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Abstract

Background: Due to the rapid development of new diagnostic and therapeutic endoscopic techniques, there
has been a gap between their development and implementation in daily practice, as well as in their uptake in
guideline recommendations’ We investigated the effectiveness of spectral focused imaging (SFI), a new optical
chromoendoscopy system (SonoScape, Shenzhen, China)2, in diagnosing subtle mucosal changes in patients
with inactive ulcerative colitis. Materials and Methods: A group of 12 patients with quiescent ulcerative colitis
were randomly assigned at a 1:1 ratio to undergo colonoscopy with high-definition white light (group A) or
SFI (group B). The mucosal pattern, location of the mucosal changes (measured in centimeters from the anal
verge), morphology, size and duration of the endoscopic procedure were recorded, while the disease activity
was established following the Mayo endoscopic score for ulcerative colitis. Subsequent to the endoscopic
characterization, targeted biopsies (or random biopsies in a case of normal colonic mucosa) were obtained
from every segment for histopathological follow-up analysis. Results: The median endoscopic activity index,
based on the Mayo ulcerative colitis endoscopic score, was 1 for both groups of patients. Taking into account
the duration of the examination, the median value was 17.3 minutes in group A and 18.5 minutes in group B.
Upon examining the concordance between the endoscopic prediction of disease activity and the histological
findings, we obtained a 55% degree of conformity in group A, compared to 90% in group B. Conclusions:
This pilot study showed that image-enhanced endoscopy using SFI might increase the rate of detection and
demarcation for subtle inflammatory changes in the mucosa, correlating with potential histologic activity.
Furthermore, this diagnostic tool could provide a more accurate and earlier identification of areas of minimal
inflammation than conventional techniques.

Keywords: inflammatory bowel disease, ulcerative colitis, virtual chromoendoscopy, spectral focused imaging,
high-definition white light endoscopy, mucosal healing

Rezumat

Introducere: Datorita dezvoltarii rapide a noilor tehnici endoscopice diagnostice si terapeutice, a existat
un decalaj intre dezvoltarea si implementarea acestora in practica zilnica, precum si in adoptarea lor in
recomandarile ghidurilor’. Am investigat eficacitatea imagistica focalizata spectrala (SFI), un nou sistem de
cromoendoscopie optica (SonoScape, Shenzhen, China)? in diagnosticarea modificarilor subtile ale mucoasei
la pacientii cu colita ulceroasa inactiva. Material si metode: Un grup de 12 pacienti cu colita ulcerativa inactiva
au fost repartizati aleatoriu intr-un raport de 1:1 pentru a fi supusi colonoscopiei cu lumina alba de nalta
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definitie (grupul A) sau SFI (grupul B). Aspectul mucoasei, localizarea modificarilor mucoasei (masurata in
centimetri de la marginea anald) si morfologia acestora, precum si durata procedurii endoscopice au fost
evaluate, in timp ce activitatea bolii a fost stabilitd in urma scorului endoscopic Mayo. Dupa caracterizarea
endoscopica, biopsii tintite (sau biopsii aleatorii in caz de mucoasa colonica normald) au fost obtinute din
flecare segment pentru analiza histopatologica. Rezultate: Indicele median al activitatii endoscopice, bazat pe
scorul endoscopic al colitei ulcerative Mayo, a fost 1 pentru ambele grupuri de pacienti. Luand in considerare
durata examinarii, valoarea mediana a fost de 17,3 minute in lotul A si de 18,5 minute in lotul B. La examinarea
concordantei dintre predictia endoscopica a activitatii bolii si constatarile histologice, am obtinut un grad de
conformitate de 55% in grupul A, comparativ cu 90% din grupul B. Concluzii: Acest studiu pilot a aratat ca tehnica
de cromoendoscopie SFI ar putea creste rata de detectare si demarcare a modificarilor inflamatorii subtile ale
mucoasei, corelandu-se cu activitatea histologica potentiald. In plus, acest instrument de diagnostic ar putea
oferi o identificare mai precisa si mai timpurie a zonelor cu inflamatie minima decat tehnicile conventionale in
lumina alba. Este nevoie de studii suplimentare pentru validare.

