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Abstract
Pancreatic fluid collections (PFCs) develop secondary 
to either fluid leakage or liquefaction of pancreatic 
necrosis following acute pancreatitis, chronic pancrea-
titis, surgery or abdominal trauma. Pancreatic fluid 
collections include acute fluid collections, acute and 
chronic pancreatic pseudocysts, pancreatic abscesses 
and pancreatic necrosis. Before the introduction of lin-
ear endoscopic ultrasound (EUS) in the 1990s and the 
subsequent development of endoscopic ultrasound-
guided drainage (EUS-GD) procedures, the available 
options for drainage in symptomatic PFCs included sur-
gical drainage, percutaneous drainage using radiologi-
cal guidance and conventional endoscopic transmural 
drainage. In recent years, it has gradually been recog-
nized that, due to its lower morbidity rate compared to 
the surgical and percutaneous approaches, endoscopic 
treatment may be the preferred first-line approach for 
managing symptomatic PFCs. Endoscopic ultrasound-
guided drainage has the following advantages, when 
compared to other alternatives such as surgical, per-
cutaneous and non-EUS-guided endoscopic drainage. 

EUS-GD is less invasive than surgery and therefore 
does not require general anesthesia. The morbidity 
rate is lower, recovery is faster and the costs are lower. 
EUS-GD can avoid local complications related to per-
cutaneous drainage. Because the endoscope is placed 
adjacent to the fluid collection, it can have direct ac-
cess to the fluid cavity, unlike percutaneous drainage 
which traverses the abdominal wall. Complications 
such as bleeding, inadvertent puncture of adjacent 
viscera, secondary infection and prolonged periods of 
drainage with resultant pancreatico-cutaneous fistulae 
may be avoided. The only difference between EUS and 
non-EUS drainage is the initial step, namely, gaining 
access to the pancreatic fluid collection. All the sub-
sequent steps are similar, i.e., insertion of guide-wires 
with fluoroscopic guidance, balloon dilatation of the 
cystogastrostomy and insertion of transmural stents or 
nasocystic catheters. With the introduction of the EUS-
scope equipped with a large operative channel which 
permits drainage of the PFCs in “one step”, EUS-GD 
has been increasingly carried out in many tertiary care 
centers and has expanded the safety and efficacy of 
this modality, allowing access to and drainage of overly 
challenging fluid collections. However, the nature of 
the PFCs determines the outcome of this procedure. 
The technique and review of current literature regard-
ing EUS-GD of PFCs will be discussed.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Pancreatic fluid collections (PFCs) develop secondary to 
either fluid leakage or liquefaction of  pancreatic necrosis 
following acute pancreatitis, chronic pancreatitis, sur-
gery or abdominal trauma[1,2]. PFCs include acute fluid 
collections, acute and chronic pancreatic pseudocysts, 
pancreatic abscesses and pancreatic necrosis (Table 1). 
Up to a few years ago, drainage was recommended if  the 
PFCs were larger than 6 cm, continued to increase in size 
or did not resolve after 6 wk as well as in asymptomatic 
patients, in order to avoid subsequent development of  
complications such as hemorrhage, perforation or sec-
ondary infections. Presently, drainage is recommended 
only for symptomatic collections. Symptomatic PFCs, 
presenting with pain and mechanical obstruction of  the 
gastric outlet or biliary system, require drainage. Drainage 
of  pancreatic abscesses and infected necrosis is required 
for the effective control of  sepsis[3,4].

In recent years, it has gradually been recognized that, 
due to its lower morbidity rate compared to the surgi-
cal and percutaneous approaches, endoscopic treatment 
may be the preferred first-line approach for managing 
symptomatic PFCs[1,2,4]. Endoscopic ultrasound-guided 
drainage (EUS-GD) has the following advantages, when 
compared to other alternatives such as surgical, percuta-
neous and non-EUS-guided endoscopic drainage[4,5].

EUS-GD is less invasive than surgery and therefore 
does not require general anesthesia. The morbidity rate is 
lower, recovery is faster and the costs are lower[4,5]. EUS-
GD can avoid local complications related to percutane-
ous drainage. Because the endoscope is placed adjacent to 
the fluid collection, it can have direct access to the fluid 
cavity, unlike percutaneous drainage which traverses the 
abdominal wall. Complications such as bleeding, inad-
vertent puncture of  adjacent viscera, secondary infection 
and prolonged periods of  drainage with resultant pancre-
atico-cutaneous fistulae may be avoided. In addition, it is 
not possible to remove solid necrotic debris through per-
cutaneous drainage, whereas endoscopic necrosectomy 
may be performed via a transmural approach[4].

The only difference between EUS and non-EUS drain-
age is the initial step, namely, gaining access to the pancre-
atic fluid collection. All the subsequent steps are similar, 
i.e., insertion of  guide-wires with fluoroscopic guidance, 
balloon dilatation of  the cystogastrostomy, insertion of  
transmural stents or nasocystic catheters and endoscopic 
necrosectomy. 

The specific advantages of  using EUS-GD include: (1) 

EUS can distinguish PFCs from masqueraders as cystic 
tumors, the gallbladder, lymphoceles, true cysts and pseu-
doaneurysm; (2) EUS can determine the content of  the 
PFC, such as whether it is a simple abscess or if  signifi-
cant necrotic debris is present, which would then require 
a more aggressive endoscopic approach; (3) EUS can 
identify interposed blood vessels and potentially reduce 
the risk of  bleeding; (4) EUS can determine the distance 
between the PFC cavity and gut wall, thus potentially 
decreasing the risk of  perforation; and (5) EUS permits 
drainage of  non-bulging PFCs. 

PROCEDURE AND TECHNIQUE
Antibiotic prophylaxis is generally administered in order 
to reduce the risk of  infections. An adequate surgical 
back-up is mandatory. Drainage can be performed with 
the patient under moderate sedoanalgesia, although it 
may be helpful to carry out the procedure under general 
anaesthesia. Fluoroscopy is necessary, even although it is 
technically feasible to drain a PFC with a single stent us-
ing only EUS guidance.

Drainage should be performed using a linear echoen-
doscope with a working channel of  3.7 mm or 3.8 mm 
which allows the insertion of  a 10 Fr stent or metallic 
stent. Echoendoscopes with smaller working channels, 
such as 2.8 mm or 3.2 mm, permit only the insertion of  
7 Fr and 8.5 Fr stents, respectively. 

If  only echoendoscopes with small working channels 
are available, the echoendoscope can be exchanged with a 
therapeutic endoscope over the guide-wire and the drain-
age can be performed using this endoscope following ini-
tial EUS-guided puncture and guide-wire placement into 
the cavity.

There are several methods for performing EUS-
GD of  a PFC. The choice of  technique is largely based 
on personal preference and experience, but four general 
steps are required: (1) Ultrasonographic imagery to iden-
tify an appropriate puncture route which has no interpos-
ing vessels (Figure 1); (2) Needle puncture of  the PFC 
and insertion of  a guide-wire (Figure 2A, B); (3) Dilation 
of  the punctured tract, creating a fistula between gut wall 
and the PFC (Figure 3); and (4) Insertion of  the drainage 
tubes (Figure 4A, B). 

Two different approaches are described, the “single 
guide-wire approach” and the “double guide-wire ap-
proach”[4]. By using the traditional single guide-wire ap-
proach, a linear echoendoscope is used to visualize the 
pancreatic fluid collection; the collection is then punc-
tured with a needle after Doppler US evaluation. Several 
needles, such as the 19-gauge EUS-fine needle aspiration 
(FNA) needles, access 19-gauge needle and the cystotome 
are alternatively employed. A guide-wire is then inserted 
through the needle into the collection under fluoroscope 
guidance. Usually, the puncture site is dilated by a balloon 
catheter to 6 to 8 mm and a double-pigtail transmural 
stent is then inserted for drainage. When multiple stents 
or an additional nasocystic catheter is required, the PFC 
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is recannulated by using a catheter and guide-wire, fol-
lowed by insertion of  the second transmural stent or na-
socystic catheter.

To circumvent the problem of  having to recannu-
late the PFC after gaining initial transmural access and 
catheter or transmural stent placement, the concept of  a 
“double-wire” approach, in which 2 guide-wires are in-
serted through the same catheter before stent placement, 
has been advocated. Three methods have been described. 
The initial publication of  the procedure used a proto-
type 3-layer puncture kit which allowed the simultaneous 
insertion of  2 guide-wires at the initial puncture. This 
puncture kit consisted of  a 6 Fr inner teflon catheter 
(DuPont, Wilmington, Del) inserted through an outer 
8.5 Fr teflon catheter and a 22-gauge FNA needle, which 
was inserted through the inner catheter. The 6 Fr inner 
catheter reduces step formation and facilitates the inser-
tion of  the assembled kit into the PFC cavity after needle 
puncture. By using the assembled kit with the needle 
protruding out at the distal end of  the catheter, the PFC 
is punctured under EUS-guidance, using electrocautery. 
The assembled inner and outer catheters are then pushed 
into the cavity. Once entry into the PFC is confirmed by 
EUS and by aspiration of  fluid, the needle and the 6 Fr 
inner catheter are withdrawn, which leaves behind the 8.5 
Fr outer catheter. Two 0.035-inch guide-wires are simul-
taneously inserted into the PFC cavity. An 8.5 Fr double-
pigtail stent and a 7 Fr nasocystic catheter or another 
stent can be sequentially placed. Other investigators re-
ported inserting either the 10 Fr outer catheter of  a cys-
totome or a 10 Fr Soehendra biliary dilator into the PFC 
cavity through the single guide-wire inserted at the initial 
EUS-guided puncture, followed by insertion of  a second 
guide-wire through these catheters. Sequential transmural 
stent and drainage catheter placement can then be per-
formed without loss of  access to the PFC cavity and ob-

viates the need for recannulation, which may be difficult 
because of  a tangential axis of  puncture or from poor 
visibility caused by the fluids flowing from the PFC.

In some cases, EUS-GD fails to reduce the size of  
the PFC due to the presence of  persistent infection with 
necrotic material. In such cases, endoscopic necrosec-
tomy using a gastroduodenoscope is indicated. A balloon 
dilator for esophageal strictures is used to dilate the fistu-
la where the stents are inserted. After dilation of  the cys-
togastrostomy or cystoduodenostoma with the balloon 
dilator, a gastroduodenoscope is directly inserted into 
the PFC. Mural trabeculation and necrotic substances are 
then identified in the PFC and necrotic tissue is irrigated 
by spraying water from a flushing pump and removing 
the tissue with a basket catheter[4].

OUTCOME AND RESULTS
One of  the most important steps in the development 
of  interventional EUS was taken by Grimm et al[6] in 
1992. They created a fistula between the stomach and 
a cyst with the aid of  a linear echoendoscope. Owing 
to the small working channel of  only 2 mm, the EUS-
scope had to be exchanged for a regular side-viewing 
endoscope after a puncture and guide-wire placement in 
the PFC under EUS guidance. With the introduction of  
the therapeutic linear EUS-scope with working channels 
of  3.7 or 3.8 mm, it is now possible to achieve adequate 
drainage by placing multiple large-bore stents and a na-
socystic catheter without changing the endoscope. As 
a result of  these developments, EUS-GD has currently 
been tested in 1134 published cases and, in experienced 
hands, is now considered a safe and effective technique 
for the treatment of  PFCs, with a very low complication 
rate (Table 2)[6-78].

There are a large number of  case reports and case 
series including PFCs with different characteristics and 
different methods of  drainage and using diverse EUS-
scopes and endoscopes.

Recently, a web-based survey was sent to United 
States and international members of  the American Soci-
ety for Gastrointestinal Endoscopy[79]. Of  the 3054 endo-
scopists to whom the survey was sent, 266 (8.7%) replied: 
198 performed pseudocyst drainage [103 (52%)] and the 
transgastric route was the most commonly used drain-
age route (65%). The number of  stents placed ranged 
from 1 to 5 and these remained in place for 2 to 30 wk. 
A CT-scan was used before drainage by 95% of  all re-
spondents. EUS imaging was used before drainage by 72 
of  103 United States endoscopists (70%) compared with 
56 of  95 international endoscopists (59%). EUS-guided 
drainage was used by 56% of  United States endoscopists 
compared with 43% of  international endoscopists. The 
most common site of  transmural entry for drainage of  
collections appears to be the transgastric route. Although 
CT-scan is the most commonly used pre-drainage imag-
ing modality, EUS is used before and during transmural 
drainage of  pseudocysts.
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Table 1  Classification of pancreatic fluid collections

Term Definition

Acute fluid 
collection

A collection of enzyme-rich pancreatic juice occurring 
early (within 48 h) in the course of acute pancreatitis, 
located in or near the pancreas and always lacking a 

well-defined wall of granulation tissue or fibrous tissue
Acute pseudo-
cyst

A collection of pancreatic juice enclosed by a wall of
nonepithelialized granulation tissue, arising as a conse-
quence of acute pancreatitis, requiring at least 4 wk to 

form and devoid of significant solid debris
Chronic pseu-
docyst

A collection of pancreatic juice enclosed by a wall of
fibrous or granulation tissue, arising as a consequence 

of chronic pancreatitis
Early pancre-
atic necrosis

A diffuse or focal area of nonviable pancreatic paren-
chyma greater than 30% of the gland by CT-scan, typi-

cally associated with peripancreatic fat necrosis
Late orga-
nized pancre-
atic necrosis

Evolution of acute necrosis to a partially encapsulated, 
well-defined collection of pancreatic juice and necrotic 

debris
Pancreatic 
abscess

A circumscribed intra-abdominal collection of pus, usu-
ally in proximity to the pancreas, containing little or no 
pancreatic necrosis, arising as a consequence of acute 

pancreatitis or pancreatic trauma
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However, several nonrandomized case series have 
suggested that EUS-GD is safer than traditional “blind” 
techniques[36,80].

Kahaleh et al[36] published the first nonrandomized 
study which compared endoscopic conventional trans-
mural drainage (CTD) with EUS-GD. In that study, PFCs 
with bulging and no obvious portal hypertension under-
went conventional transmural drainage, while all remain-
ing patients underwent EUS-GD. There were no signifi-
cant differences between the groups in terms of  efficacy 
or safety. Indirectly, this study supported the concept 
that EUS-GD is superior, because it can be used to drain 

PFCs not amenable to CTD, without any increased risks.
Varadarajulu et al[80], in a nonrandomised study, evalu-

ated the CTD with EUS-GD of  PFCs in 53 patients. 
CTD was successful in only 30 patients (57%). To achieve 
successful drainage, luminal compression was required 
and at least five puncture attempts were made, potentially 
increasing the complication risk. On the other hand, EUS 
allowed a diagnosis of  mucinous tumor to be made in 
two patients and was successful in all cases. Bleeding oc-
curred in one patient who underwent CTD, whereas no 
complications occurred among those who underwent 
EUS-GD.

To date only two randomized trials have been pub-
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Figure 1  Ultrasonographic image of the pancreatic fluid collection to 
identify an appropriate puncture route which has no interposing vessels.

Figure 2  Needle puncture of the pancreatic fluid collection and insertion 
of a guide-wire. A: Ultrasonographic image of needle puncture of the pancre-
atic fluid collection; B: Radiological image of insertion of a guide-wire in the 
pancreatic fluid collection.

B

A

Figure 3  Dilation of the punctured tract, creating a fistula between gut 
wall and the pancreatic fluid collection.

