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Abstract
Ampullary adenoma is a pre-cancerous lesion arising 
from the duodenal papilla that is often asymptomatic. 
It is important to distinguish whether the adenoma is 
sporadic or arises in the setting of familial adenoma-
tous polyposis as this has important implications with 
respect to management and surveillance. Multiple mo-
dalities are available for staging of these lesions to help 
guide the most appropriate therapy. Those that are 
used most commonly include computed tomography, 
endoscopic ultrasound, and endoscopic retrograde chol-
angiopancreatography. In recent years, endoscopy has 
become the primary modality for therapeutic manage-
ment of the majority of ampullary adenomas. Surgery 
remains the standard curative procedure for confirmed 
or suspected adenocarcinoma. This review will provide 
the framework for the diagnosis and management of 
ampullary adenomas from the perspective of the prac-
ticing gastroenterologist.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
Ampullary adenomas are glandular dysplastic lesions that 
arise in and around the duodenal papilla. Adenomatous 
tissue has been found in up to 90% of  resection speci-
mens of  ampullary adenocarcinoma, suggesting that 
these lesions have pre-malignant potential[1-6]. Autopsy se-
ries have estimated the prevalence of  ampullary adenoma 
to be 0.04% to 0.12%[7,8]. They may occur sporadically or 
in the setting of  familial adenomatous polyposis (FAP). 
Patients with FAP almost invariably develop duodenal 
adenomas and have a risk for ampullary carcinoma that 
is 124-fold greater than the general population[3,9,10]. In 
fact, ampullary carcinoma is the most common malig-
nancy and leading cause of  death in FAP patients who 
have previously undergone colectomy[11-16]. Consequently, 
surveillance upper endoscopy is an important aspect of  
management for these patients. Ampullary adenomas 
are more frequently being recognized because of  the 
increased availability of  endoscopy for evaluation of  
gastrointestinal-related symptoms as well as surveillance 
programs for patients with FAP. Multiple modalities are 
now available for diagnosing and staging these lesions. 
Therefore, a good understanding of  the diagnostic and 
therapeutic options available is essential for making an 
informed management decision.

Historically, ampullary adenomas were removed by 
radical surgery. Endoscopic advances in recent years have 
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shifted the paradigm of  treatment toward attempted 
endoscopic resection prior to consideration of  surgery 
because endoscopy is less invasive and has lower mor-
bidity. Nevertheless, the complications associated with 
endoscopic removal of  ampullary adenomas are high 
compared to other endoscopic therapies, making it im-
perative that it be performed in experienced hands. In 
patients with ampullary adenocarcinoma, surgery remains 
the standard curative therapy, but endoscopy can provide 
adequate palliation in cases where the patient is deemed 
not to be a surgical candidate. This review will discuss 
the clinical manifestations, diagnosis, and management of  
ampullary adenomas, with particular focus on the endo-
scopic management of  these lesions.

CLINICAL MANIFESTATIONS AND 
DIAGNOSIS
Clinical presentation
Ampullary adenomas are often asymptomatic and inci-
dentally discovered on endoscopy. Patients may present 
with symptoms related to obstruction of  the biliary or 
pancreatic duct. These symptoms may include jaundice 
from biliary obstruction, which in rare instances pro-
gresses to cholangitis[17,18]. Acute recurrent pancreatitis 
may result from pancreatic duct obstruction[19]. Other 
non-specific symptoms may include nausea, vomiting, ab-
dominal pain, and weight loss. Significant weight loss in a 
patient with an ampullary lesion should alert the clinician 
to the possibility of  a more invasive process.

Diagnosis
The diagnosis of  ampullary adenoma is based on endo-
scopic appearance and histology. In order for endoscopic 
evaluation of  the lesion to be complete, a side-viewing 
endoscope is necessary. Endoscopic features suggesting 
that these lesions are benign include regular margins, no 
ulceration, soft consistency, and no spontaneous bleed-
ing[20,21]. Confirmation of  adenoma is necessary with 
biopsy of  the suspect lesion. The accuracy of  forceps 
biopsy has been questioned due to several factors. Intra-
observer variability exists between pathologists in inter-
preting the histologic specimen, making it particularly 
important to have the specimen reviewed by an experi-
enced pathologist prior to deciding to undergo therapeu-
tic intervention. In addition, forceps biopsy may not take 
a representative sample of  the lesion and may miss foci 
of  adenocarcinoma within adenomatous tissue. Bellizzi 
et al[22] recently reported a diagnostic agreement of  only 
64% when comparing biopsy samples to the eventual 
resected specimen. Forceps biopsy has been associated 
with accuracy rates of  62% to 85% in other series[23-27]. 
Therefore, final histologic assessment should be based on 
the resected specimen.

Staging
Once adenoma is confirmed by biopsy, further evalua-

tion is necessary to help dictate management decisions. 
Modalities that may be used include trans-abdominal 
ultrasound (US), computed tomography (CT), magnetic 
resonance cholangiopancreatography (MRCP), endo-
scopic retrograde cholangiopancreatography (ERCP), 
endoscopic US (EUS), and intraductal US (IDUS).

Both trans-abdominal US and CT do not adequately 
visualize the ampullary area for staging of  adenomatous 
lesions. Their primary role is to identify biliary and pan-
creatic ductal dilation. In cases of  ampullary adenocar-
cinoma, CT can also provide valuable information by 
identifying locoregional lymphadenopathy and distant 
metastatic lesions.

EUS can provide information regarding the depth of  
the ampullary lesion as well as locoregional lymph node 
status. Multiple studies have shown that EUS is supe-
rior to CT, MRI, and transabdominal US in local peri-
ampullary tumor staging[28-30]. IDUS is a newer imaging 
modality that was originally developed to visualize arterial 
structures in various pancreaticobiliary diseases. IDUS 
has higher resolution than EUS because of  the use of  
high frequency waves (20-30 MHz) compared with EUS 
(7.5-10 MHz). Several studies have reported increased 
accuracy in staging of  ampullary neoplasms with IDUS 
as compared to EUS[31-34]. Nevertheless, IDUS is not rou-
tinely performed as part of  the ampullary adenoma stag-
ing, mainly due its lack of  availability at many centers.

MRCP is typically reserved for patients with bile duct 
abnormalities previously identified on CT or US that 
need further clarification prior to more invasive investiga-
tive studies. ERCP is performed to visualize the extent 
of  the ampullary lesion into the biliary or pancreatic duct 
as well as to perform decompression if  there is evidence 
of  obstruction. Given the sensitivity of  other modalities 
now available for initial staging, ERCP with both bili-
ary and pancreatic duct evaluation is usually performed 
immediately preceding possible endoscopic therapeutic 
intervention in the same session[35]. The use of  cholan-
giopancreatoscopy at the time of  ERCP to evaluate for 
intraductal spread of  the adenoma has also been de-
scribed[36].

ENDOSCOPIC THERAPY
An important distinction when considering the appropri-
ate management for newly diagnosed ampullary adenoma 
is whether the adenoma is sporadic or arises in the setting 
of  FAP. Patients with FAP often have multiple duodenal 
polyps. Spigelman et al[11] devised a classification system 
for duodenal polyps in the upper gastrointestinal tract 
in the setting of  FAP (Table 1). Severity of  polyposis is 
assessed by assigning a score (1-3) in each of  four cat-
egories. Spigelman stage is then determined by the sum 
of  the four categories (Stage 0: Score 0, Stage Ⅰ: Score 
1-4, Stage Ⅱ: Score 5-6, Stage Ⅲ: Score 7-8, Stage Ⅳ: 
Score 9-12). Traditionally, patients with Spigelman stage 
0-Ⅲ are followed with close endoscopic surveillance 
programs, while those with stage Ⅳ undergo more ag-
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gressive therapy. In FAP, endoscopic resection has not 
been shown to decrease the need for eventual pancreati-
coduodenectomy, as the malignancy risk is related to the 
extent of  polyposis within the duodenum and not just 
the ampullary lesion[20,37]. Interestingly, studies have found 
that the progression in Spigelman classification categories 
over time has more to do with the increase in size and 
number of  polyps as opposed to changes in histology[38].

A suggested algorithm for the management of  newly 
diagnosed ampullary adenoma is shown in Figure 1. Giv-
en the heterogeneity of  the lesions and patient popula-
tion, it is difficult to set out guidelines that would encom-
pass all possible scenarios, so each case must be taken on 
an individual basis. Advances in endoscopic therapy have 
allowed clinicians to be more aggressive in endoscopic 
resection of  adenomas and there have even been case 
reports of  focal ampullary adenocarcinomas removed 
endoscopically[21,39-43]. Most clinicians would agree that 
patients with known ampullary adenocarcinoma should 
be offered surgery if  they are deemed appropriate surgi-
cal candidates. On the other hand, management of  high 
grade dysplasia (HGD) is a controversial topic. A retro-
spective review of  23 patients who had endoscopic resec-
tion for what turned out to be HGD or focal T1 ampul-

lary adenocarcinoma found that none of  these patients 
had residual tumor on follow-up endoscopy or surgically 
resected specimen[44]. Therefore, the authors concluded 
that endoscopic resection is appropriate management for 
ampullary adenomas with HGD. Other investigators have 
advocated endoscopic resection for HGD if  the tumor 
is only extraductal, and in situations where intraductal 
growth is less than 1 cm[45]. Proponents of  radical surgery 
for HGD point to several studies that underlie the fact 
that diagnostic yield for picking up foci of  adenocarcino-
ma and lymphovascular invasion pre-operatively is sub-
optimal[46,47].

Endoscopic resection technique
Endoscopic removal of  ampullary adenomas remains 
non-standardized and highly variable, which reflects the 
relatively small number of  formal investigations into this 
topic. Furthermore, there is no uniform agreement on 
the terminology used to describe various resection mo-
dalities. The terms papillectomy and ampullectomy are 
frequently used interchangeably but some authors restrict 
the use of  “papillectomy” for endoscopic resection and 
“ampullectomy” for surgical resection[48]. The following 
is a discussion of  the most commonly used endoscopic 
resection techniques based on a review of  the literature 
and our experience.

