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Abstract
Purpose of Review Patients with long-standing ulcerative colitis have an increased risk for the development of colorectal cancer
(CRC). Colitis-related dysplasia appears to confer the greatest risk. Colonoscopic surveillance to detect dysplasia has been
advocated by gastrointestinal societies. The aim of surveillance is the reduction of mortality and morbidity of CRC through
detection and resection of dysplasia or detecting CRC at an earlier and potentially curable stage. Traditional surveillance has
relied on mucosal assessment with targeted biopsy of visible lesions and random biopsy sampling on the premise that dysplasia
was not visible at endoscopy. Advances in optical technology permitting increased detection of dysplasia and evidence that most
dysplasia is visible has had practice-changing implications.
Recent Findings Emerging evidence favours chromoendoscopy (CE) for dysplasia detection and is gaining wider acceptance
through recent international (International Consensus Statement on Surveillance and Management of Dysplasia in Inflammatory
Bowel Disease (SCENIC)) recommendations and endorsed by many gastrointestinal societies. Adoption of CE as the gold
standard of surveillance has been met with by scepticism, from conflicting data, operational barriers and the need to understand
the true impact of increasingly higher dysplasia detection on overall CRC mortality.
Summary Valid debate notwithstanding, implementation of a risk stratification protocol that includes CE is an effective approach
allowing earlier detection of dysplasia and colorectal neoplasia, determination of surveillance intervals with appropriate alloca-
tion of resources and limiting morbidity from CRC and colonoscopy itself. Further prospective data should define the true and
long-term impact of dysplasia detection with modern techniques.
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Introduction

Patients with long-standing inflammatory bowel disease
(IBD) have an increased risk for development of colorectal

cancer (CRC) [1]. Risk factors for CRC in ulcerative colitis
(UC) include young age of disease onset, longer disease du-
ration, greater extent of colonic involvement, coexistent pri-
mary sclerosing cholangitis (PSC), active endoscopic or his-
tological inflammation, family history of CRC in a first-
degree relative diagnosed under 50 years, history of dysplasia,
colonic strictures, inflammatory (“pseudo”) polyps, a short-
ened tubular colon and male gender [2, 3, 4••, 5–10]. Of these
established risk factors, colitis-related dysplasia appears to
confer the greatest risk, leading gastrointestinal societies to
advocate colonoscopic surveillance to detect dysplasia in
high-risk patients [2, 3, 4••, 5–7, 9, 11]. The aim of endoscopic
surveillance is the reduction of mortality and morbidity of
CRC through detection and resection of dysplasia or detecting
CRC at an earlier and potentially curable stage [12, 13].

Mucosal assessment with targeted biopsies of visible lesions
and random biopsy sampling has long been the basis of surveil-
lance, relying on the prevailing notion that dysplasia is frequently
not associated with visible mucosal abnormalities [14].
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Advances in optical technology permitting better endoscopic
identification of dysplasia and acknowledgement that most dys-
plasia in IBD patients is in fact visible have significantly influ-
enced our paradigms with dysplasia surveillance and manage-
ment, providing an impetus for training and adoption of better
methods of dysplasia detectionwith the ultimate aim of reduction
of CRC morbidity and mortality [13, 14].

Epidemiology and Risk Factors for CRC in IBD

IBD is the third highest risk factor for the development of
CRC, accounting for 1–2% of CRC cases in the general pop-
ulation and being responsible for 10–15% of all deaths in IBD
patients [5, 15]. The cumulative CRC risk is considerable, 2%
at 10 years, 8% at 20 years and 18% [16]. Recent studies
report a decrease in the incidence of CRC and a significant
decrease in the rates of colectomy for dysplasia, a temporal
reduction attributable to aggressive control of inflammation
through newer classes of medications, greater uptake of sur-
veillance, permitting earlier detection and resection of dyspla-
sia before CRC develops and indeed optimal timing of
colectomy when appropriate [17, 18].

Risk factors for CRC have been listed above [2, 3, 4••, 5–7,
9]. Subtotal colitis or pancolitis confers a high risk, with the
extent of colonic involvement based on endoscopic and histo-
logical criteria and on whichever reveals more extensive dis-
ease [19, 20]. Although patients with proctitis or
proctosigmoiditis are not at increased risk per se, many pa-
tients will develop more proximal disease over the course of
their lifetime and a screening colonoscopy is recommended
8 years after the onset of symptoms even in patients with
previously isolated proctitis to confirm extent of disease [4••,
5, 9, 21]. PSC confers a 4-fold increased risk for colonic
neoplasia [22]. Thus, patients with IBD and PSC should un-
dergo surveillance colonoscopy annually from the time PSC is
diagnosed [2, 4••, 5, 7, 9, 11, 23]. The known risk factors for
CRC in IBD are almost all non-modifiable with the possible
exception of inflammation [8, 10, 24, 25••]. Colonic strictures
in UC (but not in CD), a shortened tubular colon and multiple
pseudopolyps also increase CRC risk, with the latter signifi-
cantly limiting the ability to adequately survey the colon.
These clinically important associations may significantly in-
fluence dysplasia surveillance and should factor into discus-
sions with patients about their risk of developing CRC and
planning surveillance examinations.

