomatic patient was discovered to have an 
esophageal papilloma in course of preoperative EGDS 
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Figure 1  Endoscopic view of esophageal papilloma.
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Figure 2  Esophageal biopsy showing papillary projections lined with acanthotic squamous epithelium (A: HE 4 ×; B: HE 10 ×).

Figure 3  Radiofrequency catheter inserted into standard flexible gastroscope operative channel (Barrx™, Covidien). 

Figure 4  Radiofrequency pad is placed over the lesion under direct visualization (A); Ablation area after the first application of energy (B); Second 
application of the pad to include all the area of esophageal papilloma (C); Esophageal wound cleaned from debris by cleaning cup (D).
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In this case, the efficacy was reached by a single 

session of RFA, with a minimal discomfort for the 
patient and a relatively low impact on the endoscopic 
center. Our initial experience supports the feasibility 
and safety of a new potential indication for BarrxTM 
RFA in patients with esophageal papilloma. Further 
cases and a longer follow up will be needed to drive a 
definitive conclusion.
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