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Endoscopic views of a variety of esophageal findings in a 71-year-
old woman with mucosal-dominant pemphigus vulgaris. Esophagitis 
dissecans superficialis with sheets of sloughing mucosa in the mid 
esophagus with the index value for anti-desmoglein 3 antibody of 
128. 
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Contrast enhanced endoscopic ultrasound: More than just a 
fancy Doppler
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Abstract
Contrast enhanced endoscopic ultrasound (CEUS) is a 
new modality that takes advantage of vascular struc­
ture and blood flow to distinguish different clinical 
entities. Contrast agents are microbubbles that oscillate 
when exposed to ultrasonographic waves resulting in 
characteristic acoustic signals that are then converted to 
colour images. This permits exquisite imaging of macro- 
and microvasculature, providing information to help 
delineate malignant from non-malignant processes. The 
use of CEUS may significantly increase the sensitivity 
and specificity over conventional endoscopic ultrasound. 
Currently available contrast agents are safe, with infre­
quent adverse effects. This review summarizes the th­
eory and technique behind CEUS and the current and 
future clinical applications.

© 2010 Baishideng. All rights reserved.

Key words: Endoscopic ultrasound; Contrast enhance­
ment; Microbubble

Peer reviewer: Yutaka Saito, MD, PhD, Head, Division of 
Endoscopy, National Cancer Center Hospital, 5-1-1, Tsukiji, 
Chuo-ku, Tokyo 104-0045, Japan

Mohamed RM, Yan BM. Contrast enhanced endoscopic ultra­
sound: More than just a fancy Doppler. World J Gastrointest 
Endosc 2010; 2(7): 237-243  Available from: URL: http://www.
wjgnet.com/1948-5190/full/v2/i7/237.htm  DOI: http://dx.doi.
org/10.4253/wjge.v2.i7.237

INTRODUCTION
Endoscopic ultrasound (EUS) was a revolutionary de­
velopment, which allowed gastroenterologists to see 
within the layers and beyond the gastrointestinal (GI) 
luminal tract. Since its beginnings in the early 1980s[1,2], 
developments have largely involved improvement in 
image quality, and the introduction of  the curvilinear 
echoendoscope to allow for tissue sampling and “inte­
rventional” EUS[3-6]. EUS has established roles in the 
diagnosis of  and therapy for a variety of  gastrointestinal 
disorders, in particular cancer staging and pancreatico­
biliary disorders.

The use of  fine needle aspiration (FNA) provides a 
cytologic diagnosis which immensely improves the dia­
gnostic accuracy over imaging alone[7-11]. This modality, 
however, comes with increased time for procedure, cost 
and risk[12-17]. New imaging modalities have been deve­
loped with the aim of  improving imaging diagnostic ca­
pabilities, one of  which is contrast enhanced ultrasound 
(CEUS). CEUS and endoscopic ultrasound (CE-EUS) use 
microbubble agents to enhance vascular patterns. In this 
article, we review the basic concepts of  contrast enhan­
cement and its clinical applications.

CONTRAST ENHANCED ENDOSCOPIC 
ULTRASOUND
Major vasculature structures are easily identifiable on 

World J Gastrointest Endosc  2010 July 16; 2(7): 237-243
ISSN 1948-5190 (online)

© 2010 Baishideng. All rights reserved.
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standard B-Mode imaging, and the addition of  color and 
power Doppler helps to confirm vascular flow, along with 
direction and velocity of  flow within the vessel. Capillary 
flow with low volume and very slow velocities cannot be 
seen with this standard imaging. The addition of  “contrast” 
amplifies microvasculature flow to help define the vascular 
architecture, and hence to characterize the nature of  a 
specific lesion.

BASIC PRINCIPLES OF ULTRASOUND 
CONTRAST AGENTS
Contrast enhancement involves the administration of  
an intravenous agent during the (endoscopic) ultrasound 
study. Contrast agents are microbubbles that respond to 
energy from sound waves in characteristic ways which aid 
in enhancing the distinctions between tissue types. First 
generation agents were agitated normal saline, radiologic 
contrast agents or the patient’s own blood that was in­
jected into a peripheral vein. These substances were 
limited in their clinical utility for two main reasons[18,19]. 
First, the larger size of  the microbubbles formed with 
saline or blood were too large to cross the pulmonary 
circulation vessels (capillaries approximately 7 μm) there­
by making them ineffective in the assessment of  abdo­
minal organs. Second, the rapid diffusion of  air from 
the microbubble into the plasma resulted in a very short 
lifespan, thus limiting the time for tissue examination. 
These unfavorable properties fueled the development 
of  second generation agents, designed to overcome the 
limitations of  their early counterparts. Currently, several 
different agents are used (Table 1), all of  which employ 
similar principles. All contain a shell designed to trap 
the gas and resist degradation or dissolution, resulting 
in a longer and more stable half-life. Heavier gases such 
as perfluorocarbons, as opposed to air, reduce leakage 
out of  the shell into the surrounding plasma. Finally, 
microbubble size is decreased (range 1-7 μm) allowing 
their passage through the pulmonary circulation to the 
abdominal organs. 

When microbubbles are exposed to ultrasound waves, 
they undergo compression and expansion that correlates 
with the peak and trough of  the ultrasound wave[18,20]. 
This “oscillation” produces a strong acoustic signal that 
is recognized and represented as hyperechogenicity on 
the ultrasound image. This is in stark contrast to tissue, 
which is largely incompressible. The vibratory properties 
of  microbubbles are dependent on its physical properties, 
including the type of  gaseous agent used, and the sur­
rounding shell. In addition to microbubble vibration, the 
significant impedimental difference between the bubble 
and surrounding tissue reflects the ultrasound wave back 
at this interface, thus permitting differentiation. 

The oscillation of  the microbubble is also directly 
dependent on the properties of  the incident sound wave, 
of  which the most important are the frequency and 
intensity of  the incident wave. Microbubbles smaller than 
7 μm oscillate most readily at 2-10 MHz, which serendi­

pitously are the frequencies most often used in EUS. 
The mechanical index (MI) is a measure of  the pressure 
fluctuations within an ultrasound pulse, and can be tho­
ught of  as the power of  the pulse. It is mathematically 
derived by dividing the maximum negative sound pressure 
by the square root of  the sound frequency. The effect on 
microbubbles varies with the mechanical index (Table 2). 
With very low mechanical indices (< 0.1), microbubbles 
oscillate symmetrically resulting in a linear relationship 
between the signal and the emitted sound waves. At low 
mechanical indices (0.1-0.6), microbubbles resist com­
pression more than expansion, thereby oscillating asym­
metrically. This creates a non-linear relationship with the 
emitted sound waves and the detected signal is shown as 
multiples of  the fundamental vibratory frequency. Similar 
to overtones on musical instruments, this is known as har­
monics. Manipulating these harmonics allows for the dif­
ferentiation of  perfused from non-perfused tissue. With 
high MI (> 0.6), microbubbles are unable to resist com­
pression and are destroyed. The release of  the gas from 
the bubbles at this high MI results in a transiently intense 
echo signal.

Distinguishing the harmonics created by the micro­
bubbles from those of  the surrounding tissue can prove 
challenging. One method uses the instability of  micro­
bubbles at higher mechanical indices. Using color Dopp­
ler ultrasound, the disappearance of  a previous signal at 
a high MI can be visualized and has been used to detect 
abnormalities such as metastatic liver lesions[21]. Specialized 
Doppler software known as Stimulated Acoustic Emission 
increases the resolution of  lesions within the liver by de 
monstrating a color defect in areas of  microbubble uptake 
against a highlighted normal liver and spleen. It is mainly 
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Table 1  Second generation contrast agents currently available

Contrast 
agent

Shell components Gas Mechanical 
index

Definity® Phospholipid Perfluoropropane Low
Imagent® Phospholipid Perfluorohexane Low
SonoVue® Phospholipid Sulfur hexafluoride Low
Sonavist® Polymer Sulfur hexafluoride Low
Sonazoid® Lipid Perfluorocarbon Low
Optison® Albumin Perfluoropropane Low
Sonogen® Surfactant Perfluoropentane Low
Levovist® Galactose/Palmitic acid Air High
Albunex® Albumin Air High

Table 2  Effect of mechanical index on second generation 
microbubbles

Mechanical index Effect on 
microbubble 
oscillation

Relationship between emitted 
sound waves and detected 

signal

Low (< 0.1) Symmetrical Linear
Moderate (0.1-0.6) Asymmetrical Non-linear
High (> 0.6) Destruction N/A

N/A: No detected signal as oscillation at the high frequency causes the 
microbubbles to burst.
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used with more fragile contrast agents such as Levovist 
and is limited by its inability to perform real time scanning 
due to rapid destruction of  the agent[18]. The stability of  
newer generation microbubbles permits the formation 
of  harmonics at lower frequencies. This helps distinguish 
the microbubbles from the surrounding tissue without 
destroying the microbubble at high MIs[22]. Filters are 
usually required to remove background signals at the ex­
pense of  reduced spatial resolution.  

Phase inversion mode (PIM) was developed in an 
attempt to maintain spatial resolution while detecting the 
harmonics of  the microbubbles at low mechanical indices. 
In this modality, two impulses are sent, one being phase-
inverted, and the returning emitted signals are summed. 
Linear signals (i.e. from surrounding tissue) are eliminated 
as signals received from the two impulses are 180° out of  
phase with a summation signal of  0, leaving only the non-
linear signal of  the microbubble to form the image[23,24]. 
Summing of  multiple PIM signals is often required to 
account for increased noise at lower mechanical indices[25]. 
Phase inversion can be combined with traditional B-mode 
ultrasound such that the microbubble signal is displayed 
over a background B-mode image. Phase inversion 
mode with conventional Doppler (so called “Vascular 
Recognition Imaging”) allows for visualization of  flow 
through larger vessels simultaneously with slow-moving 
microbubbles in smaller vessels[26].

SAFETY ISSUES WITH SONOGRAPHIC 
CONTRAST AGENTS
While the second generation agents are generally safe, 

their administration does involve important potential 
risks and complications. The use of  synthetic molecular 
components in the shells of  these contrast agents poses 
a potential allergic or anaphylactic risk. In vitro studies 
have demonstrated a phenomenon termed “cavitation”,  
whereby adjacent tissue is damaged with very high 
contrast agent concentrations and high sound energies[27]. 
Initially, during the low pressure phase of  the ultrasound 
wave, fluid in the blood is pulled away from the mic­
robubbles, creating a free air bubble. This bubble then 
collapses (“cavitates”) in the high pressure phase of  the 
wave releasing a large amount of  energy resulting in 
increased the local temperature, release of  free radicals, 
and lysis of  neighboring cells. Importantly, this effect 
has not been demonstrated with the conventional con­
centrations and sound energies used. Finally, caution 
should be exercised in patients with ischemic heart disease 
with specific contrast agents (SonoVue®, Definity®, 
Optison®), as there have been reported cases of  cardiac 
deaths during contrast echocardiogram studies[19].

CLINICAL APPLICATIONS
Pancreatitis and pancreatic neoplasm
The differentiation of  chronic pancreatitis and pancreatic 
cancer is difficult when using traditional diagnostic tools. 
As chronic pancreatitis is an established risk factor for 
pancreatic adenocarcinoma, the differentiation between 
the two is of  added importance in order to avoid unne­
cessary intervention and to instigate appropriate therapy. 
Transabdominal ultrasound has been a traditional dia­
gnostic tool but is limited in its ability to differentiate 
these entities. Transabdominal contrast enhanced ultra­
sound offers significant advantages in discerning the 
etiology of  pancreatic lesions (Figure 1). In the absence 
of  chronic pancreatitis, conventional endoscopic ultra­
sound has a diagnostic accuracy of  85%-100% for pan­
creatic neoplasms[28]. In the presence of  chronic pancre­
atitis the accuracy of  EUS is markedly reduced, even in 
conjunction with FNA[29-31].

The use of  a contrast agent is able to enhance the diffe 
rent vascular patterns of  pancreatic neoplasms and chro 
nic pancreatitis (Figures 2 and 3), in particular, more 
reliable discrimination of  arterial and venous blood fl 
ow[32,33]. In differentiating focal pancreatitis from pan­
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Figure 1  Transabdominal 
contrast enhanced ultrasou­
nd. A: Hypoechoic lesion in 
the head of the pancreas on 
traditional grey-scale ultra
sound. B:Vascularity of this 
lesion after infection of Definity 
contrast agent. The ultimate 
diagnosis later proved to be 
pancreatic adenocarcinoma 
encasing the celiac axis. AO: 
aorta; CA: cel iac axis;  M: 
mass. Image courtesy of Dr. 
Stephanie Wilson, Department 
of Radiology, University of Cal
gary.

Figure 2  Contrast enhanced en­
doscopic ultrasound image using 
SonoVue injection of a focal pan­
creatic lesion. The region shows 
regular vascularization consistent 
with chronic pancreatitis. Image 
courtesy of Hocke M et al, World J 
Gastroenterol 2006[34].
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creatic cancer, contrast enhanced EUS has a sensitivity 
of  91% and a specificity of  93%, with positive and ne 
gative predictive values of  100% and 88% respecti­
vely[31,32]. These values are significant improvements over 
standard EUS imaging in this population. In general, pan­
creatic cancer is hypovascular on contrast color Doppler 
imaging whereas focal pancreatitis appears hypervascular. 
Hocke et al[34] performed a study using SonoVue to dif­
ferentiate the vascular patterns of  focal pancreatitis and 
pancreatic adenocarcinoma. Malignant lesions demo­
nstrated absence of  venous vessels and an irregular ap 
pearance to the arterial vessel architecture within the tu­
mor. Vascularization of  these malignant foci was visible 
only after the injection of  a contrast agent. Conversely, 
chronic pancreatitis demonstrated both venous and 
arterial vessels with regular arterial microvascular archi­
tecture. This vascularity was visible on conventional Dop 
pler assessment, prior to administration of  a contrast 
agent. Using these criteria, the addition of  contrast enhan 
cement to conventional Doppler EUS improved the sensi 
tivity from 73.2% to 91.1% and the specificity from 
83.3% to 93.3%. CEUS offers improved accuracy over  
conventional imaging methods for the diagnosis of  pan 
creatic neoplasms (Table 3). Levovist has also been 
used as a contrast agent for the differentiation of  pa 
ncreatic cancer and chronic pancreatitis. In compari­
son to power Doppler EUS, contrast enhancement 
with Levovist has been shown to improve from 11%  
to 83.3% sensitivity for the detection oflesions smaller 
than 2 cm[35].

Detection of  neuroendocrine tumors (NETs) of  
the pancreas may also be improved with contrast enhan­
cement. NETs usually present as a small singular well 
demarcated lesion with echogenicity ranging from hypo 
to iso to hyperechoic[36-40]. Detection on standard EUS is 
at times problematic, in particular if  they are isoechoic. 
Classically, however, these tumors are hypervascular; 
therefore the use of  contrast enhancement would sig­
nificantly improve EUS diagnostic capabilities[41]. In a 
small study of  37 patients with pancreatic lesions, Hir­
ooka et al[42] showed contrast enhancement in 100% (n 
= 4) of  islet cell tumors compared to 0% (n = 11) in 
adenocarcinoma lesions. The ability to distinguish an 
NET by imaging without the need for FNA is ideal for 
two reasons. First enucleation procedures for cure may be 
hampered if  FNA is performed. Second, adequate tissue 

acquisition may be difficult in these small lesions. The 
decision for or against FNA depends on the individual 
patient, as there may be prognostic implications to cyto­
logy results[43].

The differentiation of  malignant from benign cystic 
lesions of  the pancreas is also at times problematic. Tra­
ditionally, FNA with fluid analysis for CEA was the single 
best test for the diagnosis of  a mucinous neoplasm[44]. 
More recently, the addition of  DNA analysis further 
increases the ability to determine a mucinous and/or 
malignant cyst[45]. Contrast enhancement may help in the 
diagnosis of  mucinous cystic neoplasms, and in particular, 
help determine if  a solid component/mural nodule 
appears suspicious for adenocarcinoma. In the study 
by Hirooka et al, 80% of  intraductal papillary mucinous 
tumors displayed enhancement. Unfortunately the authors 
of  this study did not offer pathologic correlation of  these 
cystic lesions nor distinguish the proportion of  these 
tumors with a solid component[42].

While metastases to the pancreas are rare, they remain 
an important entity in the differential diagnosis of  a 
pancreatic nodule or mass. CE-EUS can play an important 
complementary role to tissue sampling through FNA. In 
a small study, 4 of  5 metastatic lesions in the pancreas 
displayed a hypervascular echogenic signal[46]. Whether 
metastatic lesions from different primary sites provide 
different CE-EUS signals remains to be seen. 

