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Abstract

Introduction: Recently, Full Spectrum Endoscopy (FUSE) was introduced as a novel colonoscopy platform. In contrast to other endoscopy systems illumination with
the FUSE system is achieved by Light-Emitting Diodes (LEDs) and not by a xenon light source. Currently, the FUSE-system does not provide high-definition imaging yet. In
patients with IBD, precise assessment of disease activity (i.e. mucosal healing) is of paramount importance to predict disease outcome and to guide therapy.

Aims: To determine in a comparison study whether FUSE has the potential to assess disease activity in patients with IBD in comparison to a matched cohort of
patients undergoing High-Definition White-Light Endoscopy (HD-WLE).

Materials & methods: Consecutive patients with IBD (n=34) undergoing FUSE colonoscopy were matched to patients with IBD undergoing HD-WLE at the same
endoscopy unit. The mucosal vascular pattern and any mucosal abnormalities were recorded. Inflammation in ulcerative colitis was recorded according to Mayo Ulcerative
Endoscopic Score (MUES) and in Crohn’s disease according to Crohn’s Disease Endoscopic Index of Severity (CDEIS). Subsequent to endoscopic characterization
targeted biopsies were obtained for histopathological analysis of disease activity.

Results: 90 cases were included. Mean age of patients was 37 years (Range 18 to 72 years). 59% of patients had diagnosis of Crohn’s disease and 41% diagnosis of
ulcerative colitis. Accuracy of FUSE and HD-WL endoscopy for diagnosis of disease activity in IBD was not statistically significant different (83.8% versus 71.7%). The PPV
and NPV for FUSE and HD-WLE did not differ significantly. In the subgroup analysis FUSE and HD-WLE endoscopy yielded in underdiagnosis and overdiagnosis of disease
activity in 57% versus 46% and 43% versus 54% of not correctly predicted cases, respectively. Overall, FUSE was more accurate for diagnosis of disease activity in Crohn's
disease patients, while HD-WL endoscopy was more accurate for diagnosis of disease activity in ulcerative colitis.

Conclusion: Despite the use of LEDs resulting in a darker image and high-resolution imaging, the FUSE seems to be equally effective to high-definition white-light
imaging for diagnosis of disease activity in patients with IBD.
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Introduction

Inflammatory Bowel Diseases (IBD) comprise of two
types of chronic intestinal disorders: Crohn’s Disease (CD)
and ulcerative colitis (UC) [1]). IBD is a worldwide health-care
problem with a continually increasing incidence in western
countries. Nevertheless, the major pathogenesis of IBD still
remains unknown [2]. IBD affects approximately 1.4million
Americans, and its peak onset is in persons 15 to 30 years of age,
whereas the prevalence of IBD in Europe ranges between 27
and 48 patients per 100.000 people [3,4]. Endoscopic mucosal
healing is nowadays preferred over clinical remission as a
target therapeutic endpoint, because it has been demonstrated
to reduce hospitalization and corticosteroid use, to reduce the
risk of bowel resection, and to reduce the risk of colorectal
cancer. Mucosal healing is also associated with sustained
clinical response and improved quality of life [5]. Moreover,
mucosal healing is not only a treatment target, but can also
be used for the adjustment of medical therapies and to access
therapeutic efficacy [6]. Therefore, in patients with IBD,
precise assessment of disease activity (i.e. mucosal healing) is
of paramount importance to predict disease outcome and to
guide therapy.

In this context, the recent introduced SCENIC guidelines
(Surveillance for Colorectal Endoscopic Neoplasia Detection and
Management in Inflammatory Bowel Disease Patients: International
Consensus Recommendations) strongly recommend the use of
High-Definition (HD) white-light endoscopes for surveillance
of patients suffering from IBD [7,8]. The strong recommendation
was given according to the improved visualization and lack of
negative effects with high-definition white light endoscopy.

Most recently, Full Spectrum Endoscopy (FUSE) was
introduced as a novel colonoscopy platform providing a
330-degree field of view. In contrast to other endoscopy
systems, illumination with the FUSE system is achieved by
Light-Emitting Diodes (LEDs) and not by a xenon light source.
By use of three imagers and LED groups positioned at the front
and on the sides of the distal tip of the colonoscope a full-
spectrum endoscopic view is achieved. Due to the technical
parameters, the FUSE system does not provide HD imaging
yet and the image may appear darker as compared to the
one traditionally provided by xenon light sources. However,
according to the LEDs used the contrast of the image is
improved compared to commonly used xenon light sources.