B

A

Figure 4  Insertion of the drainage tubes. A: Endoscopic image of insertion 
of a fully covered self-expanding metal stent; B: Radiological image of insertion 
of a fully covered self-expanding metal stent. 
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Table 2  Results of endoscopic ultrasound-guided drainage of pancreatic fluid collections
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Ref. Year Number of PFCs Technical success (%) Clinical success (%) Complications (%) Recurrence (%)

Grimm et al[6] 1992   1 100 100   0   0
Binmoeller et al[7] 1995 27   93   78 52 22
Wiersema[8] 1996   1 100 100   0   0
Chan et al[9] 1996   1 100 100   0   0
Gerolami et al[10] 1997   3 100 100   0   0
Ardengh et al[11] 1998   2 100 100   0   0
Giovannini et al[12] 1998   6 100   83   0 16
Pfaffenbach et al[13] 1998 11   91   82   0 18
Vilmann et al[14] 1998   1 100 100   0   0
Seifert et al[15] 2000   3 100 100   0   0
Seifert et al[16] 2000   6 100   83   0   0
Fuchs et al[17] 2000   3 100 100   0   0
Baron et al[18] 2000   1 100 100   0   0
Wiersema et al[19] 2001   1 100 100   0   0
Inui et al[20] 2001   3 100 100   0 33
Giovannini et al[21] 2001 35 100   89   3   9
Norton et al[22] 2001 14   93   93 14 23
Seifert et al[23] 2001   4 100   75   0   0
Vosoghi et al[24] 2002 14 100   93   7   7
Enya et al[25] 2003 13 100   85   0   0
Kakutani et al[26] 2004   1 100 100   0   0
Seewald et al[27] 2005 13 100   85 30 15
Sriram et al[28] 2005   8 100 100 12   0
Benyoumes et al[29] 2006   1 100 100   0   0
Raczynski et al[30] 2006   2 100 100   0   0
Charnley et al[31] 2006 13 100   92   0   0
Hookey et al[32] 2006 32   96   93 11 12
Krüger et al[33] 2006 35   94   88 33 12
Azar et al[34] 2006 23   91   82   4 18
Antillon et al[35] 2006 33   94   87 15   4
Kahaleh et al[36] 2006 46 100   93 19 NA
Itoi et al[37] 2006   3 100 100   0   0
Rout et al[38] 2006   1 100 100   0   0
Seewald et al[39] 2006   8 100 100   0   0
Ahlawat et al[40] 2006 11 100   82 18 18
Arvanitakis et al[41] 2007 46 100   94 22 11
Lopes et al[42] 2007 51   94   84 25 17
Jansen et al[43] 2007   8 100 100   0   0
Voermans et al[44] 2007   7 100 100 14   0
Voermans et al[45] 2007 25 100   93 40   7
Kang et al[46] 2008   1 100 100   0   0
Escourrou et al[47] 2008 13 100 100 46   0
Ardengh et al[48] 2008 77   94   91   6 11
Hocke et al[49] 2008 30   97   83 23   3
Varadarajulu et al[50] 2008 24 100   96   4 NA
Varadarajulu et al[51] 2008 60   95   93   2   4
Barthet et al[52] 2008 28 100   89 25 NA
Jah et al[53] 2008   1 100 100   0   0
Reddy et al[54] 2008   6 100 100 16   0
Talreja et al[55] 2008 18 100   95 44   0
Schrover et al[56] 2008   8 100   75 13   0
Mathew et al[57] 2008   6 100 100 16   0
Tarantino et al[58] 2009   1 100 100   0   0
Park et al[59] 2009 39   95 100   7   6
Yasuda et al[60] 2009 26   92   95   0 17
Itoi et al[61] 2009 13 100 100   0   0
Trevino et al[62] 2009   3 100 100   0   0
Varadarajulu et al[63] 2009 10 100   90   0   0
Piraka et al[64] 2009   2 100 100 50   0
Ang et al[65] 2009 10 100 100 10   0
Okabe et al[66] 2009   2 100 100   0   0
Antillon et al[67] 2009   1 100 100   0   0
Chase et al[68] 2009   1 100 100   0   0
Becker et al[69] 2009   7 100 100 57 14
Ahn et al[70] 2010 47   98 100 11 11
Khashab et al[71] 2010   6 100 NA   0 NA
Tarantino et al[72] 2010   1 100 100   0   0
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lished comparing the CTD with EUS-GD of  PFCs[50,59]. 
Varadarajulu et al[50] in 2008 published the first prospec-
tive randomized trial to compare the rate of  technical 
success between EUS-GD and CTD of  PFCs. Thirty pa-
tients were randomised to undergo PFC drainage by EUS 
(15) or CTD (15) over a 6 mo period. Of  the 15 patients 
randomized to EUS, drainage was not undertaken in one 
because an alternative diagnosis of  biliary cystadenoma 
was made and this patient was excluded. All 14 patients 
randomised to an EUS underwent successful drainage 
(100%), while the procedure was technically successful in 
only 5 of  15 patients (33%) randomized to CTD. All 10 
patients who failed drainage by CTD underwent success-
ful drainage of  the PFC on a crossover to EUS. Major 
procedure-related bleeding was encountered in 2 patients 
in whom CTD was performed.

Park et al[59] conducted a prospective randomised trial 
to compare the technical success and clinical outcomes 
of  EUS-GD and CTD for treating pancreatic pseudo-
cysts. A total of  60 consecutive patients with pancreatic 
pseudocysts were randomly divided into two groups to 
undergo either EUS-GD (31) or CTD (29). The rate of  
technical success of  the drainage was significantly higher 
for the EUS group (94 %) than for the CTD group (72 %) 
(P = 0.039) in intention-to-treat analysis. In cases where 
CTD failed (8 patients) because the pseudocysts were 
nonbulging, a crossover was made to EUS-GD, which 
was successfully performed in all these patients. Compli-
cations occurred in 7 % of  the EUS group and in 10% 
of  the CTD group (P = 0.67). During follow-up, pseu-
docyst resolution was achieved in 97% in the EUS group 
and in 91 % in the CTD group (P = 0.565).

Varadarajulu et al[81] also published the only experience 
which compares the clinical outcomes of  EUS-GD with 
surgical cyst-gastrostomy for the management of  patients 
with uncomplicated PFCs and a cost analysis of  each 
treatment modality was also performed. Ten patients who 
underwent surgical cyst-gastrostomy were matched with 
20 patients who underwent an EUS-GD. There were no 
significant differences in rates of  treatment success (100% 
vs 95%), procedural complications (none in either cohort) 
or reinterventions (10% vs 0%) between surgery and 
EUS-GD. The mean length of  a post-procedure hospital 
stay for the EUS group was shorter than for the surgical 
group (2.5 d vs 6.5 d) and the average direct cost per case 
for EUS-GD was significantly lower when compared 
with surgical cyst-gastrostomy.

These studies showed that when EUS-GD is per-
formed, the rate of  iatrogenic hemorrhage and perfora-
tion is lower and the success rate is markedly higher.

Portal hypertension with gastric varices was tradition-
ally a contraindication for endoscopic drainage because 
of  the possibility of  iatrogenic hemorrhage. However, in 
the series by Antillon et al[35], 24% of  patients treated had 
perigastric varices and other groups have also reported 
a similar ability to perform transenteric drainage in the 
setting of  portal hypertension and intervening perigastric 
vessels using endoscopic ultrasound-guided drainage[28]. 

The technical and clinical success mean rates reported 
for EUS-GD of  PFCs in series with more than 10 pa-
tients were 97% and 91% respectively and the mean 
overall recurrence rate was 9%[6-78].

Pancreatic fluid collections that arise in the setting of  
acute pancreatitis tend to respond better to endoscopic 
drainage than those arising in patients with chronic pan-
creatitis; however, in one study, higher success rates were 
actually seen in those patients with chronic pancreatitis 
(92% vs 74%), with the difference potentially related to 
timing of  drainage in the acute pancreatitis group[82-84].

For PFCs which contain a clear fluid, such as pseudo-
cysts, the treatment success rates are very high, exceeding 
95% and even reaching 100%, while for PFCs in which at 
EUS the contents can appear to be completely anechoic, 
with nonfluid/hyperechoic material and a homogenous 
layer (probably debris) or as focal lesions consistent with 
necrotic tissue, such as pancreatic abscesses or walled-off  
pancreatic necrosis, the results for clinical resolution are 
generally poorer than pseudocyst. 

Hookey et al[32] compared etiologies, drainage tech-
niques and outcomes in 116 patients (32 EUS-GD) who 
underwent endoscopic drainage of  PFCs. Of  the 116 
patients, 8 patients had pancreatic necrosis and 9 had 
pancreatic abscesses. In this study, drainage of  organized 
necrosis was associated with a significantly higher failure 
rate than other collections. Drainage of  necrosis resulted 
in clinical success in only 25% of  cases and technical 
success in 50%. Six of  eight patients had a nasocystic 
catheter placed and one patient experienced recurrence. 
There were two procedure-related complications in this 
subgroup. Nine patients underwent endoscopic drainage 
for pancreatic abscesses. Seven of  nine patients had a na-
socystic catheter placed. All procedures were technically 
successful and eight of  nine (88.9%) patients had clinical 
success. One abscess recurred and there were no proce-
dure related complications. 

Seifert et al[15] were the first group to describe the 
combination of  EUS-GD transmural puncture in necro-
tizing pancreatitis or abscess followed by tract dilation 
and repeated, direct endoscopic debridements of  the 
lesser sac. In this series, fenestration of  the gastric wall 
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Koo et al[73] 2010   1 100 100   0   0
Pallapothu et al[74] 2011   6 100   77 16 16
Jazrawi et al[75] 2011 10 100 100   0 10
Larghi et al[76] 2011   1 100 100   0   0
Sadik et al[77] 2011 26 100   88 15   4
Will et al[78] 2011                 132   97   96 29 15

NA: Not available; PFCs: Pancreatic fluid collections. 
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and debridement of  infected necrosis by direct retroperi-
toneal endoscopy was performed on three patients. This 
strategy led to rapid clinical improvement and no serious 
complications. 

In 2001, Giovannini et al[21] reported their experience 
with EUS-guided drainage of  pancreatic pseudocysts 
and pancreatic abscesses in 35 patients. Twenty of  these 
patients had pancreatic abscesses, located either in the tail 
of  the pancreas (17 patients) or adjacent to the gastric 
wall (3 patients). Placement of  a 7 Fr nasocystic drain 
was successful in 18 of  20 patients. The remaining two 
patients required surgery. Over a mean follow-up period 
of  27 mo, two relapses occurred. 

In 2005, Seewald et al[27] performed a retrospec-
tive study of  the outcome of  patients with pancreatic 
necrosis and abscesses, all unfit to undergo surgery. The 
treatment included synchronous EUS-GD procedures 
followed by balloon dilation of  the cystogastrostomy 
or cystoduodenostoma, daily endoscopic necrosectomy 
and saline solution washing, and sealing of  pancreatic 
fistulae by N-butyl-2-cyanoacrylate. This study was per-
formed over a 7 year period with 13 consecutive patients, 
5 with infected pancreatic necrosis and 8 with pancreatic 
abscesses. Endoscopic therapy was successful in resolv-
ing the infected necrosis or abscess in 12 of  13 patients 
over a median follow-up period of  9.5 mo. One patient 
required additional surgery to evacuate necrosis that 
extended into the paracolic gutter. Two patients with a 
disconnected duct gland syndrome developed recurrent 
fluid collections after 2 and 4 mo. These patients ulti-
mately required pancreatic head resections. Two patients 
had their persistent ductal leaks glued. Complications in-
cluded three episodes of  locally controlled bleeding. The 
median number of  daily necrosectomy and lavage was 7 
(range 2-23) and 12 (range 2-41), respectively. 

In 2007, Lopes et al[42] performed a retrospective 
analysis of  51 patients who underwent EUS-GD of  
PFCs. Twenty-six of  these patients had pancreatic ab-
scesses. What is notable in this study regarding pancreatic 
abscesses is that the endoscopic approach was not more 
hazardous for abscesses in regard to the complications 
rate when compared to other pancreatic fluid collections. 
Placement of  a nasocystic drain did not reduce the com-
plication rate but the placement of  two stents narrowed 
the rate of  complications.

Recently, Sadik et al[77] compared the outcome for 
EUS-GD of  clear fluid pancreatic pseudocysts (15 pa-
tients) with the outcome for abscess drainage (10 pa-
tients). The EUS-GD drainage was successful in 94% of  
the pseudocysts and in 80% of  the abscesses (P = 0.04). 
The complication rate in pseudocysts was 6% and in ab-
scesses was 30% (P = 0.02).

Will et al[78] have published the largest series reported 
in the literature with 81 abscess and 34 infected necrosis 
drained transluminally with EUS, with an overall clinical 
success rate of  97% and 94% and a recurrence rate of  
16% and 18%, respectively. 

However, EUS-GD for PFCs presents some chal-

lenges and disadvantages. One of  the challenges encoun-
tered during EUS-GD, especially in infected PFCs, is the 
process of  sequential transgastric stenting and nasocystic 
catheter placement, which may be difficult because of  
the collapse of  the cystic cavity, the presence of  a notable 
quantity of  fluid or pus being emitted by the cavity which 
obscures the endoscopic view and the tangential axis of  
the punctured tract[39].

Other challenges encountered, especially when the 
content of  the collection is non-fluid, are: (1) the small 
diameter of  the 10 Fr plastic stents used which limits the 
efficacy in draining; (2) the need, in some cases, to place 
more stents for drainage, which has been associated with 
the need for multiple revisions in 17.7% to 27% of  cases 
due to obstruction; and (3) when the placement of  a 
naso-cystic catheter is required, patient discomfort and 
dislodgement of  the catheter are often reported[3,4].

For the above reasons, the type of  stent used for en-
doscopic drainage is currently a major area of  interest. In 
a small number of  cases, covered self-expandable metal 
stents (CSEMSs), with different diameters and different 
endoscopic techniques of  placement, have recently been 
adopted for drainage[55,58,67,72].

Talreja et al[55] evaluated the efficacy and safety of  
transenteric drainage of  PFCs by using CSEMSs. In that 
study, 18 patients underwent drainage of  PFCs and a me-
dian of  1 session was required to achieve drainage. The 
technical and clinical success rates were 100% and 95%, 
respectively; with 14 patients (78%) achieving complete 
resolution of  their PFC. The mean follow-up period until 
final resolution was 77 d and complications included su-
perinfection (5), bleeding (2) and inner migration (1).

Antillon et al[67] report a case in which they used a 
large diameter removable metallic esophageal stent to 
facilitate drainage of  infected pancreatic necrosis after 
multiple failed conventional necrosectomies.

A CSEMS can be an alternative to conventional 
drainage with plastic stents because it offers the option 
of  a larger diameter access fistula for drainage and may 
increase the final success rate while it reduces the time to 
PFC resolution. A larger prospective randomised study 
should be carried out to compare this technique with 
conventional drainage with plastic stents in order to vali-
date these findings.

COMPLICATIONS
The main potential complications of  concern are super-
infection, bleeding and perforation. 

The complication rate reported ranges between 0% 
and 52% (Table 2), with a mean overall complication rate 
of  15% in series with more than 10 patients[6-78]. 

To minimise risk, only collections with a mature wall 
and within 1 cm of  the gastrointestinal lumen should 
undergo endoscopic drainage. Any coagulopathy, if  
present, should be corrected. Patients with pseudocysts 
undergoing drainage should also receive prophylactic 
antibiotics in order to prevent secondary infection of  a 
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sterile collection. 
The risk of  complication is low thus far in the con-

text of  EUS-GD of  PFCs without endoscopic necrosec-
tomy and debridement. Perforation rates ranging between 
3%-5% were reported in the context of  endoscopic 
necrosectomy[45,49,78]. The risk can be reduced by adhering 
to key principles, such as draining only a collection with 
a mature wall, performing stepwise balloon dilatation of  
the cystogastrostomy, avoiding over-insufflations of  the 
cavity with air and performing gentle debridement using 
saline lavage and aspiration, baskets, soft snares and re-
trieval nets when required.

In conclusion, the availability of  curved linear ar-
ray echoendoscopes has resulted in EUS-GD of  PFCs 
as a credible alternative to drainage via the surgical or 
percutaneous route. The development of  new instru-
ments and devices is the basis for alternative less invasive 
approaches to various pathologies. Further progress in 
instrumentation is required to make this technique safer 
and more effective. In the meantime, the endoscopic 
approach should be dictated by local expertise and indi-
vidual patient presentation. 

In addition, it must be recognized that not all endo-
sonographers have the technical expertise to perform 
such complex procedures. Apart from the ability to per-
form linear EUS, a background in endoscopic retrograde 
cholangiopancreatography is important and additional 
exposure and specific training are required. EUS-GD is 
mandatory for non-bulging PFCs and in high-risk pa-
tients, such as those with portal hypertension.
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Abstract
Endoscopic surgery first started as snare polypectomy 
and then progressed to endoscopic mucosal resection 
(EMR). In order to resect a lesion that is more than 2 
cm, endoscopic submucosal dissection (ESD) was de-
veloped. ESD therapy has now been established and 
is being used for early stage neoplastic lesions in the 
stomach, colon, esophagus, larynx and pharynx. In 
ESD specimens, we deal with relatively small lesions; 
therefore, more meticulous and precise pathological 
diagnosis is required compared to that in surgically 
resected specimens. In addition, we should be expert 
in the eligibility criteria of the different organs for ESD 
therapy. Here, we explain the biopsy diagnosis, includ-
ing the Japanese group classification as well as the 
Vienna classification, handling the specimen, including 
fixation, photography, cutting and paraffin embedding, 
histological type, depth, vascular invasion and evalua-
tion of the surgical margins, based on the latest Japa-
nese guidelines. Japanese histopathology diagnostic 
criteria for the stomach, colon and esophagus are also 
described. We also demonstrate some examples of 
those mentioned above.
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INTRODUCTION
Endoscopic surgery for gastrointestinal epithelial neo-
plasms such as protruding early gastric cancer or ad-
enoma of  the colon first took the form of  polypectomy 
for polypoid lesions and then progressed to endoscopic 
mucosal resection (EMR) for flat type lesions[1]. However, 
the resection of  these lesions by EMR was generally less 
precise than that in surgical excision. This was because 
the lesion could be no larger than approximately 2 cm 
in diameter for resection and had to be resected sepa-
rately, not en bloc. In addition, local recurrence was often 
encountered. In order to solve these problems in the 
stomach, a new method called endoscopic submucosal 
dissection (ESD) was developed, enabling a lesion to be 
excised en bloc[2,3]. Nowadays, ESD has been used for early 
stage neoplastic lesions in the esophagus[4], colorectum[5], 
pharynx[6,7] and larynx[8]. The development of  this tech-
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nique enabled an accurate pathological diagnosis of  the 
lesion to be made and the endoscopic operation became 
established as a form of  therapy. ESD therapy has been 
established not only as a procedure of  ESD, but also as 
a system composed of  the endoscopic diagnosis of  the 
lesion, the pathological diagnosis of  the biopsy, ESD 
enforcement, the pathological diagnosis of  the ESD 
specimen and additional surgical resections (if  neces-
sary). It was completed based on the data amassed by 
Japanese physicians, surgeons, radiologists and patholo-
gists’ continuous efforts through more than 50 years of  
experience. Here, we describe the Japanese histopathol-
ogy diagnostic criteria based on ESD treatment and the 
evaluation criteria of  ESD specimens (especially in the 
esophagus, stomach and colorectum). In addition, critical 
points to be considered are also mentioned.

STOMACH
ESD treatment was first performed for early gastric can-
cer and nowadays ESD treatment can be utilized in other 
organs, including the esophagus and colon. Eligibility 
criteria for ESD therapy and pathological diagnosis by 
the Gastric Cancer Treatment Guidelines 2010 have been 
established.