Fine needle aspiration (FNA) remains a mainstay 
technique for obtaining tissue for the diagnosis of  pan­
creatic lesions. It is doubtful that contrast enhanced im 
aging will replace tissue acquisition, and for cancer mana­
gement in particular. In certain situations, however, contr­
ast enhancement may help decide if  FNA is warranted, 
in particular if  surgical treatment and outcomes would 
be affected. Furthermore, while the positive predictive 
value of  FNA approaches 100%[47], the negative pre­
dictive value only reaches 30%-44%[47,48]. This often ne­
cessitates a second EUS procedure for repeat FNA or a 
percutaneous biopsy[9,30,49]. As suggested by Giovanni, the 
high sensitivity and specificity of  CE-EUS may reduce 
the need for repeat procedures if  the initial FNA is ne­
gative[50].
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Table 3  Accuracy of contrast enhanced endoscopic ultrasound 
versus other imaging modalities

Sensitivity (%) Specificity (%) Accuracy (%)

Pancreatic neoplasm
CEUS[31-35,60] ~ 91 ~ 93 ~ 92
EUS +/- FNA[8,47,60-70] 85-98 67-91 91-95
CT[61,63,64,71-73] 77-86 64-93 66
MRI[61,64,73-75] 85-99 60-95 79-81
Lymphadenopathy
CEUS[54,60,76] 60 91 82-92
EUS +/- FNA[52,77-83] 68 86 75-99
CT[52,78,81-83] 33 75 51-74

CEUS: Contrast enhanced endoscopic ultrasound; EUS: Endoscopic 
ultrasound; FNA: Fine needle aspiration; CT: Computed tomography; 
MRI: Magnetic resonance imaging.

Figure 3  Contrast enhan 
ced endoscopic ultra­
sound image using Sono 
Vue injection of a focal 
pancreatic lesion. This re
gion shows irregular arterial 
vascularization suggestive 
of a malignancy (later pro 
ven to be ductal adenoca
rcinoma). Image courtesy of 
Hocke M et al, World J Gas 
troenterol 2006[34].



241 July 16, 2010|Volume 2|Issue 7|WJGE|www.wjgnet.com

Lymphadenopathy
EUS plays a pivotal role in the nodal staging of  GI and 
mediastinal malignancies. Major differences in mana­
gement are dependent on the accurate determination of  
malignant lymph nodes. In esophageal cancer, EUS has 
proven to be more accurate than CT scanning in detecting 
the presence of  abnormal lymphadenopathy[51,52] with an 
overall accuracy for lymph node staging of  approximately 
75%. Standard EUS criteria for malignancy include size > 
1 cm, hypoechoic, round shape, and sharp demarcation[53]. 
With FNA, the accuracy has been reported to be up to 
99.4%[7]. The improved accuracy is important, as the 
presence of  local metastatic lymphadenopathy remains 
one the most important predictors of  survival, and is a 
determinant for adjuvant therapy and/or resectability. 
Hocke et al[54] compared contrast enhanced endoscopic 
ultrasound features of  lymph nodes to fine needle aspi­
ration. CE-EUS criteria for malignant lymph nodes were 
irregular appearance of  vessels, and the sole presence of  
arterial vessels, whereas regular vessel appearance and 
presence of  both arterial and venous vessels were used to 
identify benign lymph nodes. CE-EUS had a specificity of  
91% but a sensitivity of  only 60% in the differentiation 
of  benign and malignant mediastinal lymph nodes. While 
CE-EUS improved the specificity in comparison to tra­
ditional EUS, low sensitivity prevents its ability to be 
used as the sole tool to discern malignant lymph nodes 
(Table 3). It may, however, be helpful for examining small 
nodes, or when FNA cannot be done due to intervening 
vasculature or tumor presence within the needle path.

Biliary diseases
Experience with CE-EUS for examination of  biliary 
tract disorders is very limited. One study showed possible 
application to differentiating benign sclerosing cholangitis 
from cholangiocarcinoma[55]. In one small study of  14 
patients, CE-EUS improved gall bladder tumor staging (T 
stage) accuracy from 78.6% to 92.9%[56]. Whether this will 
change patient management or translate into improved 
patient outcomes is unknown.

Tumour response and therapy
CE-EUS has been explored as a method of  assessing 
treatment response in pancreatic lesions. Giday and colle­
agues, using a porcine model, demonstrated a marked 
difference in enhancement in ablated areas of  the pan­
creas (no enhancement) compared to surrounding tissue 
(increased enhancement)[57]. In a novel experiment, Kor­
panty et al[58] created targeted microbubbles to vascular 
endothelial growth factor activated blood vessels that are 
seen in pancreatic neoplasms. The enhancement by these 
targeted microbubbles was significantly reduced with 
the use of  anti-angiogenesis therapy, thereby providing a 
method of  monitoring response to these agents. 

The ability to target microbubbles allows the focused 
delivery of  therapeutic substances within the bubbles to 
a specific site, which can then be released by a targeted 
ultrasound wave. Chemotherapeutic drugs within mic­

robubbles can be released in a specific concentrated area 
by destroying the bubbles using high mechanical indices 
under real time ultrasound guidance[59]. Delivery in this 
fashion would provide more uniform delivery to specific, 
actively perfused areas of  the tumor, compared to fine 
needle injection. Animal in vivo studies are still lacking. 
This technique is likely to gain popularity in the near 
future, given its specificity for the target tissue.    

CONCLUSION
Contrast enhanced ultrasound is a newer technique that 
is gaining favor in the diagnosis and delivery of  therapy 
in a variety of  gastrointestinal disorders. Its ability to 
accurately differentiate diseased tissue from surrounding 
normal tissue will facilitate more accurate identification 
of  lesions that were traditionally difficult to characterize.  
Multiple technological advances, including second ge­
neration microbubbles and phase inversion mode allow 
for improved spatial resolution, thereby increasing the 
accuracy of  this modality in smaller and smaller lesions. 
Future directions for contrast enhanced endoscopic 
ultrasound will include complementary use with endos­
copic elastography, which is another rapidly expanding 
field in endoscopic imaging.  

REFERENCES
1	 DiMagno EP, Buxton JL, Regan PT, Hattery RR, Wilson DA, 

Suarez JR, Green PS. Ultrasonic endoscope. Lancet 1980; 1: 
629-631

2	 Strohm WD, Phillip J, Hagenmüller F, Classen M. Ultrasonic 
tomography by means of an ultrasonic fiberendoscope. En­
doscopy 1980; 12: 241-244

3	 Matsumoto K, Yamao K, Okubo K, Hara K, Sawaki A, 
Mizuno N, Tajika M, Kawai H, Ashida R. Endoscopic ultra
sound-guided ethanol injection in the pancreas in a porcine 
model: a preliminary study. J Gastroenterol Hepatol 2008; 23: 
e1-e6

4	 Yan BM, Van Dam J. Endoscopic ultrasound-guided intratu
moural therapy for pancreatic cancer. Can J Gastroenterol 2008; 
22: 405-410

5	 Yamao K, Sawaki A, Mizuno N, Shimizu Y, Yatabe Y, Koshi
kawa T. Endoscopic ultrasound-guided fine-needle aspiration 
biopsy (EUS-FNAB): past, present, and future. J Gastroenterol 
2005; 40: 1013-1023

6	 Klapman JB, Chang KJ. Endoscopic ultrasound-guided 
fine-needle injection. Gastrointest Endosc Clin N Am 2005; 15: 
169-177, x

7	 Chen VK, Eloubeidi MA. Endoscopic ultrasound-guided fine 
needle aspiration is superior to lymph node echofeatures: 
a prospective evaluation of mediastinal and peri-intestinal 
lymphadenopathy. Am J Gastroenterol 2004; 99: 628-633

8	 Chang KJ, Nguyen P, Erickson RA, Durbin TE, Katz KD. 
The clinical utility of endoscopic ultrasound-guided fine-
needle aspiration in the diagnosis and staging of pancreatic 
carcinoma. Gastrointest Endosc 1997; 45: 387-393

9	 Savides TJ, Donohue M, Hunt G, Al-Haddad M, Aslanian 
H, Ben-Menachem T, Chen VK, Coyle W, Deutsch J, DeWitt 
J, Dhawan M, Eckardt A, Eloubeidi M, Esker A, Gordon SR, 
Gress F, Ikenberry S, Joyce AM, Klapman J, Lo S, Maluf-
Filho F, Nickl N, Singh V, Wills J, Behling C. EUS-guided 
FNA diagnostic yield of malignancy in solid pancreatic 
masses: a benchmark for quality performance measurement. 
Gastrointest Endosc 2007; 66: 277-282

Mohamed RM et al . Contrast enhanced endoscopic ultrasound



242 July 16, 2010|Volume 2|Issue 7|WJGE|www.wjgnet.com

10	 Turner BG, Cizginer S, Agarwal D, Yang J, Pitman MB, 
Brugge WR. Diagnosis of pancreatic neoplasia with EUS and 
FNA: a report of accuracy. Gastrointest Endosc 2010; 71: 91-98

11	 Gleeson FC, Clain JE, Papachristou GI, Rajan E, Topazian 
MD, Wang KK, Levy MJ. Prospective assessment of EUS 
criteria for lymphadenopathy associated with rectal cancer. 
Gastrointest Endosc 2009; 69: 896-903

12	 Eloubeidi MA, Tamhane A, Varadarajulu S, Wilcox CM. 
Frequency of major complications after EUS-guided FNA of 
solid pancreatic masses: a prospective evaluation. Gastrointest 
Endosc 2006; 63: 622-629

13	 O’Toole D, Palazzo L, Arotçarena R, Dancour A, Aubert A, 
Hammel P, Amaris J, Ruszniewski P. Assessment of com
plications of EUS-guided fine-needle aspiration. Gastrointest 
Endosc 2001; 53: 470-474

14	 Mahnke D, Chen YK, Antillon MR, Brown WR, Mattison R, 
Shah RJ. A prospective study of complications of endoscopic 
retrograde cholangiopancreatography and endoscopic ultra
sound in an ambulatory endoscopy center. Clin Gastroenterol 
Hepatol 2006; 4: 924-930

15	 Micames C, Jowell PS, White R, Paulson E, Nelson R, Morse 
M, Hurwitz H, Pappas T, Tyler D, McGrath K. Lower fre
quency of peritoneal carcinomatosis in patients with pan
creatic cancer diagnosed by EUS-guided FNA vs. percuta
neous FNA. Gastrointest Endosc 2003; 58: 690-695

16	 Chen VK, Arguedas MR, Kilgore ML, Eloubeidi MA. A cost-
minimization analysis of alternative strategies in diagnosing 
pancreatic cancer. Am J Gastroenterol 2004; 99: 2223-2234

17	 Chang KJ, Soetikno RM, Bastas D, Tu C, Nguyen PT. 
Impact of endoscopic ultrasound combined with fine-needle 
aspiration biopsy in the management of esophageal cancer. 
Endoscopy 2003; 35: 962-966

18	 Cosgrove D. Ultrasound contrast agents: an overview. Eur J 
Radiol 2006; 60: 324-330

19	 Raisinghani A, DeMaria AN. Physical principles of mi
crobubble ultrasound contrast agents. Am J Cardiol 2002; 90: 
3J-7J

20	 Phillips P, Gardner E. Contrast-agent detection and quan
tification. Eur Radiol 2004; 14 Suppl 8: P4-P10

21	 Albrecht T, Urbank A, Mahler M, Bauer A, Doré CJ, Blomley 
MJ, Cosgrove DO, Schlief R. Prolongation and optimization 
of Doppler enhancement with a microbubble US contrast 
agent by using continuous infusion: preliminary experience. 
Radiology 1998; 207: 339-347

22	 Burns PN. Harmonic imaging with ultrasound contrast 
agents. Clin Radiol 1996; 51 Suppl 1: 50-55

23	 Burns PN, Wilson SR, Simpson DH. Pulse inversion imaging 
of liver blood flow: improved method for characterizing focal 
masses with microbubble contrast. Invest Radiol 2000; 35: 
58-71

24	 Burns PN, Hope Simpson D, Averkiou MA. Nonlinear 
imaging. Ultrasound Med Biol 2000; 26 Suppl 1: S19-S22

25	 Goertz DE, Wong SWS, Chin CT, Cherin E, Burns PN, Foster 
FS. Non-linear scattering from microbubble contrast agents in 
the 14-40 MHz range.Ultrasonics Symposium 2001; 2: 1747-1750

26	 Mine Y. [Harmonic imaging]. Nippon Rinsho 1998; 56: 881-885
27	 ter Haar GR. Ultrasonic contrast agents: safety considerations 

reviewed. Eur J Radiol 2002; 41: 217-221
28	 Iglesias GJ, Lariño NJ, Domínguez MJE. Endoscopic ul

trasound in the diagnosis and staging of pancreatic cancer. 
Rev Esp Enferm Dig 2009; 101: 631-638

29	 Maluf-Filho F, Dotti CM, Halwan B, Queiros AF, Kupski 
C, Chaves DM, Nakao FS, Kumar A. An evidence-based 
consensus statement on the role and application of endo
sonography in clinical practice. Endoscopy 2009; 41: 979-987

30	 Bhutani MS. Endoscopic ultrasonography--new develop
ments and interesting trends. Endoscopy 2004; 36: 950-956

31	 Becker D, Strobel D, Bernatik T, Hahn EG. Echo-enhanced 
color- and power-Doppler EUS for the discrimination be
tween focal pancreatitis and pancreatic carcinoma. Gastro­
intest Endosc 2001; 53: 784-789

32	 Hocke M, Menges M, Topalidis T, Dietrich CF, Stallmach A. 
Contrast-enhanced endoscopic ultrasound in discrimination 
between benign and malignant mediastinal and abdominal 
lymph nodes. J Cancer Res Clin Oncol 2008; 134: 473-480

33	 Schmidt J, Ryschich E, Daniel V, Herzog L, Werner J, 
Herfarth C, Longnecker DS, Gebhard MM, Klar E. Vascular 
structure and microcirculation of experimental pancreatic 
carcinoma in rats. Eur J Surg 2000; 166: 328-335

34	 Hocke M, Schulze E, Gottschalk P, Topalidis T, Dietrich CF. 
Contrast-enhanced endoscopic ultrasound in discrimination 
between focal pancreatitis and pancreatic cancer. World J 
Gastroenterol 2006; 12: 246-250

35	 Sakamoto H, Kitano M, Suetomi Y, Maekawa K, Takeyama 
Y, Kudo M. Utility of contrast-enhanced endoscopic ultraso
nography for diagnosis of small pancreatic carcinomas. Ultra­
sound Med Biol 2008; 34: 525-532

36	 Patel KK, Kim MK. Neuroendocrine tumors of the pancreas: 
endoscopic diagnosis. Curr Opin Gastroenterol 2008; 24: 
638-642

37	 Zimmer T, Scherübl H, Faiss S, Stölzel U, Riecken EO, 
Wiedenmann B. Endoscopic ultrasonography of neuroendo
crine tumours. Digestion 2000; 62 Suppl 1: 45-50

38	 Anderson MA, Carpenter S, Thompson NW, Nostrant TT, 
Elta GH, Scheiman JM. Endoscopic ultrasound is highly 
accurate and directs management in patients with neur
oendocrine tumors of the pancreas. Am J Gastroenterol 2000; 
95: 2271-2277

39	 Ardengh JC, Rosenbaum P, Ganc AJ, Goldenberg A, Lobo 
EJ, Malheiros CA, Rahal F, Ferrari AP. Role of EUS in the 
preoperative localization of insulinomas compared with 
spiral CT. Gastrointest Endosc 2000; 51: 552-555 

40	 Schumacher B, Lübke HJ, Frieling T, Strohmeyer G, Starke 
AA. Prospective study on the detection of insulinomas by 
endoscopic ultrasonography. Endoscopy 1996; 28: 273-276      

41	 Dietrich CF, Ignee A, Braden B, Barreiros AP, Ott M, Hocke 
M. Improved differentiation of pancreatic tumors using 
contrast-enhanced endoscopic ultrasound. Clin Gastroenterol 
Hepatol 2008; 6: 590-597.e1

42	 Hirooka Y, Goto H, Ito A, Hayakawa S, Watanabe Y, Ishi
guro Y, Kojima S, Hayakawa T, Naitoh Y. Contrast-enhanced 
endoscopic ultrasonography in pancreatic diseases: a prelimi
nary study. Am J Gastroenterol 1998; 93: 632-635

43	 Fasanella KE, McGrath KM, Sanders M, Brody D, Domsic 
R, Khalid A. Pancreatic endocrine tumor EUS-guided FNA 
DNA microsatellite loss and mortality. Gastrointest Endosc 
2009; 69: 1074-1080

44	 Brugge WR, Lewandrowski K, Lee-Lewandrowski E, Cen
teno BA, Szydlo T, Regan S, del Castillo CF, Warshaw AL. 
Diagnosis of pancreatic cystic neoplasms: a report of the 
cooperative pancreatic cyst study. Gastroenterology 2004; 126: 
1330-1336

45	 Khalid A, Zahid M, Finkelstein SD, LeBlanc JK, Kaushik 
N, Ahmad N, Brugge WR, Edmundowicz SA, Hawes RH, 
McGrath KM. Pancreatic cyst fluid DNA analysis in eva
luating pancreatic cysts: a report of the PANDA study. Gastro­
intest Endosc 2009; 69: 1095-1102

46	 Giovannini M. Endosonography: new developments in 2006. 
Scientific World Journal 2007; 7: 341-363

47	 Raut CP, Grau AM, Staerkel GA, Kaw M, Tamm EP, Wolff 
RA, Vauthey JN, Lee JE, Pisters PW, Evans DB. Diagnostic 
accuracy of endoscopic ultrasound-guided fine-needle as
piration in patients with presumed pancreatic cancer. J Gas­
trointest Surg 2003; 7: 118-126; discussion 127-128

48	 Giovannini M, Seitz JF, Monges G, Perrier H, Rabbia I. Fine-
needle aspiration cytology guided by endoscopic ultraso
nography: results in 141 patients. Endoscopy 1995; 27: 171-177

49	 LeBlanc JK, Ciaccia D, Al-Assi MT, McGrath K, Imperiale T, 
Tao LC, Vallery S, DeWitt J, Sherman S, Collins E. Optimal 
number of EUS-guided fine needle passes needed to obtain 
a correct diagnosis. Gastrointest Endosc 2004; 59: 475-481