Submucosal injection prior to papillectomy may be 
performed similar to the technique used when perform-
ing endoscopic mucosal resection for colorectal polyps. 
The failure of  a lesion to manifest a “lift sign” is associ-
ated with malignancy and is considered a contraindica-
tion to attempts at complete endoscopic removal[49,50]. 
It is speculated that injection of  epinephrine may also 
decrease the risk of  bleeding during resection. Most 
commonly injected fluids include saline and epinephrine, 
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Table 1  Spigelman classification of duodenal polyps in familial 
adenomatous polyposis

Score

1 2 3

No. of polyps 1-4 5-20 > 20
Size (mm) 1-4 5-10 >10
Histology Tubulous Tubulovillous Villous
Dysplasia Mild Moderate Severe

Options include:
   Endoscopic resection
   Surveillance (especially 
   for FAP patients with early 
   stage Spigelman)

Does it have any one of the 
following invasive features?
   Intraductal growth
   Lymphovascular invasion
   Metastasis

Options include:
   Endoscopic resection
   Surgery (especially 
   for FAP patients with 
   Spigelman stage Ⅳ)

EUS/CT for staging

BiopsyAmpullary adenoma Ampullary adenocarcinoma

Ampullary lesion noted with side-viewing endoscope

Does it have any one of the 
following high risk features?
   > 1 cm
   High grade dysplasia
   Ulceration, irregular margins, 
   spontaneous bleeding, or 
   firmness on endoscopic exam

EUS/CT for staging

Options include:
   Surgery
   Palliative therapyYes

No

No
Yes

Figure 1  Suggested algorithm for management of ampullary lesion noted with side-viewing endoscope. FAP: Familial adenomatous polyposis; EUS: Endo-
scopic ultrasound; CT: Computed tomography.
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although methylene blue and viscous material such as 
hydroxypropyl methylcellulose and sodium hyaluronate 
have also been used[3,43,49-54]. Successful endoscopic resec-
tion of  adenomas has also been described without the 
use of  submucosal injection[40,55,56]. In fact, we generally 
avoid submucosal injection at our institution for two 
main reasons. One is the concern that injection may dis-
tort the ampullary anatomy due to the “anchoring” effect 
from the bile and pancreatic duct running through the 
lesion, creating a central depression at the site of  the am-
pullary opening. Second, injection may create a “dome” 
effect and make effective snare placement for en bloc re-
section more difficult.

Endoscopic papillectomy is performed by the use 
of  endoscopic snares and electrocautery. Standard or 
“braided” polypectomy snares are typically used, although 
fine wire snares specifically designed for ampullary resec-
tion are available[3,50,57]. If  the lesion can be completely 
ensnared, en bloc resection with electrocautery may be 
performed. This has the advantage of  shortened proce-
dure time, reduced use of  electrocautery, and providing 
complete tissue specimen for pathologic examination. 
Some authors have described the use of  an electrosurgical 
needle knife to make an incision circumferentially around 
the lesion to facilitate snare capture[3]. Piecemeal resection 
is sometimes necessary for lesions larger than 2 cm or in 
cases where visible tissue is left in place with en bloc tech-
nique. The type of  current and power settings used for 
ampullary resection are variable. Many authors describe 
the use of  blended current, whereas others utilize pure-
cutting current[58-60]. Few have also described the use of  
pure coagulation current[50].

The role of  ablative therapies [argon plasma coagu-
lation (APC), laser, bipolar electrocautery] is mainly to 
destroy any remaining tissue that may be left following 
snare resection of  a specimen. APC is most frequently 
used for this purpose. The main disadvantage in using this 
technique is tissue that is ablated cannot be retrieved for 
pathology review. In fact, some clinicians avoid the use 
of  APC altogether primarily for this reason[35]. Catalano 
et al[58] reported their results from 103 papillary resections 
and found no difference in overall rate of  success or re-
currence in patients who did and did not have APC.

Pancreatic or biliary sphincterotomy is often per-
formed following papillectomy, with the goal of  improv-
ing pancreaticobiliary drainage. One of  the known com-
plications of  papillectomy is pancreatitis. Placement of  
a pancreatic duct stent following ampullary adenoma re-
section has been found to reduce the incidence of  post-
ERCP pancreatitis based on a meta-analysis of  five pro-
spective series[61]. Recently, a randomized control trial also 
showed a decrease in the rate of  pancreatitis in patients 
who received a pancreatic duct stent[62]. Some authors 
perform sphincterotomy and placement of  pancreatic 
duct stent prior to resection[21,50], although we favor post-
resection stent placement in an attempt to maximize the 
opportunity for en bloc resection. Placement of  a biliary 
stent to reduce the risk of  post-procedural cholangitis 

is infrequently performed, and mainly done if  there is 
concern for incomplete biliary drainage despite biliary 
sphincterotomy[3,50,63]. In our institution, we place a pan-
creatic duct stent in every patient undergoing endoscopic 
papillectomy as the data available strongly support its use. 
We reserve the use of  a biliary stent only for patients that 
are believed to have slow drainage after biliary sphincter-
otomy.

Outcome
A systematic review by Han et al[48] reported the success 
rates for endoscopic removal of  ampullary adenomas to 
range from 46% to 92%, and recurrence rates to range 
from 0% to 33%. Most recently, a large retrospective se-
ries which included 102 patients diagnosed with ampulla-
ry adenoma that underwent endoscopic resection showed 
a success rate of  84%[64]. Factors affecting success in this 
study were smaller lesion size (< 2 cm) and the absence 
of  dilated ducts.

Complications
Even in experienced hands, complications arising after 
endoscopic papillectomy are high compared to other 
endoscopic procedures. They include pancreatitis, per-
foration, bleeding, cholangitis, and papillary stenosis. In 
their review, Han et al[48] found a morbidity rate of  23% 
(range 10%-58%) and a mortality rate of  0.4% (range 
0%-7%). Bleeding and pancreatitis were the most com-
mon complications. Each occurred in up to 25% of  cases 
in one small study, although the remainder of  the studies 
showed bleeding rates of  0% to 21% and pancreatitis 
rates of  0% to 15%[48].

Surveillance
There is no consensus regarding the most appropriate 
surveillance interval following endoscopic resection of  
ampullary adenomas. Initial surveillance endoscopy is gen-
erally performed at 1 mo to 6 mo following resection. Fol-
lowing the initial surveillance endoscopy, the clinician may 
decide to follow with endoscopy every 3 mo to 12 mo for 
the next 2 years, and then less frequent intervals there-
after[3,50,52,58,63,65-67]. A side-viewing endoscope should be 
used for surveillance purposes. One recent study suggests 
improved rates of  detection of  duodenal polyps with the 
use of  chromoendoscopy in FAP patients[68]. Patients with 
sporadic ampullary adenomas are at increased risk for co-
lon polyps and should be offered screening colonoscopy.

NON-ENDOSCOPIC THERAPY
Surgery
Surgery had been the traditional approach for removal of  
ampullary adenoma before the advances related to endo-
scopic therapy in the last 10 to 20 years. Surgery remains 
the standard curative therapy for confirmed or suspected 
ampullary adenocarcinoma, although endoscopy can 
provide adequate palliation in patients deemed not to be 
surgical candidates.
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Surgical approaches may include pancreaticoduode-
nectomy, surgical ampullectomy, and pancreas-preserving 
duodenectomy. The reason for the shift towards endo-
scopic removal of  adenoma is related to the significant 
morbidity and mortality associated with radical surgery. 
Data from multiple series for pancreaticoduodenectomy 
demonstrated an operative mortality of  1% to 9% and 
operative morbidity as high as 41%[69,70]. Less invasive sur-
gical options such as surgical ampullectomy are available, 
but recurrence is a possibility when these less invasive 
surgical interventions are employed. Similar to endosco-
py, these patients will also require follow-up endoscopy, 
whereas those who receive pancreaticoduodenectomy 
do not require further surveillance. FAP patients are 
unique in that they will require surveillance regardless of  
intervention given their propensity to develop adenomas 
throughout the duodenum.

Medical therapy
Non-invasive therapy is also an option in certain cases 
of  diagnosed ampullary adenoma. While there is no data 
studying the effect of  non-steroidal anti-inflammatory 
drugs (NSAIDs) specifically on ampullary adenomas, 
there is literature that studies the effect of  NSAIDs on 
duodenal and colorectal polyps in the FAP population. 
The most commonly studied NSAIDs have been celecox-
ib and sulindac. In a randomized control trial involving 
49 post-colectomy FAP patients, celecoxib was found to 
significantly reduce duodenal polyposis when compared 
to placebo[71]. Another study involving 24 post-colectomy 
FAP patients found that sulindac reduced rectal polyp 
progression, but had no significant effect on duodenal 
polyp regression[72]. Increased erosions at the anastomotic 
site in the NSAID group have also been reported in at 
least one study[73].

CONCLUSION
Endoscopic advances in recent years have expanded the 
role of  endoscopy in the therapeutic management of  am-
pullary adenomas. Prior to considering therapy, clinicians 
should utilize the staging modalities available in order 
to make the most appropriate management decision for 
these patients. Radical surgery remains the treatment of  
choice for ampullary adenocarcinoma, adenomas with 
extensive intraductal growth, and should be strongly con-
sidered in a certain subset of  FAP patients. Future studies 
and case experience will allow us to make more definitive 
guidelines with respect to appropriate treatment and sur-
veillance for ampullary adenoma.
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Abstract
In the treatment of patients with symptomatic chole-
lithiasis and choledocholithiasis (CBDS) detected dur-
ing intraoperative cholangiography (IOC), or when the 
preoperative study of a patient at intermediate risk for 
CBDS cannot be completed due to the lack of imag-
ing techniques required for confirmation, or if they are 
available and yield contradictory radiological and clinical 
results, patients can be treated using intraoperative en-
doscopic retrograde cholangiopancreatography (ERCP) 
during the laparoscopic treatment or postoperative 
ERCP if the IOC finds CBDS. The choice of treatment 
depends on the level of experience and availability of 
each option at each hospital. Intraoperative ERCP has 
the advantage of being a single-stage treatment and 
has a significant success rate, an easy learning curve, 
low morbidity involving a shorter hospital stay and low-
er costs than the two-stage treatments (postoperative 
and preoperative ERCP). Intraoperative ERCP is also a 
good salvage treatment when preoperative ERCP fails 

or when total laparoscopic management also fails. 
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INTRODUCTION
The rate of  choledocholithiasis (CBDS) in patients with 
symptomatic cholelithiasis is estimated to be approxi-
mately 10%-33%, depending on the patient’s age[1]. For 
many years, open cholecystectomy (OC) with choledo-
chotomy or sphincteroplasty and cleaning of  the bile 
duct were the gold standard to treat both pathologies. 
Over the past decade, laparoscopic cholecystectomy (LC) 
has replaced OC in the treatment of  biliary lithiasis. The 
technical difficulties in the laparoscopic treatment of  
CBDS and the development of  endoscopic retrograde 
cholangiopancreatography (ERCP)[2] have led to consid-
erably broader endoscopic/surgical treatment possibilities 
for patients with cholelithiasis and suspected CBDS. No 
consensus currently exists regarding universally accepted 
therapeutic management.

