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4/1000 pyd (95% CI 3/1000–5/1000), in Scan-
dinavia 2/1000 pyd (95% CI 1/1000–3/1000),
and in other countries 2/1000 pyd (95% CI
1/1000–4/1000). None of the studies exerted a
strong drive towards a particular trend in the
meta-analysis.

The geographical incidence rates quoted are
based on an overall analysis (of the 41 studies),
which therefore assumes that the log incidence
rate is constant over time. Because of the
smaller numbers of studies that reported
results by decade of duration, it was felt that
these were insuYcient to conduct analyses
broken down by country for specific decades.

When the cancer risk for all 41 studies was
plotted against the mid point of each study it
can be seen that the overall reported cancer
incidence has increased from 1955 to the
present day (fig 2; size of the circles is propor-
tional to the number of subjects in each study)
but the increase is not statistically significant
(slope 0.003, p=0.80). The slope can be used
to calculate that from studies with a mid point
of 1950 to studies with a mid point of 1990
there would be 0.31 extra cases per 1000 pyd.
The temporal relationship of CRC risk in each
country is also demonstrated. The reported
cancer incidence is increasing in all countries
but the increase is not statistically significant.

VARIATION OF RISK WITH COLORECTAL SURGERY

The panproctocolectomy rate alone did not
exert a statistically significant eVect on the CRC
risk (z=0.4, p=0.7). When all forms of surgery
were considered (panproctocolectomy + re-
sections of varying degree), the reported CRC
incidence rate increased with higher rates of sur-
gical intervention.

ANALYSIS OF STUDIES REPORTING RISK

STRATIFIED INTO 10 YEAR INTERVALS (CATEGORY

3)
Of the 41 studies, 19 reported results at 10
yearly intervals of disease duration (fig 1).
From these studies we were able to estimate
how the CRC risk increased with increasing
duration of disease and thus stratify the results
at 10 year intervals. For the first 10 years dura-
tion the overall incidence rate was 2/1000 pyd
(95% CI 1/1000–2/1000) while for the second
decade of disease the overall incidence rate was
estimated to be 7/1000 pyd (95% CI 4/1000–
12/1000), and in the third decade of disease the
incidence rate was estimated to be 12/1000 pyd
(95% CI 7/1000–19/1000). These decade spe-
cific incidence rates correspond to a cumulative

risk of 1.6% (95% CI 1.2–2) by 10 years, 8.3%
(95% CI 4.8–11.7) by 20 years, and 18.4%
(95% CI 15.3–21.5) by 30 years (fig 3). The
data represented in fig 3 assume that the log
incidence rate of CRC is linear over time within
each 10 year interval, and that changes in the
log incidence rate occur at 10, 20, and 30 years.
These 10 year intervals correspond with the
time points reported in the majority of studies
included.

Of the 19 studies in category 3, six reported
data for patients with total colitis. The stratified
decade specific incidence rates for this group
were estimated to be 2/1000 pyd (95% CI
1/1000–4/1000) in the first decade, 7/1000 pyd
(95% CI 3/1000–14/1000) in the second, and
11/1000 pyd (95% CI 4/1000–28/1000) in the
third decade of disease. These decade specific
incidence rates correspond to a cumulative risk
of 2.1% (95% CI 1.0–3.2%) at 10 years, 8.5%
(95% CI 3.8–13.3%) at 20 years, and 17.8%
(95% CI 8.3–27.4%) at 30 years.

Table 2 provides a summary of the estimated
CRC risks using the separate methods em-
ployed.

To determine if age at onset of UC in adults
aVected the log incidence rate of CRC, a meta-
analysis regression was conducted on 21 stud-
ies that reported the age at onset of UC (over
20 years of age). Studies which reported the
age at diagnosis of UC were not included as a
patient may have had colitis for several years
prior to the diagnosis being made. Overall, a
negative trend emerged indicating that a
younger age at onset in adults was associated
with a slightly increased risk of developing can-
cer, but this was not statistically significant
(z=−1.61, p=0.11). A further meta-regression
analysis of 11 studies that reported the age at
onset of UC together with the risk at 10 yearly
intervals also showed that age at onset in adults
appeared to have no statistically significant
bearing on cancer risk.