50	 Giovannini M. Contrast-enhanced endoscopic ultrasound 

Mohamed RM et al . Contrast enhanced endoscopic ultrasound



243 July 16, 2010|Volume 2|Issue 7|WJGE|www.wjgnet.com

and elastosonoendoscopy. Best Pract Res Clin Gastroenterol 
2009; 23: 767-779

51	 Lightdale CJ, Kulkarni KG. Role of endoscopic ultrasono
graphy in the staging and follow-up of esophageal cancer. J 
Clin Oncol 2005; 23: 4483-4489

52	 Takizawa K, Matsuda T, Kozu T, Eguchi T, Kato H, Naka
nishi Y, Hijikata A, Saito D. Lymph node staging in esopha
geal squamous cell carcinoma: a comparative study of end
oscopic ultrasonography versus computed tomography. J 
Gastroenterol Hepatol 2009; 24: 1687-1691

53	 Catalano MF, Sivak MV Jr, Rice T, Gragg LA, Van Dam J. 
Endosonographic features predictive of lymph node metas
tasis. Gastrointest Endosc 1994; 40: 442-446

54	 Hocke M, Menges M, Topalidis T, Dietrich CF, Stallmach A. 
Contrast-enhanced endoscopic ultrasound in discrimination 
between benign and malignant mediastinal and abdominal 
lymph nodes. J Cancer Res Clin Oncol 2008; 134: 473-480

55	 Hyodo T, Hyodo N, Yamanaka T, Imawari M. Contrast-
enhanced intraductal ultrasonography for thickened bile 
duct wall. J Gastroenterol 2001; 36: 557-559

56	 Hirooka Y, Naitoh Y, Goto H, Ito A, Hayakawa S, Watanabe 
Y, Ishiguro Y, Kojima S, Hashimoto S, Hayakawa T. Contrast-
enhanced endoscopic ultrasonography in gallbladder dise
ases. Gastrointest Endosc 1998; 48: 406-410

57	 Giday SA, Magno P, Gabrielson KL, Buscaglia JM, Canto 
MI, Ko CW, Clarke JO, Kalloo AN, Jagannath SB, Shin EJ, 
Kantsevoy SV. The utility of contrast-enhanced endoscopic 
ultrasound in monitoring ethanol-induced pancreatic tissue 
ablation: a pilot study in a porcine model. Endoscopy 2007; 
39: 525-529

58	 Korpanty G, Carbon JG, Grayburn PA, Fleming JB, Brekken 
RA. Monitoring response to anticancer therapy by targeting 
microbubbles to tumor vasculature. Clin Cancer Res 2007; 13: 
323-330

59	 Hernot S, Klibanov AL. Microbubbles in ultrasound-trig
gered drug and gene delivery. Adv Drug Deliv Rev 2008; 60: 
1153-1166

60	 Giovannini M. Contrast-enhanced endoscopic ultrasound 
and elastosonoendoscopy. Best Pract Res Clin Gastroenterol 
2009; 23: 767-779

61	 Kinney T. Evidence-based imaging of pancreatic malig
nancies. Surg Clin North Am 2010; 90: 235-249

62	 Hunt GC, Faigel DO. Assessment of EUS for diagnosing, 
staging, and determining resectability of pancreatic cancer: 
a review. Gastrointest Endosc 2002; 55: 232-237

63	 Mertz HR, Sechopoulos P, Delbeke D, Leach SD. EUS, 
PET, and CT scanning for evaluation of pancreatic adeno
carcinoma. Gastrointest Endosc 2000; 52: 367-371

64	 Delbeke D, Pinson CW. Pancreatic tumors: role of imaging 
in the diagnosis, staging, and treatment. J Hepatobiliary 
Pancreat Surg 2004; 11: 4-10

65	 Papanikolaou IS, Adler A, Neumann U, Neuhaus P, Rösch 
T. Endoscopic ultrasound in pancreatic disease--its influence 
on surgical decision-making. An update 2008. Pancreatology 
2009; 9: 55-65

66	 Săftoiu A, Vilmann P. Role of endoscopic ultrasound in the 
diagnosis and staging of pancreatic cancer. J Clin Ultrasound 
2009; 37: 1-17

67	 Wiersema MJ, Vilmann P, Giovannini M, Chang KJ, Wier
sema LM. Endosonography-guided fine-needle aspiration 
biopsy: diagnostic accuracy and complication assessment. 
Gastroenterology 1997; 112: 1087-1095

68	 Eloubeidi MA, Chen VK, Eltoum IA, Jhala D, Chhieng DC, 
Jhala N, Vickers SM, Wilcox CM. Endoscopic ultrasound-
guided fine needle aspiration biopsy of patients with sus
pected pancreatic cancer: diagnostic accuracy and acute and 
30-day complications. Am J Gastroenterol 2003; 98: 2663-2668

69	 Iglesias-Garcia J, Dominguez-Munoz E, Lozano-Leon A, 
Abdulkader I, Larino-Noia J, Antunez J, Forteza J. Impact of 
endoscopic ultrasound-guided fine needle biopsy for diag
nosis of pancreatic masses. World J Gastroenterol 2007; 13: 
289-293

70	 Ardengh JC, Lopes CV, de Lima LF, de Oliveira JR, Venco 
F, Santo GC, Modena JL. Diagnosis of pancreatic tumors by 
endoscopic ultrasound-guided fine-needle aspiration. World 
J Gastroenterol 2007; 13: 3112-3116

71	 Bronstein YL, Loyer EM, Kaur H, Choi H, David C, DuBrow 
RA, Broemeling LD, Cleary KR, Charnsangavej C. Detection 
of small pancreatic tumors with multiphasic helical CT. AJR 
2004; 182: 619-623

72	 Legmann P, Vignaux O, Dousset B, Baraza AJ, Palazzo L, Du
montier I, Coste J, Louvel A, Roseau G, Couturier D, Bonnin A. 
Pancreatic tumors: comparison of dual-phase helical CT and 
endoscopic sonography. AJR 1998; 170: 1315-1322

73	 Bipat S, Phoa SS, van Delden OM, Bossuyt PM, Gouma 
DJ, Laméris JS, Stoker J. Ultrasonography, computed tomo
graphy and magnetic resonance imaging for diagnosis and 
determining resectability of pancreatic adenocarcinoma: a 
meta-analysis. J Comput Assist Tomogr 2005; 29: 438-445

74	 Johnson PT, Outwater EK. Pancreatic carcinoma versus 
chronic pancreatitis: dynamic MR imaging. Radiology 1999; 
212: 213-218

75	 Rieber A, Tomczak R, Nüssle K, Klaus H, Brambs HJ. MRI 
with mangafodipir trisodium in the detection of pancreatic 
tumours: comparison with helical CT. Br J Radiol 2000; 73: 
1165-1169

76	 Kanamori A, Hirooka Y, Itoh A, Hashimoto S, Kawashima 
H, Hara K, Uchida H, Goto J, Ohmiya N, Niwa Y, Goto H. 
Usefulness of contrast-enhanced endoscopic ultrasonography 
in the differentiation between malignant and benign lym
phadenopathy. Am J Gastroenterol 2006; 101: 45-51

77	 Giovannini M, Thomas B, Erwan B, Christian P, Fabrice 
C, Benjamin E, Geneviève M, Paolo A, Pierre D, Robert Y, 
Walter S, Hanz S, Carl S, Christoph D, Pierre E, Jean-Luc 
VL, Jacques D, Peter V, Andrian S. Endoscopic ultrasound 
elastography for evaluation of lymph nodes and pancreatic 
masses: a multicenter study. World J Gastroenterol 2009; 15: 
1587-1593

78	 Romagnuolo J, Scott J, Hawes RH, Hoffman BJ, Reed CE, 
Aithal GP, Breslin NP, Chen RY, Gumustop B, Hennessey 
W, Van Velse A, Wallace MB. Helical CT versus EUS with 
fine needle aspiration for celiac nodal assessment in patients 
with esophageal cancer. Gastrointest Endosc 2002; 55: 648-654

79	 Zhang X, Watson DI, Lally C, Bessell JR. Endoscopic ul
trasound for preoperative staging of esophageal carcinoma. 
Surg Endosc 2005; 19: 1618-1621

80	 Kelly S, Harris KM, Berry E, Hutton J, Roderick P, Cul
lingworth J, Gathercole L, Smith MA. A systematic review of 
the staging performance of endoscopic ultrasound in gastro-
oesophageal carcinoma. Gut 2001; 49: 534-539

81	 Botet JF, Lightdale CJ, Zauber AG, Gerdes H, Urmacher C, 
Brennan MF. Preoperative staging of esophageal cancer: 
comparison of endoscopic US and dynamic CT. Radiology 
1991; 181: 419-425

82	 Bhutani MS, Hawes RH, Hoffman BJ. A comparison of the 
accuracy of echo features during endoscopic ultrasound 
(EUS) and EUS-guided fine-needle aspiration for diagnosis 
of malignant lymph node invasion. Gastrointest Endosc 1997; 
45: 474-479

83	 Catalano MF, Alcocer E, Chak A, Nguyen CC, Raijman I, 
Geenen JE, Lahoti S, Sivak MV Jr. Evaluation of metastatic 
celiac axis lymph nodes in patients with esophageal carci
noma: accuracy of EUS. Gastrointest Endosc 1999; 50: 352-356

S- Editor  Zhang HN    L- Editor  Herholdt A    E- Editor  Liu N

Mohamed RM et al . Contrast enhanced endoscopic ultrasound



TOPIC HIGHLIGHT

New endoscopy devices to improve population adherence 
to colorectal cancer prevention programs

Asimina Gaglia, Ioannis S Papanikolaou, Wilfried Veltzke-Schlieker

Asimina Gaglia, Ioannis S Papanikolaou, Hepatogastro­
enterology Unit, 2nd Department of Internal Medicine-Pro­
paedeutic, Attikon University General Hospital, University of 
Athens, Athens 12462, Greece
Ioannis S Papanikolaou, Wilfried Veltzke-Schlieker, Central 
Interdisciplinary Endoscopy Unit, Department of Gastroen­
terology, Hepatology and Metabolic Diseases, Charite University 
Hospitals, Campus Virchow Clinic, Berlin 13353, Germany
Author contributions: Gaglia A, Papanikolaou IS, and Veltzke-
Schlieker W contributed equally to the writing of the manuscript.
Correspondence to: Ioannis S Papanikolaou, MD, Hepato­
gastroenterology Unit, Second Department of Internal Medicine-
Propaedeutic, Attikon University General Hospital, University of 
Athens, Rimini 1, Haidari, Athens 12462, 
Greece. ispapn@hotmail.com
Telephone: +30-210-5832090  Fax: +30-210-5326422 
Received: March 15, 2010      Revised: June 29, 2010
Accepted: July 6, 2010
Published online: July 16, 2010

Abstract
Despite recent advances in medicine, colorectal cancer 
(CRC) remains one of the greatest hazards for public 
health worldwide and especially the industrialized 
world. It has been well documented with concrete 
data that regular screening colonoscopy aimed at early 
detection of precancerous polyps can help decrease 
the incidence of CRC. However, the adherence of the 
general population to such screening programs has 
been shown to be lower than that expected, thus 
allowing CRC to remain a major threat for public health. 
Various reasons have been suggested to explain the 
disappointing compliance of the population to CRC 
screening programs, some of them associated with 
colonoscopy per se, which is viewed by many people 
as an unpleasant examination. Governments, medical 
societies, individual gastroenterologists, as well as 
the medical industry are working in order to improve 
endoscopic devices and/or to improve standard colo

noscopy. The aim is to improve the acceptance of 
the population for this method of CRC screening, by 
providing a painless and reliable examination of the 
colon. This review focuses on some of the latest impro
ve­ments in this field.
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INTRODUCTION
Despite recent developments in medical research includ-
ing attempts to use blood, stool samples or imaging tech-
niques (e.g. CT technology) to detect early cancer, colo-
noscopy remains the examination of  choice in colorectal 
cancer (CRC) prevention. Regular screening colonoscopy 
aimed at early detection of  precancerous polyps seems 
to reduce the incidence of  CRC[1]. Although most studies 
that have proved the benefits of  regular colorectal screen-
ing were based only on flexible rectosigmoidoscopy, they 
show a 60% reduction of  CRC-associated deaths, pro-
vided screening was done before development of  symp-
toms[2,3]. However, despite the proven benefits of  endo-
scopic colon screening, patients worldwide seem to be un-
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willing to adhere to screening programs, demonstrating an 
unacceptably low compliance rate. Studies including first-
degree relatives of  patients with colorectal cancer showed 
a compliance rate that ranged from 50% to 80%[4,5]. When 
examining the general asymptomatic population, com-
pliance rates are even lower. Lack of  symptoms, fear of  
detecting a tumour, embarrassment and discomfort that 
many patients believe accompany the procedure, diffi-
culty in bowel preparation and even lack of  knowledge or 
awareness of  the benefits of  regular colorectal screening 
are some of  the main reasons that seem to prevent pa-
tients to adhere to screening programs[6]. Introduction of  
better sedation (including use of  propofol) during colon-
oscopy seems to somewhat improve patient acceptance 
of  colonoscopy[7]. However, the goal of  an “easy” exami-
nation of  the large bowel, that is widely accepted from the 
public still remains unfulfilled.

Apart from patient compliance, a good-quality of  
colonoscopy is necessary to provide all the benefits of  en-
doscopic screening. In various studies, conventional colon-
oscopy seems to have a 5%-6% polyp miss rate for polyps 
greater than 1 cm, 13%-15% for polyps 5-9 mm and up 
to 25% for polyps smaller than 5 mm. Factors that influ-
ence the quality of  colonoscopy in terms of  polyp detec-
tion are withdrawal time, adequacy of  bowel preparation 
and thorough inspection behind every intestinal fold[8,9]. 
Moreover, colonoscopy is a procedure that requires en-
doscopists with sufficient training, technical skills and ex-
perience. This, however, is not the case in every hospital, 
where colonoscopies might be performed by endoscopists 
of  lesser experience. This was displayed in a recent British 
prospective study, that reviewed data from 9223 colonos-
copies performed in 68 centers over a 4 mo period. Here 
the cecum intubation rates were rather low (76.9%, with 
an even worse adjusted rate of  56.9%) and definitely far 
from the expected 90%-94%[10]. The association between 
screening colonoscopy and reduction in CRC mortality 
rates seems to be due to reduction in left colon cancer 
deaths[11]. In two case-control studies, the relative risk of  
left-sided colon tumours after a negative colonoscopy was 
less than 0.2, while for right-sided colon tumours the rela-
tive risk ranged from 0.4 to 0.67[12,13]. These data point out 
that even regular colonoscopic screening has limitations 
in detecting all suspicious lesions. In order to overcome 
these problems and limitations, technical improvements 
to conventional colonoscopes and new devices are being 
developed, which aim to achieve colonoscopies of  higher 
quality and thus to possibly increase the adherence of  the 
public to CRC prevention programs. Initial data[7] seems to 
support the authors’ view that improvement of  the qual-
ity of  colonoscopies in terms of  accuracy and adenoma 
detection rates, might also contribute to increasing popu-
lation adherence to CRC prevention programs. This may 
be either by “convincing” primary health care physicians 
to refer more patients to these programs or by influencing 
the public directly with high adenoma detection rates and 
low percentages of  missed polyps, i.e. by showing that 
colonoscopy is the “gold standard” in colorectal screen-

ing, by far superior to alternative methods (e.g. CT- or 
MRI-colography). Therefore, in the following paragraphs 
we will focus not only on new endoscopic devices, but 
also briefly highlight technical innovations which bring 
improvements in visualization with standard endoscopes, 
as they might also prove to have a positive impact on the 
public’s compliance with colorectal screening.

NEW TECHNOLOGY COLONOSCOPES  
Aer-O-scope
This is a self-propelled, self-navigating, disposable en
doscope. It consists of  the following parts: (1) an electro-
optical imaging capsule, containing a digital camera, 
which is implanted inside a balloon, called “scanning 
balloon”; (2) a workstation which helps the endoscopist 
inspect and control capsule movement during the ex
amination; and (3) a supply cable that connects the 
workstation to the electro-optical capsule. This cable 
contains multiple channels and provides current, water 
and suction that are necessary during the examination. 
The examination begins by placing a silicone balloon 
(through a rectal introducer) into the patient’s rectum. 
This rectal balloon is then inflated and seals the anus. 
Immediately after that, the scanning balloon is also 
inflated and CO2 is introduced between the rectal and 
the scanning balloon. The pressures inside and behind 
the scanning balloon are controlled through electronic 
sensors and adjusted by the workstation computer. The 
pressure gradient that is created in this way can propel the 
scanning balloon inside the intestinal lumen. During its 
movement the scanning balloon adjusts its volume and 
shape according to the shape of  the intestine, preventing 
patient discomfort. When the scanning balloon reaches 
the cecum, CO2 behind the balloon is allowed to leave 
the colon through the rectal inductor, while new CO2 is 
introduced, but this time between the scanning ballon 
and the cecum. This creates a pressure gradient in the 
opposite direction, which allows the endoscope to travel 
backward and simultaneously distends the colon in front 
of  the camera. The inspection of  the colonic mucosa is 
conducted during the endoscope’s withdrawal, which is 
controlled by the endoscopist through the workstation’s 
computer. Aer-O-scope has an omnidirectional imaging 
system, based on conical lenses and a mirror that provides 
simultaneous circumferential, backward as well as forward 
views, allowing inspection even behind mucosal folds. Ex 
vivo as well as in vivo porcine studies have shown that the 
Aer-O-scope reaches its maximal cable length (which is 
equivalent to that of  the cecum in humans) in 80%-90% 
of  the cases and has 98% sensitivity for detecting beads 
(i.e. markers that imitate polyps) greater than 2.5 mm. In 
another study performed in 12 healthy young volunteers 
who underwent both conventional colonoscopy and Aer-
O-scope endoscopy, cecal intubation was achieved in 83% 
of  the cases with both methods. This new colonoscopy 
device promises pain reduction during the examination, 
since Aer-O-scope does not create loops and the pressure 
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inside the colon is kept at lower levels than those of  a 
conventional colonoscopy. Further human studies are, 
however, needed in order to prove the advantages of  
this endoscope, keeping in mind that the device is not 
currently endowed with a working channel[14-16].