In contrast to the well-recognised adenoma-carcinoma se-
quence for sporadic CRC, colitis-associated CRC stems from a
“field change” effect, progressing from non-dysplastic mucosa to
either visible or invisible low-grade dysplasia (LGD) and high-
grade dysplasia (HGD) to carcinoma [26••]. Biological differ-
ences between sporadic CRCand colitis-associatedCRCdeserve
mention here. Chromosomal instability, microsatellite instability

and DNA hypermethylation, which are features of sporadic
CRC, are also seen in colitis-associated CRC, but curiously, oc-
cur before dysplasia or cancer can be detected [27]. Inflammation
alone may trigger these changes through the production of reac-
tive oxygen species (ROS), which in turn may cause cellular
injury and become oncogenic [27]. Indeed, IBD has been con-
sidered an “oxyradical overload” disease [27–29]. Notably, the
loss of APC function is both less frequent and occurs later in the
course of colitis-associated CRC but its frequency has been re-
ported to be as high as 50–100% in lesions with HGD [27, 30].
Conversely, p53 mutations occur early and may be detected in
mucosa that is non-dysplastic or indefinite for dysplasia [27].
Aneuploidy (abnormal DNA content) occurs as a consequence
of chromosomal instability; its presence strongly correlates with
dysplasia, with approximately 20–50% of dysplastic lesions and
50–90% of colitis-associated CRC demonstrating aneuploidy
[31, 32]. Activation of proto-oncogenes, k-ras and Src has also
been noted in colitis-associated CRC and HGD [30, 33].
Molecular testing for alterations in cellular DNA content (e.g.
p53 and APC gene mutations) and aneuploidy, employing
stool- or lavage-based diagnostics, has the potential for sampling
a greater surface area of the colon and appear promising [34, 35].

Dysplasia—Definitions and Terminology

Biopsies at colonoscopy are graded as “positive” for dyspla-
sia, “negative” for dysplasia or “indefinite” for dysplasia and
further classified as LGD, HGD or carcinoma [26••]. The
differentiation between LGD and “indefinite for dysplasia”
can be difficult and often needs a second opinion from a spe-
cialist gastrointestinal pathologist for confirmation [26••, 36].

Previous terminology and older guidelines characterised
lesions as sporadic adenomas (found outside an area of in-
flammation) or as dysplasia-associated lesion or mass
(DALM) if detected within an area of colitis [2, 3, 7, 9].

DALMs were categorised as adenoma-like (if raised or
with an endoscopic appearance of sporadic adenoma), or
non-adenoma-like. Adenoma-like DALMs were considered
suitable for endoscopic resection with close follow-up, where-
as non-adenoma-like DALMs were an indication for surgery.
Patients with HGD or multifocal low-grade dysplasia detected
by random biopsy were traditionally offered surgery [2, 3, 7,
9]. Modern optical technology, permitting greater endoscopic
identification of dysplasia and acknowledgement that most
dysplasia is visible, has led to previous terminology being
abandoned and enabled the adoption of new definitions, in-
corporating the terms “visible” and “invisible” to describe
dysplasia within clearly identified lesions or within random
biopsy samples respectively, with the addition of terms for
ulceration and border of the lesion [5, 11, 26••]. In accordance
with the Paris Classification, visible dysplasia is classified as
polypoid (pedunculated or sessile) or non-polypoid
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(superficial elevated, flat or depressed) [26••, 37]. Thus, the
term “endoscopically resectable” implies that distinct margins
of the lesion can be identified, the lesion is completely excised
on visual inspection after endoscopic resection, histological
assessment is consistent with complete excision and biopsy
specimens taken from mucosa immediately adjacent to the
resection margin are free of dysplasia [26••].