Cuvinte cheie: Boli inflamatorii intestinale, colita ulcerativa, cromoendoscopie virtuala, imagistica focalizata

spectrala, colonoscopie cu lumina alba de inalta definitie, vindecare mucosala.

INTRODUCTION

Ulcerative colitis (UC) is a chronic inflammatory dis-
ease involving the gastrointestinal tract, characterized
by a relapsing and remitting course’. The therapeutic
management of UC is constantly changing, and now a
new concept known as “deep remission” might be the
ideal therapeutic goal for this type of patient. Although
the definition of a “deep remission” has not been val-
idated, current studies have defined it as a profound
remission without clinical symptoms or biological
activity, with complete mucosal healing and the dis-
appearance of histological inflammatory changes (his-
tological healing)*’. The evaluation of mucosal healing
and its correlations with histological healing could be
realized with high-definition white-light endoscopy,
dye-based chromoendoscopy (CE) and virtual chro-
moendoscopy (VCE). Other less accessible techniques
that deserve mentioning are autofluorescence imaging,
confocal laser endomicroscopy, endocytoscopy and
molecular imaging®.

Endoscopy has an essential role in UC manage-
ment, from the initial diagnosis to guiding and tailor-
ing medical and surgical therapy, as well as in treating
disease-related complications and assisting in the early
detection of dysplasia (which can lead to colorectal
cancer). The debate over the best method and inter-
vals for colonoscopic surveillance in patients with

longstanding UC is still ongoing. Currently, dye-based

chromoendoscopy and virtual chromoendoscopy with
targeted biopsies are recommended by the European
Society of Gastrointestinal Endoscopy (ESGE) for
neoplasia surveillance in patients with longstanding
ucC.

The aim of this pilot study was to determine
whether virtual chromoendoscopy, represented by SFI,
has the potential to enhance the rate of detection of
subtle mucosal lesions in patients with inactive UC in
comparison to high-definition white light endoscopy
(HD-WLE), as WLE is the most widely used stan-
dard procedure in daily practice® However, WLE has
some weak points, namely, the fact that subtle and mild
residual signs of inflammation cannot be highlighted
and the results obtained cannot always be correlated
with the histopathological aspects in terms of mucosal
healing. These observations have been proven by Baars
in a study of 152 patients with IBD, 65% of whom had
ulcerative colitis’. Of the 152 patients, all in clinical
remission, 31% had no evidence of endoscopic inflam-
mation. Among the remaining 69%, 34% had both
endoscopic and histological inflammation, 34% had
only histopathologically evident inflammation, and
1% had an endoscopic inflammatory appearance but
were unconfirmed histopathologically’ Therefore, even
though WLE is extremely useful in evaluating active
disease and its extension and severity, detailed images
of the mucosa, especially of the vascular pattern, can-
not be obtained in patients with mild or inactive forms
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because the mucosal healing described by WLE might
miss minimal inflammatory lesions, which can influ-
ence the evolution of the disease in terms of the risk of
relapse and long-term complications®.

'The new HD-WLE has additional benefits in terms
of mucosal visualization, but nevertheless, its ability
to assess vascular patterns and mucosal surface char-
acteristics is still limited". New advanced techniques,
such as virtual chromoendoscopy, have provided an
enhanced visualization of mucosal and vascular pat-
terns, allowing for targeted biopsies without the need
for additional dyes or special equipment. Virtual CE
is divided into two categories: optical chromoendos-
copy and digital chromoendoscopy. Optical CE tech-
nology uses optical lenses that selectively filter white
light, resulting in narrow-band light, and in this cat-
egory, we have narrow-band imaging (NBI, Olympus,
Japan) and linked color imaging (LCI, Fujifilm, Japan).
Digital chromoendoscopy is based on the reflection
of photons to reconstruct virtual images using a real-
time digital video processor and it includes technol-
ogies such as i-Scan (Pentax) and flexible imaging
color enhancement (FICE, Fujinon, Japan). The new
SFI (SonoScape, China) combines both optical and
digital chromoendoscopy into a single system, with
the advantage that it preserves the original color
while highlighting the mucosal structure and vascular
distribution!H»13:214,

Given that we have a specific challenge in diag-
nosing lesions of chronically inflamed mucosa (IBD
patients), there is a strong need for advanced endo-
scopic techniques for both the detection and charac-
terization of colorectal lesions. Thus, virtual CE, due
to its promising results in improving the accuracy of
diagnosis in patients with IBD and because it some-
times provides additional information with images that
beforehand suggested endoscopic healing, seems to be
the future gold standard for surveillance colonoscopy
in IBD patients*.