One of  the most important consequences of  the 

EDITORIAL

248 December 16, 2011|Volume 3|Issue 12|WJGE|www.wjgnet.com



Rábago LR et al . Intraoperative ERCP

universal use of  LC is the promotion and development 
of  various pre-operative screening methods for CBDS, 
which had already been used during the open surgery era.

Intraoperative cholangiography (IOC) was used selec-
tively in patients with suspected CBDS, since it required 
longer surgery time. It also had a false positive rate of  up 
to 26%[3] which affected the performance of  unnecessary 
therapeutic surgical procedures, such as choledochotomy 
or sphincteroplasty, with a higher risk of  secondary post-
operative complications and morbidity of  17%-21%[4-6].

The universal use of  LC rekindled an old debate 
concerning the need for the routine use of  IOC, which 
ultimately led it to being used selectively on patients 
with suspected CBDS during preoperative studies[7]. The 
low rate of  CBDS during negative screening tests, from 
2%-4%[8], and the low rate of  anatomical alterations of  
the bile duct that could involve a real surgical risk do not 
justify its systematic use. Consequently, the selective use 
of  IOC helps to reduce surgical morbidity and minimises 
the use of  unnecessary resources[7,9].

Clinical criteria (jaundice, recent history of  pancre-
atitis, cholecystitis), analytical criteria (elevation of  total 
bilirubin, elevation of  cytolytic and cholestatic enzymes) 
and ultrasonographic (EUS) criteria (dilated bile duct or 
visualisation of  repletion defects in the bile duct) have 
been used and combined as preoperative screening meth-
ods for CBDS. A multitude of  scores have been pub-
lished using these criteria, attempting to assess the risk of  
CBDS, none of  which have been implemented in a gen-
eral manner. In fact, only 27%-54% of  patients selected 
with suspected CBDS ultimately have calculi[7,10].

In 2001, and more recently in 2010[11], the American 
Society for Gastrointestinal Endoscopy (ASGE) pub-
lished a review of  the pros and cons of  each preoperative 
screening method used to detect CBDS. It proposed a 
scoring system to categorise CBDS risk into high, inter-
mediate and low and also devised a diagnostic and thera-
peutic algorithm for its management.

The high risk group would include patients with 
symptomatic cholelithiasis, total bilirubin > 4 mg/dL, 
ascending cholangitis, the presence of  intracholedochal 
calculi, or those with a dilated bile duct and total biliru-
bin of  1.8 mg/dL. For patients > 55 years, alterations in 
liver biochemistry other than bilirubin or with a recent 
history of  biliary pancreatitis would have intermediate 
risk. If  they do not present with any of  these criteria, the 
patients have low CBDS risk.

The use of  magnetic resonance cholangiography 
(MRC) has facilitated the non-invasive study of  the bile 
duct, with 85%-92% sensitivity and 93%-97% specificity 
for CBDS[12]. This technique is less sensitive when com-
mon bile duct stones measure less than 6 mm and during 
episodes of  acute biliary pancreatitis[13,14].

EUS has also proved very useful in diagnosing CBDS 
and its morbidity did not at all compare to that of  ERCP, 
with 89%-94% sensitivity and 95% specificity[15,16], al-
though it is probably more operator dependent than MRC 
and is sensitive in detecting common bile duct stones 

measuring less than 6 mm[17].
The Spanish National Health Institute[18] and the  

ASGE[11] recommend patients with intermediate CBDS 
risk to use non-invasive radiological techniques prior to 
undergoing preoperative ERCP due to their high di-
agnostic performance. This would enable candidates 
undergoing preoperative ERCP before LC to be more 
appropriately selected. However, the limited availability 
of  resources and the cost of  these diagnostic techniques 
mean that they cannot be used universally as a replace-
ment for the screening methods used to date. They 
should be used selectively in order to improve the diag-
nostic yield of  patients with intermediate risk.

However, although at least 10% of  cases with symp-
tomatic cholelithiasis who undergo surgery could be 
included in the intermediate risk group for CBDS, the 
repercussions from implementing the aforementioned 
diagnostic strategy in clinical practice and its cost have 
not yet been established. Also, it might be difficult to use 
under certain circumstances due to its scarcity or lack of  
availability, intolerance or contraindication[19].

Furthermore, the sensitivity and specificity of  these 
diagnostic techniques vary in relation to the quality of  
the technology available and the experience of  the teams 
that interpret them at different hospitals. Lastly, there is 
a small group of  intermediate risk patients in which, de-
spite the fact that MRC or EUS fail to confirm the exis-
tence of  CBDS, diagnostic doubts remain due to conflict 
between clinical, analytical and ultrasound findings[14].

Therefore, MRC or EUS are not the definitive solu-
tion for diagnosing CBDS, and at the moment, its diag-
nosis during the intraoperative stage still has an impor-
tant role. We must also remember that there is a group 
of  patients with negative screening tests, in which the 
surgical findings during surgery recommend that IOC be 
performed in order to rule out CBDS, with an estimated 
rate of  2%-4%[3].

There is a general consensus regarding the therapeu-
tic algorithm of  high and low CBDS risk patients. The 
first group would require preoperative ERCP followed 
by LC, and the second only LC. However, intermediate-
risk patients have a great variety of  endoscopic/surgical 
therapeutic options (LC with total laparoscopic cleaning 
of  the bile duct in a single stage, or with the assistance 
of  intraoperative ERCP, or two-stage management with 
preoperative ERCP followed by LC, or LC and postop-
erative ERCP). Currently, there is still a lack of  consensus 
and the most appropriate therapeutic management is the 
subject of  debate between the various surgical and endo-
scopic groups.

available treatments for 
cholelithiasis and CBDS
ERCP was introduced in the 1970s as a treatment for 
residual or recurrent CBDS, with a success rate of  over 
85%-90%, immediate severe morbidity of  2.5%-11%, 
and mortality of  0.5%-3.7%[20]. 
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It has become increasingly indicated including the 
treatment of  possible CBDS before laparoscopic sur-
gery[4,21], because during the OC era, when it was used 
before surgery it failed to show any advantages over the 
total surgical management of  CBDS[22].

Preoperative ERCP followed by LC has been the 
most widely used endoscopic/surgical treatment method 
over the past decade and it is still currently used at many 
endoscopic units, despite the fact that its routine use to 
ultimately detect CBDS is unacceptable, due to the high 
rate of  normal explorations and the cost and morbidity 
inherent to the technique[10,11].

In fact, one of  the best preventive measures to reduce 
ERCP complications is not to perform it if  it is unneces-
sary. This is one of  the main reasons why the ASGE[11] 
has published its guidelines to quantify the risk of  CBDS, 
proposing a therapeutic management algorithm. 

When the possibility of  CBDS cannot be ruled out 
for certain using the appropriate preoperative radiologi-
cal studies - MRC or EUS -, or if  they are unavailable, 
there are long waiting lists causing an unacceptable delay 
in diagnosis, or if  there is an unexplained clinical and ra-
diological discordance, the surgeon must decide between 
using LC with or without IOC, depending on the reli-
ability of  the different radiological studies in his or her 
environment. IOC has very high specificity (93%-100%), 
with lower sensitivity (53%-100%)[23].

 If  IOC shows the presence of  CBDS, there are 
three possible therapeutic options: total laparoscopic 
management, intraoperative ERCP (single-stage treat-
ment), or immediate postoperative ERCP. However, 
there are very few surgical groups with sufficient experi-
ence and resources to resolve CBDS laparoscopically or 
many surgeons that agree on leaving stones in the bile 
duct in order to extract them endoscopically at the post-
operative stage, although some studies estimate that ap-
proximately 50% of  CBDS detected by IOC can resolve 
spontaneously[3,24].

Laparoscopic management of 
CBDS (siNgle-Stage treatment)
Laparoscopic surgery of  CBDS was introduced over 
15 years ago[25] and various surgical groups have shown 
that it has a high success rate[26-30], and is just as efficient 
and safe as pre- or postoperative ERCP associated with 
LC, thereby avoiding the need to perform additional pro-
cedures[1,27,31]. Nevertheless, its technical difficulties, its 
long and difficult learning curve and the need for the al-
location of  technical resources (high-quality fluoroscopy 
and choledochoscopes), which are not available at many 
operating theatres[32], has curtailed its expansion.

During the laparoscopic treatment of  CBDS, the 
first surgical step involves the transcystic exploration and 
extraction of  the common bile duct stones[33-35]. Most 
of  the stones (66%-93%) are eliminated in this man-
ner[36,37] using wash-outs, balloons or Dormia baskets in 
order to extract the small stones through the cystic duct 

or the papilla. All of  these manoeuvres have difficulty in 
accessing the bile duct through fine or bead-like cystic 
ducts, sometimes requiring dilations to be performed 
before the cystic duct. When transcystic extraction is not 
possible, a choledochotomy must be performed and the 
bile duct explored[33,36] using balloons or Dormia baskets 
or through choledochoscopes. All of  these techniques 
are more difficult and dangerous if  the bile duct is nar-
row or if  it is affected by inflammatory changes. When 
exploration of  the bile duct is complete, if  a primary su-
ture is not performed - which always poses a risk - drains 
(a Kher tube) are placed which will prolong the patient’
s hospital stay. On the whole, the laparoscopic extraction 
of  CBDS has a success rate of  83%-89%, with greater 
efficiency and lower morbidity for transcystic explora-
tion and extraction of  common bile duct stones (68% 
and 10%, respectively, compared to 31% efficiency with 
morbidity of  5%-18% for laparoscopic common bile 
duct exploration)[31,35]. When its efficiency and costs were 
compared to the two-stage treatment with preoperative 
ERCP during a multicentric clinical trial, bile duct clean-
ing and morbidity had similar success rates, but involved 
a shorter hospital stay[31].

The difficulties regarding the laparoscopic manage-
ment of  CBDS have been shown in certain algorithms 
proposed, which show intraoperative or postoperative 
ERCP as a salvage treatment in the event of  failure of  
the transcystic duct or laparoscopic choledochotomy[37-39], 
encouraging joint endoscopic-laparoscopic treatment 
of  CBDS, with which clinical trials have also been per-
formed comparing their results.

The current use of  these therapeutic options depends, 
to a great extent, on the technical skills and experience of  
the endoscopic and surgical teams, which must reach a 
clearly established and accepted consensus[29,38].

The timing of  the two-stage treatment with preopera-
tive ERCP and subsequent LC was determined by the 
ASGE[11] for patients at high risk of  CBDS only.