Therefore, the aim of the present study was to evaluate in
a comparison study the efficacy of the FUSE system compared
to HDhigh-definition White-Light Endoscopy (WLE) for
assessment of disease activity in patients with IBD.

Materials and Methods
Patients: screening, inclusion, and exclusion criteria

Between October 2013 and August 2014 34 consecutive
patients with IBD undergoing FUSE colonoscopy were
prospectively included and matched to patients with IBD
undergoing HD-WLE in the endoscopy unit of the First
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Department of Medicine at the University Hospital of Erlangen.
Patient characteristics are shown in Table 1. Informed written
consent was obtained from every patient before the procedure.
The study was conducted according to the Declaration of
Helsinki and has been approved by the local Ethics Committee
at the University Hospital of Erlangen. Subjects were enrolled
if they met the following inclusion criteria: more than 18 years
of age, ability to provide written informed consent, and known
colonic Crohn’s disease or ulcerative colitis. Patients with
one or more of the following criteria were excluded from the
study: inability to provide written informed consent, severe
uncontrolled coagulopathy, impaired renal function, pregnancy
or breast feeding, active gastrointestinal bleeding, and residing
in institutions. To avoid bias, the endoscopist was blinded to
the results of previous colonoscopies. Also, the pathologists
were blinded to the clinical and endoscopic findings.

Table 1: Patient characteristics.

Male 24(70.6)
Female 10(29.4)
Age in years, mean (range) 37(18 - 72)
Body mass index, mean (range) 24(17 - 33)
Extraintestinal manifestations of IBD, n(%)
Arthritis 2(5.9)
Erythema nodosum
Pyoderma gangrenosum
Aphthous stomatitis
Iritis/uveitis 1(2.9)

Endoscopic procedure, biopsy protocol and histological
evaluation

Patients underwent a standard bowel preparation using
either oral sodium phosphate or polyethylene glycol-
electrolyte lavage solution. All colonoscopies were performed
by expert endoscopists (more than 500 colonoscopies per
year). FUSE colonoscopies were performed by using the newly
introduced End Choice colonoscope that features cameras
at the tip as well as on the sides of the scope providing your
physician with a panoramic 330-degree field of view of
the colon. HD-WLE was performed by using commercially
available HD endoscopes (Pentax Medical, Tokyo, Japan).
Thus, for the patient, the procedure was not different in both
groups. Initially, the endoscope was advanced into the colon.
On withdrawal, all parts of the colon were evaluated, and areas
of inflammation were classified as followed: The Mucosal
Vascular Pattern (MVP) and any mucosal abnormalities like
rubor of mucosa, edema, granularity, and ulcerations were
recorded. In ulcerative colitis, inflammatory changes were
classified according to Mayo ulcerative endoscopic score that
was modified from the Baron score for endoscopic severity. The
scores were as follows: 0=normal or inactive disease; 1=mild
disease (erythema, decreased vascular pattern, mild friability);
2=moderate disease (frank friability, marked erythema, absent
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vascular pattern, erosions); and 3=severe disease (mucopus,
spontaneous bleeding, and ulceration) [9]. In Crohn’s disease,
inflammatory changes were classified according to CDEIS
that recorded the depth of ulcerations in each segment of the
ileocolon and the surface of lesions and ulcerations on a 10-cm
analog scale [10]. Prospectively, the following parameters were
assessed during the endoscopic procedure: MVP and mucosal
abnormalities were recorded in both groups, as previously
described [11,12]. Furthermore, location (measured from the
anus in centimeters) of any abnormalities was documented.
Subsequent to endoscopic characterization targeted biopsies
were obtained in a systematic fashion for histopathological
analysis of disease activity. All biopsy specimens in both
groups were placed in separate jars with exact labeling of
location and macroscopic appearance. Biopsy specimens were
fixed in 4% neutral-buffered formalin, embedded in paraffin,
and sectioned in 4-pm slides. Hematoxylin and eosin staining
was used for histopathological examination. The pathologist
was blinded to the endoscopic findings in each group and
classified the inflammatory changes according to Riley, et al.,
into the following categories: mild inflammation, moderate
inflammation, and severe inflammation [13]. The longitudinal
extent of the inflammation in the colon was assessed by the
presence of inflammation in the various sequential segments
sampled. Finally, the histopathological findings were compared
with the endoscopic assessment of disease activity in both
groups.

