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Background and Aims: Rapid assessment of mucosal inflammation is of crucial importance for the initial diag-
nosis and the assessment of mucosal healing in inflammatory bowel disease (IBD). Moreover, the identification of
intraepithelial neoplasias in IBD is of key relevance for clinical management. Here, we systematically analyzed the
utility of advanced endoscopic imaging techniques for optimized diagnosis in IBD.

Methods: PubMed/Medline, Web of Knowledge, and Cochrane library were searched twice for diagnostic studies
on advanced endoscopic imaging in IBD. Clinical and technical information was retrieved and subsequently
analyzed. Main outcome parameters consisted of the quality of the results, adverse events, and diagnostic yield.

Results: Fifty-six clinical studies with a total of 3296 patients were selected for final analysis. Filter technologies
permitted a more detailed analysis of mucosal inflammation in IBD. In spite of substantial heterogeneity across
studies, dye-based chromoendoscopy with targeted biopsy sampling yielded higher detection rates of intraepithe-
lial neoplasias in ulcerative colitis as compared with white-light endoscopy with random biopsy sampling. More-
over, endocytoscopy and endomicroscopy allowed subsurface imaging of inflamed or neoplastic mucosa in IBD at
subcellular resolution. Finally, endomicroscopy-aided molecular imaging enabled the identification of membrane-
bound tumor necrosis factor on mucosal cells as a potential driver of disease activity in Crohn’s disease. No rele-
vant adverse events were reported.

Conclusions: Advanced endoscopic imaging technologies are feasible, safe, and partially effective tools for
detailed diagnosis of mucosal inflammation and detection of neoplasias in IBD. Results obtained from these
advanced techniques may provide a rational basis for individualized, optimized therapy for IBD patients. (Gastro-
intest Endosc 2017;85:496-508.)

Although for many decades endoscopy was only consid-
ered as a useful tool for the initial diagnosis of inflammatory
bowel disease (IBD), the identification ofmucosal healing as
a key therapeutic goal has led to a paradigm change. Indeed,
mucosal healing on endoscopy has emerged as an important
treatment goal in IBD that predicts sustained clinical

remission and resection-free survival of patients,1 thereby
highlighting the role of endoscopic monitoring of disease
activity. Moreover, advanced imaging techniques such as
chromoendoscopy (CE) have led to markedly improved
possibilities for the endoscopic detection and
characterization of intraepithelial neoplasias and colorectal

Abbreviations: AFI, autofluorescence imaging; CD, Crohn’s disease; CE,
chromoendoscopy; CLE, confocal laser endomicroscopy; GMP, good
manufacturing practice; IBD, inflammatory bowel disease; iCE, indigo
carmine–aided chromoendoscopy; iCLE, integrated confocal laser endo-
microscopy; IN, intraepithelial neoplasia; mCE, methylene blue–aided
chromoendoscopy; ME, magnifying endoscopy; NBI, narrow-band imag-
ing; pCLE, probe-based confocal laser endomicroscopy; PSC, primary
sclerosing cholangitis; UC, ulcerative colitis; WLE, white-light endoscopy.

DISCLOSURE: The following author received research support for this
study from the ELAN and IZKF programs in Erlangen, the DFG
research group 257, the Emerging Field Initiative, and the DFG
collaborative research centers 643, 796, and 1181: M. F. Neurath. In
addition, the following author disclosed financial relationships
relevant to this publication: M. F. Neurath: Advisor for Pentax,
Giuliani, MSD, Abbvie, Janssen, Takeda, and Boehringer. All other
authors disclosed no financial relationships relevant to this publication.

Copyright ª 2017 by the American Society for Gastrointestinal Endoscopy
0016-5107/$36.00
http://dx.doi.org/10.1016/j.gie.2016.10.034

Received August 22, 2016. Accepted October 24, 2016.

Current affiliations: Department of Medicine II, HELIOS Dr. Horst Schmidt
Kliniken Wiesbaden, Wiesbaden, Germany (1), Medical Clinic 1,
Department of Medicine, University Hospital Erlangen, University of
Erlangen-Nürnberg, Nürnberg, Germany (2), Ludwig Demling Endoscopy
Center of Excellence, Erlangen, Germany (3).