Modern Dysplasia Surveillance

The aim of endoscopic surveillance is the reduction of mor-
tality and morbidity of CRC through detection and resection
of dysplasia or detecting CRC at an earlier and potentially
curable stage [12, 13]. Endoscopic surveillance has been
shown to reduce the risk of CRC-related death in IBD patients
and to be cost-effective in various case-series, case-control
studies and population-based cohort studies and recommend-
ed by gastrointestinal societal guidelines [2, 3, 4••, 5, 7, 9, 11,
26••]. Gastrointestinal society recommendations with surveil-
lance intervals after a screening colonoscopy vary but univer-
sally agree and recommend annual screening for patients with
the highest risk of IBD-associated CRC [2, 3, 4••, 5, 7, 9, 11,
26••]. This implies annual surveillance for patients with con-
comitant PSC, extensive colitis with active endoscopic or his-
tological inflammation, a family history of CRC in a first-
degree relative under the age of 50 and a personal history of
dysplasia. European guidelines support a risk stratification
approach increasing surveillance intervals to 5 years for pa-
tients with low risk [5, 6, 11]. US guidelines do not lengthen
screening beyond 3 years currently [2, 4••, 7, 26••].

Successful surveillance hinges on the ability to detect dyspla-
sia. Commitment to a surveillance programme is a significantly
involved process that must take a considered approach to patient
preference, anatomical factors and available expertise.
Pseudopolyps and a shortened tubular colon may pose difficul-
ties with dysplasia detection. Colonic inflammation can make
endoscopic and pathologic discrimination of dysplasia difficult,
emphasising that surveillance should take ideally place when the
patient is in clinical remission though an inordinate delay in
surveillance is not recommended regardless of ongoing symp-
toms. Furthermore, patients do not wish to consider colectomy
until there is a relatively high certainty of cancer underscoring the
importance of employing the best available technology and tech-
nique to detect (and resect) dysplasia, avoiding the development
of IBD-associated CRC and need for colectomy [38].

Traditional surveillance employing random colonic biop-
sies was based on the premise that dysplasia is frequently not
visible at endoscopy. The detection of dysplasia with 90%
probability required 33 serial colonic biopsies from four quad-
rant biopsy specimens, taken every 10 cm and from each
anatomical segment of the colon, a practice endorsed by many
GI societies in earlier guidelines [2, 3, 7]. Modern endoscopic

technology and techniques with accumulating evidence that
most dysplasia is visible is changing this practice [5, 11, 26••].
Random biopsies would effectively sample less than 1% of
total colonic mucosa with one study suggesting that up to
1266 random biopsies would be required for the detection of
one additional episode of dysplasia [12]. A recent randomised
control trial comparing random vs. targeted biopsy reported
that both techniques detected a similar rate of neoplasia, but a
larger number of biopsies and longer procedure time for ran-
dom biopsies made targeted biopsies more cost-effective [39].
In a study of colonoscopic surveillance every 2 years, interval
cancers were seen between 10 and 28 months after a
dysplasia-free examination, reflecting poorly on the practice
of random biopsies alone for dysplasia detection [40].

Modern imaging techniques including chromoendoscopy
(CE) , narrow-band imaging (NBI) and confocal
endomicroscopy are adjunctive techniques to detect subtle
mucosal abnormalities and are discussed below.

Chromoendoscopy has demonstrated a superior diagnostic
yield and therapeutic advantage when compared with standard
random biopsy and white-light technique for index screening
of dysplasia in several studies [41–43] and is supported by
meta-analysis demonstrating that CE with targeted biopsies
is 8.9 times more likely to detect any dysplasia and 5.2 times
more likely to detect non-polypoid dysplasia than white-light
endoscopy (WLE) with random biopsy [44]. Another meta-
analysis demonstrated a significantly greater proportion of
dysplasia detection at CE (RR 1.8, absolute risk increase
6%) than WLE alone [26••]. The growing body of evidence
supporting CE with targeted biopsy has emboldened gastroin-
testinal society recommendations in recent years. American
Gastroenterological Association (AGA) guidelines recognise
and support CE with targeted biopsies as a reasonable alter-
native to WLE in experienced hands [2], as do European [5,
11] and recent American Society for Gastrointestinal
Endoscopy (ASGE) guidelines [4••] all endorsing CE. A land-
mark publication (International Consensus Statement on
Surveillance and Management of Dysplasia in Inflammatory
Bowel Disease (SCENIC)) recommends CE over standard
WLE and recommends CE over high-definition (HD) colo-
noscopy for dysplasia surveillance [26••]. CE was also dem-
onstrated to be cost-effective [45, 46••].

Chromoendoscopy Technique

CE involves the use of topical contrast agents, 0.1% methy-
lene blue or 0.03–0.5% indigo carmine. Optimal bowel prep-
aration is vital. Excellent resources are available for
colonoscopists to consolidate and enhance skills with CE
and lesion recognition [26••, 47••].