ANALYSIS OF STUDIES REPORTING DATA ON

CHILDREN ONLY

Eighteen studies in the published literature esti-
mated the incidence of CRC in children with
UC. Of these, five were updated by subsequent
studies38 45–47 52 and one included patients with
Crohn’s disease.83 This left 12 studies suitable
for analysis.63 66 88 114 134 135 146 147 150 173 180 181 203 Of

Figure 2 Temporal relationship of colorectal cancer, overall
and by geographical location.
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Figure 3 Cumulative risk of developing colorectal cancer
for any patient with ulcerative colitis based on stratified
data (using stratified incidence, n=19).
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Cancer risk in IBD 

!  National cohort study, Denmark 
 47.374 patients with IBD – follow up 30 years 
 286 patients with ulcerative colitis and 70 patients with Crohn‘s 
 disease developed colon cancer 

!  Cancer risk compared to normal population 
!  Ulcerative colitis    RR 1,07 
!  Cancer risk 1979-1988   RR 1,34 
!  Cancer risk1999-2008   RR 0,57 
!  Crohn's disease    RR 0,85 

Conclusions: Crohn‘s disease is not associated with an elevated cancer 
risk. Cancer risk in ulcerative colitis is declining. But it is still high under 
certain conditions. 

Jess et al. Gastroenterology 2012; 143: 375-381 
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pitalizations in Denmark since 1977 and all out-patient hospital
contacts since 1995,14 we identified patients who had their first
hospital contact with IBD between 1979 and 2008. We excluded
IBD patients recorded in 1977 and 1978 to reduce the possible
impact of prevalent IBD cases on our findings. We included
inpatients as well as patients in ambulatory outpatient settings
with a diagnosis of CD (International Classification of Diseases
8th revision [ICD-8] codes 56300 –56309 or tenth revision [ICD-
10] code group K50) or UC (ICD-8 codes 56319 or 56904 or
ICD-10 code group K51). Completeness of IBD registration in
the Danish National Patient Register has been shown to be high
(94%), with validity estimates for registered CD and UC diagno-
ses of 97% and 90%, respectively, when using a pathology registry
as reference.15 To avoid diagnostic ambiguity, we excluded pa-
tients recorded with a diagnosis of both CD and UC from all
analyses. We also obtained information on all patients recorded
with a diagnosis of primary sclerosing cholangitis (PSC; ICD-8
code 57504 and ICD-10 code K83.0) to address the possible
impact of PSC on risk of CRC in patients with IBD and in
non-IBD individuals. Information on use of thiopurines (aza-
thioprine and 6-mercaptopurine) and tumor necrosis factor-!
antagonists (infliximab and adalimumab) among patients with
IBD was available from the national Danish Drug Prescription
Registry and the Danish National Patient Register and are
shown in Supplementary Figure 1.

Diagnosis of Colorectal Cancer
Through linkage to the Danish Cancer Register, which

contains detailed information on all incident cancers diagnosed
in Denmark since 1943,16 we identified all incident cases of
colorectal cancer (ICD-7 codes: 153.0, 153.4, 153.5, 154.0, 154.9,
253.0 –253.4, 453.0 – 453.5, 453.8, 454.0, 454.9, 853.0 – 853.5,
854.0, and 854.9; and ICD-10 codes: C18.0 –18.9, C19.9, and
C20.9) between 1979 and 2008.

Statistical Analyses
We assessed the entire Danish population comprising

7,945,116 individuals, who contributed person-time at risk dur-
ing the 30-year period from January 1, 1979, through December
31, 2008. All cases of IBD, PSC, and CRC diagnosed in this time
period were noted by date of diagnosis. Initially, individuals
contributed person-time at risk of CRC as non-IBD individuals
from birth and until the date of first hospital contact for IBD
(which, for simplicity, is referred to as the date of IBD diagnosis
in this article), after which date they contributed person-time at
risk as IBD patients. However, to account for problems of
diagnostic ambiguity in the first year after IBD diagnosis (as
illustrated in Figure 1), in all reported relative risks (RRs) we
considered person-years and CRC cases from birth and up to 1
year after IBD diagnosis as occurring in non-IBD individuals. All
persons were followed up until date of CRC, proctocolectomy,
emigration, death, or end of the study. Age-standardized inci-
dence rates of CRC were calculated using weights according to
the World Health Organization World Standard Population.17