Neoguide endoscopy system
Neoguide endoscopy system (NES) is an articulated endo-
scope comprising 16 segments of  the same length. Each 
segment has the ability to bend in every direction. NES 
is handled as a conventional endoscope and is equipped 
with an external position sensor which measures the en-
doscope’s insertion depth. The main computer combines 
data from the orientation of  the tip of  the endoscope and 
the external position sensor, regulating the shape of  its 
segment to assume the shape of  the colon, as it advances 
through the lumen. This endoscope adjustment to the 
shape of  the colon leads to reduction of  loop forma-
tion, which together with colon ligament stretching is the 
source of  90% of  episodes of  pain during colonoscopy. 
Eickhoff  et al studied the forces that are exerted on the 
colonic wall and the displacement of  the colon during 
conventional and Neoguide endoscopy, using model co-
lons. NES was found to apply significantly less forces on 
the colonic wall and caused significantly less colon dis-
placement and loop formation, whilst offering 3-dimen-
tional, real-time imaging of  the bowel[17]. In another hu-
man trial by the aforementioned team, loops were formed 
during NES endoscopy in only 4/10 patients and were 
successfully straightened with the help of  the 3D imaging 
system[18]. However, despite satisfactory results displayed 
when using the NES-system (verified by both patients and 
physicians), large scale studies are needed to compare con-
ventional colonoscopy with NES in terms of  efficacy and 
safety. 

Invendo colonoscope 
The Invendo colonoscope is a single-use, motor-driven 
colonoscope, where all the push and pull manoeuvres of  
the endoscopist are replaced by a handheld device (In-
vendo Medical, Ltd., Kissing, Germany). It is a flexible 
colonoscope with a working length of  200 cm, endowed 
with an inner sheath (with a 10mm diameter). An outer 
sleeve is pulled over this inner sheath and inverted on 
each of  the respective ends (at the biopsy port and just 
below the endoscope deflection) and attached to a pro-
pulsion connector. The connector is then locked into an 
endoscope-driving unit and the examination can then 
be started. Under handheld control by the physician, 8 
drive-wheels in the endoscope-driving unit start to move 
in the selected direction. The wheels grip the inner side 
of  the inverted sleeve, causing the inverted sleeve and in-
ner sheath to move either forward or backwards The en-
doscope tip can be deflected electro-hydraulically 180° (at 
body temperature) in any direction by moving a joystick 
on the handheld device. The colonoscope has a working 
channel of  3.2 mm (therefore allowing use of  a biopsy 
forceps through the channel). In the first pilot volunteer 

study on 34 patients the examination was performed in 
all cases without sedation and had to be interrupted in 
only 2 patients due to pain. The rest of  the patients did 
not mention any significant discomfort during the ex-
amination. The cecal intubation rate was 82%, whereas 
the mean cecal intubation time was 20 min. Only 4/34 
patients complained of  abdominal bloating after the 
procedure[19].

Cathcam
Cathcam is a wire-guided, catheter-based method. It 
consists of  a light, 160 cm long catheter (almost half  the 
weight of  the shaft of  a colonoscope), which is guided 
by a looped guide-wire. It is also equipped with 6 light-
emitting diodes, a 2.8 mm working channel, lens irrigation 
and air inflation systems. The hinged guide-wire passes 
through the 2.8 mm working channel of  the catheter. A 
reusable micro-camera is then fitted on the tip of  the cath-
eter. A study conducted in live pigs showed 30% to 40% 
reduction in the peak force exerted on the colonic wall 
using Cathcam. A pilot safety and efficacy study included 
13 volunteers who had failed to complete a conventional 
colonoscopy. For the first 5 of  these patients, colonosco-
py could be completed exclusively by Cathcam. However, 
the prototype Cathcam’s tip could not be angulated and 
it was found difficult as well as time-consuming to ma-
noeuvre the wire and the catheter through the left colon. 
For the rest of  the patients conventional colonoscopy was 
performed up to the point where no further advancement 
of  the scope was possible; at this point, the looped guide-
wire was then inserted and advanced into the colon. The 
conventional colonoscope was then removed (leaving the 
guide-wire in place) and the Cathcam was advanced over 
the guide-wire, resulting in a rapid completion of  the rest 
of  the procedure. Twelve out of  a total 13 patients thus 
completed the Cathcam colonoscopy. The patients were 
mildly sedated and only 2 complained of  pain, while 8/13 
mentioned pain in their previous conventional colonosco-
py[20,21]. It seems that Cathcam has the potential to become 
an important tool for completion of  difficult colonoscop-
ies although some further modifications in its design will 
be necessary in order for Cathcam to become optimal for 
that purpose. 

Pill cam colon
Pill Cam Colon capsule shares the same basic technology 
with the widely-used small bowel capsule (Pillcam SB). 
It is an endoscopic capsule of  31 mm length and a dia
meter of  11 mm. Each end of  the capsule is enhanced 
with a microcamera which acquires images at a frame 
rate of  4 frames per second (2 images per camera). Its 
total operating time reaches approximately 10 h. Each 
camera contains an automatic lighting control and im
proved optics that provide a broad observation field 
(twice the coverage area and depth of  field compared 
to those of  Pillcam SB) (Figure 1). The colon capsule 
initially transmits images for only 5 min after its activa
tion and then steps into a “sleeping” (also known as 
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“hibernating”) mode in order to save energy as it travels 
through the small intestine. Two hours later it is auto
matically reactivated and starts transmitting images ag
ain. By this time the capsule has normally reached the 
terminal ileum in most patients. The rest of  the system 
(sensors, data recorder and software) are similar to the 
small bowel capsule. Initial data that were published on 
the first-generation colon capsule, reported sensitivities 
in detecting polyps > 6 mm (compared to conventional 
colonoscopy which was used as gold standard) ranging 
between 50%-70%, whereas specificities were between 
73%-100%[22,23]. A large recent prospective study, which 
included 328 patients with suspected or known colonic 
disease, compared colon capsule endoscopy with colo
noscopy in detecting lesions of  the large intestine. Sen
sitivity of  the colon capsule for diagnosing polyps with 
a diameter of  6 mm or larger was 64%, whereas its speci
ficity was 84%. In detection of  advanced adenomas with 
a diameter of  10 mm or larger sensitivity and specificity 
were 64% and 98% respectively[24]. It was also clearly 
demonstrated in the same study that the sensitivity of  
the colon capsule depends on good bowel preparation, 
meaning the presence of  clear fluid in the colon, which 
allows detailed inspection of  the mucosa and quick 
movement of  the capsule. This was clearly illustrated in 
the same study, by the fact that on patients with a good or 

excellent bowel preparation the sensitivity of  the method 
in detecting advanced adenomas rose significantly up to 
88% when compared to that of  patients with a fair or 
poor preparation (here, the corresponding value reached a 
mere 44%)[24]. Moreover, a previous study had shown that 
intensive (each capsule examination was read 3 times) and 
trained capsule data reading  improved the sensitivity and 
specificity from 50% and 83% respectively from the first 
reading to 70% and 100% after the third (i.e. “trained”) 
reading[22]. It therefore seems that although the sensitivity 
of  the colon capsule in colorectal screening is lower 
than that of  standard colonoscopy, it can be increased 
by improving bowel preparation combined with careful 
reading of  the colon capsule examination data. Moreover, 
an improved, second-generation colon capsule has already 
been developed. It was recently tested in a feasibility study 
across 5 centers, involving 104 patients (data from 98 were 
finally analyzed). Here, sensitivity for detection of  polyps 
≥ 6 mm was 89%, whereas for polyps ≥ 10 mm it was 
88% (specificities were 76% and 89% respectively)[25]. 
These results suggest a potential for improved accuracy 
compared with the first-generation colon capsule system 
and seem to verify the high expectations of  those who 
believe that the colon capsule can indeed be an alternative 
to conventional colonoscopy in screening for CRC. How
ever, more prospective and comparative studies still need 
to be performed on this issue.

ECHNICAL IMPROVEMENTS AND 
DEVELOPMENT OF COLONOSCOPES
Variable stiffness colonoscopes
During the last decade colonoscopes with variable stiff-
ness (VSC) have been used in a number of  trials. VSCs 
possess a control ring that adjusts stiffness according to ex
amination conditions (Figure 2). Decreased stiffness gives 
the endoscope the flexibility needed to traverse sharp 
angles or a fixed sigmoid colon, while increased stiffness 
provides adequate rigidity to overcome a loop formation 
and to straighten the colon. Several studies have been 
performed, providing conflicting results about the cecal 
intubation rate, the cecal intubation time, the use of  ancil-
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Figure 2  Variable stiffness colonoscope with the control ring to adjust 
stiffness (arrow).

Figure 1  Pill cam colon capsule. A: a normal colon (cecum and ileocecal valve); B: A small colonic diverticulum in the colon transversum; C: The rectum with 
internal haemorrhoids (equivalent to a retroflex view with the standard colonoscope).

A B C



248 July 16, 2010|Volume 2|Issue 7|WJGE|www.wjgnet.com

lary maneuvers and the need for sedation during colonos-
copy with the use of  VSCs[26-30]. A recent meta-analysis of  
randomized controlled trials that compared the pediatric 
or adult VSCs with standard adult colonoscopes (SAC) in 
adult patients, showed that VSC-colonoscopy increased 
cecal intubation rate, required less sedation (whether me-
peridine or midazolam) and caused less abdominal pain. 
However, there was no difference in use of  ancillary ma-
neuvers and in the time needed for cecal intubation[26]. It 
is clear that further trials are needed in order to evaluate 
VSC during procedures without sedation, in patients who 
previously failed to complete colonoscopy and among 
inexperienced endoscopists, both being situations where 
a more efficacious colonoscope is needed. A recent study 
compared cecal intubation time and patient discomfort 
using 3 different types of  colonoscopes: the pediatric 
VSC, the non-magnifying adult VSC and the magnifying 
adult VSC in unsedated patients. Pediatric VCS (in spite 
of  their smaller caliber) did not seem to reduce patient 
discomfort, but on the other hand had a longer intuba-
tion time (possibly due to their decreased rigidity deriv-
ing from their smaller diameter, which might make them 
more floppy). However, pediatric VCS remain important 
tools in examining a narrowed and fixed colon, especially 
in diverticular disease and intestinal adhesions[31].

Third eye
A new, retrograde-viewing, auxiliary imaging device that 
can be inserted in the working channel of  conventional 
colonoscopes is the Third Eye (TE). As soon as the exa
mination begins, a transparent cap is positioned on the 
distal tip of  the colonoscope. The TE is then inserted 
through the colonoscope’s working channel, as soon as 
the latter has achieved intubation of  the cecum. Once in 
the cecum, the TE extends beyond the tip of  the colo
noscope. The device is angled and locked in such a way 
that it does not prohibit the antegrade view of  the colo-
noscope. TE provides a parallel retrograde view during 
the withdrawal of  the colonoscope. In the first safety and 
efficacy trial of  TE, 38 polyps were detected in 24 pa-
tients. Thirty polyps were detected only in antegrade view, 
4 polyps were detected in both views and 4 more polyps 
were detected exclusively in the retrograde view. One out 
of  4 polyps was an adenoma of  0.7 cm. The diagnostic 
yield of  colonoscopy was increased by 11.8%. The device 
slightly increased the colonoscope withdrawal time (mean 
withdrawal time was 22 min), mainly because it has to be 
withdrawn and reinserted every time a polyp needs to be 
removed. TE is a promising device and a large study com-
paring it to conventional colonoscopy is expected[32]. 

Narrow–band imaging
Narrow-band imaging is an innovative optical technology 
that modifies the center wavelength and bandwidth of  an 
endoscope light into a narrow band illumination of  415 ± 
30 nm[33]. This provides a better visualization of  the capil-
lary pattern of  the mucosa and could thus provide bet-
ter visualization of  colonic adenomas (Figure 3). So far, 

studies in Western countries have not shown significant 
differences in detection rate of  adenomas between NBI 
and white light. The value of  NBI may be in providing 
improved detection rates of  adenomas for colonoscopists 
who experience low adenoma detection rates in white 
light[34]. Moreover, the interpretation of  NBI images needs 
adequate training and its use for screening may be exces-
sively time consuming and cost-ineffective[33]. NBI has 
shown its efficacy in distinguishing adenomatous from 
hyperplastic polyps. However, its role in adenoma detec-
tion, remains to be fully tested. In a recent prospective 
randomized study, NBI-assisted colonoscopy was com-
pared to conventional white-light wide-angle colonoscopy 
in terms of  adenoma detection. Here, NBI did not sig-
nificantly improve adenoma detection but, interestingly, it 
seemed to induce a learning effect, improving adenoma 
detection in standard colonoscopy, i.e. helped to “train the 
eye” of  endoscopists in detecting adenomas with standard 
colonoscopy[35]. Moreover, a recent large (1256 patients), 
randomized trial, performed in a homogeneous setting 
(6 private practices, experienced colonoscopists, CRC-
screening patients) failed tfo demonstrate an objective 
benefit of  NBI in adenoma detection[36]. Therefore the ac-
tual role and usefulness of  NBI in screening colonoscopy 
still seems to require more validation studies.

Fujinon intelligent chromoendoscopy
Fujinon intelligent chromoendoscopy (FICE), also 
known as computed virtual chromoendoscopy, is a techni
que similar to NBI aimed at enhancing tissue surface 
structures[37] (Figure 4). FICE was used to increase ade
noma detection rates during colonoscopy in a German 
series of  871 patients, comparing it with indigocarmine 
spraying[38]. However, the results did not differ statistically 
between the groups in terms of  adenoma detection, pro
cedure time or the differentiation between adenomas and 
non-neoplastic polyps.

Based on these and other similar data, it is the perso
nal feeling of  the authors that contrast enhancement in 
conventional imaging techniques will probably not con
tribute in reducing adenoma miss rates (at least of  expe
rienced colonoscopists).

CONCLUSION
The latest developments and variations of  endoscopic 
devices, as well as the aforementioned improvements of  
conventional colonoscopes, may indeed play an impor 
tant role in CRC prophylaxis, but a major factor that wi 
ll judge their actual impact is the feasibility of  their im
plementation in clinical practice, i.e. the question “which 
of  these devises really works?”. In fact, not all of  them 
have yet proven their practicability. Some of  them do not 
have working channels, which may not - currently- be a 
prerequisite when dealing with a capsule endoscope, but 
is certainly inacceptable when the devise in question is a 
“tube” endoscope. Others seem to have other flaws that 
have not allowed their production up to now. It should 
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be stressed that of  all the new devises, the colon capsule 
seems to be a promising tool in CRC screening, as it is a 
painless, minimally-invasive method, which requires no 
bowel insufflation or sedation and could therefore play a 
significant role as an alternative to standard colonoscopy. 
Although in the initial studies, its sensitivity in the detec
tion of  polyps and advanced adenomas is currently 
lower than that of  conventional colonoscopy, it can be 
increased by improving bowel preparation, combined 
with careful reading of  the colon capsule examination 
data. Also, the new, second-generation colon capsule has 
already shown signs indicating that the capsule is probably 
the most promising endoscopic devise that can serve as 
an alternative to classical endoscopy for CRC screening. 
Another issue that deserves extra caution is costs: Most 

of  these new technologic developments are - for the time 
being- rather expensive. However, the cost of  a device 
can certainly not be finalized as long as it is still under 
development or in the experimental phase. By the time the 
product comes to production, prices can change. Another 
issue is cost-effectiveness, i.e. a devise might be expensive 
now but may eventually help reduce costs, e.g. by reducing 
mortality and morbidity from CRC and by reduction of  
hospital costs, lost working days etc. Therefore, despite the 
fact that most of  these new devices are currently rather 
expensive, in the long run they might prove to be cost-
effective. Once more, studies - this time questioning the 
cost-benefit rate of  these devises- will be needed.

Finally, another factor that should not be undere
stimated is the role of  the primary health provider. The 
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Figure 3  Visualization of colonic lesions. A: Angiodysplasias under standard view; B: Angiodysplasias under improved visualization with narrow–band Imaging (NBI); 
C: A colonic polyp displayed with standard colonoscopy; D: The same polyp with NBI.