Postoperative ercp as a two-
stage TREATMENT FOR CBDS 
Postoperative ERCP is an important cost-efficient thera-
peutic alternative[19], which would be indicated to treat 
CBDS diagnosed intraoperatively, irrespective of  the rea-
son for performing IOC[11] and provided that laparoscop-
ic treatment is unavailable or has failed[27,35-38]. One of  the 
pros of  postoperative ERCP is that it is available at all 
equipped hospital centres using the findings from IOC 
(with high specificity) to establish its indication. However, 
it also has disadvantages. It requires highly experienced 
endoscopic support groups with a low ERCP failure rate 
and the hospital stays are longer than for single-stage 
treatments[1,27,40]. The possibility that postoperative endo-
scopic failure could require further surgery should always 
be taken into account. Accordingly, the specific circum-
stances of  each hospital centre determine whether or not 
there is a reluctance to implement the aforementioned 
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technique in clinical practice, although certain studies are 
available that propose a hopeful wait and see attitude, 
especially with common bile duct stones measuring less 
than 5-6 mm[3,10,24].

It was also indicated that the possible failure of  post-
operative ERCP could be avoided by leaving a transcystic 
catheter in place or by placing removable biliary prosthe-
ses, however, removing them could lead to an increase in 
the rate of  biliary fistula or biliperitoneum[6].

Intraoperative ercp as A SINGLE-
stage treatment FOR CBDS
A short and successful series of  intraoperative ERCP 
during LC was published in 1993, describing the insertion 
of  a Fogarty balloon catheter into the transcystic duct in 
order to direct and correctly perform endoscopic papil-
lotomy[41] and a further series of  intraoperative ERCP 
during OC[42]. In 1994 a new series of  intraoperative 
ERCP was published in which a sphincterotomy was per-
formed using a laparoscopic procedure by inserting the 
sphincterotome into the transcystic duct using the duo-
denoscope to ensure its correct position in the papilla[43]. 
A series of  reports was subsequently published, which 
could be included under the Perioperative ERCP heading, 
attempting to resolve CBDS in a single stage during LC. 
They include intraoperative ERCP using the rendezvous 
technique. Using this technique, a transcystic guide wire 
is inserted laparoscopically and recovered in the duode-
num using the endoscope, facilitating selective access to 
the bile duct and the subsequent sphincterotomy[44-48]. 
Initially, perioperative ERCP also included ERCPs per-
formed in theatres using the standard ERCP technique, 
prior to, during or immediately after surgery[49-52]. The 
main difference we are aware of  regarding postoperative 
ERCP, is that it is performed in the theatre immediately 
after surgery while the patient is still under anaesthesia in 
order to try to shorten hospital stay, thereby allowing the 
endoscopic/surgical treatment to be performed in a sin-
gle stage. However, they do not have the benefits offered 
by the rendezvous technique. Three different types of  
catheters or Fogarty balloons[41] or even Dormia basket 
catheters were initially used which were inserted into the 
transcystic duct to facilitate insertion of  the papillotome 
in the papilla[53]. However, most endoscopic groups have 
used and still use a transcystic guidewire.

The use of  intraoperative ERCP has slowly increased 
among various endoscopic groups, combining its ease of  
use with a short learning curve, without the high techni-
cal requirements needed by laparoscopic management of  
the bile duct[54-58].

Very few comparative studies have been made be-
tween laparoscopic management[31] with or without in-
traoperative ERCP[55,59,60] single-stage treatments, and the 
two-stage treatment with preoperative ERCP that has 
similar or higher success rates, but has lower morbidity, 
shorter hospital stay[60] and lower cost. Randomised stud-
ies have also been performed comparing the two most 

important options of  the single-stage treatment, such as 
total laparoscopic CBDS management compared to intra-
operative ERCP[32], where no differences in success rate, 
complications, hospital stay or cost were found.

La Greca et al[58] reviewed all the published studies on 
intraoperative ERCP and found 27 original papers that 
included between 8 and 96 patients each, thus analysing 
a total of  795 patients. The success rate ranged between 
69.2%[61] and 100%[45,48,57], with an average of  92.3%. The 
average duration of  intraoperative endoscopy was 35 min 
and the average duration of  surgery was 104 min. The 
average conversion rate to open surgery was 4.7% and 
morbidity was 5.1% (0%-19%). Mortality is extremely 
rare, and of  the 27 publications reviewed, only three pa-
tient deaths were reported, giving rise to a total mortality 
of  0.37%.

intraoperatIVE ercp TECHNIQUE
In the rendezvous technique, firstly, a transcystic guide-
wire (0.025-inch Jagwire; Boston Scientific Inc., Water-
town, Massachusetts, United States) is inserted through 
the cholangiography catheter. Once it emerges from the 
papilla, it should be grasped with a standard snare. It is 
then withdrawn through the endoscope placed oppo-
site the papilla. A double-lumen sphincterotome is then 
advanced over the guidewire to facilitate bile duct can-
nulation and to perform the sphincterotomy, followed by 
bile duct clearance using a Fogarty balloon or a Dormia 
basket catheter. Finally, the cystic duct is closed and the 
surgeon proceeds with LC. If  the guidewire does not 
come out through the papilla, the surgeon should try to 
advance a stiffer Fogarty catheter through the papilla and 
then a pre-cut sphincterotomy can be performed. If  all 
of  these steps fail, intraoperative ERCP must be con-
sidered to have failed and postoperative ERCP could be 
performed using the best technical support available in 
the Radiology Department or a decision might be made 
to proceed with OC.

Pros AND Cons OF INTRAOPERATIVE 
ERCP
Pros
The main advantage of  intraoperative ERCP using the 
rendezvous technique is the selective cannulation of  the 
bile duct, preventing Wirsung opacification using contrast 
agents, damage and manipulation of  the papilla and the 
use of  risky techniques to access the papilla, such as pre-
cut sphincterotomies[57]. This technique results in a lower 
rate of  pancreatitis compared to preoperative ERCP[55,59], 
and of  post ERCP acute cholecystitis if  the cholecystec-
tomy is delayed[55]. The hospital stay and costs of  the pro-
cess were lower compared to the most used two-stage se-
quential treatment (preoperative ERCP and laparoscopic 
surgery)[55,59,60].

Intraoperative ERCP can be an alternative to the lapa-
roscopic management of  CBDS[38,46,53] as a salvage treat-
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ment during surgery when the bile duct is not adequately 
cleaned or as an alternative to endoscopic-laparoscopic 
management in two stages, both with preoperative or 
postoperative ERCP[37,52,54]. Its main advantage is that it 
is a single-stage treatment and there is no risk of  reinter-
vention in the event of  intraoperative ERCP failure. It 
also offers the possibility of  salvage for failed preopera-
tive ERCP[62], attempting to avoid open surgery.

Intraoperative ERCP is not a particularly difficult 
challenge for an endoscopist with expertise in biliary 
endoscopic treatment. Performing intraoperative ERCP 
in theatre with the patient under anaesthesia and in the 
supine position is infrequent in normal practice, but there 
is always a patient on whom it is necessary to perform 
intubated ERCP in order to maintain adequate ventila-
tion, irrespective of  the cause. The supine position facili-
tates and guarantees management of  the airways, thereby 
avoiding the greater risk of  adverse cardiorespiratory 
events that arise when ERCP is performed in the supine 
patient. No differences were identified in the success, 
complication and morbidity rates between both forms of  
ERCP if  the endoscopist has sufficient experience[63].

From a technical viewpoint, rotating the patient 180 
degrees requires a 90-degree rotation of  the endoscope 
and endoscopist to the right, in order to be positioned 
opposite the papilla. In practice, this gesture is performed 
intuitively by the endoscopist and in most reports, there 
was not much emphasis placed on technical difficulties, 
and when this was specifically assessed, only 3.7% of  the 
procedures were considered to be technically difficult[57]. 

Cons
The main problem is the need to coordinate and syn-
chronise the surgical and endoscopic teams, which must 
work together. This has caused the most difficulty in 
generalising its use and this opinion is shared by various 
authors[58]. 

The endoscopic team must be familiar beforehand 
with the patient’s surgery programme and be ready to 
go into theatre once CBDS has been confirmed by IOC. 
While the endoscopic team is getting ready for theatre, 
the surgeon passes the guidewire into the duodenum 
through the IOC catheter. Afterwards, the duodenoscope 
is introduced in order to grasp the wire. It is important to 
reduce waiting time as much as possible.

The endoscopist will have to work in an environment 
he/she is not used to. He/she should be positioned be-
tween the patient’s left arm, usually extended during the 
surgery, and the patient’s head, which causes a certain 
degree of  discomfort. The ERCP should be performed 
with the patient in the supine position and the radiologi-
cal quality offered by traditional X–ray rooms that he/she 
might require will not be available. However, once IOC 
has been performed, the X-ray arch can be removed, 
since the rendezvous technique permits selective cannu-
lation of  the bile duct without the need for radiological 
support. After performing the papillotomy, the guidewire 
is usually removed and reinserted into the bile duct to 

prevent the Fogarty catheter from ending up in the cystic 
duct, or the guidewire is removed completely through the 
duodenoscope to insert the Fogarty catheter or Dormia 
basket without the guidewire and the bile duct is cleaned. 
The insistence of, or the need for, the use of  radiology 
in surgery will depend mainly on the number and size of  
the common bile duct stones. However, the endoscopist 
should be aware of  the risk of  producing Glisson’s cap-
sule hematomas if  the guidewire is introduced deep into 
the bile duct without radiological control. 

Once the papillotomy has been performed and if  the 
bile duct has not been cleaned completely, a second post-
operative ERCP, in the usual radiological environment, is 
technically easy without the risks associated with the first 
ERCP.

It is important for the surgical and endoscopic team 
to agree on the therapeutic options to follow if  the ren-
dezvous technique fails. If  the guidewire does not emerge 
through the papilla, an attempt should be made to insert 
a Fogarty balloon into the transcystic duct, which must 
always be stiffer than the guidewire, which can prevent it 
from moving in a retrograde fashion towards the intra-
hepatic biliary tree. Once the Fogarty balloon emerges 
from the papilla, a pre-cut papillotomy can be performed 
using a needle-knife sphincterotome, controlled with the 
help of  the Fogarty balloon catheter. If  both manoeuvres 
fail, the therapeutic options available would be as follows: 
perform ERCP using a standard technique in surgery 
immediately after the cholecystectomy has been complet-
ed[29,49,50,52], postpone the ERCP to the postoperative stage 
depending on the patient’s evolution or convert the LC 
to open surgery. The option to take will vary depending 
on the anatomical characteristics (intradiverticular papilla) 
and the difficulties envisaged in the standard ERCP of  
that patient, the quality of  the surgical equipment avail-
able in theatre and the size of  the CBDS.