The colonic mucosa is sprayed segmentally with contrast
agent after caecal intubation and upon withdrawal, using a
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spray catheter or through the forward water-jet channel using
an automated pump [48, 49]. The dye enhances mucosal ir-
regularities and delineates lesion morphology, size and bor-
ders to evaluate for endoscopic features of submucosal inva-
sion [47••]. Endoscopically resectable lesions may be resected
or tattooed and referred to an endoscopist with expertise in
endoscopic mucosal resection or dissection as appropriate.
Targeted biopsies should be taken from lesions deemed endo-
scopically unresectable and lesions of uncertain significance.
At least two biopsies from several colonic segments are rec-
ommended to determine histological extent and severity of
disease, which in turn affects the risk of dysplasia. Although
random biopsies are not recommended in current guidelines
[4••, 5, 6, 11], a recent study from GETAID has demonstrated
the value of random biopsies in conjunction with CE in IBD
patients at high risk of colitis-associated CRC [50]. In this
prospective study of 1000 colonoscopies in 1000 patients,
neoplasia was detected from targeted biopsies or in resected
lesions in 82 patients. Dysplasia was detected in 7 patients
additionally by random biopsies and in another 12 patients
by random biopsies alone and was associated with a personal
history of neoplasia, a shortened tubular colon and PSC [50].
These findings challenge the notion that random biopsies have
no place when CE is performed with HD WLE and add cre-
dence to two retrospective studies supporting additional ran-
dom biopsies in high-risk patients [51, 52]. Navaneethan and
colleagues, in their retrospective study of 71 patients with
PSC-UC undergoing a total of 267 colonoscopies, noted a
significantly increased yield of neoplasia even in the absence
of endoscopic features of prior inflammation [51]. Van den
Broek and colleagues, in a retrospective study of 466 colonos-
copies in 167 UC patients, also recommended random biop-
sies in the presence of PSC, a shortened colon and previous or
visible neoplasia, although they did not note an impact of
random biopsies in other patients [52].

It should be noted that in three prospective studies
employing pan-colonic CE (not in a targeted fashion), and
then obtaining targeted biopsies along with random biopsies,
despite the low yield of random biopsies (0.1–0.4%), the ad-
ditional percentage of patients diagnosed by random biopsies
was notable (8.3–30.8%) [41, 42, 53]. Indeed, the SCENIC
panellists did not reach a consensus on the utility of random
biopsies when using CE [26••]. It seems appropriate to obtain
random biopsies in addition to CE and targeted biopsy at least
in patients with PSC and other risk factors for colitis-
associated CRC.

Chromoendoscopy for Dysplasia Surveillance:
Evidence and Controversy

Heightened sensitivity of CE in detecting dysplastic foci not-
withstanding, there has been scepticism and debate about its

universal adoption [26••, 54]. The SCENIC consensus recom-
mendation for CE over HDWLE is conditional, based on two
randomised controlled trials and several small observational
studies [26••, 41, 55]. American and European guidelines
have also based their recommendation supporting CE over
HD WLE, citing this data and two meta-analyses, criticised
for incomplete benefit/harm assessment [44, 54, 56]. The nat-
ural history of additional, smaller, flatter lesions identified at
CE is currently not well understood [57]. Furthermore, pro-
gression from indefinite and low-grade dysplasia to cancer
appears to be low in some high-risk cohorts even considering
variables such as primary sclerosing cholangitis and previous
advanced dysplasia [51, 58–60]. That said, data from the
Surveillance, Epidemiology and End Results Medicare-
linked database of patients over 67 years demonstrated that
interval cancers 6 to 36 months after colonoscopy occurred in
a much higher proportion of patients with IBD (15.1% with
CD and 15.8% with UC) than patients without IBD (5.8%)
highlighting that clinically relevant areas of neoplasia may be
missed with “current” colonoscopy surveillance [40].

A growing body of evidence, since the SCENIC consensus
in 2015, has added to our knowledge, supporting CE as the
preferred technique despite others expressing reservations re-
garding its universal adoption [17, 61–66].

In a follow-up evaluation of their 2008 study of patients in
an IBD surveillance programme, Marion and colleagues re-
ported on 68 patients (from the original cohort of 115), with
median disease duration of 21 years followed over a 5-year
period [61, 67]. Patients underwent colonoscopic surveillance
with random biopsy specimens, targeted WLE and dye-spray
CE. After a mean of 3 surveillance colonoscopies per patient,
6 dysplastic lesions were detected by random biopsy tech-
nique, compared to 11 and 27 dysplastic lesions seen at
WLE and CE, respectively [61]. CE was superior to random
biopsy (OR 5.4; 95% CI, 2.9–9.9) and targetedWLE (OR 2.4;
95% CI, 1.4–4.0). A negative result from CE assessment was
the best indicator for a dysplasia-free outcome and a positive
result was associated with earlier referral for colectomy (HR
12.1; 95% CI, 3.2–46.2). Of 10 patients with dysplasia re-
ferred for colectomy, no carcinomas were found [61].