Ratios of CRC incidence between IBD patients and non-IBD
individuals served as our measure of RR of developing CRC
subsequent to IBD. RRs with 95% confidence intervals (CI) were
estimated by use of Poisson regression, assuming piecewise con-
stant incidence rates in a log-linear model. All analyses were first
conducted for men and women separately, but all reported
analyses are based on the combined female and male population
because there was no statistical heterogeneity between men and
women as judged by the absence of any statistically significant

terms for interaction with sex in relevant likelihood ratio tests
(all P values ! .05). Under the assumption of no birth cohort
effect, all analyses were adjusted for age, sex, and calendar year
using cubic splines restricted to be linear in the tails18 to model
the age and calendar year effect on risk of CRC in the general
population. RRs of CRC according to duration of IBD were
presented graphically by use of restricted cubic splines. We
tested for interaction between calendar period and time since
IBD (from 1 year after IBD diagnosis and onward) and no such
interaction was observed (P " .34). The influence of PSC on risk
of CRC in, respectively, UC patients, CD patients, and non-IBD
individuals, was assessed in Poisson regression analyses adjusted
for age, sex, and calendar time. All analyses were performed
using SAS v9.2 (SAS Institute, Cary, NC).

Ethics
The study was register-based and followed the regula-

tions and instructions set by the Danish Data Protection Agency
(approval no. 2008-41-2374).

Results
Overall, the Danish population contributed

178,161,458 person-years of follow-up evaluation between
1979 and 2008, during which period 32,911 individuals
were diagnosed with UC (median age, 44.9 y; 53% women)
and 14,463 were diagnosed with CD (median age, 35.7 y;
57% women). Demographic characteristics of the IBD
patients appear in Table 1.

First-Year Cases
Figure 1 depicts the risk of CRC as a function of

time since IBD diagnosis, adjusted for sex, age, and cal-

Figure 1. RR of colorectal cancer by time since diagnosis of ulcerative
colitis (upper panel) or Crohn’s disease (lower panel). RRs are adjusted
for age, sex, and calendar time. Broken lines indicate 95% confidence
intervals.
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!  Colon cancer incidence in Northern California (1998-2010)   
!  Ulcerative colitis versus Crohn‘s disease versus normal population 
!  Cancer incidence (100.000) 
!  Ulcerative colitis  76,0   
!  Crohn‘s disease  75,0    
!  Normal population  47,1 
!  No difference between 1998-2001 and 2007-2010 for IBD patients. 

However, colon cancer incidence declined in normal population. 

Conclusions for Northern California: Colon cancer incidence is still 60% 
higher in IBD patients with  no decreased incidence over time. 

Herrinton et al. Gastroenterology 2012 143: 382-389 

Cancer risk in IBD 
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" Random biopsies visualize less than 1% of the 
total colonic mucosa surface 
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WHEN TO PERFORM SURVEILLANCE

Colitis associated cancer risk increases with disease dura-
tion and disease extent. Surveillance is required for patients 
with both ulcerative colitis and Crohn’s colitis as both are at 
increased risk. Previous British Guidelines recommended 
shorter surveillance intervals on the basis of disease duration 
as the risk was thought to increase exponentially to as much 
as 18% at 30 years;4 however more recent data from St. Mark’s 
Hospital suggests risk may be linear and speci!c risk factors 
may be more important (Table 2). Risk in population based 
cohorts seems lower than from specialist centers. This has 
lead to the concept of risk strati!ed surveillance where those 
at highest risk e.g., with primary sclerosing cholangitis or 
previous dysplasia receive short surveillance intervals of 1 
year, whist those at lowest risk e.g., le" sided colitis without 
inflammation have longer surveillance intervals of 5 years. 
#is risk based strati!cation is used in British Guidelines, and 
in part by European Crohn’s and Colitis Organization (ECCO) 
guidance. The combination of risk based surveillance and 
chromoendoscopy without targeted biopsies may be cost sav-
ing.5