According to the Gastric Cancer Treatment Guide-
lines 2010 (3rd edition) by the Japanese Gastric Cancer 
Association, the fundamental rule for ESD treatment 
is described as follows: the possibility of  lymph node 
metastasis is extremely low and the tumor is of  a size 
and location which enables it to be removed en bloc. The 
absolute indicative lesion for ESD is defined as follows: 
differentiated type adenocarcinoma which is diagnosed 
as macroscopically intramucosal carcinomas (cT1a) of  
2 cm or less in diameter regardless of  its macroscopic 
type, without ulcer/ulcer scar lesion. If  the lesion has no 
vascular invasion, the pT1a lesion shows an extremely 
low risk of  lymph node metastasis[9-13]. Since ESD treat-
ment does not include lymph node dissection, it poses 
a greater risk for lymph node metastasis than surgical 
resection[14,15]. Recently, ESD has been performed for the 
lesions of  “extended adaptation”. These lesions include 
(1) differentiated type adenocarcinoma (cT1a), more than 
2 cm in diameter, without ulceration; (2) differentiated 
type adenocarcinoma (cT1a), 3 cm or less in diameter, 
with ulceration; and (3) undifferentiated type adenocar-
cinoma (cT1a), 2 cm or less, without ulceration[16-18]. All 
three lesions should not have lymphatic or vascular inva-
sion. The pathological diagnosis of  ESD is important to 
determine whether a case is a “usual adaptation lesion” 
or an “extended adaptation lesion”.

Biopsy diagnosis
Histological assessment of  gastric and colorectal biopsy 
specimens is made in Japan by using the “group classifi-
cation” system. This classification was originally made for 
epithelial neoplasm and is based on the grade of  cellular 
and/or structural changes of  the lesion. The group clas-

sification is not a diagnostic category and is used only for 
biopsy tissue diagnosis and not for resection materials. 
This classification consists of  six groups (Table 1)[19,20]. 
Since there are very few esophageal glandular neoplasias 
in Japan, the group classification is not used in the esoph-
agus. In other words, squamous epithelial lesions are just 
divided into three categories (normal, reactive atypia and 
neoplasia with low grade atypia and high grade atypia). 
In order to internationally standardize the pathological 
criteria, an international consensus meeting was held in 
Vienna and the “Vienna classification” was established[21]. 
Afterwards, the “group classification” was also revised by 
adding the concept of  the “Vienna classification” (Table 
1). However, a debatable portion between the “group 
classification” and the “Vienna classification” still re-
mains. For example, intramucosal invasive lesions of  the 
colon are not considered to be intramucosal carcinomas 
in the western point of  view but they are in the Japanese 
point of  view. We Japanese also think that the prolifera-
tion potency of  the cancer differs between cancer with 
low grade atypia (low grade cancer) and cancer with high 
grade atypia (high grade cancer) and the grading of  the 
cancer is recommended. Intraepithelial neoplasia of  the 
esophagus and Group 3 lesions of  the stomach and the 
colorectum are now considered to be eligible for polyp-
ectomy, EMR or ESD treatment in Japan. Considering 
the adaptation of  future treatment, it is necessary to stan-
dardize the pathological nomenclature of  intramucosal 
neoplasia internationally. For example, adenoma/dyspla-
sia to carcinoma in situ with low grade atypia should be 
standardized to low grade intramucosal neoplasia and 
carcinoma in situ with high grade atypia to intramucosal 
invasive adenocarcinoma should be standardized to high 
grade intramucosal neoplasia.

Handling of endoscopic resection materials
In ESD materials, it is important to pathologically evalu-
ate whether curative resection has been made or addition-
al resection is required. Since specimens and lesions are 
both smaller than the surgical operation materials, careful 
and meticulous handling is desirable.

Nagata K et al . Indispensable for a routine diagnosis
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Table 1  Histological assessment of biopsy specimens of colon 
and rectum and comparison with Vienna classification

Definition of group classification of Japan Vienna classification

Group X: Inadequate material for histological 
diagnosis

 

Group 1: Normal tissue and non-neoplastic le-
sion

 Category 1

Group 2: Lesions in which it is difficult to de-
termine whether the lesion is tumorous or non-
tumorous

 Category 2

Group 3: Adenoma (benign neoplasia) Category 3
Group 4: Neoplastic lesion suspected of being 
carcinoma

 Category 4.1

Group 5: Carcinoma Category 4.1 to 5.2

Japanese classification is used only for biopsy tissue diagnosis (English 
edition of gastric carcinoma is now being prepared for publication). 



Fixation of  the specimen: Just as with surgical materi-
als, an endoscopically resected specimen is placed on 
a formalin board, cork or styrofoam and stretched out 
to approximate the length to what is in the living body. 
Then the full thickness (mucosa, muscularis mucosae and 
submucosa) of  the specimen is pinned with rustproof  
pins to identify the horizontal margin. Overextension of  
the specimen should be avoided since it can cause de-
struction of  the material. A filter paper placed between 

the resection specimen and the fixation board should 
prevent poor fixation.

Macroscopic observation: In order to identify the 
proximal side, distal side, tumor location, size of  lesion 
and marginal side, communication between endoscopists 
and pathologists is essential. Especially if  there is a possi-
bility of  submucosal invasion or ulcer scar, it is necessary 
for pathologists to confirm the possible site with endos-
copists.

Photography: Photographs of  the specimen should be 
taken both before and after formalin fixation. In general, 
when taking a picture, the resection materials are posi-
tioned with the proximal side to the right and the distal 
side to the left. However, in the case of  ESD, the speci-
men can be positioned with the major axis direction hori-
zontally for the photograph, as this allows for the highest 
resolution. The gross photograph with cutting lines is 
recommended to compare macroscopic and microscopic 
findings (Figure 1). It is also useful to map and rebuild 
the lesion. The mucosal lesion can be clearly identified if  
a photograph is taken of  the specimen immersed in wa-
ter after hematoxylin staining.

Cutting: Importantly, the ESD specimen should be cut 
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Figure 1  Endoscopic submucosal dissection materials with incidental 
lesions not found before treatment. These cases are found in a percentage 
of endoscopic submucosal dissection materials. The incidental lesion shows 
a positive margin. It should be kept in mind that a lesion may not be single 
but multiple in endoscopic submucosal dissection specimens. This accurate 
mapping of the lesion is helpful to make a treatment strategy after endoscopic 
submucosal dissection specimen.

B

A

Figure 2  Cutting. A: General cutting of endoscopic submucosal dissection ma-
terial. The final glass slide is of the reversed section of the solid line. Therefore, 
it is recommended that the tumor area should not be included in the portion of 
the dotted line; B: Cutting of endoscopic submucosal dissection material with 
a tumor close to the cut margin. Endoscopic submucosal dissection specimen 
should be cut in parallel sections which are perpendicular to the tangent of the 
closest margin. 

1.
1 

m
m

Figure 3  How to measure the depth in pT1b2 cases. Depth of a pT1b case 
indicates the distance from the lower edge of the muscularis mucosae to the 
invasive front of tumor.
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parallel to the closest margin direction (Figure 2A). When 
the negative margin is obvious, the specimens are step-
sectioned along the minor axis of  the specimen to obtain 
more information (Figure 2B).

The evidence of  ESD treatment is based on the data 
of  cases of  surgically treated early gastric cancer in rela-
tion to lymph node metastases. In those cases, the lesion 
was step-sectioned at 4 mm to 5 mm intervals and then 
examined pathologically. Regarding the ESD material, 
the width of  the sections is reduced to 2 mm intervals to 
allow for a more accurate diagnosis, as recommended by 
the Japanese Gastric Cancer Association. If  any lesion is 
to be confirmed pathologically, tissue processing of  the 
lesion should be performed.

Paraffin embedding: Larger tissue specimens should be 
divided properly. In such cases, care should be taken so 
that the divided portions do not contain the main lesion, 
a portion suspected of  having invasion to the submu-
cosa, or a site of  an ulcer scar. Then, the tissues are put 
into the cassettes and the cassettes containing tissue are 
immersed in paraffin.

Histological evaluation
In Japan, the histological diagnosis of  the ESD materials 
is made according to the gastric cancer handling rules. 
The most important thing in the pathological diagnosis 
of  ESD is to evaluate the complete removal of  the le-
sion[5,22]. Here, we will explain several important points 
for the pathological diagnosis in ESD specimens. These 
are the size of  the lesion, histological type, depth of  the 
lesion, vessel invasion, ulcer scar and surgical margin, 
each of  which are described in detail below.

Histological type: Generally, the histological type of  
gastric cancer is divided into the differentiated type and 
undifferentiated type (so-called diffuse type in the Laurén 
classification)[23] and the major histological type within 
the tumor is taken as the final pathological diagnosis ac-
cording to the gastric cancer handling rules in Japan[19]. If  
a lesion is composed of  only the differentiated type, the 
chance of  vascular invasion and lymph node metastasis 
is low. However, if  there is some of  the undifferenti-
ated type mixed within the tumor, the risk becomes high. 
Therefore, it is recommended to write the presence of  
the undifferentiated type component in the pathology re-
port. When submucosal invasion is present, the histologi-
cal type of  the invasive portion is important and it is nec-
essary to mention whether the invasive part shows only 
the differentiated type component or if  it includes the 
undifferentiated type component because the histological 
type will determine whether or not additional treatment 
may be required.

Depth: pT1b is classified into two categories, namely 
pT1b1 (tumor depth of  less than 0.5 mm from the lower 
edge of  muscularis mucosae) and pT1b2 (tumor depth 
of  0.5 mm or more from the lower edge of  muscularis 
mucosae), because the risk of  lymph node metastases is 
significantly higher in cases belonging to the latter cat-
egory[16]. When the muscularis mucosae are obscure due 
to myofibroblastic proliferation, it is recommended to 
identify the muscularis mucosae by using the immunohis-
tochemical staining of  desmin.

There are several practical methods available for the 
measurement of  0.5 mm. These are: (1) putting a thin 
transparent ruler directly on the glass slide; (2) using a 
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CBA

Figure 4  Evaluation of vessel invasion and lymphatic invasion. Venous invasion is evaluated by using a double staining with Victoria blue and hematoxylin-eosin 
(A) and immunohistochemistry of desmin (B). Lymphatic invasion is demonstrated by immunostaining of D2-40 (C). Lymphatic invasion is noted in the lamina propria (D: 
Hematoxylin-eosin stain; E: Immunohistochemistry of D2-40).

ED
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measurement device of  a microscopic digital camera; (3) 
measuring with the micrometer of  the eyepiece; and (4) 
using a scale loupe (Figure 3). The depth of  invasion in 
the ESD specimen is only determined in cases of  nega-
tive vertical margin. In cases of  positive vertical margin, 
the findings should be described, for example, as follows: 
“at least pT1b2/SM2: 1200 micrometers from muscularis 
mucosae”.

Vessel invasion
The presence or absence of  lymphatic permeation and 
vascular (vein) invasion is one of  the important factors 
for the evaluation of  additional therapy. In our institu-

tion, double staining with Victoria blue and hematoxylin-
eosin (HE) for vascular invasion and immunohisto-
chemistry of  D2-40 for lymphatic invasion are routinely 
performed in all cases with submucosal invasion[24,25]. 
In addition, elastic Van Gieson stain and immunohis-
tochemistry of  CD31 or CD34 are widely used for the 
identification of  vascular and lymphatic invasions (Figure 
4)[26]. When special staining and immunohistochemistry 
are ordered, the lesion of  vascular invasion may disappear 
due to a deeper cut. Therefore, caution should be made 
in cutting the block. In cases with obvious vascular inva-
sion on HE-stained slides, we record its presence even if  
we cannot confirm such invasions by special staining or 
immunohistochemistry. Since lymphatic invasion can be 
present even in pT1a cases, careful microscopic examina-
tion is necessary (Figure 4).

ULCER SCAR AND BIOPSY SCAR
The determination of  curability of  the lesion may be 
changed depending on the presence or absence of  an 
ulcer or ulcer scar. An ulcer scar should be confirmed 
histologically, not endoscopically. Since a biopsy scar is 
not regarded as a real ulcer scar, it is necessary to confirm 
previous biopsy histories, including the biopsy site (Fig-
ures 5 and 6). Confirmation with endoscopists may be 
required, depending on the case.

Evaluation of the surgical margins
Horizontal margin: To diagnose a negative horizontal 
margin, the first and last section should be free of  can-

493 November 16, 2012|Volume 4|Issue 11|WJGE|www.wjgnet.com

DC

BA

Figure 5  Ulcer scar vs biopsy scar. Biopsy scar is a very localized lesion (A and B) and is noted at the site of biopsy. Therefore, clinical information is important. On 
the other hand, ulcer scar due to tumor is usually an expansive lesion (C and D). Clinical information of no history of biopsy is also useful. 

Figure 6  Heterotopic submucosal glands (= gastritis cystica profunda). 
Heterotopic submucosal glands can be misdiagnosed endoscopically as an 
ulcer due to submucosal invasion. These lesions should be described in the 
pathology report and the lesional mapping diagram. 
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cer and both sides of  all other sections should show no 
cancer. In the case of  a negative horizontal margin, the 
distance (mm) to the margin should be recorded and in 
positive cases, it is recommended that the number of  sec-
tions with positive margins be described. In cases with 

a cauterization effect, it is sometimes difficult to judge 
the horizontal margin (Figure 7). Although there is no 
conclusive solution in such cases, immunohistochemi-
cal staining of  p53 and Ki-67 may be useful[27]. Detailed 
microscopic examination including nuclear and structural 
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Figure 7  Cases of positive horizontal margin and vertical margin. In most cases, a positive margin is easily recognized (A); Some cases show marked degenera-
tion by treatment (B); By careful microscopic examination, adenocarcinoma cells (C) can be distinguished from intestinalized epithelium (D). A positive vertical margin 
at the submucosal layer (E) or at the lamina propria (F) should be described in the pathology report. A positive vertical margin can be easily detected by using immu-
nohistochemistry of keratin (G).
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changes may be helpful in some cases. Recently, ESD has 
been performed for lesions measuring more than 5 cm. 
In such cases, an incidental lesion which was not detected 
preoperatively may be found and it may show a positive 
margin. Therefore, it should be kept in mind that mul-
tiple lesions may be present at the time of  preoperative 
diagnosis.

Vertical margin: When cancer cells are not exposed to 
an abrasion side in all sections, we make the diagnosis of  
a negative vertical margin and confirm the depth of  inva-
sion. In cases with positive vertical margins, as previously 
described in the section of  the depth, both the positive 

site (either lamina propria or submucosa) and the dis-
tance from the lower edge of  muscularis mucosae to the 
positive margin site should be recorded (Figure 7). When 
tumor cells are hard to identify due to cauterization, im-
munostains with keratin are useful. When the positive 
margin site shows no cauterization effect, the possibility 
of  false positivity should be considered and recorded 
as such. Then, a more deeply cut section should be ob-
tained. Since examination by re-embedding often does 
not work well, it is better to avoid such a preparation. In 
the case of  a negative vertical margin, if  tumor cells are 
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Figure 8  Cutting of a sessile polypoid lesion. Non-tumor areas around the 
polypoid lesion are very thin. The submucosal layer of the tumor portion is also 
thin. Therefore, caution should be taken when preparing the specimen so that a 
false positive diagnosis of the vertical margin will not be made.

Figure 9  Mucosal tears due to overextension during the tissue fixation. 

Figure 10  Positive horizontal margin in the colonic endoscopic submu-
cosal dissection. In appropriate pathology specimens, the evaluation of the 
margin is relatively easy. 

Figure 11  Early esophageal cancer in endoscopic submucosal dissection 
specimen. The marginal portion (squamous epithelium) of the specimen is very 
thin. Therefore, it is difficult to make a section (yellow circle) and may cause 
false positivity of the surgical margin.

1            2           3            4           5            6           7
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close to the vertical margin, recording the distance from 
the abrasion margins to the tumor cells may be useful as 
information during follow-up.

COLON AND RECTUM
As for the endoscopic treatment of  colorectal lesions, 
polypectomy is the main treatment since most lesions 
are pedunculated. ESD is performed for so-called lateral 
spread lesions[28]. The evaluation of  ESD specimens fol-
lows that of  polypectomy materials.

Biopsy diagnosis
The definition/diagnostic criteria of  colorectal cancer are 
different in Japan and the west. High-grade intraepithelial 
neoplasia can be called carcinoma in Japan, while only 
submucosal invasive lesions can be called carcinoma in 
the west. Namely, intramucosal invasive lesions are in-
cluded in high-grade dysplasia in the west. Therefore, the 
so-called western high-grade dysplasia can be a target for 
endoscopic treatment in Japan. 

Characteristics of colonic ESD material
In the colon, pedunculated polypoid lesions are much 

more common compared to those in the stomach. How-
ever, some show sessile lesions, or so-called laterally 
spreading tumors (LSTs). LSTs are the most common 
target lesions in colonic ESD. Characteristics of  large 
bowel ESD materials include predominantly polypoid le-
sions, often papillary or villous lesions with fragility, and 
thin walls compared to those in the stomach (Figure 8). It 
is desirable that all of  the layers of  the specimen should 
be examined microscopically. The rupture of  the material 
by the excessive extension at fixation handling disturbs an 
accurate diagnosis (Figure 9).