Figure 4  Visualization of the colon tra­
nsversum. A: Under standard view; B: With 
Fujinon intelligent chromoendoscopy (FICE). 
Note the improved visualization of the capillary 
pattern of the mucosa with FICE.
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latter must be well-informed on the benefits that derive 
from screening colonoscopy in order to encourage the 
public to participate in CRC screening. Thus, the pri
mary health physician can also act as another extremely 
effective “tool” to increase population adherence to CRC 
prevention programs. It is therefore the duty of  medical 
associations, especially gastroenterological organizations 
to contribute to keeping the public, as well as primary 
health providers, informed on the benefits of  examination 
of  the colon to prevent CRC.
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Abstract
Esophagitis dissecans superficialis (EDS) is a rare 
and severe endoscopic finding characterized by sloug­
hing of large fragments of esophageal mucosal lining. 
Although EDS has been reported in association with 
serious illnesses and certain medications, the patho
physiological association of autoimmune bullous der
matoses with EDS has gained remarkable attention. 
Among these dermatoses, pemphigus vulgaris and 
pemphigoid frequently present with various types of 
esophageal involvement including EDS. We review 
the pathophysiology and clinical features of this in
volvement with the presentation of our experiences. 
The importance of endoscopic evaluation of this entity is 
discussed. 

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
Esophagitis dissecans superficialis (EDS) is a rare en­
doscopic finding characterized by sloughing of  large 
fragments of  esophageal mucosal lining[1]. In Figure 1A, 
an endoscopic image in our institute shows the typical 
features of  EDS with vertical fissures and sloughing 
of  whitish superficial epithelium. In 1892, Rosenberg 
coined the term “EDS” to describe this entity[2]. Its usual 
symptoms are dysphagia, odynophagia and heartburn. 
Hematemesis or vomiting esophageal casts occurs rarely. 
The causes of  EDS include idiopathy[1,3], medications 
(bisphosphonates[4], nonsteroidal anti-inflammatory 
drugs[1] and potassium chloride), hot beverages, chemi­
cal irritants, celiac disease[5], collagen diseases[6] and 
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autoimmune bullous dermatoses. Recently, the patho­
physiology and strong relationship between EDS and 
autoimmune bullous dermatoses have gained remarkable 
attention. We review these topics with the presentation of  
our experiences. 

PEMPHIGUS
Pemphigus is a rare autoimmune disease that causes bli 
stering of  the skin and oral mucosa. It is caused by 
antibody-mediated autoimmune reaction to desmogleins, 
desmosomal transmembrane glycoproteins of  kerati­
nocytes, leading to acantholysis[7,8]. There are two ma­
jor types of  pemphigus: pemphigus vulgaris (PV) and 
pemphigus foliaceus (PF). There are two subtypes of  
PV: the mucosal-dominant type with mucosal lesions 
but minimal skin involvement and the mucocutaneous 
type with extensive skin blisters and erosions in addition 
to mucosal involvement[7]. Patients with PF have scaly 
erosions of  the skin but not of  the mucosa. The clinical 
phenotype of  PV is determined by the distribution of  
desmoglein 1 and desmoglein 3[7]. The desmoglein com­
pensation theory can explain the localization of  blisters[7]. 
Desmoglein 3 is expressed throughout the oral mucosa 
but only in the basal and immediate suprabasal layers 
of  epidermis. Conversely, desmoglein 1 is expressed thr­
oughout the epidermis more intensely in the superficial 
oral mucosa but weakly in the deep layers. Anti-desmoglein 
1 or anti-desmoglein 3 autoantibodies inactivate only the 
corresponding desmoglein and functional desmoglein 1 or 
desmoglein 3 alone is sufficient for cell-cell adhesion[7,8]. 
In the mucosa therefore, desmoglein 1 is unable to com­
pensate the loss of  desmoglein 3 function because it 
is weakly expressed, particularly in the deep layer. This 
pathophysiology explains why anti-desmoglein 3 alone 
can cause blister formation in the mucosa. Patients with 
mucosal-dominant PV have anti-desmoglein 3 antibodies 
which cause mucosal blisters whereas those who also have 
anti-desmoglein 1 antibodies have skin involvement[7,8]. 

The diagnostic hallmark of  PV is acantholysis with 
bulla formation in the suprabasal region and the path­
ognomonic “a row of  tombstones-like” basal cell layer[9]. 
Immunological examinations confirm the diagnosis[10]. 
For direct immunofluorescence (DIF) to show intercel­
lular IgG and C3 deposits, a biopsied specimen should 
be placed in special media and commercially available 
systems are applied to indirect immunofluorescence 
(IIF). Until recently, DIF or IIF was the standard method 
of  detecting antibodies that bind to the keratinocytes. 
However, recent studies have shown that enzyme-linked 
immunosorbent assay (ELISA) to detect anti-desmoglein 
1 and anti-desmoglein 3 antibodies is much simpler and 
more quantifiable than immunofluorescence[7]. ELISA 
scores which show parallel fluctuations with the activity 
of  PV are useful for monitoring disease activity[7]. The 
treatment consists of  systemic steroids, megadose pulse 
steroids, immunosuppressive drugs, plasmapheresis and 
intravenous immunoglobulin. Topical treatment is app­

lied to reduce pain and to prevent and treat secondary 
infections. In refractory PV, rituximab, a chimeric mono­
clonal antibody against CD20, can be applied[10]. 

ASSOCIATION OF EDS AND PV
The oral mucosa and skin are common sites of  PV and 
other mucosal surfaces with stratified squamous epi­
thelium such as nasopharynx, esophagus, conjunctiva, 
anus and vagina are also involved[10]. Oral lesions precede 
skin lesions in 70% of  PV cases and when skin is already 
involved, concomitant oral lesions are encountered in 90% 
of  cases[11]. As for esophageal involvement, prevalence of  
esophageal involvement was considered quite rare because 
of  the little recognition of  the importance of  esophageal 
lesions of  PV among dermatologists and inexperience 
of  such lesions for most endoscopists. Such involvement 
may be under-recognized or misdiagnosed as peptic 
esophagitis. Since the first case of  esophageal involvement 
of  PV was reported by Raque et al[12] in 1970, such cases 
have been increasingly reported. Esophageal symptoms 
of  PV patients include dysphagia, odynophagia, heart­
burn, regurgitation, chest pain and hematemesis[11-16]. 
Recent endoscopic studies have shown a relatively high­
er incidence (46%-87%) of  esophageal lesions among 
PV patients than ever expected[13-16]. The studies have 
indicated a strong correlation between esophageal sym­
ptoms and endoscopic detection of  esophageal involve­
ment. Endoscopic features range from mild to severe 
forms including local erythema, red erythematous longitu­
dinal lines, blisters, erosions, ulcers and EDS. It has been 
obvious that dysphagia and odynophagia may indicate 
esophageal involvement by PV; therefore, endoscopy is 
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Figure 1  Endoscopic 
view of esophagitis di­
ssecans superficialis. 
A: With diffuse sloughing 
mucosa o f  the  lower 
esophagus in a 76-year-
old woman presenting 
hematemesis, and the 
cause was idiopathic; 
B: with longitudinal sl
oughing mucosa from 
upper to mid esophagus 
in a 67-year-old woman 
with mucocutaneous type 
pemphigus vulgaris, note 
fine whitish fragments of 
sloughed mucosa, and 
the index value for anti-
desmoglein 3 antibody 
by enzyme-linked imm
unosorbent assay was 
over 1280 (normal value < 
7). 

A

B



254 July 16, 2010|Volume 2|Issue 7|WJGE|www.wjgnet.com

indicated for esophageal symptoms. PV patients with 
exclusive esophageal involvement have been reported[17]. 
In addition, endoscopic examination is helpful to distingu­
ish PV lesions from candidal, herpetic and peptic esopha­
gitis which are frequent in PV patients receiving steroids 
and immunosuppressive drugs. It is also helpful to detect 
gastroduodenal peptic diseases before high dose steroid 
therapy. 

Among various esophageal lesions in PV, dramatic 
presentations of  EDS with vomiting esophageal casts 
were documented before the endoscopic era[18,19]. Six cases 
of  EDS associated with PV have been well documented 
in the English literature[18-23]. Four out of  six cases un­
derwent endoscopy at the initial episode. Endoscopic 
features of  EDS have included stripped mucosa with 
bleeding[20], total desquamation of  the esophageal mucosa 
without bleeding[21], long linear mucosal break[22] and 
vertical fissures and circumferential cracks with peeling, 
whitish mucosa with extensive bleeding and exudating 
esophagitis[23]. A typical endoscopic image of  EDS asso­
ciated with PV in our institute is shown in Figure 1B. 
Our patient had mucocutaneous type PV and remains 
well with immunosuppressive treatment. In Figure 2, se­
quential endoscopic images of  various esophageal lesions 
including EDS in another patient with PV in our institute 
are depicted. The control of  her disease activity was dif­

ficult despite intensive treatment and thus characteristic 
findings of  diffuse erosion, EDS, bulla and webs appeared 
within a short period. There was a female predominance 
of  the cases including our cases[23]. Cesar et al[23] have 
indicated that EDS associated with PV is an acute event 
and does not imply worsening of  PV because PV was 
either in partial or total remission in reported cases. Ho­
wever, through our experience shown in Figure 2, we 
believe that EDS may be an acute on chronic event and a 
severe form of  esophageal lesions in PV. As mentioned 
before, ELISA scores of  anti-desmoglein 3 show parallel 
fluctuations with the activity of  esophageal lesions of  PV. 

There have been some concerns about endoscopic 
examination for patients of  PV because of  the potential 
risks of  causing trauma to fragile esophageal mucosa by 
endoscopic procedure[24] and positive Nikolsky’s sign, 
stripping of  the apparently normal mucosa on withdra­
wal of  the biopsy forceps[25-28]. Trattner et al[29] have do­
cumented that DIF studies of  the biopsied esophageal 
mucosa were positive for PV lesions even in the normal 
macroscopic appearance of  the esophagus in PV patients. 
Therefore, most PV patients may have the potential risk 
of  positive Nikolsky’s sign in the esophagus. With respect 
to those risks, most endoscopic examination has been 
undertaken safely in skilled hands[14,16,30]. For the treatment 
of  esophageal PV lesions and/or the prevention of  po­
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Figure 2  Endoscopic views of a variety of esophageal findings in a 71-year-old woman with mucosal-dominant pemphigus vulgaris. A: Note esophagitis 
dissecans superficialis with extensive reddish erosion of the entire esophagus and whitish sheets of sloughed mucosa with the index value for anti-desmoglein 3 
antibody of 1620; B: Histopathological examination of the esophageal mucosa, showing separation at the suprabasal level of epithelium. Note the formation of a row of 
tombstones-like basal cells that remain attached to the basement membrane (H&E, × 100); C: Esophagitis dissecans superficialis with sheets of sloughing mucosa in 
the mid esophagus with the index value for anti-desmoglein 3 antibody of 128; D: Sheets of sloughing mucosa presenting esophageal webs in the upper esophagus; 
E: A bulla (arrowheads) in the upper esophagus with the index value for anti-desmoglein 3 antibody of 145; F: Several slightly raised whitish blisters scattered in the 
lower esophagus. 
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tential injury after biopsies, mucosa-protecting agents 
and antacid agents may be helpful in addition to steroids. 
It is mandatory that endoscopists give the pathologists 
adequate biopsy specimens which include basement me­
mbrane but it is sometimes difficult to perform such a 
biopsy because of  the tangential position of  endoscope 
and biopsy forceps inside the esophagus. Galloro et al[30] 
have indicated that a commercially available rocking bio­
psy forceps provide adequate sampling which leads to 
demonstrating suprabasal acantholysis and making the 
definite diagnosis of  esophageal involvement. Perform­
ing biopsies at the junction between floor and roof  of  the 
blister and adjacent, not blistering mucosa is also recom­
mended[30]. 

ASSOCIATION OF EDS AND PEMPHIGOID
EDS may also present in other autoimmune bullous der­
matoses including pemphigoid. Pemphigoid is a group of  
autoimmune subepithelial blistering diseases, subclassified 
into mucous membrane pemphigoid (MMP), also known 
as cicatricial pemphigoid and bullous pemphigoid (BP)[31]. 
MMP is characterized by linear deposition of  IgG and 
complement factor 3 along epithelial basement membrane 
zone resulting in subepidermal blisters and erosions[31]. 
Mucous membrane involvement is common, primarily of  
the oral mucosa and conjunctiva, but may also include the 
nasopharynx, esophagus and genital mucosa[32]. Esopha­
geal bullae or erosions occur in 8 percent of  cases[32]. Eso­
phageal symptoms with pemphigoid are similar to those 
with PV. Since the first case of  EDS of  MMP was repor
ted by Foroozan et al[33] in 1967, such cases have been 
rarely reported[34]. These lesions heal with scarring, leading 
to the formation of  webs and strictures[35,36]. Esophageal 
webs represent an early stage of  the involvement whereas 
strictures are more likely to represent an advanced stage 
secondary to scarring and fibrosis[37], sometimes requiring 
endoscopic dilatation or surgery[38,39]. An endoscopic image 
of  extensive EDS associated with MMP in our institute is 
shown in Figure 3. BP is characterized by subepidermal 
blisters forming large, tense bullae. Sites involved include 

the oral cavity, anus and genital mucosa. Although the 
involvement of  esophagus is much less common with 
pemphigoid than pemphigus[32], certain cases of  BP have 
reminded us that diseases of  the “outside” skin may also 
be manifest on the “inside” skin of  the esophagus[40-43]. 
We should be aware that endoscopic contact may cause 
esophageal bullae in BP[42,43]. Treatment of  pemphigoid 
mainly consists of  steroids. 

CONCLUSION
Autoimmune bullous dermatoses such as PV and pem­
phigoid frequently present with various types of  es­
ophageal lesions including EDS, a severe form of  the 
involvement. Recognition of  the esophageal involvement 
in PV and pemphigoid may alter the management, re­
quiring close teamwork between dermatologists and 
endoscopists. As the esophageal mucosa is fragile with 
potential Nikolsky’s sign, endoscopic examination should 
be performed carefully in skilled hands for esophageal 
symptoms to evaluate the correct diagnosis and allow 
prompt treatment. 
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Abstract
Gastrointestinal (GI) endoscopic procedure has become 
an essential modality for evaluation and treatment of 
GI diseases. Intravenous (IV) sedation and General 
Anesthesia (GA) have both been employed to minimize 
discomfort and provide amnesia. Both these procedures 
require, at the very least, monitoring of the level of 
consciousness, pulmonary ventilation, oxygenation and 
hemodynamics. Although GI endoscopy is considered 
safe, the procedure has a potential for complications. 
Increased awareness of the complications associated 
with sedation during GI endoscopy in children, and 
involving the anesthesiologists in caring for these 
children, may be optimal for safety. Belonging to a 
younger age group, having a higher ASA class and 
undergoing IV sedation were identified as risk factors 
for developing complications. Reported adverse events 
included inadequate sedation, low oxygen saturation, 
airway obstruction, apnea needing bag mask ven­
tilation, excitement and agitation, hemorrhage and 
perforation. A complication rate of 1.2% was associated 
with procedures performed under GA, as compared to 
3.7% of complications associated with IV sedation. IV 
sedation was seen to be independently associated with 
a cardiopulmonary complication rate 5.3% times higher 

when compared to GA. GA can therefore be considered 
safer and more effective in providing comfort and am­
nesia.
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INTRODUCTION
Gastrointestinal (GI) endoscopic procedure has become 
an essential modality for evaluation and treatment of  
gastrointestinal diseases. Intravenous (IV) sedation and 
General Anesthesia (GA) have been employed by anes 
thetists and non- anesthetists to minimize discomfort 
and provide amnesia. The American Society of  Ane
sthesiologists (ASA) has published guidelines for the 
safe conduct of  sedation during GI endoscopy[1,2]. Con
scious sedation has been widely accepted as primary 
sedation for children undergoing these procedures[3]. 
However, regardless of  the sedation regimen used, the 
overall immediate non-fatal hypoxia-related reversible 
complication rate of  pediatric GI endoscopic procedures 
is 2.3%[4]. The American Academy of  Pediatrics Com
mittee on Drugs and The Joint Commission on Accre
ditation on HealthCare Organizations (JCAHO) have 
published guidelines to ensure safety and to reduce the 
risks associated with sedation in pediatric GI endoscopic 
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procedures[5,6]. Children often become agitated and res
tless, thus increasing the risk of  complications associated 
with the procedures. GA is considered safe and effective 
in providing comfort and amnesia. However, GA re
quires expertise and has been viewed as not being cost 
effective[3].  

There exists a great variation in sedation practice for 
pediatric endoscopy. Increased awareness of  the com 
plications associated with sedation during GI endoscopic 
procedures in children, the institution of  modern mo
nitoring modalities to identify these complications, and 
the involvement of  the anesthesiologists  in looking after 
these children in, or outside, the operating room may be 
optimal for the safety of  these patients[7]. The JCAHO has 
made it mandatory to provide the same standard of  care 
and monitoring for children who undergo sedation or GA 
for these procedures[6].

AIMS AND OBJECTIVES
The aims and objectives of  providing care during IV 
sedation or GA on children for these procedures are: 
(1) To allow the children to tolerate the unpleasant pro
cedures with amnesia; (2) To allow the children to remain 
motionless, in order to prevent complications; (3) To 
ensure safety by provision of  standard monitoring and 
care by adequately trained staff; (4) To provide high quality 
and cost effective care; and (5) To ensure early discharge 
from the facility to home.

SEDATION GUIDELINES
The American Society of  Anesthesiologists Task Force[1] 
defined “Sedation and Analgesia” as a state that allows 
patients to tolerate unpleasant procedures while main
taining adequate cardiorespiratory function and the ability 
to respond purposefully to verbal commands and/or 
tactile stimulation. The Task Force decided that the 
term “Sedation and Analgesia” more accurately defines 
this therapeutic goal than does the commonly used but 
imprecise term “Conscious Sedation”.