Gasia and colleagues reported on a cohort of 454 IBD
patients undergoing surveillance assessments between 2011
and 2014 [62]. Patients underwent WLE, HD colonoscopy,
virtual electronic or dye-spray CE. Just 30% patients
underwent WLE or HD colonoscopy with random biopsy
and 14% had virtual CE with random biopsy. Fewer patients
underwent dye-spray CE with random (n = 4) or targeted (n =
24) biopsies. More neoplastic lesions were identified by
targeted biopsies than random biopsies (19 vs. 8%). Four dys-
plastic lesions were seen at HDWLE. There was no difference
in yield between dye CE, virtual CE and targeted WLE. No
dysplasia was identified however, from random biopsy sam-
ples alone [62].
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Mooiweer et al. studied outcomes from adoption of CE
from 440 colonoscopies in 401 patients compared with histor-
ical outcomes of 1802 colonoscopies in 772 patients with
WLE [65]. There was no difference in dysplasia detection in
both groups (11 vs. 10%). A limitation of this study was the
lack of data for examination factors (including bowel prep and
withdrawal time), but the remarkably stable neoplasia detec-
tion over a decade in experienced hands led the investigators
to suggest that CE is not superior to WLE [65].

Choi and colleagues reporting a 40-year experience with
colonoscopic surveillance from St Mark’s Hospital, London,
noted an increase in the incidence rate of dysplasia since the
adoption of HDWLE and CE for surveillance but no decrease
in the rate of colon cancer [17]. A significant increase in the
proportion of early-stage (Duke’s A and B) vs. late-stage
(Duke’s C and D) CRC was noted in the most recent decade.
CE did not affect the outcome of CRC in IBD [17]. It is worth
noting that HDWLE and CE were introduced at St Mark’s in
2006 and although patients were not randomised to CE be-
tween 2006 and 2012, the CRC incidence rate was 2.2/1000
patient-years in patients receiving at least one CE vs. 4.6 in
those who had never received CE (p = 0.02) [17]. Adding to
our understanding, the investigators identified four character-
istics that were significantly associated with a later diagnosis
of HGD or CRC. Non-polypoid lesion appearance, defined as
Paris type 0-II (visible, slightly elevated or depressed), type 0-
III (excavated), or plaque-like, was the strongest risk factor
(HR 8.6; 95% CI 3–24.8), though macroscopically invisible
dysplasia (HR, 4.1; 95% CI, 1.3–13.4), lesion size ≥ 1 cm
(HR, 3.8; 95%CI, 1.5–13.4) and previous history of indefinite
dysplasia (HR, 2.8; 95% CI, 1.2–6.5) also proved significant
predictors. A strong positive correlation was noted between
the number of these risk factors and a subsequent diagnosis of
HGD or CRC. The strongest risk factor, non-polypoid dyspla-
sia, was found at significantly greater frequency in those pa-
tients who underwent CE rather than WLE (15.8 vs. 7.8%,
respectively), although exposure to CE did not lower the risk
of HGD or CRC [17].

In a study from the Mayo Clinic, Deepak et al. reported an
incremental diagnostic yield from CE [63]. IBD patients with
colorectal dysplasia on WLE, endoscopic and histologic find-
ings (median disease duration 18 years) were compared
among the index WLE, first and subsequent CE [63].
Dysplasia was identified in 55 patients of 95 index cases at
WLE. The first CE identified dysplastic lesions in 50 patients
(34 new lesions not seen at indexWLE), endoscopic resection
was performed for 43 lesions and 14 patients underwent sur-
gery with 2 cases of CRC and 3 cases of HGD. In subsequent
CE assessments, 34 lesions were identified in 20 patients. The
data support CE as a surveillance procedure in high-risk pa-
tients [63]. In addition to supporting CE as a preferred surveil-
lance technique, these findings add credence to the practice of
referring patients with endoscopically invisible dysplasia to an

experienced endoscopist employing CE. Moreover, the rela-
tively higher proportion of endoscopically visible dysplasia
missed at HD WLE without CE arguably suggests that HD
WLE without CE may be insufficient [68]. A prospective
randomised trial reported recently also demonstrated a signif-
icantly higher dysplasia detection using CE with HD WLE
over HD WLE alone at 26 lesions vs. 12 per patient, respec-
tively [68].