Eligibility criteria for endoscopic treatment are 
based on the Japanese Society for Cancer of  the Colon 
and Rectum (JSCCR) guidelines (2010 edition). In the 
colorectal cancer treatment guidelines published in 2010, 
the principle of  the endoscopic treatment is described as 
follows: “the size and the location of  the lesion should 
be such that it can be excised en bloc, and there is a low 
risk of  lymph node metastasis”. Eligibility criteria for 
endoscopic excision are (1) intramucosal carcinoma, or 
mildly invasive cancer into the submucosa; (2) less than 2 
cm at the greatest diameter; and (3) macroscopic type is 
not taken into consideration[29,30]. In addition, the adapta-
tion of  colonic ESD for adenoma includes lesions which 
are 2 cm or more at the greatest diameter with lateral 
spread lesions or sessile lesions, lesions with an ulcer scar 
and recurrent lesions; while that for carcinoma is adeno-
carcinoma with cT1b1 (SM1) which is 2 cm or less at the 
greatest diameter.

Eligibility criteria for additional treatment after 
endoscopic excision
In cases with positive horizontal or vertical margins, ad-
ditional surgical resection is recommended (Figure 10)[5]. 
In addition, surgical resection is considered if  any one of  
the following factors is present: (1) pT1b1 (deeper than 
1000 micrometers from the lower border of  muscularis 
mucosae); (2) positive lymphovascular invasion (ly, v); 
(3) poorly differentiated adenocarcinoma, signet ring 
cell carcinoma and mucinous carcinoma; and (4) bud-
ding/sprouting at the invasive front showing Grade 2 to 
3. Therefore, it is important to evaluate these factors in 
ESD materials of  the colon[31-33].
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Figure 12  Invasive patterns in squamous cell carcinoma of the esophagus. Expansive pattern (A) and infiltrative pattern (B) should be described in the pathol-
ogy report. 

BA

Figure 13  pT1a-superficial muscularis mucosae case. The lower portion 
of the picture shows two-layered muscularis mucosae. In esophageal cancers 
with pT1a-MM (M3), the depth of invasion is divided into three (pT1a-superficial 
muscularis mucosae, pT1a-lamina propria mucosae and pT1a-deep muscularis 
mucosae). 
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Pathological diagnosis specific to colonic lesions
Unlike gastric lesions, large intestinal lesions predomi-
nantly show pedunculated lesions. Therefore, special at-
tention should be paid to submucosal invasion and the 
grading of  budding/sprouting.

Evaluation of submucosal invasion
Most colorectal lesions are pedunculated or sub-pedun-
culated and are usually treated by polypectomy or EMR. 
In recent years, however, ESD has been used for the 
treatment of  non-polypoid 0-IIc type lesions as well as 
LST type lesions. Regarding the evaluation of  submu-
cosal invasion, there are some differences between pe-
dunculated lesions and non-pedunculated lesions in the 
colon. When it is possible to identify the muscularis mu-
cosae, the depth of  submucosal invasion is the distance 
from the deeper edge of  the muscularis mucosae to the 

deepest invasive portion. When muscularis mucosae can-
not be identified, the depth of  submucosal invasion is the 
distance between the surface of  the tumor and the deep-
est invasive portion. In polypoid tumors with disrupted 
muscularis mucosae, the depth of  submucosal invasion is 
the distance between the deepest invasive site and the ref-
erence line, defined as the boundary between the tumor 
head and the pedicle. Migration of  adenomatous glands 
(dysplastic glands in the west) should be differentiated 
from the true submucosal invasion[34].

Budding/sprouting grading
When cancer cells reveal an isolated or small cluster pat-
tern in the invasive front in the large bowel pT1b cancer, 
it is most likely to be lymph node metastasis. Budding/
sprouting is defined as a small cluster of  cancer cells 
consisting of  less than 5 tumor cells at the invasive front. 
When the most highly concentrated area is examined 
under × 200 magnification, 0-4 clusters can be graded as 
Grade 1, 5-9 clusters as Grade 2, and 10 or more clusters 
as Grade 3. Grade 2 and Grade 3 show a significantly 
higher risk of  lymph node metastasis than Grade 1. 
Therefore, in cases with submucosal invasion, it is re-
quired to describe the budding/sprouting grading in the 
report[33,35-38].

ESOPHAGUS
Eligibility criteria for endoscopic treatment are based 
on Esophageal Cancer Diagnosis Treatment Guidelines 
(Second Edition, 2007).

The endoscopic ablative adaptation of  esophageal 
cancer is as follows: carcinoma in situ [pT1a-EP (M1)], 
tumor-invaded lamina propria mucosa [pT1a-LPM (M2)], 
or tumor-invaded mucosa (pT1a). Since these lesions 
show extremely rare lymph node metastases, radical cure 
can be obtained by the ESD procedure. Because of  the 
occurrence of  cicatricial stenosis after ESD, adaptation 
of  ESD is limited to the cases with less than two-thirds 
circumferential lesion. The lesions which have invaded 
the muscularis mucosa [pT1a-MM (M3)] or invaded the 
submucosa up to a depth of  200 micrometers or less 
from the lamina muscularis mucosa (pT1b-SM1 in ESD 
criteria) are a relatively indicative lesion because of  the 
risk of  lymph node metastasis. In addition, total circum-
ferential lesion in pT1a-MM (M3) and pT1b-SM1 is a rel-
ative indicative lesion. The lesion invading the submucosa 
with a depth of  more than 200 micrometers from the 
lamina muscularis mucosa (pT1b-SM2 in ESD criteria) 
has a 50% risk of  lymph node metastasis[39]; therefore, 
these lesions are treated in accordance with the treatment 
of  progressive cancer[40-42].

Characteristics of esophagus ESD materials
In esophageal ESD materials, the mucosal epithelium and 
lamina propria separates easily and the marginal portion 
is easily fragmented. Since a lesion can be recognizable 
by Lugol dispersion, cutting after Lugol staining is useful. 
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Figure 14  Evaluation of horizontal margin in the esophageal endoscopic 
submucosal dissection. Compared to hematoxylin-eosin stain (A); immuno-
histochemical stainings of Ki-67 (B) and p53 (C) highlight the lesion. 
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Caution should be made to examine all of  the layers mi-
croscopically (Figure 11). In cases of  esophageal cancer 
with invasion deeper than the lamina propria mucosa, 
the invasive pattern should be recorded, since the risk of  
lymphovascular invasion differs depending on the inva-
sive patterns, namely expansive pattern or infiltrating pat-
tern (Figure 12)[43-45].

In cases of  Barrett’s esophageal cancer, double layers 
of  the muscularis mucosae is known[46]. Around the mus-
cularis mucosae, vasculatures and lymphatic channels are 
well developed and there is the possibility of  lymph node 
metastasis. However, the relationship between the depth 
of  early stage Barrett’s esophageal cancer and lymph 
node metastasis is not clear in Japan. Therefore, cases 
with pT1a-MM (M3) are divided into pT1a-superficial 
muscularis mucosae, pT1a- LPM and pT1a-deep muscu-
laris mucosae in Japan and we are now collecting these 
cases for evaluation (Figure 13). In cases with esophageal 
ESD, it is sometimes difficult to judge the horizontal 
margin and in such cases, immunohistochemical staining 
of  p53 and Ki-67 may be useful (Figure 14).

CONCLUSION
We described several important points to be considered 
in ESD materials. For accurate pathological diagnosis, 
it is essential to make appropriate pathology specimens, 
including HE glass slides. Furthermore, it is important 
for pathologists to understand the factors related to the 
prognosis and to communicate with endoscopists.
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Abstract
Stricture formation is a common complication of Crohn’s 
disease, occurring in approximately one third of all pa-
tients with this condition. While the traditional manage-
ment of such strictures has been largely surgical, there 
have been case series going back three decades high-
lighting the potential role of endoscopic balloon dilation 
in this clinical setting. This review article summarizes 
the stricture pathogenesis, focusing on known clinical 
and genetic risk factors. It then highlights the endo-
scopic balloon dilation research to date, with particular 
emphasis on three large recent case series. It con-
cludes by describing the literature consensus regarding 
specific methodology and presenting avenues for future 
investigations. 
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INTRODUCTION
Crohn’s disease is a chronic autoimmune disorder of  the 
gastrointestinal tract, characterized by periods of  disease 
activity and quiescence. The treatment is focused on 
prolonging the periods of  inactivity, and minimizing the 
amount of  inflammation when a flare does occur. How-
ever, 10%-15% of  patients will have a continuous, unre-
mitting course and at present, the disease is incurable[1]. 

DEMOGRAPHIC INFORMATION
The highest incidence of  Crohn’s disease has been re-
ported in northern Europe (4-10.7/105) the United 
Kingdom (0.7-6.7/105) and North America (5.8-7.9/105). 
The prevalence of  Crohn’s disease in North America is 
44-201/105; in Europe, the range is more variable, be-
tween 8-214/105[2]. The number of  patients affected is 
rising in the rest of  the world as well. In South Korea, 
comparing the interval 1986-1990 to 2001-2005, the in-
cidence of  Crohn’s disease increased significantly from 
0.05/105 to 1.3/105[3]. In China,  the incidence of  Crohn’s 
disease incidence was found to be 1 × 105 and tripled in a 
decade of  follow-up[3]. 

NATURAL HISTORY
The natural disease progression begins with aphthous 
ulcers, which progress to fistulae or strictures, more often 
in patients with ileal rather than colonic disease[4] The 
digestive segment affected tends to be stable over time[5] 
Approximately 40% patients will need surgery after 10 
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years of  disease[6,7] and about 10% will have a permanent 
stoma[8]. Crohn’s disease patients have a 1.52 greater mor-
tality than the general population[9].

Strictures, which occur in approximately 1/3 of  pa-
tients after 10 years of  disease[5], are thought of  as either 
inflammatory or fibrotic. Strictures and fistulae are often 
found in proximity of  one another, either both being 
caused by the inflammation or the fistula developing to 
decompress the lumen from the increased wall tension 
caused by the stricture (Figure 1)[10]. Lumenal dilation 
proximal to the stricture site is considered an indication 
that the wall has lost its elasticity and the stricture is per-
manent. Strictures also frequently occur at anastomotic 
sites, where generally the disease is likely to recur first[4]. 

While there are medical options for addressing inflam-
matory strictures, the management of  fibrotic ones has 
traditionally been thought of  as largely surgical[11-13]. The 
role of  endoscopy in the management of  fibrotic stric-
tures has not been well-defined, but several recent studies 
have shed significant light on this topic. Advantages of  
using endoscopic dilation over the more established sur-
gical methods (strictureplasty or resection with primary 
anastomosis) include decreased invasiveness and adhesion 
formation, as well as preservation of  intestinal length. 
Disadvantages include the need for repeat dilation. 

This review article will describe the known risk fac-
tors for stricture formation, summarize the historical lit-
erature regarding endoscopic dilation of  these strictures, 
and subsequently focus on three recent large studies on 
this subject, describing their findings and limitations.

PREDISPOSING FACTORS FOR 
STRICTURE FORMATION
Known factors predisposing to stricture formation can 
be broadly categorized into clinical presentation param-
eters, serologic markers and genetic susceptibility. 

An analysis of  a database of  600 European patients, 
followed for 15 years, and published this year in Gut, re-
veals that parameters that have been proven to correlate 
with poorer disease outcome are smoking, lower educa-
tional level, younger age at diagnosis and shorter disease 
duration prior to inclusion in the database[14]. Similar data 
can be found in other demographic groups. An Israeli 
population of  over 200 Crohn’s disease patients with an 
average follow-up interval of  12 years demonstrated that 
smoking and male gender are correlated with increased 
risk of  complications[15]. A New Zealand patient database 
of  over 700 patients revealed that younger age at diagno-
sis, complicated disease and ileal disease all correlate with 
increased risk of  perirectal disease[16]. The clinical fac-
tors demonstrated to correlate specifically with stricture 
formation, according to the TREAT registry, are severity 
of  disease at the time of  stricture formation, with a haz-
ard ratio (HR) of  2.35, (95%CI 1.35-4.09), duration of  
Crohn’s disease, HR 1.02, (95%CI 1-1.04), and new corti-
costeroid use, HR 2.85, (95% CI 1.23-6.57)[17]. 

The role of  serologic markers in predicting disease 

course is at this point not well defined, though generally 
pANCA positivity is thought to correlate with a more be-
nign, ulcerative colitis-like clinical presentation, while an-
tibodies to oligomannan (anti-Saccharomyces cerevisiae 
antibody), OmpC (Escherichia coli outer membrane porin 
C), Pseudomonas florescens associated sequence I2 (bacterial 
sequence I2) and CBir1 (flagellin) correlate with more 
complicated Crohn’s disease[18-22]. 

NOD2/CADR15 remains the most established ge-
netic predictor of  complicated Crohn’s disease, though it 
is not currently able to predict which patients should be 
targeted for more aggressive early intervention. Located 
on chromosome 16q12, NOD2 is a disease susceptibility 
gene, which when mutated increases the risk of  develop-
ing Crohn’s. It is expressed intracellularly and is consid-
ered part of  the innate bacterial sensing mechanism. In a 
recent metanalysis of  36 studies studying the role of  the 
NOD2 genotype on Crohn’s disease[23] the relative risk of  
stricturing disease with any (one or more) mutant NOD2 
allele was 1.17 (95%CI 1.10-1.24, P < 0.001). The 3 ma-
jor polymorphisms reported with Crohn’s are Arg702Trp 
(SNP8), Gly908Arg (SNP12), Leu1007insC (SNP13). 
These polymorphisms have been associated with ileal 
disease, stenosis, and need for surgery[24] In the 10 studies 
that were able to analyze this further, the most likely mu-
tation associated with stricturing disease was Gly908Arg, 
with a risk ratio of  complicated disease of  1.33, sensitiv-
ity of  0.11 (95%CI 0.07-0.13) and a specificity of  0.93 
(95%CI 0.88-0.96). Overall, the mutation most likely to 
correlate with an aggressive course was a homozygous 
mutation of  Leu1007insC, with a AuROC of  0.98 but the 
confidence intervals of  both the positive 2.6 (95% CI 
0.4-16.6) and the negative 0.98 (95%CI 0.94-1.03) likeli-
hood ratios cross 1. A recent analysis of  banked blood 
from 593 patients with Crohn’s disease also revealed that 
Leu1007insC (SNP13) was the most high risk allele of  
NOD2, with a P < 0.001 for complication risk versus 
patients without NOD2 mutations[25] and an odds ratio 
(OR) of  13.61 (95%CI 2.62-250.70). Apart from NOD2, 
other genetic markers for Crohn’s confirmed in multiple 
populations include ATG16L1 (autophagy-related 16-like 
1 gene) and IL23R (interleukin 23 receptor gene), the lat-
ter in a protective role[26]. 

ENDOSCOPIC BALLOON DILATION-
HISTORICAL BACKGROUND
While the predisposing factors leading to stricture for-
mation have not been fully elucidated, the generally ac-
cepted treatment paradigm has traditionally been surgi-
cal. This view has been challenged by novel endoscopic 
techniques. A review article[27] evaluated both surgical 
stricturoplasties and endoscopic balloon dilation studies 
performed between 1980 and 2009. 574 patients were 
studied in the endoscopic balloon dilation group, on 
whom a total of  1003 procedures were performed. There 
was a median technical success rate of  90%, a median 
intention-to-treat surgical recurrence rate of  27.6% (after 
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Figure 1  Endoscopic and computed tomography 
imaging of a terminal ileum stricture in a patient with 
Crohn’s disease. A: Endoscopic imaging of a terminal 
ileum stricture in a patient with Crohn’s disease; B: 
Computed tomography imaging of a terminal ileum stric-
ture in a patient with Crohn’s disease.

BA

a mean follow-up period of  21 mo) and a major compli-
cations rate of  3%. There was no uniform approach in 
terms of  the technique used (including balloon size, time 
of  insufflation, or use of  intralesional steroid injections) 
and very few of  the 23 papers included reported the site-
specific recurrence rate. The surgical data from the same 
review article, which analyzed 1958 patients, revealed an 
equivalent median surgical recurrence rate of  24% after a 
median follow-up of  46 mo. Of  note, the surgical com-
plication rate was higher than the endoscopic one, 5% vs 
3%. 

A smaller, earlier and more detailed review[28] focused 
only on endoscopic dilation demonstrates similar results. 
The observation interval was 1990-2007. The total num-
ber of  Crohn’s patients included in this review was 347, 
with 353 strictures and 695 dilation sessions. The techni-
cal success rate was 86%, long-term clinical success rate 
was 58% and the rate of  major complications 2%. The 
vast majority of  these complications were perforations. 
The majority of  the patients in these studies (66%) had 
dilation at the site of  a prior surgery. In contrast to the 
former review article, the percent of  patients requiring 
surgery after dilation (after successful dilation) was higher 
at 42%, perhaps partially explained by the longer follow-
up period of  33 mo. The mean interval between dilation 
and surgery was 15 mo, and more than 2/3 of  the pa-
tients in whom the procedure was performed success-
fully were able to avoid surgery during the entire follow-
up period. The average patient age was 54 years old, the 
average time between diagnosis and dilation was 13 years. 
29% patients had been on immunosuppressive therapy 
at the time of  the dilation. The mean stricture length was 
2.7 cm, and < 5 cm in 84% patients. Most studies did not 
use intra-lesional steroid injections, and the maximum 
balloon caliber was 18-25 mm. There was no consensus 
on insufflation technique, with both incremental increase 
and initial largest possible diameter being used. The time 
spent dilating was also highly variable, from 2 min to 1 h. 
The mean number of  dilations per patient was 2.2. 14% 
patients were considered endoscopic failures, with angu-
lated stenosis being the most common reason for this. 
The endoscopists in these studies applied the same tech-
nique to all the patients in their respective studies, with 
no alteration of  procedure based on stricture characteris-
tics or general disease state. An interesting finding of  this 

review was that a stricture of  ≤ 4 cm in length had an 
OR of  4.01 for a surgery-free outcome.