The purpose of  these guidelines is to allow clinicians 
to provide their patients with the benefit of  sedation and 
analgesia while minimizing the associated risks. Sedation 
and analgesia allows patients to tolerate unpleasant pro
cedures by relieving anxiety, discomfort or pain. In chil
dren and uncooperative adults, sedation and analgesia 
may expedite the conduct of  procedures that are not 
particularly uncomfortable but require the patient to 
remain motionless. Excessive sedation and analgesia may 
result in cardiac or respiratory depression that must be 
rapidly recognized and appropriately managed to avoid 
the risk of  hypoxic brain damage, cardiac arrest or death. 
Conversely, inadequate sedation and analgesia may result 
in undue patient discomfort or injury because of  lack of  
cooperation or adverse physiologic response to stress. 
The following practice guidelines for safe conduct of  
the GI endoscopic procedures were recommended by 

the ASA Task Force and have been found to improve 
patient satisfaction, increase clinical benefits and reduce 
adverse outcomes: (1) A pre - procedure patient evalua
tion (history, physical examination, laboratory evalua
tion); (2) A pre - procedure preparation of  the patient 
(counseling, fasting); (3) Patient monitoring (level of  con 
sciousness, pulmonary ventilation, oxygenation, hemody 
namics); (4) Contemporaneous recording of  monitored 
parameters (such as level of  consciousness, respiratory 
function, hemodynamics); (5) Availability of  a staff  person  
dedicated solely to patient monitoring and safety; (6) 
Education and training of  sedation and analgesia provi
ders; (7) Availability of  appropriately sized emergency 
and airway equipment as well as trained staff; (8) Use of  
supplemental oxygen; (9) Use of  multiple sedative and 
analgesic agents; (10) Titration of  sedative and analgesic 
medication to achieve the desired effect; (11) Admini
stration of  sedative/analgesic agents by the intravenous 
route; (12) Availability of  reversal agents (e.g. naloxone, 
flumazenil); (13) Post-procedure monitoring (during stay 
in a recovery facility, post-discharge); and (14) Special 
regimens for patients with special problems (e.g. including 
the uncooperative, the very old or the very young, those 
with severe cardiac, pulmonary, hepatic, renal, or central 
nervous system disease, those with morbid obesity, those 
exhibiting sleep apnea, pregnant patients, drug or alcohol 
abusers,: emergency and unprepared patients, and those 
with metabolic and airway difficulties).

RISK STRATIFICATION
During pre - procedure evaluation of  children, one must 
attempt to stratify the patients as per the ASA classifi
cation. Thakkar et al[4] found that, the younger the age 
group, the higher the ASA class and IV sedation as risk 
factors for developing complications. Selection of  patients 
according to this risk stratification may help to prevent or 
reduce complications associated with the procedure[8].

ASA Class 1 status (Healthy Children) and ASA Class 
2 status patients (mild systemic illness such as asthma 
under good control) can be considered for IV sedation. 
ASA Class 3 status patients with severe systemic disease 
must be evaluated on an individual basis, and should be 
considered either for IV sedation or GA. ASA class 4 
status patients with severe systemic disease which is a 
constant threat to life, and ASA class 5 status patients 
who are moribund patients and not expected to survive 
24 h with or without the operation, must be considered 
for GA.

SEDATION LEVEL
Definitions of  sedation levels have been published by 
the American Society of  Anesthesiologists[2], and are as 
follows.

Moderate sedation/analgesia (conscious sedation)
A drug- induced depression of  consciousness, during 
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which patients respond purposefully to verbal commands, 
either alone or accompanied by light tactile stimulation. 
No interventions are required to maintain a patent airway, 
and spontaneous ventilation is adequate. Cardiovascular 
function is usually maintained.

Deep sedation/analgesia
A drug- induced depression of  consciousness, during 
which patients cannot be easily aroused but respond 
purposefully to repeated or painful stimulation. The 
ability to maintain ventilator function may be impaired. 
Patients may require assistance in maintaining a patent 
airway, and spontaneous ventilation may be inadequate. 
Cardiovascular function is usually maintained.

General anesthesia
A drug- induced loss of  consciousness, during which 
patients are not arousable, even by painful stimulation. 
The ability to maintain independent ventilator function 
is often impaired. Patients often require assistance in 
maintaining a patent airway, and positive pressure ven
tilation may be required because of  depressed spon
taneous ventilation or drug- induced depression of  ne
uromuscular function. Cardiovascular function may be 
impaired. 

Monitoring during sedation and general anesthesia
Whatever the sedation method (IV Sedation or GA) is 
used, the care- givers need to be vigilant in their moni
toring to avoid adverse events leading to fatalities. JCAHO 
has recommended mandatory uniform monitoring stan
dards for children undergoing these procedures with 
either IV sedation or GA. The standard procedures as per 
the ASA Task Force guidelines include monitoring the 
following[1].

Level of  consciousness: The response of  patients to 
commands serves as a guide to their level of  conscious
ness. Patients who respond as reflex withdrawal to painful 
stimuli are likely to be deeply sedated, approaching a 
state of  general anesthesia. The members of  the Task 
Force support the contention that monitoring the level of  
consciousness reduces risk and the overall cost.

Pulmonary ventilation: The primary cause of  morbidity 
associated with sedation/analgesia is drug- induced 
respiratory depression, thus monitoring of  respiratory 
function reduces the risk of  adverse outcomes associated 
with sedation and analgesia. This can be monitored by 
observation of  spontaneous respiratory activity or au
scultation of  breath sounds. In situations where patients 
are separated from care- givers, automated apnea moni
toring (by detection of  exhaled Carbon dioxide) may de
crease the risk.

Oxygenation: Published data suggest that early detection 
of  hypoxemia through the use oximetry during sedation 
and analgesia decreases the likelihood of  adverse out

comes such as cardiac arrest and death. The Task Force 
members agree that hypoxemia during sedation and anal
gesia is more likely to be detected by oximetry than by 
clinical assessment alone. However, oximetry is not a sub
stitute for monitoring respiratory function.

Hemodynamics: It is the opinion of  the Task Force 
members that sedation/analgesia may blunt the appro
priate autonomic compensation for hypovolaemia and 
the procedure related stress. Regular monitoring of  vital 
signs reduces risk and cost. The Task Force members 
suggest the use of  continuous electrocardiography (ECG) 
monitoring in patients with hypertension, cardiac disease 
or dysrhythmias. They suggest ECG monitoring is not 
generally required in patients without cardiac disease. 

Blood pressure should be determined before sedation 
and analgesia is initiated, and at regular intervals during 
the procedure.

ROLE OF BISPECTRAL INDEX 
MONITORING
Bispectral index (BIS) monitor is a processed electroence 
phalogram (EEG) parameter that measures the hyp
notic effect of  anesthetic and sedative drugs. The com 
puter produces a single numeric value (0-100). Its manu 
facturer claims that a BIS score of  40-60 indicates gen
eral anesthesia, < 40 indicates deep anesthetic state, 
61-70 indicates deep sedation, 71-90 indicates conscious 
sedation and > 90 indicates an awake state. The goal is 
to give an objective quantitative assessment of  level of  
hypnosis. This has been validated in pediatric general 
anesthesia[9] and has also been validated as a measure of  
sedation in spontaneously breathing children aged less 
than 12 years[10]. Motas et al[11] used BIS and the University 
of  Michigan Sedation Scale to assess depth of  sedation. 
They concluded that there was a wide variation in depth 
of  sedation attained and the goal of  sedation was not 
achieved. They considered use of  sedation by non-ane
sthesiologists as a therapeutic failure. They speculated that 
BIS may prove to be more suitable monitor than scoring 
systems that require interaction with the patient for asse
ssment during the procedure.

ROLE OF PULSE OXIMETRY
Pulse oximetry is a valuable tool to pick up oxygen desa
turation which could be due to poor respiratory effort 
in children undergoing IV sedation. However, oxygen 
desaturation is a relatively late sign of  depressed ventila
tion, especially in the presence of  supplemental oxygen. 
Malviya et al[12] picked up desaturation in 5.5% of  patients 
and achieved a reduction in bad outcomes. Hypoxemia 
secondary to depressed respiratory activity is the most 
important risk factor for near misses and death during 
sedation for children undergoing procedures. Early de
tection may be valuable in avoiding morbidity and mor
tality in pediatric sedation procedures.
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ROLE OF CAPNOGRAPHY
In the presence of  supplemental oxygen, detection of  
hypoventilation by pulse oximetry alone may be delayed, 
with disastrous consequences. In children undergoing 
endoscopy with conscious sedation, microstream cap
nography has been shown to reveal hypoventilation in 
some patients when it was not detected by routine elec 
tronic monitoring and clinical assessment[13]. In a gra
phic assessment of  respiratory activity with sidestream 
capnography, Vargo et al[14] reported episodes of  apnea 
or disordered respiration detected by capnography. With 
simultaneous respiratory rate measurements obtained by 
means of  capnography and auscultation with a pretracheal 
stethoscope, the authors verified that capnography was 
an excellent indicator of  respiratory rate. They concluded 
that apnea and disordered respiration commonly occurs 
during therapeutic upper GI endoscopy and frequently 
precedes the development of  hypoxemia. Potentially 
important abnormalities in respiratory activity remain 
undetected with pulse oximetry and visual assessment.

ADVERSE EVENTS DURING SEDATION 
AND GENERAL ANESTHESIA
Although GI endoscopy is generally considered safe, 
the procedure does have a potential for complications. 
The safety of  children undergoing the procedure under 
sedation has long been an issue of  concern, especially 
after a death associated with pediatric sedation in a 
dental practice was reported[15].

Motas et al[11] in a prospective study of  children un
dergoing sedation by non-anesthesiologists for various 
procedures reported failure to achieve sedation in 12%- 
28% using BIS or the University of  Michigan Sedation 
Scale respectively as a monitor of  sedation.

Malviya et al[12], in another prospective study involving 
1140 children sedated by a non-anesthesiologist for va
rious procedures, reported a 20.1% incidence of  adverse 
events. These included inadequate sedation, low oxygen 
saturation, airway obstruction, apnea needing bag mask 
ventilation, and excitement and agitation. 

Lightdale et al[16] prospectively reviewed more than 
2300 endoscopic procedures and reported agitation, res
piratory events, incomplete procedures, hemorrhage and 
perforation as adverse events. Agitation was significantly 
associated with endoscopist- administered sedation. 

Mamula et al[17] in a retrospective review of  conscious 
sedation in children also reported approximately 20% 
incidence of  non-life threatening adverse events. 

Levis et al[18] reported a 20% incidence of  recall in 
children following esophago-gastroduodenoscopy, thus 
increasing their level of  anxiety and reluctance to accept 
subsequent procedures.

Thakkar et al[4], in a cross sectional retrospective study 
of  10236 upper GI endoscopic procedures in 0-18 year-
old children reported an overall immediate complication 
rate of  2.3%. IV sedation with Midazolam, Fentanyl, 

Meperidine or Ketamine was used in 46% of  procedures, 
whereas 54% procedures were performed under GA. 
Cardiopulmonary complications were reported in 79.9% 
of  procedures, gastrointestinal complications were re- 
ported in 18% of  procedures, whereas in 5.9% of  pro
cedures complications such as prolonged sedation, drug 
reaction or rash were reported. All complications were 
non-fatal and most were hypoxia- related and rever 
sible. They identified a younger age, higher ASA class, 
female sex and IV sedation as risk factors for deve
loping complications. A complication rate of  1.2% was 
associated with procedures performed under GA as 
compared to a 3.7% incidence associated with IV seda 
tion. After adjusting with all other variables, they reported 
IV sedation to be independently associated with a car
diopulmonary complication rate 5.3% times higher when 
compared to GA.

IV SEDATION AND ANESTHESIA 
REGIMENS FOR PEDIATRIC GI 
ENDOSCOPY
The most common IV sedation regimen for pediatric GI 
endoscopy is the use of  an opioid and a benzodiazepine 
combination to achieve analgesia and amnesia so that 
children tolerate the procedure well. Although mostly safe 
regimens were reported, it was found that the attending 
physician, whether an endoscopist, nurse assistant or 
an anesthesiologist must exercise extreme caution while 
administering the sedation to children for GI endoscopy. 
The best regimen is the use of  IV agents because of  
their reliability, efficacy and easy titration to achieve the 
end point. However, monitoring during the procedure is 
essential.

MIDAZOLAM
Midazolam is water-soluble and a more readily meta
bolized drug. It is presented as a clear solution of  pH 
3.5, and after injection the chemical structure undergoes 
modification, increasing its lipid solubility, thus enhancing 
its diffusion into the central nervous system (CNS). 
Onset of  action is rapid (usually within 90 sec) and it 
has a relatively short duration of  action. It has an initial 
distribution half- life of  7-20 min and the elimination half- 
life of  2 h.

It is metabolized in the liver and excreted in the urine. 
Its main metabolite (1 hydroxymidazolam) has some 
pharmacological activity but undergoes rapid conjugation, 
thus limiting any effect.

Midazolam has a high affinity for the benzodiazepine 
receptors in the CNS and possesses classic hypnotic, an 
xiolytic, amnesic and anticonvulsant properties. It pro
duces marked anterograde amnesia. It is administered in 
a dose of  0.05-0.15 mg per kilogram IV, in 2-3 divided 
bolus doses, each bolus dose to be given over 1-2 min. Its 
peak effect comes in 2-3 min and lasts for up to 45 min. 
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Being water-soluble, it takes three times as long for 
midazolam to reach a peak electroencephalographic 
effect as compared to fat-soluble diazepam[19]. The impor
tance of  this observation is that one must wait at least 3 
min between IV doses to avoid “Stacking” of  its effect. 
Midazolam must always be used with caution when 
administered with opioids because of  the potential for 
respiratory depression.

FENTANYL
This is the most commonly used narcotic in infants and 
children. It has a rapid onset of  action of  about 30 sec, 
and a brief  duration of  action of  30-45 min. Termination 
of  the effect of  low doses of  fentanyl results primarily 
from redistribution. Fentanyl is used for sedation in a dose 
range of  1-5 microgram per Kilogram in 0.5-1.0 micro 
gram per Kilogram bolus doses given every 3 min till 
the desired effect is achieved. The drug must be injected 
slowly to avoid chest wall rigidity associated with rapid 
administration. Fentanyl is metabolized in the liver. 
Fentanyl-induced bradycardia may need treatment with a 
vagolytic drug such as atropine. 

REMIFENTANIL
Remifentanil is the most recent opioid available for use 
as an analgesic in a hospital setting. It is broken down 
by non-specific plasma and tissue cholinesterases, thus 
the importance of  maturation of  renal and hepatic 
function is minimal. Thus the half  life of  remifentanil 
in infants and adults does not differ, and is independent 
of  the duration of  infusion. Its action is therefore very 
brief. Bolus doses of  remifentanil are associated with 
hypotension, bradycardia and chest wall rigidity. For 
safety reasons, the drug should be administered only 
by continuous infusion in a dose of  0.1 microgram per 
kilogram per minute. 

Remifentanil has been shown to have propofolsa
ving effect, thus allowing a lower dose of  propofol to 
be used for the maintenance of  anesthesia[20]. A combi
nation of  remifentanil and propofol is considered safe, 
effective and acceptable for sedation in children under 
going gastrointestinal endoscopy[21]. However, the authors 
recommend the use of  this combination by an experien
ced anesthesiologist in a hospital setting, as the com
bination may result in apnea and the need to control the 
airway. 

PROPOFOL
Propofol is a substituted phenol derivative, metabolized 
rapidly in the liver to water soluble compounds which 
are excreted by the kidneys. After a single bolus injection, 
propofol levels rapidly decrease in the blood as a result of  
redistribution and elimination. Its initial distribution half-
life is 2-8 min, and its elimination half-life varies from 1-3 
h. The context-sensitive half-life of  propofol for infusions 
lasting up to 8 h is less than 40 min. The time to peak 

effect is 90-100 sec after a dose of  2.5 mg per Kilogram. 
A dose of  2-3 mg per Kilogram is needed for induction 
of  GA in children and an infusion of  50-150 microgram 
per Kilogram per minute for maintenance, in combination 
with an opioid or Nitrous oxide. Abu-Shawan I and 
Mack D in a small study of  42 procedures used a dose of  
50-80 microgram per Kilogram per minute of  propofol 
in combination with 0.1 microgram per Kilogram per 
minute of  remifentanil[21]. The authors recommend this 
combination for sedation in children in a hospital setting 
in presence of  an anesthesiologist. When compared with 
midazolam for sedation, propofol provides equal or better 
control and more rapid recovery[20].

CONCLUSION
A review of  the relevant literature in Pubmed and Me
dline regarding use of  IV sedation and GA for GI endo
scopy in children, showed that GA is considered safe 
and effective,especially in developing countries where the 
level of  monitoring and postanesthesia care may not be 
optimal. However, in developed countries with better moni 
toring, the use of  IV sedation in children undergoing GI 
endoscopy may be considered safe. 
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Abstract
AIM: To assess the additive effect of lubiprostone on 
the quality of colon preparation in diabetics given sin­
gle-dosed polyethylene glycol electrolyte (PEG) for colo­
noscopy. 