Reprint requests: Markus F. Neurath, MD, Professor of Medicine. Director,
Medical Clinic 1, University Erlangen-Nürnberg, Ulmenweg 18, 91054
Erlangen, Germany.

If you would like to chat with an author of this article, you may contact
Dr Neurath at Markus.Neurath@uk-erlangen.de.

496 GASTROINTESTINAL ENDOSCOPY Volume 85, No. 3 : 2017 www.giejournal.org

Delta:1_given name
Delta:1_surname
http://dx.doi.org/10.1016/j.gie.2016.10.034
mailto:Markus.Neurath@uk-erlangen.de
http://crossmark.crossref.org/dialog/?doi=10.1016/j.gie.2016.10.034&domain=pdf
http://www.giejournal.org


cancer in IBD. Finally, endomicroscopy has recently been
used for subcellular imaging of the mucosa and for
molecular imaging in IBD. Taken together, these
developments have led to growing interest in the use of
new imaging technologies in IBD. Here, we provide a
systematic review on the use of currently available,
advanced imaging technologies in IBD.

METHODS

A Web of Knowledge search using the search term
“endoscopy AND IBD” identified a more than 2-fold in-
crease in the number of published studies per year since
2010 and more than 100 studies were published per
year since 2011 (2010, n Z 72; 2011, n Z 136; 2012,
n Z 160; 2013, n Z 145; 2014, n Z 182; 2015,
n Z 157). Citation numbers per year showed an almost
3-fold increase since 2010 (citations 2010, n Z 930;
2011, n Z 1073; 2012, n Z 1298; 2013, n Z 1767; 2014,
n Z 2180; 2015, n Z 2775). To further select clinical
studies on advanced endoscopic imaging in IBD, we strat-
ified studies with randomized controlled studies, large
cohort studies, and case series with more than 9 patients.

The particular aim of this systematic review was to
analyze the effects of advanced endoscopic imaging on
the detection of mucosal inflammation in IBD. Addition-
ally, this review aimed at highlighting the value
of advanced endoscopic techniques for the identification
of preneoplastic and neoplastic lesions in IBD that is of
crucial relevance for the clinical management of patients.

Methods for generating inclusion criteria and analysis of
data were based on PRISMA (Preferred Reporting System
for Systematic Reviews and Meta-analyses) recommenda-
tions.2 A literature search using Medline/PubMed,
Cochrane library, and Science Citation Index was
performed in May 2016 and July 2016. All studies in which
endoscopy in IBD was studied that were published from
1979 to July 2016 were reviewed. Potential exclusion
criteria to reduce risk of bias and unnecessary observations
included case reports on single patients, small case series
with less than 10 patients, small retrospective studies
(n < 150), ethical concerns, and book chapters. In
addition, review articles and animal studies in IBD models
were excluded. Finally, publications on capsule endoscopy,
optical coherence tomography, and balloon endoscopy of
the small intestine were not considered.

Relevant publications were identified between 1979 and
2016. The medical terms “mucosal healing” (TI) and
“endoscopy,” “advanced endoscopy and IBD,” “advanced
endoscopy and Crohn’s disease,” “advanced endoscopy
and ulcerative colitis,” “endomicroscopy and IBD,” “chro-
moscopy and colitis,” “endocytoscopy and IBD,” “chro-
moendoscopy and IBD,” “chromoendoscopy and colitis,”
“methylene blue and colitis,” “indigo carmine and colitis,”
“molecular imaging and IBD,” “FICE and IBD,” “NBI and
IBD,” “NBI and colitis,” “AFI and IBD,” “FUSE and IBD,”
and “I-Scan and IBD” were used in the search. Additional
references were hand-searched. The full articles of all rele-
vant studies were retrieved, and reference lists from iden-
tified articles were searched to identify any additional
studies that may have been missed during the process.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) flowchart for this review.
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