ENDOSCOPIC BALLOON 
DILATION-RECENT DATA
The data on this topic is limited by very small numbers. 
The studies included in the above two reviews are all 
less than 60 patients, retrospective and without a control 
group. However, three recent larger studies have been 
performed to help determine the utility of  endoscopic 
dilation of  Crohn’s strictures. These studies are larger, 
single center cohort studies. Two are prospective, and 
the largest and most recent one is a retrospective chart 
review. The patients included were generally middle-aged 
(40-50 s). A stricture was defined as inability to traverse a 
segment of  colon with the scope or a radiographically de-
termined area of  luminal narrowing with corresponding 
obstructive symptoms. Therapeutic success was defined 
as the ability to pass the scope through the stricture post-
dilation. All three studies averaged about 2 dilations per 
patient. All the studies used a Boston Scientific through 
the scope balloon, 12-25 mm in diameter, and conscious 
sedation (Table 1). Strictures were generally anastomotic 
with the exception of  the Mueller et al study, in which 
69% had de novo strictures. Only the Scimeca et al[29] study 
recorded the number of  smokers in the group (43%), 
and this proved to be insignificant as an outcome variable 
in that study. 

The Gustavsson et al[30] study was the largest one 
to date, including a total of  178 patients, and the one 
with the longest follow-up period (median 12 years). It 
is a retrospective case series. Most patients had either 
ileal or ileocolonic disease, and approximately 40% had 
stricturing disease at presentation. The management was 
homogeneous, which is a weakness of  the study, in that 
patients enrolled earlier in the study were dilated when-
ever they were scoped (19%), whereas patients enrolled 
later were only dilated based on symptoms. 80% of  the 
dilations were performed on anastomotic strictures. 1% 
of  the cases were done with general anesthesia. Another 
study weakness is that the length of  the strictures was not 
recorded. 1.4% of  the cases were complicated by bowel 
perforation. The largest balloon diameter (25 mm) had 
an overall 9.3% complication rate, as compared to 3.5% 
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for the other sizes (P < 0.01). Patients fared equally well 
whether their strictures were anastomotic or de novo. At 5 
years, 52% patients had at most one additional dilation, 
and 36% had a surgical resection. A strength of  the study 
is that several different endoscopists of  various skill level 
performed the dilations, which therefore makes this data 
more applicable to centers where there is at present no 
established expertise in this technique. 

The Scimeca et al[29] study followed prospectively 37 Crohn’
s patients (39 strictures) during 72 dilations, at a single 
center in Italy. Almost all the strictures (97%) were post-
surgical, with 77% being at ileo-colonic anastomosis sites. 
Patients included in the study had at least 2 episodes of  
clinical and radiologic obstruction in the 6 mo preceding 
the study, and at best an incomplete response to medical 
therapy. A maximum of  four attempts at dilation were 
made per endoscopic session. There was a 51% rate of  
success after the first dilation, but an 89% rate of  success 
after subsequent dilations. This group had no complica-
tions at all (Table 2), which perhaps is also related to the 
lower initial success rate compared to the other 2 studies 
cited (51% vs 89%-95% for the other 2). A weakness of  
the study is that patients were rescoped in 4-6 wk when 
the endoscopist judged the initial dilation to be incom-
plete, as this is a subjective assessment that is hard to rep-
licate in other centers. 11% patients required surgery. An 
strength of  the study is that there was no loss to follow-
up, but this study has the shortest mean follow-up period 
of  the three presented, namely about 2 years. 

The Mueller et al[31] study is a German prospective 
single center study of  55 patients, with 74 symptomatic 
strictures, which resulted in 93 dilations. As opposed to 
the other studies cited here, the majority of  patients in 
this study (69%) had de novo strictures. The inclusion cri-
teria were clinical obstructive symptoms and sonographic 

or radiologic evidence of  stricture. The default approach 
was direct visualization, but fluoroscopic guidance was 
employed when visualization was not possible (unclear 
how often this was necessary). There was no stricture 
diameter or length parameter used to determine eligibil-
ity, and some of  the strictures dilated were as long as 
25 cm. There was a 95% initial success rate, and 76% 
patients never required repeat treatment over the period 
of  follow-up. 24% patients did eventually receive surgery 
over the follow-up period, on average within the first 6 
wk (0-20 mo). There was a statistically significant correla-
tion between the need for surgery and stricture length (P 
= 0.006) with the average stricture requiring surgery be-
ing 7.5 cm vs 2.5 cm for the strictures amenable to endo-
scopic therapy. One patient was perforated and 2 patients 
could not be dilated due to stricture anatomy. 

RECOMMENDED ENDOSCOPIC 
APPROACH 
In summary, these studies demonstrate an experience 
with endoscopic balloon dilation of  Crohn’s disease stric-
tures dating back almost 2 decades. These procedures 
can be done with conscious sedation, on an outpatient 
basis. The perforation rate of  up to 2% is considered ac-
ceptable, since the alternative as well as the perforation 
management is surgical. Boston Scientific balloons in the 
range of  10-20 mm are recommended, since larger 25 
mm balloons do seem to increase the perforation risk. 
The response to dilation is similar whether the stricture 
is de novo or anastomotic. No consensus has been reached 
on the optimal length of  stricture amenable to endo-
scopic manipulation, though based on the average length 
in the studies included 5 cm would be a reasonable cut-
off. This would also make inherent sense considering the 
Boston Scientific balloon is 5.5 cm in length. The exact 
methodology by which the strictures should be dilated 
(i.e., how many minutes should the inflated balloon be 
held in position, or how many sequential insufflations 
should be attempted per procedure) has not been stan-
dardized yet, though dilating each balloon through the 3 
diameters it can accommodate and holding the insufflated 
balloon at the stricture site for 30-60 s would be a reason-
able starting point. Patients should be told that generally 
endoscopic balloon dilation requires two procedures to 
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Table 1  Summary of significant endoscopic stricture dilation studies

Ref. Study design n dilations Stricture 
length 
(cm)

Stricture 
diameter 
(mm)

Maximum 
insufflation 
dia. (mm)

Insufflation 
interval (s)

Initial 
success 

rate (%)

Follow-up 
interval

Long-term 
success rate 

(%)

Major 
complication 

rate(%)

Scimeca et al[29] Prospective, single 
center cohort

  37   72 3.4 (2-6) 6 (3-8) 10-20 60-90 51 26.3 mo (2-61) 89 0

Gustavsson et al[30] Retrospective single 
center cohort

178 776 NA > 5 mm 12-25 60-180 89 12 yr 52   5.3

Mueller et al[31] Prospective, single 
center cohort

  55   93 3 (1-25) NA 15-18 60 95 44 mo (1-103) 76 2

NA: Not available.

Table 2  Major complications related to endoscopic balloon 
dilation of strictures

Ref. Complication

Gustavsson et al[29] 1.4% bowel perforation
1% major bleeding

1.3% minor bleeding
1.2% abdominal pain or fever

Scimeca et al[30] None
Mueller et al[31] 2% bowel perforation



achieve patency over a period of  5 years, and has long-
term efficacy in at least half  the patients it has been at-
tempted in. These recommendations are concordant with 
expert opinions on this topic[32], though other sources still 
consider strictureplasty the first line approach[12]. 

It is difficult to compare the endoscopic results with 
the surgical literature. The data for segmental resec-
tion and anastomosis is homogeneous, as this surgery is 
not exclusively employed for stricture management. In 
addition, there are 15 distinct strictureplasty methods 
described[33], though the two most commonly employed 
for Crohn’s are Heineke-Mikulicz and Finney. Accord-
ing to a 2007 metanalysis which analyzed 1112 patients 
with a total of  3259 strictureplasties, this approach has 
a complication rate of  4% (leak, fistula, abscess) and a 
recurrence rate of  28% by 5 years[34]. Though the average 
number of  procedures per patient were > 2 in this period 
of  time, the authors point out that only 3% of  the repeat 
procedures involved re-instrumenting a site that had been 
operated on prior (the vast majority of  the recurrences 
occurred at new sites of  stricture). The majority of  the 
strictures analyzed in the metanalysis were small bowel, 
which would not be amenable to dilation by traditional 
endoscopic techniques. In terms of  laparoscopic resec-
tion, a large case series of  over 300 patients from Mount 
Sinai Hospital in New York reported a postoperative 
complication rate of  13% (primarily obstruction and 
leak), which makes the endoscopic option more attrac-
tive, at least in the short term[35]. 

FUTURE RESEARCH AVENUES
It would be important to understand, in terms of  the nat-
ural history of  Crohn’s disease, at which point intervening 
on a stricture would yield the maximum benefit. Perhaps 
it is not when the area has become fibrotic, but rather 
soon after a flare has resolved, that the initial dilation 
should be performed. It is unclear which of  the medical 
treatment options available for the treatment of  Crohn’s 
would be most efficacious in preventing stricture forma-
tion. It would be useful to understand if  injecting (with 
steroids or infliximab) or stenting the stricture would de-
crease the recurrence rate, as the current literature on this 
topic is scarce and lacking consensus[36-38]. It would also 
be important to determine the minimum number of  dila-
tions required to achieve operator proficiency, the optimal 
characteristics of  a stricture that would make it amenable 
to endoscopic intervention, and the desirable diameter to 
which a stricture should be dilated such as to avoid both 
perforations and future obstructive symptoms. 
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Abstract
AIM: To study if the angiotensin Ⅱ receptor blockers 
(ARB) losartan counteracts pancreatic hyperenzymemia 
as measured 24 h after endoscopic retrograde cholan-
giopancreatography (ERCP).

METHODS: A triple-blind and placebo-controlled ran-
domized clinical trial was performed at two Swedish 
hospitals in 2006-2008. Patients over 18 years of age 
undergoing ERCP, excluding those with current pancre-
atitis, current use of ARB, and severe disease, such as 
sepsis, liver and renal failure. One oral dose of 50 mg 
losartan or placebo was given one hour before ERCP. 
The relative risk of hyperenzymemia 24 h after ERCP 
was estimated using multivariable logistic regression, 
and expressed as odds ratio with 95% confidence inter-
vals (CIs), including adjustment for potential remaining 
confounding.

RESULTS: Among 76 participating patients, 38 were 
randomized to the losartan and the placebo group, re-
spectively. The incidence rates of hyperenzymemia and 
acute pancreatitis among all 76 participating patients 
were 21% and 12%, respectively. Hyperenzymemia 
was detected in 9 and 7 patients in the losartan and 
placebo group, respectively. There were no major dif-
ferences between the comparison groups regarding 
cannulation difficulty, findings, or proportion of patients 
requiring drainage of the bile ducts. There were, how-
ever, more pancreatic duct injections, a greater extent 
of pancreatography, and more biliary sphincterotomies 
in the losartan group than in the placebo group. Losar-
tan was not associated with risk of hyperenzymemia 
compared to the placebo group after multi-varible logis-
tic regression analysis (odds ratio 1.6, 95%CI 0.3-7.8).

CONCLUSION: In this randomized trial 50 mg losartan 
given orally had no prophylactic effect on development 
of hyperenzymemia after ERCP.

© 2012 Baishideng. All rights reserved.

Key words: Renin-angiotensin system; Pancreatitis; 
Prophylaxis; Placebo-controlled trial

World J Gastrointest Endosc  2012 November 16; 4(11): 506-512
ISSN 1948-5190 (online)

© 2012 Baishideng. All rights reserved.

Online Submissions: http://www.wjgnet.com/esps/
wjge@wjgnet.com
doi:10.4253/wjge.v4.i11.506

506 November 16, 2012|Volume 4|Issue 11|WJGE|www.wjgnet.com



Peer reviewers: Mohammad Al-Haddad, MD, Assistant Profes-
sor of Clinical Medicine, Director, Endoscopic Ultrasound Fel-
lowship Program, Indiana University School of Medicine, 550 
N. University Blvd, Suite 4100, Indianapolis, IN 46202, United 
States; Viktor Ernst Eysselein, MD, Professor of Medicine, Divi-
sion of Gastroenterology, Harbor-UCLA Medical Center, 1000 W. 
Carson Street, Box 483, Torrance, CA 90509, United States

Bexelius TS, Blomberg J, Lu YX, Håkansson HO, Möller P, Nor-
dgren CE, Arnelo U, Lagergren J, Lindblad M. Losartan to pre-
vent hyperenzymemia after endoscopic retrograde cholangiopan-
creatography: A randomized clinical trial. World J Gastrointest 
Endosc 2012; 4(11): 506-512  Available from: URL: http://www.
wjgnet.com/1948-5190/full/v4/i11/506.htm  DOI: http://dx.doi.
org/10.4253/wjge.v4.i11.506

INTRODUCTION
Acute pancreatitis is a serious complication after endo-
scopic retrograde cholangio-pancreatography (ERCP) 
affecting 1%-10% of  the patients[1-5]. Elevation of  pan-
creatic enzymes in serum (hyperenzymemia) is linked 
with pancreatitis, and occurs in 25%-40% of  the patients 
after ERCP[1,2,6,7]. Known risk factors for post-ERCP 
pancreatitis include female sex, previous pancreatitis, 
and procedure-related factors, including pancreatic duct 
injection, cannulation difficulties, and use of  sphincter-
otomy[3-5]. Several agents have been evaluated in the pre-
vention of  post-ERCP pancreatitis in clinical trials. Some 
groups of  medications have not been associated with 
convincing effects, e.g., anti-secretary drugs[6,8-15], protease 
inhibitors[1,2,6,16-21], heparin[22], and other anti-inflammatory 
drugs[7,23-25]. Other drugs, however, have shown promising 
effects, e.g., interleukin 10[26], glyceryl trinitrate[27], and an-
tibiotics[28]. To date, however, there is no established med-
ical prophylaxis against pancreatitis after ERCP. There is 
support for the new hypothesis that angiotensin Ⅱ type 
1 receptor blockers (ARB) prevent the development of  
pancreatitis or pancreatic hyperenzymemia after ERCP. 
Acute pancreatitis activates a local pancreatic renin-angio-
tensin system as well as the circulating renin-angiotensin 
system[29,30]. Experimental research has shown that the 
angiotensin Ⅱ type receptor and angiotensinogen are 
highly expressed in inflamed pancreatic tissue, and that 
administration of  angiotensin Ⅱ increases the secretion 
of  pancreatic enzymes[31]. This increased secretion can 
in turn be blocked by the ARB losartan (Cozaar®)[31,32]. 
Moreover, losartan can prevent induced acute pancreatitis 
in rats[32-34]. Furthermore, a recent case-control study by 
our group indicated a decreased risk of  acute pancreatitis 
among patients treated with ARB[35]. We have therefore 
conducted a clinical trial to test whether losartan prevents 
pancreatic hyperenzymemia after ERCP.

MATERIALS AND METHODS
A triple-blind, placebo-controlled randomized trial was 
performed at two Swedish hospitals, Karolinska Univer-

sity Hospital and Kalmar County Hospital, during the 
study period May 1, 2006 through October 31, 2008. 
There was a temporary intermission in the inclusion of  
patients during the period October 31, 2007 to May 1, 
2008 to allow manufacturing of  additional placebo cap-
sules because of  a restricted durability. The performing 
endoscopists recruited study patients. A capsule of  50 
mg losartan or an identical capsule of  placebo was given 
orally one hour before the ERCP. The dose was selected 
to minimize adverse side effects and yet ensure adequate 
penetration to the pancreatic tissue[36,37]. The capsules 
were manufactured by Apoteket AB Produktion och Lab-
oratoriers. The primary study outcome was occurrence 
of  hyperenzymemia 24 h after ERCP. Hyperenzymemia 
was defined as plasma levels of  pancreatic amylase or 
lipase at least three times above the upper reference level. 
Post-ERCP pancreatitis was a secondary outcome, de-
fined as persistent upper abdominal pain combined with 
hyperenzymemia 24 h after ERCP.

Patients
Eligible for the study were patients older than 18 years, 
scheduled for ERCP. The study aimed to investigate first-
time ERCP patients, and therefore set an arbitrarily cho-
sen time limit to one year since last ERCP to be included 
in the study. Other exclusion criteria were: previous 
ERCP within one year, current elevation of  pancreatic 
amylase or lipase, ongoing acute or chronic pancreatitis, 
current use of  ARB or angiotensin Ⅰ converting enzyme 
inhibitor, bilateral renal artery stenosis (or unilateral in 
patients with a single kidney), known hypersensitivity 
to ARB, pregnancy, breastfeeding, or predefined severe 
disease (ongoing sepsis, disseminated intravascular co-
agulopathy, acute circulatory collapse, severe dehydration, 
hypovolemia, severe renal insufficiency, or severe liver 
failure). The participating patients were asked about their 
medical history and underwent a physical examination. 
Measurements of  blood pressure and heart rate, and as-
sessment of  pain on a Visual Analogue Scale were per-
formed at baseline (one hour before the ERCP) and 24 h 
after the ERCP. Blood pressure and heart rate were also 
registered hourly until 6 h after the procedure, and later if  
needed. Blood samples were collected at baseline, and at 
one, four, and 24 h after the ERCP. In all other respects, 
the ERCP procedure and ensuing patient care followed 
the standard clinical routines. 

Randomization and blinding
The included patients were randomized to the losartan 
group or the placebo group by use of  consecutive closed 
study envelopes containing the individual study code, the 
case report form and the selected capsule. The study co-
ordinator assigned active or placebo drug using computer 
generated random numbers. The randomization was 
made in blocks of  10 with equal distribution of  active 
and placebo drugs at the participating centres. The study 
coordinator, who was not involved either in the patient 
care or in the analysis of  the data, held the key to the 
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study code. The participating patients, the endoscopists 
performing the ERCP, and the evaluators of  the outcome 
were all kept unaware of  the drug used until after the 
analyses.