A recent systematic review of 10 randomised trials (1500
participants) demonstrated a higher likelihood of detecting
patients with dysplasia using CE over other techniques (RR,
1.37; 95% CI, 1.04–1.79) [46••]. On subgroup analyses, this
effect was confirmed only if CE was compared with SDWLE
(RR, 2.12; 95% CI, 1.15–3.91). CE needed a significantly
longer procedural time compared with other techniques (mean
difference, 8.91 min; 95% CI, 1.37–16.45) [46••].

A multi-centre prospective study of 350 patients has pro-
vided “real-world” experience supporting of CE for IBD sur-
veillance and challenging scepticism about the effectiveness
of CE outside of a clinical trial setting and potential limitations
posed by less experience [69]. Patients were systematically
evaluated using WLE (SD in 41.5% and HD in 58.5%) for
each colonic segment, followed by CE with 0.4%
indigocarmine. A 57.4% incremental yield was noted with
CE, comparable between SD and HD colonoscopy (51.5 vs.
52.3%; p = 0.30). Another interesting observation was com-
parable dysplasia detection between expert and non-expert
colonoscopists (18.5 vs. 13.1%; p = 0.20) with no significant
learning curve. Endoscopic findings predictive of dysplasia
were proximal colonic lesions, protruding morphology, loss
of innominate lines and a neoplastic Kudo pit pattern. The
potential for a “Hawthorne effect” (diligence with perfor-
mance of colonoscopy in a prospective study) and an incre-
mental yield from a “second look”must be acknowledged, but
this study does provide proof of principle for the wider and
realistic adoption of CE for dysplasia surveillance in high-risk
IBD patients [69].

Successful delivery of dysplasia surveillance using CE,
however, hinges on many variables including appropriate
training and expertise (endoscopist and team), lesion rec-
ognition, inter-observer variability among pathologists
identifying and grading dysplasia and operational barriers
including availability of dye and equipment and procedur-
al time resulting in some reservation in adopting CE and
referral to “experts” at the outset [26••]. Addressing the
“learning curve”, the ESGE suggests 30 CE procedures
performed with an expert [36], while an American study
suggests that the completion of 16 CE procedures may be
adequate for dysplasia detection [70].

The potential for methylene blue dye-related DNA damage
with WLE [71] has been a concern but this was not demon-
strated recently with the use of oral methylene blue MMX
tablets [72].
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Evolution in our knowledge of the natural history of dys-
plasia and the real implications of dysplasia found by CE
through its wider adoption may unveil its real place in surveil-
lance. Until then, evidence favours CE with targeted biopsy in
individuals at high risk or with previous dysplasia. In the
remaining majority of patients, careful assessment with either
HD WLE and random biopsies or CE with dye spray may be
appropriate with no compellingmandate for one over the other
presently [26••]. A summary of recommendations from the
SCENIC consensus for the surveillance and management of
dysplasia in patients with IBD is outlined in Table 1.

Management of Dysplasia

Accurate identification of dysplasia and determination of its
resectability is key to further management [26••]. Modern
methods such as CE have greatly enhanced dysplasia detec-
tion. Lesions should be identified as being within or outside an
area of known colitis. Lesions in segments outside an area of
known colitis should be treated as sporadic adenomas with
standard post-polypectomy surveillance recommendations
[2, 11, 73].

Visible Dysplasia

Lesions in an area of known colitis should be assessed for
endoscopic resectability and completely resected, if possible,

by an experienced endoscopist regardless of underlying colitis
or grade of dysplasia. Resection may be technically more
difficult with inflammation, friability and scarring when
tattooing and photo documentation may aid subsequent sur-
veillance or resection [4••, 11, 26••]. Mucosa adjacent to the
raised lesion should also be biopsied to evaluate for dysplasia.
If completely resected with dysplasia-free margins and no
invisible dysplasia elsewhere in the colon, surveillance colo-
noscopy may be recommended [11, 26••]. ECCO recom-
mends surveillance with CE at 3 months and then annually
while US Multi-Society guidelines recommend a 3–6-month
check for larger sessile lesions excised piecemeal or via EMR/
ESD with longer surveillance intervals if the initial repeat
colonoscopy result is negative [11, 73]. Follow-up studies of
endoscopically resectable polypoid lesions are reassuring
demonstrating a low risk of developing dysplasia or carcino-
ma, supported by a recent meta-analysis [74–78].

A recent retrospective study from three Dutch tertiary IBD
centres has challenged the practice of taking additional biop-
sies from mucosa surrounding visible resected lesions [79]. In
their cohort of 196 patients (of 1065 patients undergoing
colonoscopic surveillance) with at least 1 visible dysplastic
lesion, biopsies of surrounding mucosa were taken in 71 pa-
tients. The dysplasia yield was 7 per 140 lesions (5%) and this
decreased to 5 per 136 lesions (3.7%) when only lesions with
LGD were analysed [79]. Two patients had HGD with sur-
rounding dysplasia and were treated surgically whereas in
patients with LGD and surrounding dysplasia, intensive sur-
veillance was employed and at median 37 months follow-up;

Table 1 Recommendations for
surveillance and management of
dysplasia in patients with
inflammatory bowel disease

Detection of dysplasia on surveillance colonoscopy

1 When performing surveillance with white-light colonoscopy, high definition is recommended rather than
standard definition (strong recommendation, low-quality evidence).