Statistics

Descriptive statistics were used to analyze patient
demographics. The results were expressed as the mean or
median (range). The Mann-Whitney U test was used for
all continuous variables to determine whether differences
between any two groups existed. A two-sided P value <0.05 was
considered to be significant. For comparisons of proportions
we used the chi-squared test. If the validity of the chi-square
test was in question, the Fisher’s exact test was used instead.
All statistical analysis were performed using PASW Statistics 18
(SPSS, Inc., Chicago, USA).

Results

To determine the potential of FUSE to assess disease activity
and extent in IBD, a prospective study comparing FUSE with
HD-WLE was performed. Overall, 34 patients with IBD were
included in this study, 17 patients in the FUSE group and 17
patients in the HD-WLE group.

Overall, 90 cases were included. Mean age was 37 years
(range 18 to 72years). 59% of patients had diagnosis of CD and
41% diagnosis of UC. Baseline characteristics such as age or
gender did not significantly differ in both groups. The mean
endoscopic activity index, based on the Mayo UC endoscopic
score, was 1.41 in the FUSE group and 1.29 in the HD-WLE
group. This difference was not statistically significant
(p=0.8493). Moreover, the mean CDEIS was not significantly
different (p=0.7565) between the FUSE group (6.94) and the
HD-WLE group (5.25).
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When comparing the endoscopic prediction of the extent
of inflammatory activity with the histological results from
the corresponding specimens, we found an overall accuracy
of 83.8% in the FUSE group and 71.7% in the WLE-HD
group (p=n.s.). This means, that using the FUSE system, the
endoscopists could predict more accurately the histologic result
found by the pathologist. Overall, FUSE was more accurate for
diagnosis of disease activity in CD patients, while HD-WLE was
more accurate for diagnosis of disease activity in ulcerative
colitis.

The Positive Predictive Values (PPV) were calculated as
83.3% for FUSE and 76.9% for HD-WLE, respectively in all
cases. This signifies a higher probability (even if not statistically
significant), that using the FUSE system an endoscopist could
correctly predict the histological results and that the patient
will truly have that specific disease extension.

On the other hand the negative predictive values (NPV)
were calculated as 84.2% for FUSE and 66.7% for HD-WLE,
respectively in all cases. This underlines again the higher
capability of the FUSE system to correctly predict the final
histology and to rule out false positive results (Table 2 for
details).

Altogether FUSE is tending to more accurately predict
the presence or absence of inflammation and its extension
compared to HD-WLE.

In the subgroup analysis, FUSE and HD-WLE yielded in
underdiagnosis of disease activity in 57% versus 46% and in
overdiagnosis of disease activity in 43% versus 54% of not
correctly predicted cases, respectively.

Table 2: Sensitivity, specificity, PPV, NPV and accuracy for the assessment of
disease activity in IBD using FUSE compared to HD-WLE.

Sensitivity Specificity PPV NPV Accuracy
All cases:
FUSE 83.3% 84.2% 83.3% 84.2% 83.8%
HD-WLE 69.0% 75.0% 76.9% 66.7% 71.7%
CD:
FUSE 87.5% 81.8% 77.8% 90.0% 84.2%
HD-WLE 58.8% 37.5% 66.7% 30.0% 52.0%
uc:
FUSE 80.0% 87.5% 88.9% 77.8% 83.3%
HD-WLE 83.3% 93.8% 90.9% 88.2% 89.3%

CD: Crohn's Disease; CU: Ulcerative Colitis; PPV: Positive Predictive Value; NPV:
Negative Predictive Value®

Discussion

In the present study, we report for the first time on the
accuracy of FUSE in comparison to HD-WLE for the assessment
of disease activity in IBD. By directly comparing the results
of FUSE and HD-WLE and subsequent histology of biopsy
specimens, we observed that despite the use of LEDs resulting
in darker image FUSE appears to be equally effective to HD-
WLE for diagnosis of disease activity in patients with IBD.
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Assessment of mucosal healing is of crucial importance
for the management of IBD as it has been shown to reduce
corticosteroid use, hospitalization and surgery. Accordingly,
the recent introduced SCENIC guidelines strongly recommend
the use of HD-WLE for surveillance of patients suffering from
IBD [7,8].