METHODS: This was an investigator-initiated, single-
center, single-blinded prospective trial comparing the 
efficacy of L + PEG to PEG alone on colon preparation 
quality in diabetics undergoing screening colonoscopy. 
The study was approved by our institution’s IRB. The 
PEG was given as a single-dose to address patient-
compliance concerns voiced by our IRB with split-
dosing. All patients received only clear liquids the day 
prior to colonoscopy. Experimental group (Grp L) re­
ceived PEG + 1 dose L 2 h prior to and 2 h after PEG 
completion. Control group (Grp C) received only PEG 

the evening prior to the colonoscopy. Patients were 
randomly assigned to one of the 2 groups. The endos­
copist was blinded to which colon prep was given and 
all colonoscopies were complete. Upon colonoscopy 
completion, the endoscopist rated the colon prep-qua­
lity by a validated 5-point Likert scale (1-excellent to 
5-inadequate). 

RESULTS: Sixty patients were enrolled in the study; 30 
Grp L and 30 Grp C. Overall, patients were excluded due 
to study non-completion in 12 (41%) Grp L and 5 (17%) 
Grp C, P  = 0.04. Average colon preparation score Grp L 
= 2.47 and Grp C = 3.00, P = 0.09. Although this was 
not statistically significant, there was a trend towards 
improved colon prep in Grp L. Statistical significance 
may have been achieved if completion rates had been 
similar between both study groups.

CONCLUSION: Use of 2-L capsules with PEG resulted in 
a trend towards improved colon prep over PEG alone in  
diabetic patients when given as a single-dose regimen. 

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
Colonoscopy allows visualization of  the entire colon and 
is indicated to identify etiologies of  anemia, bleeding or 
inflammation in the gastrointestinal (GI) tract. Currently, 
colonoscopy is also the procedure of  choice for colon can­
cer/polyp screening and surveillance[1]. Colon preparation 
cleansing quality determines the difficulty, speed and com­
pleteness of  colonoscopy, especially in terms of  lesion 
detection[2]. The impact of  adequate colon preparation 
also has important cost implications as poor bowel cleans­
ing results in shortened interval between colonoscopies, 
longer procedure times, decreased patient satisfaction and 
increased lesion miss rates[3]. The current types of  colon 
preparations available are either larger volume polyeth­
ylene glycol electrolyte (PEG)-based or smaller volume 
sodium phosphate-based preparations. Despite the same 
efficacy between PEG vs sodium phosphate-based prepa­
rations according to a meta-analysis of  randomized-
controlled trials[4], sodium phosphate-based preps have 
been associated with fluid overload, electrolyte abnormali­
ties (transient increase in serum sodium and phosphorus 
and decrease in calcium levels) and acute phosphate 
nephropathy in diabetic patients, even with normal renal 
function[5-8]. Thus, PEG-based colon cleansing solutions 
are the most commonly used colonoscopy preparations 
for diabetic patients. A large population-based study has 
shown diabetes to be an independent risk for colon cancer 
compared to the general population[9]. However, recent 
data has shown that diabetic’s bowel cleansing with PEG-
based prep is not as efficient as non-diabetic’s[10]. PEG 
(Nulytely) is an osmotically-balanced bowel cleansing 
regimen that may be safely administered to patients with 
electrolyte imbalances, advanced liver disease and those 
with poorly compensated congestive heart failure and re­
nal failure[11]. A 4 liter volume of  PEG is taken orally in its 
entirety the evening before colonoscopy or as a split-dose 
(each 2 liters the night before and 5 h prior to colonos­
copy). Lubiprostone (Amitiza, Sucampo Pharmaceuticals, 
Inc., Bethesda, MD; Takeda Pharmaceuticals America, 
Inc., Deerfield, IL) is a locally acting type-2 chloride 
channel activator which causes intestinal fluid secretion 
resulting in softened stool and increased intestinal transit 
without the loss of  either net intravascular fluid or elec­
trolytes[12]. Lubiprostone is currently approved by the US 
Food and Drug Administration (FDA) at a 24 mcg dose 
taken twice daily orally for chronic idiopathic constipation 
in adults and an 8mcg dose taken twice daily orally for ir­
ritable bowel syndrome with constipation in women ≥ 
18 years old[13].  Long term use of  lubiprostone causes no 
clinically significant changes in serum electrolyte levels[13]. 
Lubiprostone has been safely used in diabetic patients and 
is only contraindicated in patients with known or suspect­
ed mechanical GI obstruction. In addition, lubiprostone 
should be avoided in pregnant patients and is a category C 
medication[13]. A prior trial with non-diabetics using a 24 
mcg lubiprostone capsule (L) given in a single dose with 
split-dose PEG showed improvement in prep quality[14]. 
The purpose of  our study was to assess whether the ad­

dition of  lubiprostone to a single-dose of  4 liters of  PEG 
the evening before colonoscopy would affect the quality 
of  colon preparation in diabetics.

MATERIALS AND METHODS
This was an investigator-initiated, single-center, single-
blinded prospective trial comparing the efficacy of  L + 
PEG to PEG alone on colon preparation quality in adult-
onset diabetic mellitus (AODM) undergoing screening 
colonoscopy. This study was approved by our institution’s 
IRB prior to implementation.  

Participants
We prospectively offered enrollment to all adult-onset dia­
betic outpatients who were referred to the Gastroenterol­
ogy clinic at the Medical College of  Georgia in Augusta, 
Georgia for a screening colonoscopy from July, 2008 to 
March, 2010. Patients were at least 50 years of  age with 
known AODM. The study participants were enrolled in 
the trial by one of  two Gastroenterology attending physi­
cians or a Gastroenterology fellow. Women must have 
been post-menopausal or surgically sterile. Patients had to 
be able to read and write in English and give a valid, in­
formed consent. Patients with the following characteristics 
were excluded from the study: suspected acute or chronic 
pseudo-obstruction, active GI hemorrhage, known in­
flammatory bowel disease, chronic diarrhea, prior colonic 
resection, acute diverticulitis, known colonic mass, clinical 
evidence of  decompensated liver disease, renal disease or 
patients on dialysis, current or previous use of  lubipros­
tone and allergy to lubiprostone.

Randomization
Subjects were assigned to the Control group (Grp C) or 
Experimental group (Grp L) on an odd/even basis. After 
research informed consent had been obtained, subjects 
were given a study ID numbered 1 through 60. Sub­
jects with an odd number were assigned to Grp C while 
subjects with an even number were assigned to Grp L. 
Subjects were then given a randomization package by the 
hospital research pharmacist consisting of  the prepara­
tion orders, supplies, instructions and the date of  their 
procedure by the investigator obtaining informed consent.  
The endoscopists were blinded to which preparation was 
given.

Colon-cleansing methods
All patients received 4 liters of  PEG preparation (Nu-
lytely, Braintree Laboratories, Inc., Braintree, MA; 420 
g polyethylene glycol 3350, 5.72 g sodium bicarbonate, 
11.2 g sodium chloride, 1.48 g potassium chloride and 
one optional 2.0 g flavor pack) given as a single-dose to 
address patient compliance concerns voiced by our IRB 
with split-dosing.  In addition, all patients received only a 
clear liquid diet the day prior to colonoscopy. Grp L re­
ceived PEG plus 2 lubiprostone capsules, 1 capsule the 2 
h prior to PEG and 1 capsule 2 h after PEG completion. 
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Grp C received only PEG the evening prior to colonos­
copy. The study’s sponsor prohibited a placebo-pill to be 
given in Grp C (a single-blinded trial). All patients were 
instructed to start drinking the PEG solution around 
6pm the evening before their colonoscopy and ingest 
about 8 oz every 10 min until completion of  4 liters.

Colonoscopy
All the colonoscopies were carried out in the endoscopy 
center at the Medical College of  Georgia. The colonos­
copies were performed by two experienced endoscopists 
using the Olympus colonoscopes (Olympus Optical Co., 
Tokyo, Japan). A complete colonoscopy was defined as 
reaching the cecum which was determined by visualization 
and documentation of  the ileocecal valve and appendiceal 
orifice. Patients either received moderate conscious seda­
tion by administering a combination of  fentanyl and mid­
azolam intravenously or monitored anesthesia care with 
diprivan.

Primary outcome
The primary measured endpoint of  this study was the 
quality of  colon cleansing preparation as rated by a blind­
ed endoscopist using a validated 5-point Likert scale[15]. 

Evaluation of colon cleansing
One of  two gastroenterology attending physicians grad­
ed all the bowel preparations upon completion of  the 
colonoscopy and was blinded to what bowel cleansing 
prep the patient had taken. The colon prep quality was 
rated based on global colon assessment using a modified 

Ottawa bowel preparation scale with 1 being excellent 
and 5 considered inadequate (Table 1). 

Statistical analysis
The study was designed to determine whether L + PEG 
improved colon prep quality in AODM patients undergo­
ing screening colonoscopy vs PEG alone. It was expected 
that at least 100 patients would complete the trial. A 
sample size of  100 patients would detect a 30% difference 
in the percentage of  patient with excellent (1) or good 
(2) prep quality with 89% power and a two tailed P value 
of  0.05. However, due to loss of  funding from the phar­
maceutical company, the study was terminated early. The 
quality of  colonoscopy preparations was compared using 
chi-square statistics. Exact methods were used if  there 
were small or zero cell counts.

RESULTS
A total of  60 patients were enrolled and randomized in 
the clinical trial; 30 in Grp L and 30 in Grp C (Figure 1). 
Overall, 13 patients were excluded in Grp L and 6 patients 
in Grp C. In Grp L, 12 patients (41%) cancelled their 
procedure and 1 did not complete the prep. In Grp C, 5 
patients (17%) cancelled their procedure and 1 withdrew 
from the trial.  The no-show rate between Grp L and Grp 
C was statistically significant (P = 0.04). 

The quality of  the bowel preparation as evaluated by 
the endoscopist for each study group is shown in Figure 2. 
Overall, 8 out of  17 patients (47%) in Grp L had an excel­
lent or good colon prep quality versus 6 out of  24 patients 
(25%) in Grp C (P = 0.14). The average colon preparation 
score in Grp L was 2.47 and 3.00 in Grp C (P = 0.09). 
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Table 1  Modified Ottawa bowel preparation scale

Score Definition

1-excellent Small volume of clear liquid or great than 95% of the colonic mucosal surface seen
2-good Large volume of clear liquid covering 5%-25% of the surface, but greater than 90% of surface seen
3-fair Some semisolid stool that could be suctioned or washed away, but great than 90% of surface seen
4-poor Semisolid stool that could not be suctioned or washed away but great than 90% of the surface seen
5-inadequate Solid stool obscuring mucosal detail and contour despite aggressive washing and suctioning; repeat preparation and colonoscopy needed

Bowel cleansing score ranging from excellent to inadequate and description of each score.

Total subjects enrolled 
n  = 60

L + PEG (Grp L) 
n  = 30

PEG alone (Grp 
C) n  = 30

Patients excluded: n  = 13 
12 cancelled colonoscopy 
1 did not complete prep

Patients who completed trial 
n  = 17

Patients who completed trial 
n  = 24

Patients excluded: n  = 6 
5 cancelled colonoscopy 
1 withdrew

Figure 1  Patient flow chart. Schematic diagram of patients throughout the 
trial. (see attached JPEG). Grp L: Experimental group; Grp C: Control group.
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Figure 2  Endoscopist’s evaluation of bowel cleansing. Comparison of 
bowel preparation quality among the 2 study groups using a modified ottawa 
score. Grp L: Experimental group; Grp C: Control group.



Unfortunately, in order to achieve a statistical significance 
of  ≤ 0.05 an anticipated effect (f2) of  0.37 would have 
had to have been achieved (f2 = 0.18 in this study). Al­
though this trial did not show statistical significance, there 
was a trend towards improved colon prep quality in Grp L.  

There were no serious adverse events associated with 
this study. However, 1 patient in Grp L had a known his­
tory of  paroxysmal atrial fibrillation and was in normal 
sinus rhythm during the time of  study enrollment but was 
in atrial fibrillation with controlled rate the morning of  
colonoscopy. All of  the colonoscopies were complete, ex­
cept 1 in Grp C due to inadequate prep quality.

DISCUSSION
Colonoscopy remains the preferred method for colon 
cancer and polyp screening and a successful procedure 
requires adequate bowel preparation[16]. The ideal colon 
preparation should allow consistent and reliable visualiza­
tion of  the colonic mucosal surface with a safety profile 
that is acceptable for all types of  patients. Unfortunately, 
no current bowel cleansing preparation meets these crite­
ria[14].  

Our study is the first to evaluate the use of  lubipros­
tone in combination with a more practical single-day PEG 
regimen on the effect of  bowel prep quality in diabetics 
undergoing screening colonoscopy. Use of  2 lubipros­
tone 24 mcg capsules with a PEG single-dose regimen 
resulted in a trend towards improved colon preparation 
versus PEG alone in patients with AODM. Statistical sig­
nificance may have been achieved if  completion rates had 
been similar between both study groups. It is also possible 
that even higher doses of  lubiprostone will be required to 
achieve better colon prep-quality in diabetics when single-
dose PEG is used. 

This study does have some limitations. Firstly, it was 
performed at a single-center and was only single-blinded. 
The study’s sponsor prohibited a placebo-pill to be given 
in Grp C. Secondly, previous studies have shown im­
proved bowel cleansing with split-dose PEG[16] but, due to 
concerns voiced by our IRB regarding patient compliance 
with a split-dose PEG, we had to use single-dose PEG in 
our trial. Lastly, the original trial was powered for a sample 
size of  100 patients in order to achieve statistical signifi­
cance; however this trial was terminated early due to loss 
of  funding from the pharmaceutical company. Thus, it is 
possible that a type Ⅱ error could have occurred because 
the study group was insufficiently powered. Statistical 
significance may have been achieved if  the trial had been 
fully completed. 

In conclusion, this study showed that there is a trend 
towards improved colon prep quality in diabetic patients 
undergoing screening colonoscopy who received a com­
bination of  L + PEG versus PEG alone. Given that 2 
doses of  lubiprostone has an average retail cost under 
$9.00 US, combining lubiprostone to standard PEG may 
be a reasonable and cost-effective option to achieve better 
bowel cleansing in difficult to prep adult-onset diabetic 

patients[17]. In addition, with almost no adverse events 
reported, adding lubiprostone may be a viable option to 
achieve optimal bowel prep in diabetics especially if  split-
dose PEG is used. A larger double-blinded trial will be 
required to further evaluate these findings. The medical 
community must continue to develop safe, effective and 
well tolerated methods for bowel cleansing in order to 
maximize the effect of  colon cancer/polyp screening.
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Abstract
Colocolonic intussusception is an uncommon cause of 
intestinal obstruction in children. The most common 
type is idiopathic ileocolic intussusception. However, 
pathologic lead points occur approximately in 5% of 
cases. In pediatric patients, Meckel’s diverticulum is 
the most common lead point, followed by polyps and 
duplication. We present a case of recurrent colocolonic 
intussusception which caused colonic obstruction in 
a 10-year-old boy. A barium enema revealed a large 
polypoid mass at the transverse colon. Colonoscopy 
showed a colonic polyp, 3.5 centimeters in diameter, 
which was successfully removed by endoscopic poly
pectomy. 

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
Colocolonic intussusception is an uncommon cause of  
intestinal obstruction in children[1,2]. The most common 
type is idiopathic ileocolic intussusception. On rare 
occasions, in less than 3% of  cases, colocolonic intussus­
ception occurs and is usually associated with no patho­
logic lead point[3,4]. 

The pathologic lead point occurs in only 5% of  intu­
ssusception cases, and is usually present in older child­
ren[1,5]. The most common pathologic lead point is Meckel’
s diverticulum, followed by small bowel polyps and intes­
tinal duplications[2,6]. 

We present a case of  colocolonic intussusception in a 
10-year-old boy. The patient had as pathologic lead point a 
large polyp which was completely removed by endoscopic 
surgery. The pathological result confirmed a juvenile 
colonic polyp. 

CASE REPORT
A 10-year-old boy was admitted to the Division of  
Pediatric Surgery, Department of  Surgery, Faculty of  
Medicine at Siriraj Hospital due to recurrent episodes of  
intussusception. In a provincial hospital, he presented 
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with a one-day history of  colicky abdominal pain and 
bloody stool. Abdominal ultrasonography was performed, 
and confirmed the diagnosis of  intussusception. After 
hydrostatic reduction failed, he underwent a laparotomy 
for manual reduction. The patient recovered and was 
discharged from the hospital on the day 5.

8 d after the operation, colicky pain recurred as well 
as the bloody stool. A plain abdominal film showed 
colonic obstruction near the splenic flexure of  the 
colon (Figure 1A). Colocolonic intussusception was 
successfully reduced by hydrostatic pressure. A barium 
enema revealed a mucosal lesion at the splenic flexure of  
the colon (Figure 1B). The patient was then referred to 
our hospital.

He underwent an elective colonoscopy 1 wk later. 
A large pedunculated polyp, measuring 3.5 centimeters 
in diameter, was detected at the transverse colon and 
polypectomy was successfully performed (Figure 2). The 
pathologic finding revealed a juvenile polyp (Figure 3). 
The child recovered and has done well ever since.

DISCUSSION
Although intussusception has been reported in all pe­
diatric age groups, 75%-90% of  the cases occur within 
the first 2 years of  life[6]. Most of  the presentations of  
intussusception are of  the idiopathic ileocolic type[4,6,7]. 
Only 5%-6% of  these patients have pathologic lead 
points[1,2,4]. The incidence of  pathologic lead points 
increases with age and recurrent episodes. Intussusception 
which occurs outside the ileocolic junction appears to 
have a higher incidence of  pathologic lead points and 
requires surgical management such as a bowel resection[4]. 
This patient should have been initially suspected to have a 
pathological lead point with the development of  recurrent 
colocolonic intussusception. 