Special mention should be made of  intraoperative 
ERCP treatment for patients with common bile duct 
stones measuring more than 15-20 mm detected intra-
operatively, or when multiple stones are found. In these 
cases, although intraoperative ERCP may not be as de-
finitive and conclusive as when it is performed in our 
usual radiological environment, at the same time, it can 
prolong the length of  surgery unnecessarily. However, it 
allows and guarantees that intraoperative papillotomy can 
be performed with lower morbidity than conventional 
ERCP, helping in particular if  the bile duct has not been 
fully cleaned, during a second stage with postoperative 
ERCP, with or without dilation of  the papilla or with the 
use of  mechanical lithotripsy systems.

Lastly, we would like to refer to the subsequent dif-
ficulties of  LC in relation to the air insufflated during 
ERCP on which certain groups have manifested their 
concern. However, this should not be the case. The surgi-
cal teams normally perform LC from the fundus of  the 
gallbladder to the neck with dissection of  Calot’s triangle, 
suture of  the cystic artery and dissection and section of  
the cystic duct in order to perform the IOC, so that when 
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the endoscopist is getting ready to perform ERCP, the 
LC is virtually finished. When endoscopy is over, usually 
within an average of  35 min[58], the air introduced is as-
pirated efficiently in order to restore the visibility of  the 
surgical field and the surgeons have no difficulty in com-
pleting the final surgical manoeuvres.

CURRENT ROLE OF INTEROPERATIVE 
ERCP
During the preoperative study of  cholelithiasis pending 
surgery, it is clear that the risk of  associated CBDS must 
be assessed. Using its algorithm, the ASGE suggests 
that the preoperative study should be completed using 
MRC or EUS in patients with intermediate risk or in an 
intraoperative manner using intraoperative ultrasound 
or IOC[11]. However, we will still find patients in whom 
clinical-analytical-radiological discordance makes it advis-
able to perform a new radiological study, such as IOC, to 
establish the most appropriate surgical treatment, or pa-
tients in which CBDS appears as a casual finding in IOC. 
The three possible therapeutic options for these inter-
mediate risk patients are the single-stage treatment, total 
laparoscopic treatment with intraoperative ERCP or the 
two-stage treatment with postoperative ERCP. At pres-
ent, there is no scientific evidence to justify the choice 
of  one option or another. The three types of  treatment 
are correct and their choice will depend on the particular 
circumstances and on the experience of  the different en-
doscopic and surgical teams at each centre. 

Intraoperative ERCP could also be a perfect salvage 
treatment for failed preoperative ERCP[62] in order to 
avoid open surgery, maintaining a foreseeably high suc-
cess rate with very low morbidity and mortality.

Therefore, in coming years, we may witness an in-
crease in the use of  intraoperative ERCP, not to compete 
with the indications of  preoperative ERCP in general, but 
rather to prevent the improper use of  preoperative ERCP 
in patients at intermediate risk for CBDS, and to provide 
a diagnostic and therapeutic alternative to sophisticated 
techniques that are not always available in all societies and 
countries throughout the world.

REFERENCES
1	 Martin DJ, Vernon DR, Toouli J. Surgical versus endoscopic 

treatment of bile duct stones. Cochrane Database Syst Rev 
2006; CD003327

2	 Ponsky JL. Endoluminal surgery: past, present and future. 
Surg Endosc 2006; 20 Suppl 2: S500-S502

3	 Collins C, Maguire D, Ireland A, Fitzgerald E, O’Sullivan 
GC. A prospective study of common bile duct calculi in 
patients undergoing laparoscopic cholecystectomy: natural 
history of choledocholithiasis revisited. Ann Surg 2004; 239: 
28-33

4	 Heinerman PM, Boeckl O, Pimpl W. Selective ERCP and 
preoperative stone removal in bile duct surgery. Ann Surg 
1989; 209: 267-272

5	 Girard RM, Morin M. Open cholecystectomy: its morbidity 
and mortality as a reference standard. Can J Surg 1993; 36: 

75-80
6	 Arregui ME, Davis CJ, Arkush AM, Nagan RF. Laparoscopic 

cholecystectomy combined with endoscopic sphincterotomy 
and stone extraction or laparoscopic choledochoscopy and 
electrohydraulic lithotripsy for management of cholelithiasis 
with choledocholithiasis. Surg Endosc 1992; 6: 10-15

7	 Tham TC, Lichtenstein DR, Vandervoort J, Wong RC, Brooks 
D, Van Dam J, Ruymann F, Farraye F, Carr-Locke DL. Role 
of endoscopic retrograde cholangiopancreatography for 
suspected choledocholithiasis in patients undergoing laparo-
scopic cholecystectomy. Gastrointest Endosc 1998; 47: 50-56

8	 Bosch F, Wehrman U, Saeger HD, Kirch W. Laparoscopic or 
open conventional cholecystectomy: clinical and economic 
considerations. Eur J Surg 2002; 168: 270-277

9	 Snow LL, Weinstein LS, Hannon JK, Lane DR. Evaluation 
of operative cholangiography in 2043 patients undergoing 
laparoscopic cholecystectomy: a case for the selective opera-
tive cholangiogram. Surg Endosc 2001; 15: 14-20

10	 Graham SM, Flowers JL, Scott TR, Bailey RW, Scovill WA, 
Zucker KA, Imbembo AL. Laparoscopic cholecystectomy 
and common bile duct stones. The utility of planned periop-
erative endoscopic retrograde cholangiography and sphinc-
terotomy: experience with 63 patients. Ann Surg 1993; 218: 
61-67

11	 Maple JT, Ben-Menachem T, Anderson MA, Appalaneni V, 
Banerjee S, Cash BD, Fisher L, Harrison ME, Fanelli RD, Fu-
kami N, Ikenberry SO, Jain R, Khan K, Krinsky ML, Strohm-
eyer L, Dominitz JA. The role of endoscopy in the evaluation 
of suspected choledocholithiasis. Gastrointest Endosc 2010; 71: 
1-9

12	 Verma D, Kapadia A, Eisen GM, Adler DG. EUS vs MRCP 
for detection of choledocholithiasis. Gastrointest Endosc 2006; 
64: 248-254

13	 Boraschi P, Neri E, Braccini G, Gigoni R, Caramella D, Perri 
G, Bartolozzi C. Choledocolithiasis: diagnostic accuracy of 
MR cholangiopancreatography. Three-year experience. Magn 
Reson Imaging 1999; 17: 1245-1253

14	 Srinivasa S, Sammour T, McEntee B, Davis N, Hill AG. Se-
lective use of magnetic resonance cholangiopancreatography 
in clinical practice may miss choledocholithiasis in gallstone 
pancreatitis. Can J Surg 2010; 53: 403-407

15	 Tse F, Liu L, Barkun AN, Armstrong D, Moayyedi P. EUS: a 
meta-analysis of test performance in suspected choledocholi-
thiasis. Gastrointest Endosc 2008; 67: 235-244

16	 Garrow D, Miller S, Sinha D, Conway J, Hoffman BJ, Hawes 
RH, Romagnuolo J. Endoscopic ultrasound: a meta-analysis 
of test performance in suspected biliary obstruction. Clin 
Gastroenterol Hepatol 2007; 5: 616-623

17	 Kondo S, Isayama H, Akahane M, Toda N, Sasahira N, Na-
kai Y, Yamamoto N, Hirano K, Komatsu Y, Tada M, Yoshida 
H, Kawabe T, Ohtomo K, Omata M. Detection of common 
bile duct stones: comparison between endoscopic ultraso-
nography, magnetic resonance cholangiography, and helical-
computed-tomographic cholangiography. Eur J Radiol 2005; 
54: 271-275

18	 Cohen S, Bacon BR, Berlin JA, Fleischer D, Hecht GA, Loeh-
rer PJ, McNair AE, Mulholland M, Norton NJ, Rabeneck L, 
Ransohoff DF, Sonnenberg A, Vannier MW. National Insti-
tutes of Health State-of-the-Science Conference Statement: 
ERCP for diagnosis and therapy, January 14-16, 2002. Gastro-
intest Endosc 2002; 56: 803-809

19	 Waye JD, Goh KL, Huibregtse K, Kruse A, Martin DF, Shim 
CS. Endoscopic sphincterotomy: 2002. Gastrointest Endosc 
2002; 55: 139-140

20	 Freeman ML, Nelson DB, Sherman S, Haber GB, Herman 
ME, Dorsher PJ, Moore JP, Fennerty MB, Ryan ME, Shaw 
MJ, Lande JD, Pheley AM. Complications of endoscopic bili-
ary sphincterotomy. N Engl J Med 1996; 335: 909-918

21	 Boulay J, Schellenberg R, Brady PG. Role of ERCP and thera-
peutic biliary endoscopy in association with laparoscopic 

253 December 16, 2011|Volume 3|Issue 12|WJGE|www.wjgnet.com

Rábago LR et al . Intraoperative ERCP



254 December 16, 2011|Volume 3|Issue 12|WJGE|www.wjgnet.com

cholecystectomy. Am J Gastroenterol 1992; 87: 837-842
22	 Stain SC, Cohen H, Tsuishoysha M, Donovan AJ. Choledo-

cholithiasis. Endoscopic sphincterotomy or common bile 
duct exploration. Ann Surg 1991; 213: 627-33; discussion 
633-4

23	 Machi J, Tateishi T, Oishi AJ, Furumoto NL, Oishi RH, Uchi-
da S, Sigel B. Laparoscopic ultrasonography versus opera-
tive cholangiography during laparoscopic cholecystectomy: 
review of the literature and a comparison with open intraop-
erative ultrasonography. J Am Coll Surg 1999; 188: 360-367

24	 Kondylis PD, Simmons DR, Agarwal SK, Ciardiello KA, Re-
inhold RB. Abnormal intraoperative cholangiography. Treat-
ment options and long-term follow-up. Arch Surg 1997; 132: 
347-350

25	 Bagnato J. Laparoscopic common bile duct exploration. J 
Miss State Med Assoc 1990; 31: 361-362

26	 Lezoche E, Paganini AM, Carlei F, Feliciotti F, Lomanto D, 
Guerrieri M. Laparoscopic treatment of gallbladder and 
common bile duct stones: a prospective study. World J Surg 
1996; 20: 535-541; discussion 542

27	 Rhodes M, Sussman L, Cohen L, Lewis MP. Randomised 
trial of laparoscopic exploration of common bile duct versus 
postoperative endoscopic retrograde cholangiography for 
common bile duct stones. Lancet 1998; 351: 159-161