BETTER WHITE LIGHT ENDOSCOPY

Bowel preparation and clinical remission
We know that we need good bowel preparation to find 

polyps in non-colitic colonoscopy,6 and we also know that 
bowel preparation is worse in colitis, odds ratio 0.63 (95% 
con!dence interval [CI], 0.40 to 0.98).7 #e lack of research 
into bowel preparation in colitis is therefore puzzling, partic-
ularly for a patient group who need to have a good experience 
with bowel preparation for repeated examinations. Good qu-
ality prep in colitis is likely to improve detection rates, and is 
essential before trying to apply adjunctive techniques such as 
chromoendoscopy or other advanced imaging techniques. 
Similarly examination in clinical remission is critical to have 
a reasonable chance of detecting dysplasia, as detection of $at 
lesions against an in$amed background is much more di%-

cult. Anecdotally patients not in remission also tend to pre-
pare less well.

Withdrawal time
Taking longer for withdrawal has been clearly shown to be 

associated with improved adenoma detection in non-colitis 
patients. Logically this should also apply in colitis where de-
tection is even more difficult. Toruner et al.8 were able to 
demonstrate this is a retrospective analysis looking at median 
procedure duration versus dysplasia detection rate and showed 
a signi!cant association between longer procedure duration 
and increased dysplasia detection (R2=0.12; p=0.0066).

HD and structure enhancement (SE)
All major endoscope manufacturers o&er HD instruments, 

with an option for push button digital image SE. #is latter 
function helps improve edge de!nition, a critical element in 
detecting lesions in colitis. It is logical therefore to select the 
instrument with the best resolution and apply available SE to 
optimize white light endoscopy when performing colitis sur-
veillance, though formal supportive data is lacking.

NEW TECHNOLOGY AND TECHNIQUES

Chromoendoscopy
#ere have been at least !ve of studies that have looked at 

the e%cacy of chromoendoscopy for colitis surveillance uti-
lizing randomized, back-to-back, and case-control designs 
(Table 3).9-13 All have been positive in favor of chromoendos-
copy with a per patient increase in dysplasia of approximately 
2 to 3 fold and a per lesion increase of 4 to 5 fold. Studies have 
used both methylene blue and indigo carmine. Given the 

ECCO 2008 BSG 2010 (and NICE) AGA 2010 ACG 2010 
1st screening 8-10 yr 10 yr Max 8 yr 8-10 yr 

Surveillance interval
Extensive: 2 yearly to 20 yr then annually
Le" sided: 2 yearly starting at 15 yr
PSC: 1 yearly 

By risk: low 5 yr
Intermediate 3 yr
High 1 yr 

1-3 yr
More o"en at high risk
e.g., PSC 

1-2 yr 

Chromoendoscopy Superior to white light endoscopy Recommended Special cases Not yet 
Biopsies 33+ if no chromo 33+ if no chromo 33+ 33+ 
ECCO, European Crohn’s and Colitis Organization; BSG, British Society of Gastroenterology; NICE, National Institute for Clinical Excel-
lence; AGA, American Gastroenterological Association; ACG, American College of Gastroenterology; PSC, primary sclerosing cholangitis.

Extensive colitis
Colonic stricture 
Primary sclerosing cholangitis
Family history colorectal cancer, especially aged <50
Personal history of dysplasia
Severe longstanding in$ammation
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NBI Olympus, I-Scan Pentax, FICE Fuji 
Electronic (Virtual) Chromoendoscopy 
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magnification observation using NBI colonoscopy because
image resolution is insufficient to view the network in normal
mucosa closely. Although microvessel density in small hyper-
plastic polyps is greater than in normal mucosa5,8 the diam-
eter of MCVs is not substantially larger than in normal
mucosa so MCVs are virtually impossible to see or only
slightly visible. MCVs are often recognized in portions of
hyperplastic polyps including large hyperplastic polyps and
hyperplastic polyps with serrated changes.