The approach to patients with intussusception due 
to a pathological lead point is similar to that of  patients 
in the idiopathic group, as it may at first be difficult to 
diagnose them from standard management procedures, 
such as presenting history, physical examination and a 
plain film. A contrast enema reduction is the first line 
of  the management, unless the patient shows signs of  
secondary peritonitis. Lead points which are caused by 
diffuse mucosal lesions benefit from this approach. Some 
of  them (non-pathological lead points) are associated 
with inherent existing conditions such as hereditary 
angioneurotic edema[8]. A careful review of  post-eva­
cuation films should be performed in cases where there 
is a strong possibility of  a pathologic lead point[9]. In 
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Figure 1  Plain ab­do­
minal film. A: Com­pleted 
colonic obstruction on the 
left side of the colon; B: 
Barium enema revealed 
a colonic mass at the 
splenic flexor after suc­
cessful reduction.

A

B

Figure 2  At the trans­
verse colon, a huge 
colonic polyp with 
mucosal invagination 
confirmed that it was 
acting as a leading 
point .  Snare poly­
pectomy was applied 
after successful vas­
cular control with two 
hemoclips.

Figure 3  The whole mouth capture shows a polypoid mass, with ede­
matous stroma, inflammation, and ulceration. A: Multiple dilated mucous 
glands and mucin lakes are noted; B: The dilated mucous glands and stromal 
inflammation (× 2). 

A

B
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the colocolonic intussusceptions group, colonoscopy is 
indicated in order to identify a lead point in the colon. 
Endoscopic treatment, such as polypectomy, can safely 
be performed when removable mucosal lesions are 
present[3,10]. This intervention can reduce unnecessary 
or invasive surgery. However, pediatric colonoscopy 
requires sedation and/or a general anesthetic, as opposed 
to a barium enema which, in good pediatric radiology 
hands, can be just as effective for diagnosis and further 
information. 

A juvenile colonic polyp can act as a lead point for 
colocolonic intussusception[3]. Juvenile polyps usually 
occur in first decade of  life. The usual presenting sym­
ptom is painless hematochezia[11,12]. Although a solitary 
lesion is often benign, malignant transformation can 
occur in juvenile polyposis syndrome when the number 
of  juvenile polyps is greater than 5[12]. A complete 
colonoscopy plays a crucial role in distinguishing juvenile 
polyposis syndrome from a solitary polyp. Surveillance 
colonoscopy is recommended in those who have multiple 
polyps and precancerous lesions.

In conclusion, recurrent colocolonic intussusception 
in a school-age patient is rare and usually due to a 
pathologic lead point. Goals for the treatment are the 
reduction of  intussusception and searching for and fin­
ding a lead point. Radiologic reduction is a useful initial 
treatment. However, it is seldom successful in reducing a 
colocolic intussusception, an intussusception in an older 
child, and/or a recurrent intussusception, all of  which are 
symptoms of  an intussusception caused by a pathological 
lead point. A careful review of  post-evacuation films is 
helpful. Colonoscopy is a non-invasive and effective tool 
in searching for intraluminal lesions in the colon such as 
polyps, which can be simultaneously removed. 

ACKNOWLEDGMENTS
The authors are grateful to Dr. Wikrom Karnsakul (Di­

vision of  Pediatric Gastroenterology and Nutrition, As­
sistant Professor of  Pediatrics, Johns Hopkins University 
School of  Medicine, 600 North Wolfe St, Baltimore, 
MD 21287, USA) for his excellent support in manuscript 
revision.

REFERENCES
1	 Applegate KE. Intussusception in children: evidence-based 

diagnosis and treatment. Pediatr Radiol 2009; 39 Suppl 2: 
S140-S143

2	 Chung JL, Kong MS, Lin JN, Wang KL, Lou CC, Wong HF. 
Intussusception in infants and children: risk factors leading 
to surgical reduction. J Formos Med Assoc 1994; 93: 481-485

3	 Arthur AL, Garvey R, Vaness DG. Colocolic intussusception 
in a three-year-old child caused by a colonic polyp. Conn Med 
1990; 54: 492-494

4	 Chua JH, Chui CH, Jacobsen AS. Role of surgery in the era 
of highly successful air enema reduction of intussusception. 
Asian J Surg 2006; 29: 267-273

5	 Soccorso G, Puls F, Richards C, Pringle H, Nour S. A gan
glioneuroma of the sigmoid colon presenting as leading point 
of intussusception in a child: a case report. J Pediatr Surg 2009; 
44: e17-e20

6	 Waseem M, Rosenberg HK. Intussusception. Pediatr Emerg 
Care 2008; 24: 793-800

7	 Grant HW, Buccimazza I, Hadley GP. A comparison of 
colo-colic and ileo-colic intussusception. J Pediatr Surg 1996; 
31: 1607-1610

8	 Pritzker HA, Levin TL, Weinberg G. Recurrent colocolic intus
susception in a child with hereditary angioneurotic edema: 
reduction by air enema. J Pediatr Surg 2004; 39: 1144-1146

9	 Ong NT, Beasley SW. The leadpoint in intussusception. J 
Pediatr Surg 1990; 25: 640-643 

10	 Caputi IO, Ugenti I, Martines G, Marino F, Francesco AD, 
Memeo V. Endoscopic management of large colorectal 
polyps. Int J Colorectal Dis 2009; 24: 749-753

11	 Ukarapol N, Singhavejakul J, Lertprasertsuk N, Wongsa
wasdi L. Juvenile polyp in Thai children--clinical and colo
noscopic presentation. World J Surg 2007; 31: 395-398

12	 Haghi AMT, Monajemzadeh M, Motamed F, Moradi TH, 
Mahjoub F, Karamian H, Najafi SM, Khatami GR, Khodadad 
A, Farahmand F, Fallahi GH. Colorectal polyps: a clinical, 
endoscopic and pathologic study in Iranian children. Med 
Princ Pract 2009; 18: 53-56

S- Editor  Zhang HN    L- Editor  Herholdt A    E- Editor  Liu N

Suksamanapun N et al . Endoscopic treatment of intussusception in child



ACKNOWLEDGMENTS

Acknowledgments to reviewers of World Journal of 
Gastrointestinal Endoscopy

Many reviewers have contributed their expertise and 
time to the peer review, a critical process to ensure 
the quality of  World Journal of  Gastrointestinal Endoscopy. 
The editors and authors of  the articles submitted to 
the journal are grateful to the following reviewers for 
evaluating the articles (including those published in this 
issue and those rejected for this issue) during the last 
editing time period.

Alberto Arezzo, MD, PhD, Endoscopic Surgery Unit Interna­
tional Evangelic Hospital, Genova 16122, Italy

Young-Tae Bak, MD, PhD, Professor, Division of  Gastroen­
terology, Department of  Internal Medicine, Korea University, Guro 
Hospital, 97 Gurodong-gil, Guro-gu, Seoul 152-703, South Korea

Lesur Gilles, MD, Hopital Ambroise Paré, 9 avenue Charles de 
Gaulle, Boulogne 92100, France

Carlo M Girelli, MD, 1st Department of  Internal Medicine, Ser­
vice of  Gastroenterology and Digestive Endoscopy, Hospital of  
Busto Arsizio, Via Arnaldo da Brescia, Busto Arsizio, VA 121052, 
Italy

Dimitrios Kapetanos, MD, Gastroenterology Department, Geor­
ge Papanikolaou Hospital, Exohi, Thessaloniki 57010, Greece

Varut Lohsiriwat, MD, MSc, Assistant Professor, Department 
of  Surgery, Faculty of  Medicine Siriraj Hospital, Bangkok 10700, 
Thailand

Naoki Muguruma, MD, PhD, Department of  Gastroenterology 
and Oncology, the University of  Tokushima Graduate School, 
3-18-15, Kuramoto-cho, Tokushima 770-8503, Japan

Nevin Oruc, MD, Associate Professor, Department of  Gastr­
oenterology, Ege University Faculty of  Medicine, Izmir 35100, Tur­
key

Yutaka Saito, MD, PhD, Head, Division of  Endoscopy, National 
Cancer Center Hospital, 5-1-1, Tsukiji, Chuo-ku, Tokyo 104-0045, 
Japan

Omar Javed Shah, Professor, Head, Department of  Surgical 
Gastroenterology, Sher-i-Kashmir Institute of  Medical Sciences, Sri­
nagar, Kashmir 190011, India

Kazuki Sumiyama, MD, PhD, Department of  Endoscopy, 
the Jikei University School of  Medicine, 3-25-8 Nishi Shinbashi, 
Minato-ku, Tokyo 105-8461, Japan

Jaekyu Sung, MD, PhD, Assistant Professor, Department of  
Internal Medicine, Chungnam National University Hospital, 33 
Munhwa-ro, Jung-gu, Daejeon 301-721, South Korea

July 16, 2010|Volume 2|Issue 7|ⅠWJGE|www.wjgnet.com

World J Gastrointest Endosc  2010 July 16; 2(7): I
ISSN 1948-5190 (online)

© 2010 Baishideng. All rights reserved.

Online Submissions: http://www.wjgnet.com/1948-5190office
wjge@wjgnet.com
www.wjgnet.com



Meetings

Events Calendar 2010
January 25-26
Tamilnadu, India 
International Conference on Medical 
Negligence and Litigation in Medical 
Practice

January 25-29
Waikoloa, HI, United States 
Selected Topics in Internal Medicine

January 26-27
Dubai, United Arab Emirates 
2nd Middle East Gastroenterology 
Conference

February 11-13
Fort Lauderdale, FL, United States
21th Annual International Colorectal 
Disease Symposium

February 26-28
Carolina, United States
First Symposium of GI Oncology at 
The Caribbean

March 05-07
Peshawar, Pakistan
26th Pakistan Society of 
Gastroenterology & Endoscopy 
Meeting

March 12-14
Bhubaneswar, India
18th Annual Meeting of Indian 
National Association for Study of 
the Liver

March 25-28
Beijing, China
The 20th Conference of the Asian 
Pacific Association for the Study of 
the Liver

March 27-28
San Diego, California, United States
25th Annual New Treatments in 
Chronic Liver Disease

April 07-09
Dubai, United Arab Emirates
The 6th Emirates Gastroenterology 
and Hepatology Conference, EGHC 
2010

April 14-17
Landover, Maryland, United States
12th World Congress of Endoscopic 
Surgery

April 14-18
Vienna, Austria
The International Liver Congress™ 
2010

April 28-May 01
Dubrovnik, Croatia
3rd Central European Congress 
of surgery and the 5th Croatian 
Congress of Surgery

May 01-05
New Orleans, LA, United States
Digestive Disease Week Annual 
Meeting

May 15-19
Minneapolis, MN, United States
American Society of Colon and 
Rectal Surgeons Annual Meeting

June 04-06
Chicago, IL, United States
American Society of Clinical 
Oncologists Annual Meeting

June 16-19
Hong Kong, China
ILTS: International Liver 
Transplantation Society ILTS Annual 
International Congress

June 20-23
Mannheim, Germany
16th World Congress for 
Bronchoesophagology-WCBE

August 28-31
Boston, Massachusetts, United States
10th OESO World Congress on 
Diseases of the Oesophagus 2010 

September 10-12
Montreal, Canada
International Liver Association's 
Fourth Annual Conference

September 11-12
La Jolla, CA, United States
New Advances in Inflammatory 
Bowel Disease

September 16-18
Prague, Czech Republic
Prague Hepatology Meeting 2010

September 23-26
Prague, Czech Republic
The 1st World Congress on 
Controversies in Gastroenterology & 
Liver Diseases

October 07-09
Belgrade, Serbia
The 7th Biannual International 

Symposium of Society of 
Coloproctology

October 15-20
San Antonio, TX, United States
ACG 2010: American College of 
Gastroenterology Annual Scienitfic 
Meeting

October 23-27
Barcelona, Spain
18th United European 
Gastroenterology Week 

October 29-November 02
Boston, Massachusetts, United States
The Liver Meeting® 2010--AASLD's 
61st Annual Meeting 

November 13-14
San Francisco, CA, United States
Case-Based Approach to the 
Management of Inflammatory Bowel 
Disease

July 16, 2010|Volume 2|Issue 7|ⅠWJGE|www.wjgnet.com

World J Gastrointest Endosc  2010 July 16; 2(7): I
ISSN 1948-5190 (online)

© 2010 Baishideng. All rights reserved.

Online Submissions: http://www.wjgnet.com/1948-5190office
wjge@wjgnet.com
www.wjgnet.com



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 sup
ported 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. 

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 commu
nication 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 achieve-
ments 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  personal 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, scientific and practical 
values and determine whether it should be published 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 research achievements, thus 
ensuring that their articles have novel arguments or viewpoints, 
solid evidence and correct conclusion; and (4) Maximization 
of  the benefits of  employees: It is an iron law that a first-class 
journal is unable to exist without first-class editors, and only first-
class editors can create a first-class academic journal. We insist on 

strengthening our team cultivation and construction so that every 
employee, in an open, fair and transparent environment, could 
contribute their wisdom to edit and publish high-quality articles, 
thereby realizing the maximization of  the personal benefits of  
editorial board members, authors and readers, and yielding the 
greatest social and economic benefits.

The major task of  WJGE is to report rapidly the most 
recent results in basic and clinical research on gastrointestinal 
endoscopy including: gastroscopy, intestinal endoscopy, co
lonoscopy, capsule endoscopy, laparoscopy, interventional 
diagnosis and therapy, as well as advances in technology. 
Emphasis is placed on the clinical practice of  treating gastroin
testinal diseases with or under endoscopy. Papers on advances 
and application of  endoscopy-associated techniques, such as 
endoscopic ultrasonography, endoscopic retrograde cholangio
pancreatography, endoscopic submucosal dissection and endo
scopic balloon dilation are also welcome.

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 in
vited 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 sug
gestions for future work; (8) Original Article: To report inno
vative 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 contributions published in WJGE, or to introduce 
and comment on a controversial issue of  general interest; (12) 
Book Reviews: To introduce and comment on quality mono
graphs of  gastrointestinal endoscopy; and (13) Guidelines: To 
introduce consensuses and guidelines reached by international 
and national academic authorities worldwide on basic research 
and clinical practice in gastrointestinal endoscopy.
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Page, Abstract, Introduction, Materials and Methods, Results, 
Discussion, Acknowledgements, References, Tables, Figures, 
and Figure Legends. Neither the editors nor the publisher 
are responsible for the opinions expressed by contributors. 
Manuscripts formally accepted for publication become the 
permanent property of  Beijing Baishideng BioMed Scientific 
Co., Ltd, 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 
Committee of  Medical Journal Editors to refuse to publish 
papers on clinical trial results if  the trial was not recorded in a 
publicly-accessible registry at its outset. The only register now 
available, to our knowledge, is http://www. clinicaltrials.gov 
sponsored by the United States National Library of  Medicine 
and we encourage all potential 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, photo
graphs 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 Sub
mission 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 intellectual content; and (3) final 

approval of  the version to be published. Authors should meet 
conditions 1, 2, and 3.

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

Author contributions: The format of  this section should be: 
Author 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 
reagents/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: 
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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 commun
ication 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 
obtaining written permission to use any copyrighted text and/or 
illustrations.

REFERENCES
Coding system
The author should number the references in Arabic numerals 
according 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 ensure the spelling accuracy of  the first author’s name. Do 
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PMID and DOI
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list, e.g. PMID and DOI, which can be found at http://www.
ncbi.nlm.nih.gov/sites/entrez?db=pubmed and http://www.
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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  
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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)
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Kubale R, Feuerbach S, Jung F. Evaluation of  quantitative 
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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 
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Both personal authors and an organization as author 
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Issue with no volume
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section analysis in revision total joint arthroplasty. Clin 
Orthop Relat Res 2002; (401): 230-238 [PMID: 12151900   
DOI:10.1097/00003086-200208000-00026]

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 
disease: 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 com

putational 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 European Conference on Genetic Programming; 
2002 Apr 3-5; Kinsdale, Ireland. Berlin: Springer, 2002: 
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Electronic journal (list all authors)
15	 Morse SS. Factors in the emergence of  infectious dis
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1996-06-05; 1(1): 24 screens. Available from: URL: http//
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Patent (list all authors)
16	 Pagedas AC, inventor; Ancel Surgical R&D Inc., assi
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Statistical data
Write as mean ± SD or mean ± SE.

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

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood 
pressure, 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 quantums can be found at: http://www.wjgnet.com/wjg/
help/15.doc.

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

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

SUBMISSION OF THE REVISED 
MANUSCRIPTS AFTER ACCEPTED
Please revise your article according to the revision policies 
of  WJGE. The revised version including manuscript and 
high-resolution image figures (if  any) should be copied on a 
floppy or compact disk. The author should send the revised 
manuscript, along with printed high-resolution color or black 
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and white photos, copyright transfer letter, and responses to 
the reviewers by courier (such as EMS/DHL).

Editorial Office
World Journal of Gastrointestinal Endoscopy
Editorial Department: Room 903, Building D, 
Ocean International Center,
No. 62 Dongsihuan Zhonglu, 
Chaoyang District, Beijing 100025, China
E-mail: wjge@wjgnet.com
http://www.wjgnet.com
Telephone: +86-10-59080038
Fax: +86-10-85381893

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

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

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

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

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

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

Publication fee
Authors of  accepted articles must pay a publication fee.
EDITORIAL, TOPIC HIGHLIGHTS, BOOK REVIEWS and 
LETTERS TO THE EDITOR are published free of  charge.
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