The potential advantage of the FUSE system lies in the
expanded field of view (330 degree for the colonoscope) resulting
in previously unseen views, such as behind colonic and pyloric
folds, and other difficult anatomy [14]. Multiple imagers make
the panoramic view possible. One should also recognize that
in the FUSE system LEDs illuminate the field of view, whilst
the present standard light source for most endoscopes is a
xenon based arc lamp, which emits a broad range of spectrum
across the visible range which is very close to that of day light.
The removal of the light fibers that are usually needed in
standard endoscopes using xenon light sources creates more
space that can be dedicated to the additional imagers in the
FUSE system [14]. This sort of illumination results in a slightly
darker illumination but with enhanced contrast compared
to commonly used xenon light sources. This effect is mainly
caused by the lower output of light of LEDs as compared to
xenon light sources, but on the other hand LEDs have the
advantage of adjusting to relative intensities which enables
contrast enhancement what is beneficial for biological tissue
imaging [15]. Lee AC, et al., concluded that the use of LEDs
compared to xenon based arc lamps provide a more uniform
illumination with sharper shadows, less flickering and better
illumination for visual perception [16].

Using HD-WLE, the exact extent of inflammatory activity
could be found with an accuracy of 71.7% compared to the
histological results in the presented study. These findings are
in accordance with other published data [4,12,17]. Compared to
these findings, FUSE provides a slightly better overall accuracy
(83.8%) in our study. The fact that FUSE was more accurate for
diagnosis of disease activity in CD patients, while HD-WLE was
moreaccuratefor diagnosis of diseaseactivity in ulcerative colitis
needs to be further investigated. It can be speculated, that the
use of LEDs might be of some help to improve the visualization
of inflammatory mucosal changes, especially when a mild
inflammation is present. Nevertheless, the assessment of FUSE
for the determination of disease activity in IBD clinical practice
still warrants further investigation. In addition, currently
there is no reimbursement for advanced endoscopic imaging
methods. Therefore, HD-WLE with multiple random biopsies
still remains the standard for surveillance in patients with IBD,
but it can be suggested that newer endoscopic techniques such
as FUSE or the combination of several methods will improve
our possibilities of disease surveillance. Potential limitations
of our study should be acknowledged. First, all procedures were
performed by one endoscopist what could introduce potential
bias. However, our goal was to assess the accuracy of FUSE for
the prediction of disease activity in IBD. Further prospective
studies are needed to assess interobserver variation when the
procedure is performed by community physicians or less-
experienced endoscopists. Although use of one endoscopist
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might create bias, this methodology has been the standard in
many colonoscopy trials [18-20]. Use of the same endoscopist
for both examinations has some advantages because they act as
their own control with use of an identical withdrawal technique
and baseline assessment. Second, differences in activity
between endoscopy histology were directly assessed between
both diagnostic modalities (i.e. severe on endoscopy and severe
on histology = agreement). Third, another limitation of the
current study is its design where patients undergoing FUSE
colonoscopy were matched to patients undergoing HD-WLE.
To overcome these issue upcoming studies could probably be
performed as tandem colonoscopies.

In conclusion, precise assessment of disease activity in
IBD is of paramount importance to predict disease outcome
and to guide subsequent therapy. Several clinical, laboratory,
and histological criteria for such an assessment have been
proposed. Standard WLE represents the most commonly used
mode of endoscopy in IBD surveillance and also recommended
by the recently introduced SCENIC guidelines. Our study clearly
indicates that the new FUSE system is equally effective to
HD-WLE imaging for diagnosis of disease activity in patients
with IBD. Illumination with LEDs, as it is implied in the FUSE
system, does not affect image characterization for assessment
of mucosal healing.
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