CP type II

Adenomatous lesions regardless of macroscopic type appear
as dark brown neovascular lesions (brownish areas) easily
identifiable using NBI colonoscopy without magnification.
MCVs are clearly visible because these capillaries are elon-
gated and have abnormally large diameters.

CP type III

Capillary pattern type III lesions are defined as showing an
irregular unstructured pattern in a mesh-like microvascular
architecture and show at least one of the following charac-
teristics: irregular size, complicated branching and/or dis-

rupted irregular winding when compared with small caliber
capillaries observed in adenomatous polyps (CP type II).

CP type IIIA

Capillary pattern type IIIA lesions clearly show visible
microvascular architecture and high microvessel density with
a lack of uniformity, branching, curtailed irregularly and blind
endings.

CP type IIIB

Capillary pattern type IIIB lesions show a clearly visible
demarcation between normal and cancerous mucosa on the
surface based on the presence of a nearly avascular or loose
microvascular area.

USING NBI TO DIFFERENTIATE NEOPLASTIC
FROM NON-NEOPLASTIC COLORECTAL

POLYPS
The effectiveness of NBI in the differential diagnosis of col-
orectal polyps has clearly been shown in several prospective
studies9–11 indicative of a growing consensus on the subject.

I II IIIA IIIB
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Fig. 1. Sano’s capillary pattern classification (CP classification) of early colorectal lesions using NBI.
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SANO’S CAPILLARY PATTERN CLASSIFICATION FOR NARROW-BAND
IMAGING OF EARLY COLORECTAL LESIONS

Toshio Uraoka,1 Yutaka Saito,2 Hiroaki Ikematsu,3 Kazuhide Yamamoto4 and Yasushi Sano5

1Department of Endoscopy, Okayama University Hospital and 4Department of Gastroenterology and Hepatology, Okayama
University Graduate School of Medicine, Dentistry and Pharmaceutical Sciences, Okayama, 2Endoscopy Division, National

Cancer Center Hospital, Tokyo, 3Department of Gastrointestinal Oncology & Endoscopy, National Cancer Center East
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Narrow-band imaging enhances visualization of the mucosal surface structure and vascular network and helps to increase
the visibility of neoplasia by improving contrast. Sano and his colleagues first reported its efficacy for endoscopic use in the
gastrointestinal tract and later proposed a sequential classification of the mucosal vascular network patterns according to
histopathological categories. Sano’s ‘capillary pattern classification’ was established to facilitate diagnosis of early colorectal
lesions on a step-by-step basis. This review focuses on the utility and effectiveness of Sano’s capillary pattern classification
when examining early colorectal lesions using narrow-band imaging.

Key words: capillary pattern, colonoscopy, narrow-band imaging (NBI), Sano classification.

INTRODUCTION
A prototype narrow-band imaging (NBI) system was devel-
oped in 1999 and its efficacy for endoscopic use in the gas-
trointestinal tract was first reported in 2001 by Sano et al.1

This unique optical imaging technology is based on modifying
the bandwidth transmittance of spectral features using
various filters to enhance real-time visualization of the
mucosal surface structure and vascular network that cannot
be observed using white light endoscopy or chromoendos-
copy during colonoscopy.2–4 Sano and his colleagues later pro-
posed a sequential classification of the mucosal vascular
network patterns according to histopathological categories.
This review focuses on the utility and effectiveness of Sano’s
‘capillary pattern (CP) classification’ when examining early
colorectal lesions using NBI.

PRINCIPLE OF CP CLASSIFICATION
Angiogenesis is critical for the transition of premalignant
lesions in a hyperproliferative state to the malignant pheno-
type. Microcapillary vessels in normal mucosa or on the
surface of hyperplastic lesions are arranged in a honeycomb
pattern around mucosal crypts without any change in vessel
diameter, but the capillaries in neoplastic lesions become
elongated with larger diameters as the number and density of
microcapillary vessels increase in the process of changing
from premalignant to malignant lesions. Sano et al. focused on
microvascular differences based on their histopathological

findings. Contrast of the CP in the superficial mucosal layer
markedly improved by utilizing narrow-band illumination
with the central wavelengths of 415 nm and 540 nm. As a
result, Sano et al. were able to develop a sequential method
using NBI to more readily identify abnormal microcapillaries
as indicators of neoplasia. In addition, they called the mucosal
capillary mesh arranged in a honeycomb pattern around
mucosal crypts ‘meshed capillary vessels’ (MCVs)3 and
referred to the microvascular architecture using NBI colonos-
copy with magnification as the CP classification.5