With the use of these novel techniques, a new
endoscopic semiology has emerged, including crypt
architecture, microerosions, fine vascular changes
around the crypts and a distinction between intramu-
cosal and luminal bleeding®. There is also a virtual
chromoendoscopy dedicated score, the PiCaSSo score
(Paddington International Virtual ChromoendoScopy
Score), which was shown in a study conducted by
Taccuci et al. to have the same degree of accuracy
between observers, regardless of their experience,

and a very good correlation with the histopathologi-
cal examination of the identified lesions’. Another
strong point of virtual chromoendoscopy is the fact
that it can be easily introduced into current practice,
as it is elegant, less cumbersome and easy to apply"’.

MATERIALS AND METHODS

A total of 12 patients with quiescent UC were random-
ized at a 1:1 ratio to undergo HD-WLE (group A) or
SFI colonoscopy (group B). The procedures were per-
formed with high-definition systems (the SonoScape
HD-550 processor with a 4-LED light source and
the SonoScape 550 colonoscope) following standard
bowel preparation using a polyethylene glycol—electro-
lyte lavage solution. The procedures were carried out
under conscious sedation with propofol, assisted by
an anesthesiologist. All colonoscopies were performed
strictly under either white light HD or spectral focused
imaging (SFI) mode. In group B, the colonoscope was
inserted under SFI mode, thereby excluding potential
bias from the findings of HD-WL during insertion.
All procedures were performed by a single experienced
endoscopist blinded to the patients’ history and their
current medication.

'The parameters assessed were the mucosal pattern,
the location of any mucosal changes (measured in cen-
timeters from the anal verge), their morphology and
size, and the duration of the endoscopic procedure.
Endoscopic disease activity was recorded by the endos-
copist following the Mayo Endoscopic Score for UC.
All patients with moderate or severe endoscopic activ-
ity (Mayo Endoscopic Score 22) involving at least one
colonic segment were excluded.

Regarding the biopsy protocol, in group A, biop-
sies were taken from the most distal part of the
area of mucosal inflammation as determined by the
HD-WLE. In cases of normal colonic mucosa, random
biopsies (2-4 non-targeted biopsies from every 10 cm
of the colon) were taken to determine the histologi-
cal extent and severity of any inflammation. The same
biopsy protocol was used for the patients in group B.

'The biopsy specimens were fixed with 10% neutral
buffered formalin and sent for histopathological (HP)
processing by the conventional method using paraffin
embedding and hematoxylin-eosin (HE) staining. The
pathologist was blinded to the identity and clinical
history of the subjects. The histologic disease activity
was determined using the Geboes score (GS). This is
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a widely used 6-grade scoring system that evaluates
the crypt architecture, lamina propria chronic inflam-
mation, lamina propria neutrophils and eosinophils,
intraepithelial neutrophils, crypt destruction and sur-
face epithelial injury.

Data were analyzed by using SPSS Windows 15
version. Regarding the descriptive statistics, we used
the mean and standard deviation (SD) to analyze the
parametric data; the median and interquartile range
(IQR) to analyze the non-parametric data; and the
percentile (%) to analyze the qualitative data. To com-
pare the parametric data, we used Student’s t-test.

RESULTS AND DISCUSSION

We examined a group of 12 ulcerative colitis patients
considered to be in endoscopic remission. Their mean
age was 46.41 years (SD= 11.91), and the majority
of the subjects were males (n= 9; 75%). The median
C-reactive protein level was 0.88 (IQR = 0.81), while
the median calprotectin level was 65.7 (IQR = 20.3).
Fifty percent (n=6) of our patients presented with
inflammation (C-reactive protein value > 0.5 mg/dL),
and 16.67% (n=2) of them had mild anemia (defined as
a hemoglobin value < 12 g/dL) (Table 1). Among the
12 patients, 4 were undergoing treatment with inflix-
imab (33.33%), 2 with adalimumab (16.67%), 2 with
vedolizumab (16.67%), 2 with mesalazine (16.67%),
1 with vedolizumab following infliximab and adali-
mumab failures (8.33%), and 1 with ozanimod after
infliximab and adalimumab failures (8.33%).