Endoscopic retrograde cholangiopancreatography
The included patients fasted for 6 h before the ERCP. 
During the ERCP procedure, the patients received mid-
azolam or diazepam for sedation and ketobemidone 
(Ketogan®) for analgesia. Glucagon or butylscopolamine 
(Buscopan®) was given to reduce intestinal motility if  
needed. Omnipaque [140-240 mgI/mL (GE Healthcare, 
CA, United States)] was used as contrast medium to visu-
alize the biliary and pancreatic ducts. All participating en-
doscopists were experienced in ERCP. The endoscopist 
documented the following data immediately after com-
pleting the ERCP: indication for ERCP, degree of  can-
nulation difficulty [easy, medium, difficult (> 15 attempts 
or > 5 min for deep cannulation after initial cholangio- or 
pancreatography), or failed], findings, degree of  contrast 
filling of  the pancreatic duct, number of  contrast injec-
tions in the pancreatic duct, endoscopic procedures and 
interventions performed, and duration of  the procedure.

Ethics
All participants signed written informed consent before 
inclusion. The regional ethical committee in Stockholm 
and the Medical Products Agency in Sweden approved 
the study. The trial was registered according to regula-
tion formulated by the European Medicines Agency and 
Good Clinical Practice[38,39]. 

Statistical analysis
The sample size was estimated on the basis of  the fol-

lowing assumptions: (1) an incidence of  hyperenzymemia 
of  40%; (2) a reduction of  hyperenzymemia to 10% in 
the losartan group; (3) a significance level (alpha) of  0.05; 
and (4) a power of  80%. Using two-sample comparison 
of  proportions, the corresponding sample size was 38 pa-
tients in each group. We evaluated all patients included in 
the group to which they were randomized, i.e., according 
to the analytical rule of  intention to treat. To assess the 
impact of  missing outcome data, we analyzed the data 
using the method of  last observation carried forward[40]. 
The Fisher exact test or χ 2 test was used for analysis of  
categorical variables. An analysis of  variance or median 
test was performed for continuous data. To adjust for any 
imbalance of  potentially confounding factors occurring 
in spite of  randomization, we used multivariable logistic 
regression to estimate the relative risk of  hyperenzyme-
mia by calculating odds ratios (OR) with 95% confidence 
interval (CI). The following variables were adjusted for in 
the final multivariable model: sex, age (grouped into < or 
≥ 65 years), body mass index (BMI, expressed as kg/m2 
and categorized as < 20, 20-25, or > 25), history of  pan-
creatitis (yes or no), study center (Karolinska University 
Hospital or Kalmar County Hospital), and ERCP dura-
tion (continuous variable). Other potential confounders, 
including degree of  technical difficulties during ERCP, 
sphincterotomy, biliary drainage, and time between drug 
intake and ERCP, were tested in the regression model, 
but since they did not influence the risk estimates but 
only diluted the precision of  the estimates they were not 
included in the final model. The statistical analyses were 
performed with SAS Statistical Package (version 9.0, SAS 
Institute Inc., Cary, NC, United States). 

RESULTS
Study participants and procedures
Among 291 patients considered for inclusion, 215 were 
excluded. The reasons for these exclusions are listed in 
Figure 1. The most common reason for exclusion was 
recent ERCP (n = 142). Among the remaining 76 pa-
tients, 38 were randomized to the losartan group and 38 
to the placebo group. Some characteristics of  the study 
participants are presented in Table 1. The distribution 
of  patients between the participating centres was equal 
in the comparison groups. Men were overrepresented in 
the losartan group. The distributions by age, BMI, history 
of  pancreatitis, and the indications for the ERCP were 
equal between the groups, although there were fewer pa-
tients with jaundice and cholangitis in the losartan group 
(Table 1). However, there were no statistically significant 
differences in between the groups. At baseline the mean 
arterial blood pressure was the same, 100 mm Hg, in the 
two groups, but 24 h after the ERCP it was lower in the 
losartan group than in the placebo group (93 mmHg vs 
98 mmHg; P < 0.05). As shown in Table 2, there were 
no major differences between the comparison groups re-
garding cannulation difficulty, findings, or proportion of  
patients requiring drainage of  the bile ducts. There were, 
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291 patients 
considered 
for inclusion

Study 
participants

Losartan group, 
n  = 38

Placebo group, 
n  = 38

Figure 1  Flowchart of the patients who underwent endoscopic retrograde 
cholangio-pancreatography and were considered for inclusion in the 
study. DIC: Disseminated intravascular coagulation; ECRP: Endoscopic retro-
grade cholangiopancreatography; ARB: Angiotensin Ⅱ receptor blockers; ACE: 
Angiotensin Ⅰ converting enzyme.

215 patients excluded: 
   142 recent ERCP
   36 ARB or ACE inhibitor use
   9 acute pancreatitis
   8 declined participation
   7 unable to participate
   2 allergic to ARB or ACE-inhibitors
   2 chronic pancreatitis
   2 septicemia or DIC
   2 dehydrated or hypotensive
   2 pre-ERCP elevated serum 
      pancreatic enzymes
   2 severe liver cirrhosis or renal 
      insufficiency
   1 < 18 years old
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however, more pancreatic duct injections, a greater extent 
of  pancreatography, and more biliary sphincterotomies 
in the losartan group than in the placebo group (Table 
2). No patient received pancreatic stent. No patients with 
especially high risk of  post-ERCP pancreatitis entered 
the study, e.g., individuals with sphincter Oddi’s dysfunc-
tion, and no high risk procedures, e.g., sphincter Oddi 
manometry, duct balloon dilatation, or pancreatic sphinc-
terotomy, were performed.

Pancreatic enzyme levels
The incidence rates of  hyperenzymemia and acute pan-
creatitis among all 76 participating patients were 21% 
and 12%, respectively. In total, 9 patients in the losartan 
group and 7 patients in the placebo group showed hy-
perenzymemia 24 h after ERCP (P = 0.51) (Table 3). 
No decreased risk of  hyperenzymemia was found in the 
losartan group compared to the placebo group in the 
multivariable adjusted regression model (OR 1.6, 95%CI 
0.3-7.8). The median serum amylase concentration at 
baseline was similar in the two groups (0.44 in the losar-
tan group and 0.46 in the placebo group; P = 0.64). No 
significant differences in the amylase or lipase values one 
hour post-ERCP in the comparison groups were seen 
(data not shown). There was no statistically significant 
difference in median serum amylase between the groups 
24 h after ERCP (0.62 in the losartan group and 0.82 in 
the placebo group, P = 0.33). Hyperamylasemia occurred 

in 8 patients in the losartan group and in 4 patients in the 
placebo group (P = 0.53) (Table 3). Similarly, there was 
no substantial difference in serum lipase value between 
the groups either at baseline (0.53 and 0.48 in the losartan 
and placebo groups, respectively, P = 0.47) or 24 h after 
ERCP (0.77 and 1.07 in the losartan and placebo groups, 
respectively, P = 0.62). Eight patients had hyperlipasemia 
24 h after ERCP in the losartan group, and 7 in the pla-
cebo group (P = 0.89) (Table 3). 

The evaluation of  the effect of  missing outcome data 
using the enzyme levels 4 h after ERCP in patients with 
missing 24-h values did not change the main results (data 
not shown). Acute pancreatitis occurred in 5 patients in 
the losartan group and 4 in the placebo group (P = 0.57) 
(Table 3). All cases of  pancreatitis were mild as defined 
according to the Atlanta criteria[41]. Among the cases of  
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Table 1  Characteristics of the 76 participating patients and 
indications for their endoscopic retrograde cholangiopancreat
ography  n  (%)

Characteristic Losartan group Placebo group

Total   38 (100)   38 (100)
Study centre
   Karolinska 19 (50) 19 (50)
   Kalmar 19 (50) 19 (50)
Sex
   Male 22 (58) 16 (42)
   Female 16 (42) 22 (58)
Age, yr
   < 65 13 (34) 14 (37)
   ≥ 65 25 (66) 24 (63)
Body mass index, kg/m2 
   < 20 3 (8) 2 (5)
   20-25 14 (37) 14 (37)
   > 25   7 (18)   9 (24)
   Unknown 14 (37) 13 (34)
Previous pancreatitis
   No 34 (89) 35 (92)
   Yes   4 (11) 3 (8)
Indication for ERCP1

   Jaundice without cholangitis 20 (53) 21 (55)
   Jaundice with cholangitis   7 (18)   9 (24)
   Suspected tumour in pancreas or bile 
ducts 

10 (26) 13 (34)

   Suspected benign disease, i.e., biliary 
lithiasis, stricture or other disease

20 (53) 16 (42)

1Since each procedure could have several indications, the sum of percent-
ages could be > 100. ECRP: Endoscopic retrograde cholangiopancreatogra-
phy. 

Table 2  Distribution of procedure-related findings at 
endoscopic retrograde cholangiopancreatography in the 76 
participating patients  n  (%)

Finding/procedure1 Losartan group Placebo group

Total   38 (100)   38 (100)
Cannulation of the common bile duct
   Cannulation difficulty2

      Easy or medium 27 (71) 27 (71)
      Difficult or failed 10 (26)   9 (24)
Pancreatography
   Number of pancreatic duct injections2

      None 21 (55) 24 (63)
      1-3 15 (39) 11 (29)
      ≥ 4 1 (3) 2 (5)
   Extent of pancreatography2

      None 21 (55) 24 (63)
      Main duct 12 (31) 11 (29)
      First branch, second branch, and 
acinarisation

  4 (11) 2 (5)

Procedure-related findings in bile ducts2

   Normal   5 (13) 3 (8)
   Gallstone 13 (34) 14 (37)
   Suspected cancer   6 (16)   8 (21)
   Dilatation, benign or undetermined 
stricture, or anomaly  

 14 (37) 10 (26)

Procedure-related findings in pancreas2

   Not contrast-filled 21 (55) 24 (63)
   Normal 13 (34) 10 (26)
   Suspected cancer 0 (0) 1 (3)
   Dilatation 3 (8) 1 (3)
Endoscopic procedure
   Biliary sphincterotomy
      No 11 (29) 14 (37)
      Yes 27 (71) 24 (63)
   Biliary stenting
      No 24 (63) 23 (61)
      Yes 14 (37) 15 (39)
ERCP time, min2

   < 30 13 (34) 10 (26)
   ≥ 30 22 (58) 26 (68)
Time between intake of losartan or placebo capsule and ERCP, min
   < 60   9 (24)   7 (18)
   ≥ 60 29 (76) 31 (82)

1The endoscopist assessed degree of technical difficulty; 2The total number 
of participants was 38 patients in each variable, and a sum < 38 indicate 
missing values between n = 2-5. ECRP: Endoscopic retrograde cholangio-
pancreatography. 
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pancreatitis the losartan treated group had more difficult 
cannulations compared to the placebo group, while there 
was no difference regarding degree of  contrast filling.

DISCUSSION
This study provided no support for the hypothesis that 
losartan has a protective effect against the development 
of  pancreatic hyperenzymemia after ERCP. 

The randomized design, the blinding of  all patients, 
clinical staff  and evaluators, the use of  identical capsules 
for losartan and placebo, and the objective outcome 
measurement, i.e., assessment for predefined pancreatic 
enzyme levels 24 h after the intervention, are among the 
strengths of  the study. There are, however, several weak-
nesses to consider. The large number of  patients found 
not to be eligible for inclusion extended the study period. 
The limited sample size meant that it was not possible 
to detect weak associations, which meant that type 2 er-
rors could have occurred. The sample size estimation 
was, however, deliberately carried out with the purpose 
of  detecting a strong decrease in hyperenzymemia only. 
Despite the randomization, the limited sample size could 
have introduced confounding if  important covariates 
were not evenly distributed between the comparison 
groups. The distribution of  the evaluated potential con-

founding factors was, however, fairly equal. Moreover, 
to avoid confounding due to any remaining imbalances, 
we analyzed the data using multivariable regression with 
adjustment for several covariates. Hyperenzymemia was 
used as a surrogate marker for increased risk of  acute 
post-ERCP pancreatitis. This was justified by the strong 
link between these conditions[42]; further, hyperenzyme-
mia has previously been used as a marker for pancreatic 
damage and pancreatitis after ERCP[1,16,26,27]. Since the oc-
currence of  hyperenzymemia is markedly more common 
than pancreatitis, such a surrogate marker provided an 
opportunity to have a more limited sample size. If  the re-
sults of  the present study had indicated a prophylactic ef-
fect of  losartan on hyperenzymemia, we had intended to 
expand the study to comprise a sufficient number of  pa-
tients to address the outcome acute pancreatitis. The rate 
of  post-ERCP pancreatitis was somewhat higher than 
expected, partly due to detection bias. Also, the study is 
small and therefore the high reported incidence of  post-
ERCP pancreatitis could be due to chance.

Experimental and clinical findings suggest that ARB’s will 
protect against development of  acute pancreatitis[31-33,35], 
but our study did not support this hypothesis. Apart from 
a true lack of  effect, our negative results could have been 
due to several other factors: The tested dose (50 mg) of  
losartan might have been too low to have any preventive 
effect, and earlier administration of  losartan could have 
been more beneficial, since a peak plasma concentration 
is obtained 4-6 h after an oral dose. The dose was pre-
defined, however, and chosen on the basis of  an experi-
mental report of  a protective effect on cerulein induced 
acute pancreatitis using 0.2 mg/kg in rats[32]. Moreover, 
losartan did decrease the blood pressure, suggesting that 
the dosage was at least sufficient to affect peripheral 
vasoconstriction. To date, the tissue concentration of  
losartan in the pancreas remains unknown. Thus, the 
study hypothesis cannot be dismissed on the basis of  the 
present trial only. Before considering another randomized 
trial, e.g., with a longer pre-treatment latency and a higher 
dose of  ARB, we suggest further observational investiga-
tions of  the risk of  post-ERCP pancreatitis among ARB 
users. 

In conclusion, one oral capsule of  50 mg of  the ARB 
losartan given one hour before ERCP did not prevent 
pancreatic hyperenzymemia after the ERCP procedure in 
this randomized, blinded and placebo-controlled clinical 
trial. 
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Background
This experimental randomized trial based on experimental research, which have 
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Table 3  Serum pancreatic enzyme levels, abdominal 
pain, and pancreatit i s  after endoscopic retrograde 
cholangiopancreatography among 76 participating patients1  
n  (%)

Pancreatic enzyme level in 
serum

Losartan group Placebo group P  value

Amylase (microkat/L), median, (interquartile range)
At baseline 0.44 (0.3) 0.46 (0.4) 0.64
4 h after ERCP 0.75 (2.5) 0.68 (1.0) 0.81
24 h after ERCP 0.62 (2.3) 0.82 (1.0) 0.33
Hyperamylasemia2 24 h after 
ERCP, number (%)

    8 (24)     4 (13) 0.53

Missing data     5 (13)     6 (16)
Lipase (microkat/L), median, (interquartile range)
At baseline 0.53 (0.3) 0.48 (0.5) 0.47
4 h after ERCP 1.02 (5.9) 0.76 (1.4) 0.47
24 h after ERCP 0.77 (1.1) 1.07 (1.5) 0.62
Hyperlipasemia2 24 h after 
ERCP, number (%)

    8 (21)     7 (18) 0.89

Missing data     5 (13)     7 (18)
Hyperenzymemia3 24 h after 
ERCP, number (%) 

    9 (24)     7 (18) 0.51

Missing data     4 (11)   3 (8)
Abdominal pain 24 h after 
ERCP, number (%)

    8 (23)     9 (26) 0.93

Missing data   3 (8)   3 (8)
Acute pancreatitis (hyperen-
zymemia and abdominal pain 
after 24 h), number (%)

    5 (13)     4 (11) 0.57

Missing data     7 (18)     4 (11)

1In all analyses missing values were included as a separate category; P-val-
ues refer to overall differences between groups; 2Defined as 3 times higher 
than the normal reference value; 3Occurrence of hyperamylasemia or hy-
perlipasemia. ECRP: Endoscopic retrograde cholangiopancreatography.
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shown beneficial effects on pancreatitis using angiotensin receptor blockers. 
Also, clinical evidence exists from an epidemiological study showing reduced risk 
of acute pancreatitis in hypertensive patients in a primary care setting in United 
Kingdom. Endoscopic retrograde cholangio-pancreatography is usually suc-
cessful, e.g., removing gallstones and accessing bile ducts for other therapeutic 
purposes. However, there exist a small risk of the potential lethal complication of 
acute pancreatitis. This is the reason they are investigating the potential lowering 
risk of losartan on the risk of development of hyperenzymemia. 
Research frontiers
Many different approaches both pharmacological and intervention-related 
have been tried to reduce the incidence of post-endoscopic retrograde 
cholangiopancreatography (ERCP) pancreatitis. Promising results have been 
seen pharmacologically with drugs, e.g., gabexate and ulinastatin, and with in-
creased use of pancreatic stenting have also been successful in some studies. 
Still the need for better prophylactic strategies is large to reduce a potential life-
threatening complication like pancreatitis. 
Innovations and breakthroughs
In general, losartan, which belongs to the pharmacological class of angiotensin 
receptor blockers, are used broadly to treat high blood pressure, and heart fail-
ure. Experimentally, a role for angiotensin Ⅱ receptor blockers (ARB)  is sug-
gested in conditions such as inflammation, and cancer. Previously, experimental 
animal research have tested ARB on pancreatic inflammation with promising 
results, but the authors aimed to investigate this in humans, with the effect on 
pancreatic enzymatic secretion, in turn potentially leading to pancreatic inflam-
mation. 
Applications
This study suggests no benefit of losartan on the development of hyperenzy-
memia after ERCP. However, due to limited sample size, larger well-designed 
controlled trials could evaluate this question further to rule out an unseen effect 
so far.
Terminology
Endoscopic retrograde cholangio-pancreatography is an investigation using 
a flexible endoscope accessing the bile ducts allowing both therapeutic and 
diagnostic interventions. Losartan is anti-hypertensive drug acting on the renin-
angiotensin system, which has effects on blood pressure, inflammation and salt 
balance. 
Peer review
This is a well-designed randomized double-blind study, which examines the 
effect of the well-known anti-hypertensive drugs. Advantages include the strict 
randomized design, the identical capsules used for placebo and active drugs, 
objective outcome measurement using pancreatic enzymes, and strict adher-
ence to intention-to-treat principle while analyzing the results. Disadvantages 
include sample-size, because a larger study would make the results more reli-
able and also possible to analyze the effect on acute pancreatitis, rather than 
the proxy variable hyperenzymemia.
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Abstract
AIM: To prospectively assess the knowledge and at-
titudes of medical students (MS), as tomorrow’s physi-
cians, about colorectal cancer (CRC) and its screening 
modalities.