2 When performing surveillance with standard-definition colonoscopy, chromoendoscopy is recommended
rather than white-light colonoscopy (strong recommendation, moderate-quality evidence).

3 When performing surveillance with high-definition colonoscopy, chromoendoscopy is suggested rather than
white-light colonoscopy (conditional recommendation, low-quality evidence).

4 When performing surveillance with standard-definition colonoscopy, narrow-band imaging is not suggested
in place of white-light colonoscopy (conditional recommendation, low-quality evidence).

5 When performing surveillance with high-definition colonoscopy, narrow-band imaging is not suggested in
place of white-light colonoscopy (conditional recommendation, moderate-quality evidence).

6 When performing surveillance with image-enhanced high-definition colonoscopy, narrow-band imaging is
not suggested in place of chromoendoscopy (conditional recommendation, moderate-quality evidence).

Management of dysplasia discovered on surveillance colonoscopy

7 After complete removal of endoscopically resectable polypoid dysplastic lesions, surveillance colonoscopy
is recommended rather than colectomy (strong recommendation, very low-quality evidence).

8 After complete removal of endoscopically resectable non-polypoid dysplastic lesions, surveillance
colonoscopy is suggested rather than colectomy (conditional recommendation, very low-quality
evidence).

9 For patients with endoscopically invisible dysplasia (confirmed by a GI pathologist), referral is suggested to
an endoscopist with expertise in IBD surveillance using chromoendoscopy with high-definition
colonoscopy (conditional recommendation, very low-quality evidence).

With permission: Laine L et al. SCENIC international consensus statement on surveillance and management of
dysplasia in inflammatory bowel disease. Used with permission from Elsevier
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no further progression was noted. The authors concluded that
the practice of routine biopsies from areas surrounding dys-
plastic sites is of doubtful value.

In challenging our prevailing notions, the authors question the
validity of such practice and our paradigms with field dysplasia.
There is currently no consensus on the number of biopsies or an
optimal distance from the margin of the resection where the
biopsy may be taken. Plausibly, limited visibility of lesion bor-
ders may impact on residual dysplastic tissue after resection with
consequent management difficulties. However, biopsies from
surrounding mucosa would assist the endoscopist in detecting
residual dysplasia and indeed histological assessment as is con-
sidered standard practice currently [2, 5, 7, 26••]. The use of HD
equipment complemented by advanced imaging techniques
(such as CE) should assist more accurate characterisation of le-
sions and their margins, thereby reducing the need for random
biopsies from the surrounding mucosa. Larger and prospective
studies are needed to build the body of evidence needed to
change the practice of taking biopsies from around resected dys-
plastic lesions at the present time.

The management of non-polypoid dysplastic lesions is still
contentious [80, 81].

The SCENIC consensus makes a conditional recommen-
dation for surveillance colonoscopy after complete removal of
endoscopically resectable non-polypoid dysplastic lesions,
recognising the higher CRC risk and greater endoscopic dif-
ficulty with resectability [26••].

Invisible Dysplasia

SCENIC defines invisible dysplasia as dysplasia identified on
random (non-targeted) biopsies of colon mucosa without a
visible lesion [26••]. Although previous data report progres-
sion of LGD at random biopsies between 20 and 23% [17, 82,
83], this has been challenged in recent studies which report a 3
and 10% subsequent rate of progression to CRC over 10 years
[84–86]. Modern techniques and training identifying more
visible dysplasia have likely affected this. AGA and the
British Society of Gastroenterology (BSG) recommend
colectomy for multifocal flat LGD, though BSG supports
CE if there is uncertainty with the diagnosis and regular sur-
veillance for patients who decline colectomy [2, 6]. The
SCENIC consensus supports dysplasia confirmation by a sec-
ond GI pathologist and referral to an endoscopist with exper-
tise in CE and HD WLE to inform subsequent decisions re-
garding surveillance vs. colectomy [26••]. When visible dys-
plasia is identified in the same area as invisible dysplasia and
the lesion is resectable, patients may remain in a surveillance
programme [26••]. If dysplasia is not found, individualised
discussions involving surveillance vs. colectomy are sug-
gested [26••]. When high-grade dysplasia is confirmed by a
second specialist pathologist, or incompletely resected raised

dysplasia is discovered, colectomy is recommended [2, 9,
26••]. Several studies have shown the prevalence of synchro-
nous CRC in patients with flat HGD between 42 and 45% [17,
87]. Of those who deferred colectomy and continued surveil-
lance, 25% developed CRC [26••]. Flat non-targeted HGD
and endoscopically unresectable lesions or a lesion with dys-
plasia in the adjacent mucosa are indications for colectomy [2,
4••, 11, 26••, 49].