Table 1. Characteristics of the included patients

Age, Mean (SD) 46.41 (11.91)
Male % (n) 75 (9)
Sex
Female % (n) 25 (3)
C-reactive protein,
Median (IQR) 0.88 (0.81)
Calprotectin,
Median (IQR) 65.7 (20.3)

Inflammation % (n)  50% (6)

Anemia % (n) 16.67% (2)

'The median endoscopic activity index, based on the
Mayo UC endoscopic score, was 1 in group A (with
50%, n=3 of the patients scoring 1 point) and 1 in
group B (with 66.67%, n=4 of the subjects scoring 1
point) (Figures 1, 2).

Figure 1. High-definition white-light endoscopy demonstrates

minimal erosions and erythema; slight mucosal friability is visible

Figure 2. SFI considerably enhances the mucosal vascular pattern,

more accurately revealing the extent of the mucosal lesions

Upon examining the concordance between endo-
scopic predictions of disease activity and histological
findings (Figures 3, 4), we obtained a 55% degree of
conformity in group A compared to a degree of 90% in

group B (Table 2).
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Figure 3. Chronic ulcerative colitis in remission (Geboes 1.1). Note
the mild architectural glandular disarray (branching and irregular
glands, not evenly spaced with an irregular luminal border), few
reactive epithelial changes and a hypertrophic muscularis mucosa.
Hematoxylin eosin staining, ob, 10x

Figure 4. Active ulcerative colitis (Geboes 4.0): crypt abscesses,
cryptitis and reduced intraepithelial mucin; note the edema,
hemorrhagic areas and granulation tissue in the lamina propria.
Hematoxylin eosin staining, ob, 10x

Table 2. Study results

Mayo score,
Median
(% patients with 1
point, n)

1 (50%, 3) 1 (66.67%, 4)

Duration of exam,

Median (IQR) 17.3(1.83)

18.5 (2.32)

Endoscopy and
histology confor- 55 90
mity, %

Taking into consideration the duration of the
examination, including the time for cecal intubation
and the total withdrawal time of the endoscope, the
median value (minutes + IQR) for the UC patients in
the HD-WLE group was 17.3 = 1.83 minutes versus
18.5 + 2.32 minutes in the SFI group.

The current pilot study aimed to demonstrate the
utility of SFI, a newly introduced optical and digital
chromoendoscopic tool, for diagnosing subtle mucosal
changes in patients with IBD. By direct comparison of
white light endoscopy and in vivo dye-less chromoen-
doscopy results with the subsequent histology of the
biopsy specimens, we demonstrated that SFI achieves
a significant improvement in the prediction of disease
extent and severity when compared with HD-WLE,
although the use of virtual chromoendoscopy pro-
longed the procedure by approximately 1.2 minutes.

Possible limitations of our preliminary study need
to be brought up for discussion. The study was per-
formed in a tertiary IBD center by a single experi-
enced endoscopist, which could introduce potential
bias. Additionally, the number of patients enrolled was
too small to draw definite conclusions. The differences
in disease activity, endoscopically and histologically,
were directly assessed with both diagnostic techniques,
considering an agreement when a patient with mild
endoscopic appearance (Mayo score 0 or 1) had mild
inflammation on histology (Geboes score <3.). The
clinical significance of histologically mild mucosal
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inflammation is unclear. Recent data support the fact
that persistent histological inflammation with appar-
ently normal mucosa on endoscopic evaluation can be
a criterion for disease relapse, justifying a more aggres-
sive therapy to prevent recurrence'®.

However, the aim of this study was to assess the
teasibility of SFI in diagnosing subtle inflammatory
lesions and disease extension in patients with quies-
cent and inactive ulcerative colitis (defined by WLE).
The SFI findings were confirmed by histology, and this
new simple endoscopic tool may play a role in further
adjusting the therapy in these patients. Future large
prospective studies need to evaluate interobserver vari-
ation among IBD endoscopists with various levels of
experience.