METHODS: Three hundred fourth year MS of the Uni-
versity of Athens were enrolled in this survey. Their 
selection was random, based on student identification 
card number. All participants completed an anonymous 
written questionnaire over a 4 month period. The 
questionnaire was divided into 4 sections and included 

queries about CRC-related symptoms, screening with 
colonoscopy and MS awareness and attitudes in this 
field. Following collection and analysis of the data, the 
results are presented as percentages of answers for 
each separate question. 

RESULTS: Two hundred and sixty-five students an-
swered the questionnaire over a 4 mo period. Inter-
estingly, only 69% of the study population considered 
CRC to be a high-risk condition for public health. 
However, the vast majority of participants identified 
CRC-related symptoms and acknowledged its screen-
ing to be of great value in reducing CRC incidence and 
mortality. A very small proportion (38%) had received 
information material regarding CRC screening (either 
during their medical training or as a part of informa-
tion provided to the general public) and only 60% of 
the participants declared willingness to receive further 
information. Regarding colonoscopy, 85% would prefer 
an alternative to colonoscopy methods for CRC screen-
ing. Moreover, 53% considered it to be a painful meth-
od and 68% would appreciate more information about 
the examination.

CONCLUSION: MS in Greece need to be better infor
med about CRC screening and screening colonoscopy.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Colorectal cancer (CRC) is the second leading cause of  
cancer death in the United States and Western Europe. 
Lately, both the incidence and mortality rates of  CRC 
seem to be declining in the United States, a fact that has 
been associated with the increased understanding of  its 
pathogenesis, recent advances in medical and surgical 
care and the widespread implementation of  screening 
programs[1,2]. Screening for CRC can identify premalig-
nant lesions and detect asymptomatic early stage ma-
lignancy, thus decreasing its incidence and mortality[3,4]. 
Tests available for screening include stool-based tests 
(guaiac-based or immunochemical fecal tests, as well as 
stool DNA sampling), radiological methods (computed 
tomography colonography, double-contrast barium 
enema) and endoscopic examinations (colonoscopy, 
flexible sigmoidoscopy, capsule endoscopy). Screening 
colonoscopy aimed at early detection and removal of  
precancerous polyps seems to reduce the incidence of  
CRC[4]. Even flexible sigmoidoscopy can lead to a 60% 
decrease of  CRC-associated deaths, provided screening 
was done before development of  symptoms[5]. However, 
compliance of  the asymptomatic population, as well as 
that of  individuals with a high risk for CRC, with screen-
ing programs remains low[6-8]. Physician’s beliefs on CRC 
screening has been shown to have a significant influ-
ence on whether or not their patients participate in CRC 
screening programs[9-11].

The objective of  this survey was to prospectively as-
sess the knowledge and specific attitudes of  a series of  
fourth year medical students (MS) from the University 
of  Athens about CRC and its screening programs, with 
an emphasis on colonoscopy. 

MATERIALS AND METHODS
Three hundred MS from the University of  Athens were 
enrolled in this survey. All students were in the fourth 
year and selection was based on student identification 
card number. The participants anonymously completed 
a written questionnaire between March and June, 2010. 
This was divided into 4 sections (Table 1). The first sec-
tion included questions about CRC-related symptoms. 
In the second part, the survey asked questions regarding 
MS beliefs about CRC and its screening with colonos-
copy. The third part provided questions pertaining to the 
availability and source of  student’s information on this 

subject. The questionnaire concluded with inquires ad-
dressing MS pre- and post-study attitudes towards CRC 
and its screening. MS willingness to enrich their knowl-
edge in this area and subsequently inform their relatives 
and friends was also investigated. The results of  this 
survey are presented as percentages of  answers for each 
separate question. 

RESULTS
Two hundred and sixty-five students (88.3%) answered 
the questionnaire. Respondents’ mean age was 22.8 years 
(range 21-25 years) and 53% were male. Most (85%-99%) 
of  the participants could identify CRC-related symp-
toms and 95% was aware of  the fact that CRC screen-
ing significantly reduces its incidence and mortality. A 
significant proportion of  MS (83%) was informed about 
the recommended age to start screening in average-risk 
population. However, only 69% viewed CRC as a major 
public health issue. Additionally, an even smaller propor-
tion (38%) had received information material regarding 
CRC screening (either within their study curriculum or 
as a part of  information directed to the general public); 
most interestingly, only 60% of  the study group declared 
an interest to obtain further information. Regarding 
colonoscopy as a screening tool, 85% would prefer an al-
ternative method and 53% considered it painful. Finally, 
68% of  the students would appreciate more informa-
tion about colonoscopy and 78% agreed to subsequently 
inform their families and friends about the importance 
of  CRC screening. The results of  our survey are sum-
marized in Table 1.

DISCUSSION 
We ran the present survey in order to evaluate the aware-
ness of  a series of  MS of  CRC and its screening modali-
ties, especially focusing on colonoscopy. The rationale 
behind the study population selection was that it is to-
morrow’s physicians who will be recruited from today’
s MS who will refer patients or who can influence the 
public to participate in CRC screening. Therefore, their 
attitude and information about CRC screening modali-
ties, especially colonoscopy, may have a great impact on 
the public’s compliance[12]. As the participants’ parents 
belong to the age group primarily targeted to start CRC 
screening, their children’s motivation to undergo colo-
noscopy would also be an immediate benefit.

It is encouraging that a remarkably high percent-
age (85%-99%) of  the participants identified the alarm 
symptoms suggestive of  CRC. This finding possibly 
reflects their medical education, since clear gaps in 
knowledge about CRC symptoms were recently reported 
by Ramos et al[13] in 625 primary healthcare patients. 
The vast majority of  respondents (95%) admitted that 
screening for CRC leads to a decline in its incidence and 
mortality. This result is consistent with that of  a recent 
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survey among MS in two American schools assessing 
knowledge and attitudes regarding CRC screening. In 
terms of  the age to start screening tests for CRC in aver-
age risk individuals, a higher proportion of  Greek than 
American MS gave the correct answer. However, dif-
ferences in the setting of  the relevant question may be 
responsible for this discrepancy[14].

Interestingly, only 69% of  MS in our study con-
sidered CRC to be a major public health issue. This 
may have an unfavorable impact on their future role as 
healthcare providers and may most probably be attrib-
uted to the restricted information they have received so 
far on this topic (38%). An argument could be made that 
fourth year MS in the University of  Athens have just 
started their clinical education; therefore, their percep-
tion of  the value of  cancer prevention strategies is lim-
ited. In accordance with this argument, it has been ob-
served that the mean knowledge scores on CRC increase 
directly with level of  training[15]. However, Zack et al[16] 
reported a significant discrepancy between the perceived, 
offered and actually implemented CRC screening by in-
ternal medicine residents in an Irish institution, despite 

their advanced medical education. 
Numerous studies have been conducted in healthcare 

professionals to evaluate awareness and attitudes about 
CRC screening. According to our results, only 15% of  
the questioned MS would prefer colonoscopy as a per-
sonal screening tool. This percentage is markedly low, 
compared to the reported 97% and 27% among gas-
trointestinal specialists and general practitioners respec-
tively, in the Netherlands[17]. Greek MS perception about 
colonoscopy being painful (57%), possibly reflecting 
their little information and clinical experience, may ac-
count for this finding. 78% of  MS were planning to in-
form their family and friends about the benefits of  CRC 
screening, whereas only 51% of  the general practitioners 
in the above mentioned study favored population screen-
ing. On the other hand, 87.2% of  obstetricians/gyne-
cologists and 61.7% of  nurse practitioners include CRC 
screening in their routine preventive practice[18]. These 
percentages lag far behind those of  other common ma-
lignancies, such as breast and cervical cancer[19,20]. Simi-
larly, a survey of  internists’ and surgeons’ knowledge 
regarding CRC screening disclosed plenty of  deficits[21].

Population adherence to CRC screening guidelines is 
disappointingly poor. In a survey carried out by Stock et 
al[8] in 11 European countries, the proportion of  respon-
dents aged 50 years and older who reported ever having 
undergone lower gastrointestinal endoscopy ranged from 
8.2% in Greece to 35.7% in Austria. Several patient-
related factors may contribute to the low adherence rate, 
including inappropriate perception of  risk, burdensome 
enteric preparation, pain, discomfort and embarrassment 
related especially to colonoscopy[7]. Furthermore, CRC 
screening underutilization possibly represents the ab-
sence of  information provided by the media and medical 
associations. Another factor that may contribute to these 
extremely low levels of  compliance is the lack of  knowl-
edge in general practitioners or other medical specialties 
about the benefits of  participation in CRC screening 
programs. This results in reduced referrals, especially for 
screening colonoscopy, which is generally considered 
a “difficult” or sometimes ineffective examination[22,23]; 
the latter seems to be an important factor, especially in 
light of  recent cuts in spending for public health, as well 
as reductions in funding for health education, screening 
programs and investments to improve screening modali-
ties[24,25].

To our best knowledge, this is the first report investi-
gating MS awareness and attitudes towards CRC and its 
screening in Europe. However, it bears some limitations; 
it is restricted to fourth year MS, who actually have lim-
ited clinical experience and therefore their awareness and 
attitudes towards CRC screening may not be significantly 
different from the general population, although they 
have completed their preclinical education and started 
their clinical training. It may be reasonable to state that 
sixth year MS would perform significantly better. Fur-
thermore, the inclusion of  MS from only one of  seven 
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Table 1  Greek fourth year medical student responses to a 
4 item questionnaire about colorectal cancer and colorectal 
cancer screening (%)

Yes No

Which of the following may be a CRC-related symp-
tom?
   Rectal bleeding 99   1
   Altered bowel habits 92   8
   Constipation 95   5
   Diarrhea 85   5
Which of the following is true about CRC and its 
screening?
   Screening begins at the age of 50 in average risk indi-
viduals

83 17

   Screening reduces CRC mortality 95   5
   CRC is a major public health problem 69 31
   Is colonoscopy painful? 57 43
   Would you prefer an alternative to colonoscopy for 
CRC screening

85 15

   Polyps removal and lesional tissue sampling are 
feasible during colonoscopy

87 13

Information about CRC screening
   Have you ever received any information material 
regarding CRC screening

38 62

   Would you like to receive more information material? 60 40
   Your knowledge about CRC and colonoscopy origi-
nates from medical school or elsewhere (e.g. family, 
media, internet)

Medical school: 
80

Elsewhere: 20
Pre- and post-study attitude regarding CRC and its 
screening
   Have you ever encouraged anyone to undergo colo-
noscopy?

73 27

   Are you willing to increase your knowledge in this 
area?

68 32

   Are you planning to inform your family/friends 
about the benefits of CRC screening?

78 22

CRC: Colorectal cancer.
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Greek medical schools may have partly undermined the 
ability to generalize our conclusions. However, despite 
these limitations, we believe that our results are inter-
esting and could possibly be enriched in the future by 
a similar survey in more advanced level MS attending 
medical schools all over Greece. Comparison with Eu-
ropean MS attitudes would also be helpful since results 
might shed more light into the significantly different 
population’s adherence rates observed in these countries 
and could serve as a “control group” to our MS in order 
to make interesting comparisons. 

Collectively, our results highlight the need to better 
inform MS about CRC as a major public health problem 
and the available methods for its screening and surveil-
lance. In this context, modifying medical schools’ cur-
ricula to promote students’ knowledge about preventive 
methods against CRC merits special consideration[26]. 
MS, as the future healthcare providers, through educa-
tion in this area, are a crucial parameter in order to 
achieve maximum adherence of  the general population 
in CRC screening programs aiming to decrease CRC-
related deaths.

COMMENTS
Background
Colorectal cancer (CRC) is a common and potentially lethal disease. CRC 
screening tests can help identify cancers at an early and treatable stage. Colo-
noscopy in particular can also prevent the development of CRC by detecting 
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of interest since MS are future physicians and should play a major role in public 
health system.
Applications
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CRC and its screening, in order to achieve higher adherence to screening pro-
grams and decrease CRC-related deaths.
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GENERAL INFORMATION
World Journal of  Gastrointestinal Endoscopy (World J Gastrointest Endosc, 
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open-access (OA), peer-reviewed online journal supported by an 
editorial board of  400 experts in gastrointestinal endoscopy from 
45 countries.

The biggest advantage of  the OA model is that it provides free, 
full-text articles in PDF and other formats for experts and the public 
without registration, which eliminates the obstacle that traditional 
journals possess and usually delays the speed of  the propagation and 
communication of  scientific research results. 

Maximization of personal benefits
The role of  academic journals is to exhibit the scientific levels of  a 
country, a university, a center, a department, and even a scientist, and 
build an important bridge for communication between scientists and 
the public. As we all know, the significance of  the publication of  
scientific articles lies not only in disseminating and communicating 
innovative scientific achievements and academic views, as well as 
promoting the application of  scientific achievements, but also in 
formally recognizing the “priority” and “copyright” of  innovative 
achievements published, as well as evaluating research performance 
and academic levels. So, to realize these desired attributes of  WJGE 
and create a well-recognized journal, the following four types of  
personal benefits should be maximized. The maximization of  perso­
nal benefits refers to the pursuit of  the maximum personal benefits 
in a well-considered optimal manner without violation of  the laws, 
ethical rules and the benefits of  others. (1) Maximization of  the 
benefits of  editorial board members: The primary task of  editorial 
board members is to give a peer review of  an unpublished scientific 
article via online office system to evaluate its innovativeness, scien­
tific and practical values and determine whether it should be publi­
shed or not. During peer review, editorial board members can also 
obtain cutting-edge information in that field at first hand. As leaders 
in their field, they have priority to be invited to write articles and 
publish commentary articles. We will put peer reviewers’ names 
and affiliations along with the article they reviewed in the journal to 
acknowledge their contribution; (2) Maximization of  the benefits 
of  authors: Since WJGE is an OA journal, readers around the world 
can immediately download and read, free of  charge, high-quality, 
peer-reviewed articles from WJGE official website, thereby realizing 
the goals and significance of  the communication between authors 
and peers as well as public reading; (3) Maximization of  the benefits 
of  readers: Readers can read or use, free of  charge, high-quality 
peer-reviewed articles without any limits, and cite the arguments, 
viewpoints, concepts, theories, methods, results, conclusion or facts 
and data of  pertinent literature so as to validate the innovativeness, 
scientific and practical values of  their own research achievements, 
thus ensuring that their articles have novel arguments or viewpoints, 
solid evidence and correct conclusion; and (4) Maximization of  the 
benefits of  employees: It is an iron law that a first-class journal is 
unable to exist without first-class editors, and only first-class editors 
can create a first-class academic journal. We insist on strengthening 
our team cultivation and construction so that every employee, in 
an open, fair and transparent environment, could contribute their 
wisdom to edit and publish high-quality articles, thereby realizing the 
maximization of  the personal benefits of  editorial board members, 
authors and readers, and yielding the greatest social and economic 
benefits.

Aims and scope
The major task of  WJGE is to report rapidly the most recent re
sults in basic and clinical research on gastrointestinal endoscopy 
including: gastroscopy, intestinal endoscopy, colonoscopy, capsule 
endoscopy, laparoscopy, interventional diagnosis and therapy, as 
well as advances in technology. Emphasis is placed on the clini
cal practice of  treating gastrointestinal diseases with or under 
endoscopy. Papers on advances and application of  endoscopy-asso
ciated techniques, such as endoscopic ultrasonography, endoscopic 
retrograde cholangiopancreatography, endoscopic submucosal 
dissection and endoscopic balloon dilation are also welcome.

Columns
The columns in the issues of  WJGE will include: (1) Editorial: To 
introduce and comment on major advances and developments 
in the field; (2) Frontier: To review representative achievements, 
comment on the state of  current research, and propose directions 
for future research; (3) Topic Highlight: This column consists of  
three formats, including (A) 10 invited review articles on a hot 
topic, (B) a commentary on common issues of  this hot topic, and 
(C) a commentary on the 10 individual articles; (4) Observation: 
To update the development of  old and new questions, highlight 
unsolved problems, and provide strategies on how to solve the 
questions; (5) Guidelines for Basic Research: To provide guidelines 
for basic research; (6) Guidelines for Clinical Practice: To provide 
guidelines for clinical diagnosis and treatment; (7) Review: To 
review systemically progress and unresolved problems in the field, 
comment on the state of  current research, and make suggestions 
for future work; (8) Original Article: To report innovative and 
original findings in gastrointestinal endoscopy; (9) Brief  Article: To 
briefly report the novel and innovative findings in gastrointestinal 
endoscopy; (10) Case Report: To report a rare or typical case; 
(11) Letters to the Editor: To discuss and make reply to the con
tributions published in WJGE, or to introduce and comment on 
a controversial issue of  general interest; (12) Book Reviews: To 
introduce and comment on quality monographs of  gastrointestinal 
endoscopy; and (13) Guidelines: To introduce consensuses and 
guidelines reached by international and national academic authorities 
worldwide on basic research and clinical practice in gastrointestinal 
endoscopy.
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SPECIAL STATEMENT
All articles published in this journal represent the viewpoints of  the 
authors except where indicated otherwise.