It is difficult to distinguish regeneration and repair from
dysplasia in the presence of chronic active inflammation,
resulting in a pathological finding that is “indefinite for dys-
plasia”. In one study, a 9% 5-year progression rate to HGD or
CRC was observed [82]. Surveillance should ideally take
place after “optimal treatment” of underlying inflammation
followed by endoscopic re-evaluation probably with CEwhen
the patient is in clinical remission [26••]. As progression to
CRC in patients with dysplasia is higher than those without
dysplasia, a further surveillance examination is advisable
within 3–6 months [2].

A summary of the ASGE algorithm for the management of
lesions detected at surveillance colonoscopy is shown in Fig. 1.

Evolving Imaging Modalities

Narrow-band imaging (NBI) is an optical CE technology
using filters to enhance the contrast of the mucosa and vascu-
lature. It has not demonstrated an increased yield for dysplasia
detection in randomised studies compared to WLE or HD
WLE [88–91]. A multicentre study comparing WLE with
targeted and random biopsies to NBI found no difference in
dysplasia detection rates [92]. SCENIC does not recommend
NBI on the basis of current evidence [26••].

Confocal laser endomicroscopy (CLE) enables “real-time”
histology of lesions, detected at colonoscopy, using intrave-
nous administration of stains such as fluorescein. Following
topical or intravenous application of a fluorescence agent, the
CLE probe is applied to the mucosal surface, which highlights
the extracellular matrix allowing for in vivo evaluation [93].
In a study comparing combined CE and CLE or conventional
WLE, a 4.75-fold increase in neoplasia detection was seen
with the combined approach (p = 0.005) requiring 50% fewer
biopsies (p = 0.008) compared with conventional WLE [55].
An increased diagnostic yield with the need for fewer biopsies
has been confirmed by other studies [94–96]. Limitations of
this technique are increased length of time (approximately15–
25 min more than WLE with target biopsy and CE with
targeted biopsy, respectively), cost (US$175,000 for probe-
based system) and a steep learning curve [94, 97–99].

Endocytoscopy is a novel technique that uses probe-based
systems or EC-fitted endoscopes to obtain histology-
equivalent images of the mucosa, following pretreatment with
mucolytic agents and staining with dyes such as methylene
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blue and crystal violet [100]. It has not been tested in dysplasia
surveillance to date [93].

Stool DNA testing for genetic alterations (part of the carci-
nogenesis cascade in IBD, e.g. BMP3 and mNDRG4) is being

Fig. 1 American Society for Gastrointestinal Endoscopy algorithm for management of lesions detected at surveillance colonoscopy (used with
permission from Elsevier)
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studied [101] and, in a recent study using a Markov model to
simulate the clinical course of UC analysis of sDNAwith CE
for patients with positive results, was noted to be more cost-
effective than CE or WLE alone [34]. Further studies in this
area are needed.

Conclusions

Of all the known risk factors associated with the development of
CRC in IBD, colitis-related dysplasia confers the greatest risk.
Recognition that most dysplasia is visible at colonoscopy and
advances in optical technology, allowing greater endoscopic
identification of dysplasia, have emboldened our approach to
surveillance and management of dysplasia, with the bulk of ev-
idence favouring CE or HDWLE, at the very least for dysplasia
detection. Scepticism, around available data, operational barriers
and the need to understand the true impact of higher dysplasia
detection on overall CRC mortality notwithstanding, a growing
body of evidence, now backed by international consensus opin-
ion, favours CE as a surveillance technique where expertise is
available. Future studies should address current gaps in knowl-
edge, in particular, practicalities around procedural cost, compe-
tency training and the true and long-term impact of dysplasia
detectionwithmodern techniques relating to IBD-CRCdetection
and survival. Meanwhile, implementation of a risk stratification
protocol that includes CE is effective, enabling earlier detection
of dysplasia and CRC, determination of surveillance intervals
and decreasing morbidity from CRC. Meanwhile, the develop-
ment of newer optical techniques and non-invasive methods for
dysplasia detection has exciting implications for further research.
Dysplasia detection in UC is a science in evolution, but with
promising potential to impact positively on dysplasia-associated
CRC risk for our patients.
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