28	 Millat B, Fingerhut A, Deleuze A, Briandet H, Marrel E, de 
Seguin C, Soulier P. Prospective evaluation in 121 consecu-
tive unselected patients undergoing laparoscopic treatment 
of choledocholithiasis. Br J Surg 1995; 82: 1266-1269

29	 Memon MA, Hassaballa H, Memon MI. Laparoscopic com-
mon bile duct exploration: the past, the present, and the fu-
ture. Am J Surg 2000; 179: 309-315

30	 Chander J, Vindal A, Lal P, Gupta N, Ramteke VK. Lapa-
roscopic management of CBD stones: an Indian experience. 
Surg Endosc 2011; 25: 172-181

31	 Cuschieri A, Lezoche E, Morino M, Croce E, Lacy A, Toouli 
J, Faggioni A, Ribeiro VM, Jakimowicz J, Visa J, Hanna GB. 
E.A.E.S. multicenter prospective randomized trial compar-
ing two-stage vs single-stage management of patients with 
gallstone disease and ductal calculi. Surg Endosc 1999; 13: 
952-957

32	 Hong DF, Xin Y, Chen DW. Comparison of laparoscopic 
cholecystectomy combined with intraoperative endoscopic 
sphincterotomy and laparoscopic exploration of the common 
bile duct for cholecystocholedocholithiasis. Surg Endosc 2006; 
20: 424-427

33	 Ponsky JL, Heniford BT, Gersin K. Choledocholithiasis: 
evolving intraoperative strategies. Am Surg 2000; 66: 262-268

34	 Sgourakis G, Karaliotas K. Laparoscopic common bile duct 
exploration and cholecystectomy versus endoscopic stone 
extraction and laparoscopic cholecystectomy for choledo-
cholithiasis. A prospective randomized study. Minerva Chir 
2002; 57: 467-474

35	 Millat B, Borie F, Decker G. Treatment of choledocholithia-
sis: therapeutic ERCP versus peroperative extraction during 
laparoscopic cholecystectomy. Acta Gastroenterol Belg 2000; 
63: 301-303

36	 Nathanson LK, O’Rourke NA, Martin IJ, Fielding GA, 
Cowen AE, Roberts RK, Kendall BJ, Kerlin P, Devereux BM. 
Postoperative ERCP versus laparoscopic choledochotomy 
for clearance of selected bile duct calculi: a randomized trial. 
Ann Surg 2005; 242: 188-192

37	 Phillips EH, Rosenthal RJ, Carroll BJ, Fallas MJ. Laparo-
scopic trans-cystic-duct common-bile-duct exploration. Surg 
Endosc 1994; 8: 1389-1393; discussion 1393-1394

38	 Lilly MC, Arregui ME. A balanced approach to choledocho-
lithiasis. Surg Endosc 2001; 15: 467-472

39	 Berci G. Laparoscopic management of common bile duct 
stones. Surg Endosc 1994; 8: 1452-1453

40	 Schroeppel TJ, Lambert PJ, Mathiason MA, Kothari SN. An 
economic analysis of hospital charges for choledocholithiasis 

by different treatment strategies. Am Surg 2007; 73: 472-477
41	 Deslandres E, Gagner M, Pomp A, Rheault M, Leduc R, Cl-

ermont R, Gratton J, Bernard EJ. Intraoperative endoscopic 
sphincterotomy for common bile duct stones during laparo-
scopic cholecystectomy. Gastrointest Endosc 1993; 39: 54-58

42	 Mayrhofer T, Schmiederer R, Razek P. Intraoperative en-
doscopic papillotomy and stone removal. Endosc Surg Allied 
Technol 1993; 1: 144-149

43	 Feretis C, Kalliakmanis B, Benakis P, Apostolidis N. Laparo-
scopic transcystic papillotomy under endoscopic control for 
bile duct stones. Endoscopy 1994; 26: 697-700

44	 Cavina E, Franceschi M, Sidoti F, Goletti O, Buccianti P, 
Chiarugi M. Laparo-endoscopic “rendezvous”: a new tech-
nique in the choledocholithiasis treatment. Hepatogastroenter-
ology 1998; 45: 1430-1435

45	 Basso N, Pizzuto G, Surgo D, Materia A, Silecchia G, Fantini 
A, Fiocca F, Trentino P. Laparoscopic cholecystectomy and 
intraoperative endoscopic sphincterotomy in the treatment 
of cholecysto-choledocholithiasis. Gastrointest Endosc 1999; 
50: 532-535

46	 Tricarico A, Cione G, Sozio M, Di Palo P, Bottino V, Tri-
carico T, Tartaglia A, Iazzetta I, Sessa E, Mosca S, De Nucci C, 
Falco P. Endolaparoscopic rendezvous treatment: a satisfy-
ing therapeutic choice for cholecystocholedocolithiasis. Surg 
Endosc 2002; 16: 585-588

47	 Nakajima H, Okubo H, Masuko Y, Osawa S, Ogasawara K, 
Kambayashi M, Hata Y, Oku T, Takahashi T. Intraoperative 
endoscopic sphincterotomy during laparoscopic cholecystec-
tomy. Endoscopy 1996; 28: 264

48	 Miscusi G, Gasparrini M, Petruzziello L, Taglienti D, Onora-
to M, Otti M, Montori J. [Endolaparoscopic “Rendez-vous” 
in the treatment of cholecysto-choledochal calculosis]. G Chir 
1997; 18: 655-657

49	 Siddiqui MN, Hamid S, Khan H, Ahmed M. Per-operative 
endoscopic retrograde cholangio-pancreatography for com-
mon bile duct stones. Gastrointest Endosc 1994; 40: 348-350

50	 Cox MR, Wilson TG, Toouli J. Peroperative endoscopic 
sphincterotomy during laparoscopic cholecystectomy for 
choledocholithiasis. Br J Surg 1995; 82: 257-259

51	 Meyer C, Le JV, Rohr S, Duclos B, Reimund JM, Baumann R. 
Management of common bile duct stones in a single opera-
tion combining laparoscopic cholecystectomy and peropera-
tive endoscopic sphincterotomy. J Hepatobiliary Pancreat Surg 
2002; 9: 196-200

52	 Cemachovic I, Letard JC, Begin GF, Rousseau D, Nivet JM. 
Intraoperative endoscopic sphincterotomy is a reasonable 
option for complete single-stage minimally invasive biliary 
stones treatment: short-term experience with 57 patients. En-
doscopy 2000; 32: 956-962

53	 Montori A, Miscusi G, Masoni L, Gasparrini M, Pietropaolo 
V, Montori J, Onorato M, Marzano F. Endoscopic and surgi-
cal integration in the approach to biliary tract disease. J Clin 
Gastroenterol 1999; 28: 198-201

54	 Wright BE, Freeman ML, Cumming JK, Quickel RR, Mandal 
AK. Current management of common bile duct stones: is 
there a role for laparoscopic cholecystectomy and intraop-
erative endoscopic retrograde cholangiopancreatography as 
a single-stage procedure? Surgery 2002; 132: 729-735; discus-
sion 735-737

55	 Rábago LR, Vicente C, Soler F, Delgado M, Moral I, Guerra 
I, Castro JL, Quintanilla E, Romeo J, Llorente R, Vázquez 
Echarri J, Martínez-Veiga JL, Gea F. Two-stage treatment 
with preoperative endoscopic retrograde cholangiopancrea-
tography (ERCP) compared with single-stage treatment with 
intraoperative ERCP for patients with symptomatic choleli-
thiasis with possible choledocholithiasis. Endoscopy 2006; 38: 
779-786

56	 Ghazal AH, Sorour MA, El-Riwini M, El-Bahrawy H. Single-
step treatment of gall bladder and bile duct stones: a com-
bined endoscopic-laparoscopic technique. Int J Surg 2009; 7: 

Rábago LR et al . Intraoperative ERCP



255 December 16, 2011|Volume 3|Issue 12|WJGE|www.wjgnet.com

338-346
57	 La Greca G, Barbagallo F, Di Blasi M, Chisari A, Lombardo 

R, Bonaccorso R, Latteri S, Di Stefano A, Russello D. Laparo-
endoscopic “Rendezvous” to treat cholecysto-choledocoli-
thiasis: Effective, safe and simplifies the endoscopist’s work. 
World J Gastroenterol 2008; 14: 2844-2850

58	 La Greca G, Barbagallo F, Sofia M, Latteri S, Russello D. 
Simultaneous laparoendoscopic rendezvous for the treat-
ment of cholecystocholedocholithiasis. Surg Endosc 2009; 24: 
769-780

59	 Morino M, Baracchi F, Miglietta C, Furlan N, Ragona R, Gar-
barini A. Preoperative endoscopic sphincterotomy versus 
laparoendoscopic rendezvous in patients with gallbladder 
and bile duct stones. Ann Surg 2006; 244: 889-893; discussion 
893-896

60	 ElGeidie AA, ElEbidy GK, Naeem YM. Preoperative versus 

intraoperative endoscopic sphincterotomy for management 
of common bile duct stones. Surg Endosc 2011; 25: 1230-1237

61	 Williams GL, Vellacott KD. Selective operative cholangiog-
raphy and Perioperative endoscopic retrograde cholangio-
pancreatography (ERCP) during laparoscopic cholecystecto-
my: a viable option for choledocholithiasis. Surg Endosc 2002; 
16: 465-467

62	 Tzovaras G, Baloyiannis I, Kapsoritakis A, Psychos A, Par-
outoglou G, Potamianos S. Laparoendoscopic rendezvous: 
an effective alternative to a failed preoperative ERCP in pa-
tients with cholecystocholedocholithiasis. Surg Endosc 2010; 
24: 2603-2606

63	 Tringali A, Mutignani M, Milano A, Perri V, Costamagna G. 
No difference between supine and prone position for ERCP 
in conscious sedated patients: a prospective randomized 
study. Endoscopy 2008; 40: 93-97

S- Editor  Yang XC    L- Editor  Webster JR    E- Editor  Zheng XM

Rábago LR et al . Intraoperative ERCP



World J Gastrointest Endosc  2011 December 16; 3(12): 256-260
ISSN 1948-5190 (online)

© 2011 Baishideng. All rights reserved.

Online Submissions: http://www.wjgnet.com/1948-5190office
wjge@wjgnet.com
doi:10.4253/wjge.v3.i12.256

Endoscopic tattooing of colorectal lesions: Is it a risk-free 
procedure?