Taking into account the novelty of this technique,
the information provided by the literature is scarce for
SFI in this specific setting. The results of our study are
in line with previously published data describing com-
parable success rates for similar devices, such as NBI
and LCI. A prospective randomized crossover study
including 42 patients with longstanding UC compared
a first-generation NBI system with conventional colo-
noscopy. Although the degree of neoplasia detection
seemed similar, more suspicious lesions were identi-
fied with the use of optical chromoendoscopy, which
demonstrates (comparable to the current study) the
superiority of the diagnostic method®.

Leifeld et al. performed a prospective multicenter
study enrolling 159 patients with longstanding UC. The
team found statistically equivalent numbers of lesions
using both WLE and NBI, but with fewer biopsy spec-
imens needed for optical chromoendoscopy. However,
the research team associated a shorter withdrawal time
with the use of NBI, not consistent with our findings®.

Kudo and colleagues conducted a study on 30
patients with asymptomatic or mildly active UC,
focusing on the mucosal vascular pattern (MVP). They
discovered that, when compared to conventional colo-
noscopy, NBI yielded a more precise assessment of
inflammation in quiescent UC, correlating well with
the histological findings, data supported by our study?'.
Additionally, a pilot trial performed by Danese et al.
on 14 IBD patients proved the potential of optical
chromoendoscopy for in vivo identification of intes-
tinal angiogenesis, as areas that appeared normal on
WLE but altered on NBI had an increased leucocyte
infiltrate and microvessel density when examined
histologically®.

In contrast to these findings, a randomized cross-
over trial involving 48 patients with UC comparing
HD colonoscopy with NBI demonstrated that optical
chromoendoscopy does not improve the detection of
neoplasia in this type of patient. Furthermore, NBI
showed unsatisfactory results in discriminating neo-
plastic mucosa from the nonneoplastic type®. In addi-
tion, a crossover study performed by Sussman et al. of
29 patients with IBD compared WLE, dye-based CE
(indigo carmine) and NBI, proving the superiority in
inflammation and pseudopolyp histological prediction
of the first two, as opposed to optical chromoendos-
copy (64% WLE and 63% CE versus 42% NBI)*.

'The efficiency of the recently introduced LCI chro-
moendoscopy technique was assessed by Uchiyama and
his colleagues in a study involving 52 UC patients. LCI
significantly improved the diagnosis of subtle inflam-
mation, correlating strongly with Matts’ histopatho-
logical score®. Moreover, a trial performed by Paggi
et al. on 649 patients compared the adenoma detec-
tion ability of LCI and HD-WLE in an organized
colorectal cancer screening program, demonstrating a
2-20% increase in the detection rate when using bright
chromoendoscopy?.

An alternative digital chromoendoscopic technique
that uses real-time virtual video postprocessing is
i-Scan'. Similar to our study, Neumann et al. assigned
78 IBD patients to undergo HD-WLE (n=39) and
computed virtual chromoendoscopy (i-Scan; n=39).
Compared to our results, the average duration of the
procedure was slightly higher in the i-Scan group (18
versus 20.5 minutes, without any statistical significance).
Furthermore, while evaluating the inflammatory extent
and activity in comparison to histopathological analy-
sis, digital chromoendoscopy proved superior (48.71%
and 53.85% versus 92.31% and 89.74%, differences
that are statistically significant)?. In addition, in a ran-
domized non-inferiority trial comprising 270 individ-
uals, Jacucci et al. proved that i-Scan or HD-WLE was
not inferior in comparison to dye-based chromoendos-
copy in terms of detection tools for colonic neoplastic
lesions when applied for IBD patient surveillance®.

Although the data provided by the literature con-
cerning virtual chromoendoscopy remain in conflict,
this novel diagnostic tool is slowly but surely proving
its considerable potential. There is still a need for addi-
tional studies involving larger groups of patients.
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CONCLUSIONS

Overall, literature data evaluating the use of virtual
chromoendoscopy as a monitoring strategy for patients
with UC remain scarce. This pilot study demonstrated
that image-enhanced endoscopy using SFI might
increase the rate of detection and the demarcation of
subtle mucosal inflammatory changes, correlating with
potential histologic activity and having implications
for future therapy and the follow-up of patients. SFI
could provide more accurate and earlier identification
for areas of minimal inflammation than conventional
techniques. Additional studies on larger groups of
patients are needed to support these findings.
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