Machida, Sano and their colleagues first reported that the
NBI system was effective as a means of high-contrast endos-
copy for improving endoscopic visualization of early colorec-
tal lesions in their pilot study.6 In addition, their research
examined the usefulness of NBI with magnification for the
differential diagnosis of neoplastic from non-neoplastic
lesions based on the presence of vascular network patterns
and determined that diagnostic accuracy using NBI with mag-
nification was higher than that of conventional colonoscopy
(93.4% vs 79.1%) and equivalent to that of chromoendos-
copy using indigo-carmine dye spraying (93.4% vs 93.4%).

SANO’S CP CLASSIFICATION
Meshed capillary vessels are classified by microvascular
architecture using NBI colonoscopy with magnification into
three CP classifications: types I, II and III.3 In addition, CP
type III lesions are further subdivided into types IIIA and
IIIB.7 The definition of each CP classification is summarized
in Fig. 1 and described in detail below.

CP type I

The MCVs arranged in a honeycomb pattern around the
mucosal glands are invisible or only faintly visible on
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A new concept of chromoendoscopy

Methylene blue is incorporated in tablets which release the dye 
at colonic level with a pH-controlled mechanism

The dye substance is disperded into the colon during the bowel 
prep and absorbed quite homogeneously

3

No additional time is required during endoscopic procedure to 
colour the mucosal surface 
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IMAGE CONTENT: 

Single crypt on the mucosal surface, 
with dark lumenal opening and 
mucus in the centre of each crypt. 

Goblet Cell 
Columnar 

Epithelial Cell 
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Normal colonic surface epithelium 
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experimental ESD instructional training using live pigs under the
supervision of Japanese and western specialists. A survey of par-
ticipants about their preworkshop and post-workshop clinical
experiences explored the clinical learning curve topic. In our view,
LST-Gs 2–3 cm in diameter located in the rectum are recom-
mended at the beginning. Such small LST-Gs have a very low risk
of submucosal invasion compared with similar-size LST-NGs.27

Even an ESD resulting in a piecemeal resection is acceptable
histopathologically in such cases.

The application of traction methods may facilitate ESD by
pulling the previously cut mucosa away from the submucosal
dissection plane, thereby improving the endoscopic view and
facilitating completion of the entire process in less time. Traction
has been employed primarily in the stomach, and one such method
was actually proposed by a western group.55 The dissection phase
is the most difficult portion of the procedure for less experienced
endoscopists,35 so it is conceivable that the use of such methods
could be of value in overcoming the initial challenges presented by
the learning curve. This is particularly true whenever an ESD is not
being performed under the direct supervision of a highly qualified
specialist, which is oftentimes the case with ESDs performed by
western endoscopists. The various reported traction methods have
used a sinker attached with an endoclip to the mucosa,56 a rubber
strip attached to special clips57 and a second thin endoscope to
apply traction from the margin of the previously resected mucosa
at which an endoclip had been attached.58,59

A panel of European endoscopy experts has recommended that
ESD cases should be registered and procedures performed should
be according to quality standards; however, there have been no
specific recommendations to date regarding CR-ESD.60 The infor-
mation provided earlier provides some ideas as to how training
should be conducted, but future studies are required involving
more patients and including more centers. The ideal situation
would be for some Japanese and/or Korean institutions to become
centers for training expert western endoscopists who would then