Atthaphorn Trakarnsanga, Thawatchai Akaraviputh

Atthaphorn Trakarnsanga, Thawatchai Akaraviputh, Mini-
mally Invasive Surgery Unit, Division of General Surgery, De-
partment of Surgery, Faculty of Medicine Siriraj Hospital, Mahi-
dol University, Bangkok 10700, Thailand
Author contributions: Trakarnsanga A wrote the manuscript; 
Akaraviputh T critically reviewed and edited manuscript.
Supported by Faculty of Medicine Siriraj Hospital, Mahidol 
University, Bangkok 10700, Thailand
Correspondence to: Dr. Thawatchai Akaraviputh, MD, MED, 
Minimally Invasive Surgery Unit, Division of General Surgery, 
Department of Surgery, Faculty of Medicine Siriraj Hospital, Ma-
hidol University, Bangkok 10700, Thailand. sitak@mahidol.ac.th
Telephone: +66-2-4198006  Fax: +66-2-4121370
Received: May 27, 2011      Revised: November 11, 2011
Accepted: December 1, 2011
Published online: December 16, 2011

Abstract
Endoscopic tattooing is one of the most useful tools for 
the localization of small colorectal lesions especially in 
the laparoscopic setting. This is a minimally invasive en-
doscopic procedure without risk of major complications. 
However, many studies have revealed complications 
resulting from this procedure. In this article, several 
topics are reviewed including the accuracy, substance 
preparation, injected techniques and complications re-
lated to this procedure.
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INTRODUCTION
Colorectal cancer (CRC) is the third most common can-
cer in the US population[1]. In 2007, the incidence was 
52.7 per 100 000 population and 53 219 people died from 
this disease, making it the second leading cause of  can-
cer-related death in the United States[2]. CRC screening is 
recommended in people older than 50 years because 90% 
of  CRC cases are diagnosed in this age range[3] with an 
increasing incidence of  CRC over time[4]. Family history 
of  CRC is one of  the most important risk factors. A me-
ta-analysis showed that the relative risk of  a first-degree 
relative of  a CRC patient was 2.24. Moreover, the risk in-
creased to 3.97 if  two or more first-degree relatives were 
affected[1,5]. There are several other risk factors for CRC, 
such as personal history of  adenoma, sessile serrated pol-
yps or chronic inflammatory bowel disease, which are not 
covered in detail in this review. 

Endoscopy, including flexible sigmoidoscopy and colo-
noscopy, is one of  the CRC screening tools in addition to 
fecal occult blood test, stool DNA test, double contrast 
enema, and computed tomography colonography. Thirty 
to 50% of  individuals older than 50 years were discovered 
to have one or more polyps with all screening methods[6]. 
From these findings, the prevalence of  malignant polyps 
ranges from 0.2% to 11%[7]. Currently, most of  the lesions 
can be removed endoscopically as a result of  improving 
skills with more advanced endoscopic techniques. Un-
fortunately, some patients still need subsequent surgical 
resection, due to a high risk of  lymph node metastases or 
positive resected margins.

The intraoperative localization of  small lesions or a 
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previous polypectomy site is often challenging, especially 
during the laparoscopic approach. Therefore, without 
precise preoperative localization, it is possible to remove 
an incorrect segment of  intestine. Currently, various 
methods are widely used for preoperative localization. 
Double-contrast barium enema is an effective method for 
identifying large tumors, whereas small lesions are fre-
quently missed[8]. Approximately 10%-20% of  tumor lo-
cations identified from colonoscopy are inconsistent with 
the intraoperative tumor site[9-11]. Adding a secondary in-
tervention to colonoscopy, such as endoscopic tattooing, 
seems to be less invasive and a more common approach 
for preoperative localization. Indications, techniques, and 
complications of  endoscopic tattooing are reviewed in 
this article.

ENDOSCOPIC TATTOOING
In 1958, Sauntry et al[12] first reported the technique of  
tattooing using blue dye at the base of  the polyps. Sub-
sequently, Knoernschild[13] reported on a series of  190 
patients who underwent endoscopic tattooing. In 1975, 
Ponsky et al[14] initially proposed the endoscopic tattooing 
of  colonic lesions for intraoperative localization. After 
that, tattooing under endoscopic procedures became 
more common due to high accuracy with minimal risk of  
complications. The accuracy, failure rate and complica-
tions of  this technique are summarized in Table 1.

From our investigations, the accuracy of  endoscopic 
tattooing for localization varies from 70% to 100%. 
False positive and invisible lesions at the time of  surgery 
ranged from 1.6% to 7% and 1.6% to 15%, respectively. 
Most of  the invisible cases required intraoperative colo-
noscopy to identify the lesions. The reasons for invisibili-
ty may be the result of  superficial injection or an injection 
into the mesenteric side. The rate of  dye spillage into the 
intraperitoneal cavity varies from 2.4%-13%. No clinical 
infections were detected in these patients. The details of  
these complications will be discussed later.

The indirect benefit of  endoscopic tattooing is an 
improvement in the adequacy of  lymph node dissection 
from pathological analysis in terms of  the number of  
lymph nodes harvested from the surgical specimens as a 
result of  likely staining in the lymphatic system. One ret-
rospective study demonstrated a significantly higher mean 
number of  lymph nodes examined in tattooed specimens 
than in non-tattooed specimens (23 vs 19, P = 0.03). In 
addition, the proportion of  adequate lymph nodes exam-
ined (≥ 12 nodes) in the tattooed group was significant 
greater than that in the non-tattooed group (87.1% vs 
72.3%, P = 0.02)[22].

Endoscopic tattooing also allows identification of  the 
site of  locally advanced rectal cancer after neoadjuvant 
chemoradiation[23]. With regard to the disadvantages of  
tattooing a rectal lesion, the plane of  dissection may be 
obscured if  transmural injection and spillage of  dye oc-
curs. Moreover, transmural injection can cause inflam-
matory-related changes in the pathological segment. 

Therefore, the role of  tattooing in rectal lesions is stills a 
controversial issue.

SUBSTANCES
In 1989, Hammond et al[24] reported on the use of  eight 
different dyes, including methylene blue, indigo carmine, 
toludine blue, lymphazurine, hemotoxylin, eosin, indocya-
nine green (ICG), and India ink injected into dog colon. 
Only India ink and hematoxylin produced adverse tissue 
reaction. Mucosal ulceration was found in hematoxylin-
injected specimens, whereas India ink produced marked 
inflammation. This inflammation can be the result of  the 
composition of  substances within India ink, including 
ethylene glycol, phenol, shellac, and animal products (i.e., 
gelatin)[25].

Spot (GI Supply, Camp Hill, PA, United States) is a 
sterile suspension of  highly purified and very fine carbon 
particles. This is a non-India ink permanent marker for 
endoscopic tattooing. Spot is the only substance that has 
been approved by the US Food and Drug Administra-
tion for endoscopic tattooing. Askin et al[26] reported 
on the safety and efficacy of  Spot in 113 patients who 
underwent endoscopic tattooing. None of  the patients 
developed symptoms or signs of  inflammation after the 
procedure. The stain remained for up to 1 year in this 
study.

Historically, ICG was used for the evaluation of  
cardiac output and hepatic function with a high level of  
safety. In 1993, Hammond et al[27] reported on the injec-
tion of  ICG as a dye for colonic tattooing in 12 patients 
(15 colonic lesions), 1 d prior to surgery. ICG remained 
at the site for at least 36 h. Only one patient developed 
subclinical local inflammation at the site of  injection. 
Miyoshi et al[21] reported on the injection of  a solution 
of  ICG in 40 cases, who subsequently underwent surgi-
cal resection. ICG solution contains 25 mg of  powdered 
ICG in 2 mL sterilized water, and this solution was 
prepared by the manufacturer. The accuracy of  ICG 
staining was 100% in the group who underwent surgery 
within 8 d and 92.7% in the later group.

PREPARATION AND STERILIZATION
During the early period of  using India ink for endoscopic 
tattooing, non-sterile India ink was used in approximately 
42% of  all procedures[28]. This may have been the possi-
ble cause of  adverse effects following the tattooing tech-
nique, causing an inflammatory reaction due to too-high 
concentrations of  the substance. Subsequently, several 
studies proposed preparation and sterilization techniques. 
Salomon et al[29] recommended the preparation of  India 
ink with 0.9% normal saline of  1:100 dilution. The ink 
was then sterilized by autoclaving for 20 min at 110°C 
to 121°C before storage. The American Society for Gas-
trointestinal Endoscopy[25] later approved this technique 
as the standard recommended preparation. Another pro-
posed technique was the passage through a bacteriostatic 

�57 December 16, 2011|Volume 3|Issue 12|WJGE|www.wjgnet.com



Millipore filter (0.22 μm)[28,29].

TECHNIQUES
Depth of  injection is one of  the crucial points in endo-
scopic tattooing. An optimal technique is needed to pre-
vent possible complications due to transmural or too deep 
injections and invisible lesions from superficial injections. 
In addition, superficial injections, another possible ex-
planation for invisible lesions, results from injection into 
the mesenteric or retroperitoneal side of  the intestine. To 
prevent this adverse event, Hyman et al[30] recommended 
a “four quadrant” circumferential tattooing technique to 
improve intraoperative visualization. The technique which 
involves the injection of  0.2-0.5 mL of  India ink, raising 
a bleb, into the colonic wall 1 cm distal of  the tumor was 
suggested. The needle should be inserted tangentially to 
prevent transmural injection[31].

Sawaki et al[32] proposed a two-step marking method 
with a first injection of  0.5 mL of  saline solution into the 
submucosal space to create the bleb. India ink was sub-
sequently injected into the saline-blebs. One study com-
pared the two tattooing techniques in 91 patients, 55 pa-
tients underwent the two-step approach and 36 patients 
underwent the conventional method. The results showed 
that the saline injection technique provided better tumor 
visualization (P = 0.034). The rate of  complications was 
slightly lower in patients who underwent the two-step ap-
proach (1.8% vs 8.3%, P = 0.297)[15]. However, the spill-
age rate due to transmural injection was up to 14.3% in 
the saline injection group. Therefore, only one method 
is not the answer to eliminate overall complications. The 
important issue is awareness of  possible complications at 
every step.

In our unit, we prefer to use the “four quadrant” 
technique by the one step approach with a 1:100 solution 

of  India ink and normal saline because of  the cost and 
availability. The solution is injected tangentially into the 
colonic wall at 0.5-1 cm distal to the lesion. The volume 
per injection is 0.2-0.5 mL. The total volume of  the in-
jected solution is about 10-20 mL. After endoscopic tat-
tooing, the patient will undergo surgery within the next 
couple of  days.