Biostatistical editing
Statisital review is performed after peer review. We invite an expert 
in Biomedical Statistics to evaluate the statistical method used 
in the paper, including t-test (group or paired comparisons), chi-
squared test, Ridit, probit, logit, regression (linear, curvilinear, or 
stepwise), correlation, analysis of  variance, analysis of  covariance, 
etc. The reviewing points include: (1) Statistical methods should be 
described when they are used to verify the results; (2) Whether the 
statistical techniques are suitable or correct; (3) Only homogeneous 
data can be averaged. Standard deviations are preferred to standard 
errors. Give the number of  observations and subjects (n). Losses 
in observations, such as drop-outs from the study should be re
ported; (4) Values such as ED50, LD50, IC50 should have their 
95% confidence limits calculated and compared by weighted probit 
analysis (Bliss and Finney); and (5) The word ‘significantly’ should 
be replaced by its synonyms (if  it indicates extent) or the P value (if  
it indicates statistical significance). 

Conflict-of-interest statement
In the interests of  transparency and to help reviewers assess any 
potential bias, WJGE requires authors of  all papers to declare any 
competing commercial, personal, political, intellectual, or religious 
interests in relation to the submitted work. Referees are also asked to 
indicate any potential conflict they might have reviewing a particular 
paper. Before submitting, authors are suggested to read “Uniform 
Requirements for Manuscripts Submitted to Biomedical Journals: 
Ethical Considerations in the Conduct and Reporting of  Research: 
Conflicts of  Interest” from International Committee of  Medical 
Journal Editors (ICMJE), which is available at: http://www.icmje.
org/ethical_4conflicts.html. 

Sample wording: [Name of  individual] has received fees for 
serving as a speaker, a consultant and an advisory board member for 
[names of  organizations], and has received research funding from 
[names of  organization]. [Name of  individual] is an employee of  
[name of  organization]. [Name of  individual] owns stocks and shares 
in [name of  organization]. [Name of  individual] owns patent [patent 
identification and brief  description]. 

Statement of informed consent
Manuscripts should contain a statement to the effect that all human 
studies have been reviewed by the appropriate ethics committee 
or it should be stated clearly in the text that all persons gave their 

informed consent prior to their inclusion in the study. Details that 
might disclose the identity of  the subjects under study should be 
omitted. Authors should also draw attention to the Code of  Ethics 
of  the World Medical Association (Declaration of  Helsinki, 1964, 
as revised in 2004).

Statement of human and animal rights
When reporting the results from experiments, authors should 
follow the highest standards and the trial should comform to Good 
Clinical Practice (for example, US Food and Drug Administration 
Good Clinical Practice in FDA-Regulated Clinical Trials; UK 
Medicines Research Council Guidelines for Good Clinical Practice 
in Clinical Trials) and/or the World Medical Association Declaration 
of  Helsinki. Generally, we suggest authors follow the lead 
investigator’s national standard. If  doubt exists whether the research 
was conducted in accordance with the above standards, the authors 
must explain the rationale for their approach and demonstrate 
that the institutional review body explicitly approved the doubtful 
aspects of  the study. 

Before submitting, authors should make their study approved 
by the relevant research ethics committee or institutional review 
board. If  human participants were involved, manuscripts must be 
accompanied by a statement that the experiments were undertaken 
with the understanding and appropriate informed consent of  each. 
Any personal item or information will not be published without 
explicit consents from the involved patients. If  experimental animals 
were used, the materials and methods (experimental procedures) 
section must clearly indicate that appropriate measures were taken to 
minimize pain or discomfort, and details of  animal care should be 
provided.

SUBMISSION OF MANUSCRIPTS
Manuscripts should be typed in 1.5 line spacing and 12 pt. Book 
Antiqua with ample margins. Number all pages consecutively, and 
start each of  the following sections on a new page: Title Page, Ab 
stract, Introduction, Materials and Methods, Results, Discussion, 
Acknowledgements, References, Tables, Figures, and Figure Le
gends. Neither the editors nor the publisher are responsible for the 
opinions expressed by contributors. Manuscripts formally accepted 
for publication become the permanent property of  Baishideng 
Publishing Group Co., Limited, and may not be reproduced by any 
means, in whole or in part, without the written permission of  both 
the authors and the publisher. We reserve the right to copy-edit and 
put onto our website accepted manuscripts. Authors should follow 
the relevant guidelines for the care and use of  laboratory animals 
of  their institution or national animal welfare committee. For the 
sake of  transparency in regard to the performance and reporting 
of  clinical trials, we endorse the policy of  the International Com
mittee of  Medical Journal Editors to refuse to publish papers on 
clinical trial results if  the trial was not recorded in a publicly-acces 
sible registry at its outset. The only register now available, to our 
knowledge, is http://www. clinicaltrials.gov sponsored by the Uni 
ted States National Library of  Medicine and we encourage all po
tential contributors to register with it. However, in the case that 
other registers become available you will be duly notified. A letter 
of  recommendation from each author’s organization should be 
provided with the contributed article to ensure the privacy and 
secrecy of  research is protected.

Authors should retain one copy of  the text, tables, photographs 
and illustrations because rejected manuscripts will not be returned 
to the author(s) and the editors will not be responsible for loss or 
damage to photographs and illustrations sustained during mailing.

Online submissions
Manuscripts should be submitted through the Online Submission 
System at: wjge@wjgnet.com. Authors are highly recommended 
to consult the ONLINE INSTRUCTIONS TO AUTHORS 
(http://www.wjgnet.com/1948-5190/g_info_20100316080002.
htm) before attempting to submit online. For assistance, authors 
encountering problems with the Online Submission System may 
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send an email describing the problem to http://www.wjgnet.com/
esps/, or by telephone: +86-10-59080038. If  you submit your 
manuscript online, do not make a postal contribution. Repeated 
online submission for the same manuscript is strictly prohibited.

MANUSCRIPT PREPARATION
All contributions should be written in English. All articles must be 
submitted using word-processing software. All submissions must 
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample 
margins. Style should conform to our house format. Required 
information for each of  the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of  less than 6 words should 
be provided.

Authorship: Authorship credit should be in accordance with the 
standard proposed by International Committee of  Medical Journal 
Editors, based on (1) substantial contributions to conception and 
design, acquisition of  data, or analysis and interpretation of  data; 
(2) drafting the article or revising it critically for important intel
lectual content; and (3) final approval of  the version to be pub­
lished. Authors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the com
plete name of  institution, city, province and postcode. For exam
ple, Xu-Chen Zhang, Li-Xin Mei, Department of  Pathology, 
Chengde Medical College, Chengde 067000, Hebei Province, 
China. One author may be represented from two institutions, for 
example, George Sgourakis, Department of  General, Visceral, and 
Transplantation Surgery, Essen 45122, Germany; George Sgourakis, 
2nd Surgical Department, Korgialenio-Benakio Red Cross Hospital, 
Athens 15451, Greece

Author contributions: The format of  this section should be: Au
thor contributions: Wang CL and Liang L contributed equally to 
this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu XM 
designed the research; Wang CL, Zou CC, Hong F and Wu XM 
performed the research; Xue JZ and Lu JR contributed new rea
gents/analytic tools; Wang CL, Liang L and Fu JF analyzed the data; 
and Wang CL, Liang L and Fu JF wrote the paper.

Supportive foundations: The complete name and number of  
supportive foundations should be provided, e.g., Supported by 
National Natural Science Foundation of  China, No. 30224801

Correspondence to: Only one corresponding address should 
be provided. Author names should be given first, then author 
title, affiliation, the complete name of  institution, city, postcode, 
province, country, and email. All the letters in the email should be 
in lower case. A space interval should be inserted between country 
name and email address. For example, Montgomery Bissell, MD, 
Professor of  Medicine, Chief, Liver Center, Gastroenterology 
Division, University of  California, Box 0538, San Francisco, CA 
94143, United States. montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of  +, 
country number, district number and telephone or fax number, e.g., 
Telephone: +86-10-59080039  Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review. 
Normally, three experts are invited for each article. Decision for 
acceptance is made only when at least two experts recommend 
an article for publication. Reviewers for accepted manuscripts are 
acknowledged in each manuscript, and reviewers of  articles which 
were not accepted will be acknowledged at the end of  each issue. 
To ensure the quality of  the articles published in WJGE, reviewers 
of  accepted manuscripts will be announced by publishing the 
name, title/position and institution of  the reviewer in the footnote 

accompanying the printed article. For example, reviewers: Professor 
Jing-Yuan Fang, Shanghai Institute of  Digestive Disease, Shanghai, 
Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong 
University, Shanghai, China; Professor Xin-Wei Han, Department 
of  Radiology, The First Affiliated Hospital, Zhengzhou University, 
Zhengzhou, Henan Province, China; and Professor Anren Kuang, 
Department of  Nuclear Medicine, Huaxi Hospital, Sichuan 
University, Chengdu, Sichuan Province, China.

Abstract
There are unstructured abstracts (no more than 256 words) and 
structured abstracts (no more than 480). The specific requirements 
for structured abstracts are as follows: 

An informative, structured abstracts of  no more than 480 
words should accompany each manuscript. Abstracts for original 
contributions should be structured into the following sections. AIM 
(no more than 20 words): Only the purpose should be included. 
Please write the aim as the form of  “To investigate/study/…; 
MATERIALS AND METHODS (no more than 140 words); 
RESULTS (no more than 294 words): You should present P values 
where appropriate and must provide relevant data to illustrate 
how they were obtained, e.g. 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001; 
CONCLUSION (no more than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, 
which reflect the content of  the study.

Text
For articles of  these sections, original articles, rapid communica
tion and case reports, the main text should be structured into the 
following sections: INTRODUCTION, MATERIALS AND 
METHODS, RESULTS and DISCUSSION, and should include 
appropriate Figures and Tables. Data should be presented in the 
main text or in Figures and Tables, but not in both. The main 
text format of  these sections, editorial, topic highlight, case 
report, letters to the editors, can be found at: http://www.wjgnet.
com/1948-5190/g_info_20100316080002.htm. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly 
in the main text. Provide a brief  title for each figure on a separate 
page. Detailed legends should not be provided under the figures. 
This part should be added into the text where the figures are 
applicable. Figures should be either Photoshop or Illustrator 
files (in tiff, eps, jpeg formats) at high-resolution. Examples can 
be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wjgnet.com/1007-9327/13/4891.pdf; http://www.
wjgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is 
necessary in line-art image. Scale bars should be used rather than  
magnification factors, with the length of  the bar defined in the 
legend rather than on the bar itself. File names should identify 
the figure and panel. Avoid layering type directly over shaded or 
textured areas. Please use uniform legends for the same subjects. 
For example: Figure 1 Pathological changes in atrophic gastritis 
after treatment. A: ...; B: ...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is 
our principle to publish high resolution-figures for the printed and 
E-versions.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned 
clearly in the main text. Provide a brief  title for each table. Detailed 
legends should not be included under tables, but rather added into 
the text where applicable. The information should complement, 
but not duplicate the text. Use one horizontal line under the title, a 
second under column heads, and a third below the Table, above any 
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP < 
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0.05, bP < 0.01 should be noted (P > 0.05 should not be noted). If  
there are other series of  P values, cP < 0.05 and dP < 0.01 are used. 
A third series of  P values can be expressed as eP < 0.05 and fP < 0.01. 
Other notes in tables or under illustrations should be expressed as 
1F, 2F, 3F; or sometimes as other symbols with a superscript (Arabic 
numerals) in the upper left corner. In a multi-curve illustration, each 
curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain 
sequence.
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REFERENCES
Coding system
The author should number the references in Arabic numerals accor
ding to the citation order in the text. Put reference numbers in 
square brackets in superscript at the end of  citation content or after 
the cited author’s name. For citation content which is part of  the 
narration, the coding number and square brackets should be typeset 
normally. For example, “Crohn’s disease (CD) is associated with 
increased intestinal permeability[1,2]”. If  references are cited directly 
in the text, they should be put together within the text, for example, 
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Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224   DOI: 
10.3748/wjg.13.6356]
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treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer dis
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Conference proceedings
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Conference paper
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Statistical data
Write as mean ± SD or mean ± SE.

Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square 
test as χ2 (in Greek), related coefficient as r (in italics), degree of  
freedom as υ (in Greek), sample number as n (in italics), and pro
bability as P (in italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pre
ssure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 
h, blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; 
blood CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 
volume fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L 
formaldehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. 
Arabic numerals such as 23, 243, 641 should be read 23 243 641.

The format for how to accurately write common units and qu
antums can be found at: http://www.wjgnet.com/wjg/help/15.doc.

Abbreviations
Standard abbreviations should be defined in the abstract and on first 
mention in the text. In general, terms should not be abbreviated 
unless they are used repeatedly and the abbreviation is helpful to 
the reader. Permissible abbreviations are listed in Units, Symbols 
and Abbreviations: A Guide for Biological and Medical Editors and 
Authors (Ed. Baron DN, 1988) published by The Royal Society of  
Medicine, London. Certain commonly used abbreviations, such as 
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR, 
CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly 
without further explanation.

Italics
Quantities: t time or temperature, c concentration, A area, l length, 
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

Examples for paper writing
Editorial: http://www.wjgnet.com/1948-5190/g_info_20100316 
080004.htm

Frontier: http://www.wjgnet.com/1948-5190/g_info_201003 
13155344.htm

Topic highlight: http://www.wjgnet.com/1948-5190/g_info_2010 
0316080006.htm

Observation: http://www.wjgnet.com/1948-5190/g_info_20100 
107124105.htm

Guidelines for basic research: http://www.wjgnet.com/1948-5190/
g_info_20100313155908.htm

Guidelines for clinical practice: http://www.wjgnet.com/19 
48-5190/g_info_20100313160015.htm

Review: http://www.wjgnet.com/1948-5190/g_info_20100 
107124313.htm

Original articles: http://www.wjgnet.com/1948-5190/g_info_20 
100107133454.htm

Brief  articles: http://www.wjgnet.com/1948-5190/g_info_201003 
13160645.htm

Case report: http://www.wjgnet.com/1948-5190/g_info_20100 
107133659.htm

Letters to the editor: http://www.wjgnet.com/1948-5190/g_info_ 

20100107133856.htm

Book reviews: http://www.wjgnet.com/1948-5190/g_info_201003 
13161146.htm

Guidelines: http://www.wjgnet.com/1948-5190/g_info_20100 
313161315.htm

SUBMISSION OF THE REVISED 
MANUSCRIPTS AFTER ACCEPTED
Please revise your article according to the revision policies of  
WJGE. The revised version including manuscript and high-
resolution image figures (if  any) should be re-submitted online 
(http://www.wjgnet.com/1948-5190office/). The author should 
send the copyright transfer letter, responses to the reviewers, 
English language Grade B certificate (for non-native speakers of  
English) and final manuscript checklist to wjge@wjgnet.com.

Language evaluation 
The language of  a manuscript will be graded before it is sent for 
revision. (1) Grade A: priority publishing; (2) Grade B: minor 
language polishing; (3) Grade C: a great deal of  language polishing 
needed; and (4) Grade D: rejected. Revised articles should reach 
Grade A or B.

Copyright assignment form
Please download a Copyright assignment form from http://www.
wjgnet.com/1948-5190/g_info_20100107134847.htm.

Responses to reviewers
Please revise your article according to the comments/sugges
tions provided by the reviewers. The format for responses to 
the reviewers’ comments can be found at: http://www.wjgnet.
com/1948-5190/g_info_20100107134601.htm.

Proof of financial support
For paper supported by a foundation, authors should provide a 
copy of  the document and serial number of  the foundation.

Links to documents related to the manuscript 
WJGE will be initiating a platform to promote dynamic interactions 
between the editors, peer reviewers, readers and authors. After a 
manuscript is published online, links to the PDF version of  the 
submitted manuscript, the peer-reviewers’ report and the revised 
manuscript will be put on-line. Readers can make comments on 
the peer reviewer’s report, authors’ responses to peer reviewers, 
and the revised manuscript. We hope that authors will benefit from 
this feedback and be able to revise the manuscript accordingly in a 
timely manner.

Science news releases
Authors of  accepted manuscripts are suggested to write a science 
news item to promote their articles. The news will be released 
rapidly at EurekAlert/AAAS (http://www.eurekalert.org). The 
title for news items should be less than 90 characters; the summary 
should be less than 75 words; and main body less than 500 words. 
Science news items should be lawful, ethical, and strictly based on 
your original content with an attractive title and interesting pictures.

Publication fee
WJGE is an international, peer-reviewed, OA, online journal. 
Articles published by this journal are distributed under the terms of  
the Creative Commons Attribution Non-commercial License, which 
permits use, distribution, and reproduction in any medium, provided 
the original work is properly cited, the use is non commercial and 
is otherwise in compliance with the license. Authors of  accepted 
articles must pay a publication fee. Publication fee: 600 USD per 
article. Editorial, topic highlights, book reviews and letters to the 
editor are published free of  charge.
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