be responsible for training other endoscopists in their countries.
Such an approach could prove difficult to implement, however,
primarily because of potential legal issues in the countries
involved associated with the considerable risk of complications,
especially in the beginning of the learning curve. Another realistic
possibility would involve inviting Japanese specialists to present a
cross-section of cases demonstrating the various techniques used
in the procedure and assisting western endoscopists with their
ESDs. We have actively pursued this idea in attempting to satisfy
the requirement of performing the initial 25 CR-ESDs under close
supervision. Four expert Japanese endoscopists visited the western
institution of one of the authors (AP-B) of this review article a total
of seven times over a period of 24 months, during which 23
patients with early CR neoplasms were treated by CR-ESD. Such
a training program was very attractive because it exposed western
endoscopists as well as local nurses and assistants to the highly
qualified Japanese specialists. By observing the visiting endosco-
pists during actual procedures, nurses and assistants also benefited
in terms of their individual CR-ESD learning curves. Admittedly,
there were some problems inherent in such an overseas training
approach including differences in personnel, language, facilities,
and equipment, but the overall response from everyone involved in
this transpacific effort was extremely positive.

Finally, although indications for CR-ESD have been established
in Japan, it may be advisable for indications in western countries
to differ somewhat at least during the learning curve period. This
would probably mean more complex lesions such as very large
lesions !4 cm, and recurrent lesions with extensive fibrosis should
not be attempted during the initial 30–40 cases. If a well-designed
protocol is developed for CR-ESD training, it might even be
acceptable for ESD to be the recommended method instead of
EMR for treating smaller lesions in which en bloc resections are
desired such as depressed lesions and LST-NGs. Otherwise, the
risks in early CR-ESD cases that may be too difficult for less
experienced endoscopists to perform would include not only per-
forations and extended procedural times, but also the possibility of
such endoscopists and their teams becoming disheartened, result-
ing in a premature abandonment of the procedure.

Several examples are shown in Figures 2–4 of lesions detected
by one of the authors (AP-B) at a western institution with good
indications for ESD because en bloc resections may not be pos-
sible using conventional EMR techniques.

Conclusions
Endoscopists currently performing CR-ESDs in various countries
around the world believe that additional refinements in ESD tech-
niques, instruments, devices, and training will be necessary to
further reduce the higher risk of complications and longer proce-
dure times associated with ESD before adoption of the procedure
can be recommended on a widespread international basis.

In considering present and future clinical circumstances sur-
rounding the appropriate treatment strategy for early stage CR
tumors in western countries, we have been asking ourselves
whether or not CR-ESD can be effectively applied in those coun-
tries. We firmly believe that the answer to this question is a
resounding “yes.” Although the procedure is still only anecdotally
performed by western endoscopists, the number of successful
CR-ESDs in western countries should continue to steadily increase

Table 3 Step-by-step progress in accumulating CR-ESD experience
our recommendations for western endoscopists

Before attempting CR-ESD
— Observe actual procedures performed by experts
— Training with isolated animal stomach and/or colon models
— ESD training using live pig with supervision by Japanese and

western experts
Attempting CR-ESD
— Registration of all clinical CR-ESD cases
— Review of all CR-ESD procedures performed using video

recordings and endoscopic photos
— Step-by-step progress in clinical cases

1. LST-G 2–3 cm in diameter located in rectum†

2. LST-G ! 2–3 cm located in ascending, transverse, descending
and sigmoid colon and flexures in order†

3. LST-NG ! 2 cm located anywhere†

†Consideration given to performing circumferential incision first followed
by snaring.
CR-ESD, colorectal endoscopic submucosal dissection; LST-G, laterally
spreading tumor-granular type; LST-NG, laterally spreading tumor-non-
granular type.
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colonic ESD was supported by all of the participants.44 Observing
actual procedures in specialized centers, direct supervision during
the initial 10 cases and performing the circumferential incision
first followed by snaring27,50–54 were frequently mentioned, but

no specific recommendations have yet been made concerning
CR-ESD.

Berr et al. have reported the effectiveness of intensive training
in their annual ESD workshop.45 The workshop basically entails

a

b c

e f

d

Figure 1 (a) Dual imaging on screen during live demonstration using isolated colonic endoscopic submucosal dissection (ESD) model. (b) ESD
training model of stomach. (c) ESD training model of colorectum. (d) Initial incision to mucosal and submucosal layers. (e) Demonstration of perforation
during submucosal dissection procedure. (f) Endoscopic closure using endoclip for perforation.
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