COMPLICATIONS
Several studies have proved that endoscopic tattooing is a 
safe technique. According to a large review of  447 cases 
by Nizam et al[28], the risk of  clinical complications was 
only 0.22%. McArthur et al[33] reported a small number of  
complications in a study of  195 patients who underwent 
endoscopic tattooing. None of  the patients in this study 
had any overt complications. In addition, a prospective 
study of  endoscopic tattooing using India ink in 55 pa-
tients by Shatz et al[34] showed no clinical short-term com-
plications. Moreover, we reviewed the long-term safety 
of  India ink tattoos in the colon. None of  280 patients 
had endoscopic abnormalities over a mean follow-up 
period of  36 mo. Of  these, biopsies from the tattoo sites 
revealed mild chronic inflammation in 8 patients (2.9%) 
and only one patient had hyperplastic changes at the bi-
opsy site.

The number of  complications following endoscopic 
tattooing is relatively small but not limited, and most are 
related to transmural injection. From our investigations, 
the spillage rate of  transmural injections varies from 
2.4% to 13% (Table 1). Most of  these cases did not have 
any symptoms resulting from those complications. Case 
reports and case series of  the adverse effects of  endo-
scopic tattooing, including focal peritonitis[35,36], infected 
hematoma and/or abscess formation[36-38], inflammatory 
pseudotumor[39], idiopathic inflammatory bowel dis-
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Table 1  Summary of the accuracy, false positive and spillage rates of endoscopic tattooing for localization before surgery from 
previously published reports

Authors n Substances Techniques Mean 
interval

Accuracy 
(%)

False 
positive 

(%)

Invisible 
(%)

Spillage 
(%)

Cho et al[9] 96 India ink NA 6 d      97.9 0      2.1    6.3
Fu et al[15] 36 India ink 0.2 mL injected directly 30.8 d   86 0 14    8.3

55 India ink 0.2 mL injected after 3 mL injection of 
saline solution

17.6 d   98 0   2    1.8

Arteaga-González 
et al[16]

21 India ink Total 0.2-0.5 mL of 90% India ink injected 
after 3 mL injection of saline solution

NA 100 0   0  14.3

Park et al[17] 63 Spot 1-1.5 mL injected after 1 mL injection of 
saline solution

1 d (all)      96.8    1.6      1.6    9.5

Feingold et al[18] 50 Spot 1-4 mL tangentially injected into multiple 
sites distal to the lesions

1 d (60%)   88 0 12 NA

Conaghan et al[19] 54 Spot NA NA   70 7 15 NA
Hwang et al[20] 20 Spot 0.5 mL injected after 0.5 mL injection of saline 

solution, 3 sites at 1 cm distal to the lesions
3 d   90 0 10 5

Miyoshi et al[21] 41 Indocyanine 
green

1 mL injected after 2 mL injection of 
saline solution

4 d 92.7 (100, 
≤ 8 d)

0 7.3 (> 9 d)    2.4

NA: Not available.
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ease[40], post-operative adhesions[41], and tumor inocula-
tion[42] have been published. A summary of  the complica-
tions of  endoscopic tattooing from previously published 
reports is shown in Table 2.

One of  most the common preparations from the 
standard recommendation is the concentration of  India 
ink for injection, which consists of  undiluted, 1:1, or 1:10 
dilution solutions. These solutions might be one of  the 
possible reasons for the adverse results seen when using 
this technique. Another technical concern is the intraperi-
toneal scatter of  dye from transmural injection. Conse-
quently, this can lead to a number of  complications in-
cluding infection and inflammatory reaction. Moreover, a 
major concern, although there is only one case report of  
needle tract inoculation that might be contaminated with 
cancer cells from the intraluminal area to the intraperito-
neal cavity, was reported by Tutticci et al[42]. This interest-
ing case report is a concern and questions whether all the 
scattered dye in the peritoneal cavity should be examined 
or removed at the time of  surgery. Unfortunately, there 
are no recent data to answer this question. Further study 
is needed.

CONCLUSION
CRC screening is recommended in the US population 
for individuals older than 50 years. As a result, 30%-50% 
of  all subjects were found to have polyps and 0.2%-11% 
had a malignancy. Some polyps can be removed endo-
scopically, but some require further surgical intervention. 
Therefore, localization of  the lesion is crucial to prevent 
false segment resection, especially for the laparoscopic 
approach.

Endoscopic tattooing is one of  the most common 
preoperative localization techniques. From this review, 

the accuracy of  endoscopic tattooing is high and varies 
from 70% to 100%. The false positive rate is 1.6%-7% 
and the incidence of  intra-operative invisible lesions is 
1.6%-15%. The number of  complications is small but 
not limited, and most are related to transmural injection. 
The spillage rate varied from 2.4% to 13%, but most pa-
tients with dye spillage were asymptomatic. Following the 
standard recommendation, including the preparation of  
substances and injection techniques can prevent unantici-
pated events.
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GENERAL INFORMATION
World Journal of  Gastrointestinal Endoscopy (World J Gastrointest Endosc, 
WJGE, online ISSN 1948-5190, DOI: 10.4253), is a monthly, 
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 open-access 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 re­
search 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.

Name of journal
World Journal of  Gastrointestinal Endoscopy

ISSN
ISSN 1948-5190 (online)

Indexed and Abstracted in
PubMed Central, PubMed, Digital Object Identifer, and Directory 
of  Open Access Journals. 

Published by
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Biostatistical editing
Statisital review is performed after peer review. We invite an expert 
in Biomedical Statistics from 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 
send an email describing the problem to http://www.wjgnet.com/
1948-5190office/, 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, 

Instructions to authors

December 16, 2011|Volume 3|Issue 12|ⅡWJGE|www.wjgnet.com



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 < 
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.

Acknowledgments
Brief  acknowledgments of  persons who have made genuine 
contributions to the manuscript and who endorse the data and 
conclusions should be included. Authors are responsible for ob
taining written permission to use any copyrighted text and/or 
illustrations.

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, 
“From references[19,22-24], we know that...”

When the authors write the references, please ensure that 
the order in text is the same as in the references section, and also 
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ensure the spelling accuracy of  the first author’s name. Do not list 
the same citation twice. 

PMID and DOI
Pleased provide PubMed citation numbers to the reference list, 
e.g. PMID and DOI, which can be found at http://www.ncbi.
nlm.nih.gov/sites/entrez?db=pubmed and http://www.crossref.
org/SimpleTextQuery/, respectively. The numbers will be used in 
E-version of  this journal.

Style for journal references
Authors: the name of  the first author should be typed in bold-
faced letters. The family name of  all authors should be typed with 
the initial letter capitalized, followed by their abbreviated first 
and middle initials. (For example, Lian-Sheng Ma is abbreviated 
as Ma LS, Bo-Rong Pan as Pan BR). The title of  the cited article 
and italicized journal title (journal title should be in its abbreviated 
form as shown in PubMed), publication date, volume number (in 
black), start page, and end page [PMID: 11819634   DOI: 10.3748/
wjg.13.5396].

Style for book references
Authors: the name of  the first author should be typed in bold-faced 
letters. The surname of  all authors should be typed with the initial 
letter capitalized, followed by their abbreviated middle and first 
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR) Book title. Publication number. Publication 
place: Publication press, Year: start page and end page.

Format
Journals
English journal article (list all authors and include the PMID where 

applicable)
1	 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J, 

Kubale R, Feuerbach S, Jung F. Evaluation of  quantitative 
contrast harmonic imaging to assess malignancy of  liver 
tumors: A prospective controlled two-center study. World J 
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224   DOI: 
10.3748/wjg.13.6356]

Chinese journal article (list all authors and include the PMID where 
applicable)

2	 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic 
effect of  Jianpi Yishen decoction in treatment of  Pixu-diar
rhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287

In press
3	 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature 

of  balancing selection in Arabidopsis. Proc Natl Acad Sci USA 
2006; In press

Organization as author
4	 Diabetes Prevention Program Research Group. Hyperten 

sion, insulin, and proinsulin in participants with impaired 
glucose tolerance. Hypertension 2002; 40: 679-686 [PMID: 
12411462   PMCID:2516377   DOI :10 .1161/01 .
HYP.0000035706.28494.09]

Both personal authors and an organization as author 
5	 Vallancien G, Emberton M, Harving N, van Moorselaar RJ; 

Alf-One Study Group. Sexual dysfunction in 1, 274 European 
men suffering from lower urinary tract symptoms. J Urol 
2003; 169: 2257-2261 [PMID: 12771764   DOI:10.1097/01.
ju.0000067940.76090.73]

No author given
6	 21st century heart solution may have a sting in the tail. BMJ  

2002; 325 : 184 [PMID: 12142303   DOI:10.1136/
bmj.325.7357.184]

Volume with supplement
7	 Geraud G, Spierings EL, Keywood C. Tolerability and safety 

of  frovatriptan with short- and long-term use for treatment 
of  migraine and in comparison with sumatriptan. Headache 
2002; 42 Suppl 2: S93-99 [PMID: 12028325   DOI:10.1046/
j.1526-4610.42.s2.7.x]

Issue with no volume
8	 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen 

section analysis in revision total joint arthroplasty. Clin Orthop 
Relat Res 2002; (401): 230-238 [PMID: 12151900   DOI:10.109
7/00003086-200208000-00026]

No volume or issue
9	 Outreach: Bringing HIV-positive individuals into care. HRSA 

Careaction 2002; 1-6 [PMID: 12154804]

Books
Personal author(s)
10	 Sherlock S, Dooley J. Diseases of  the liver and billiary system. 

9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11	 Lam SK. Academic investigator’s perspectives of  medical 

treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer dis
ease: investigation and basis for therapy. New York: Marcel 
Dekker, 1991: 431-450

Author(s) and editor(s)
12	 Breedlove GK, Schorfheide AM. Adolescent pregnancy. 2nd 

ed. Wieczorek RR, editor. White Plains (NY): March of  Dimes 
Education Services, 2001: 20-34

Conference proceedings
13	 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V. 

Proceedings of  the 5th Germ cell tumours Conference; 2001 
Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56

Conference paper
14	 Christensen S, Oppacher F. An analysis of  Koza's comput

ational effort statistic for genetic programming. In: Foster JA, 
Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic 
programming. EuroGP 2002: Proceedings of  the 5th Euro
pean Conference on Genetic Programming; 2002 Apr 3-5; 
Kinsdale, Ireland. Berlin: Springer, 2002: 182-191

Electronic journal (list all authors)
15	 Morse SS. Factors in the emergence of  infectious diseases. 

Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05; 
1(1): 24 screens. Available from: URL: http://www.cdc.gov/
ncidod/eid/index.htm

Patent (list all authors)
16	 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee. 

Flexible endoscopic grasping and cutting device and pos
itioning tool assembly. United States patent US 20020103498. 
2002 Aug 1

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 
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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, 
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