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Abstract

Peroral cholangioscopy (POC) is an endoscopic procedure that allows direct
intraductal visualization of the biliary tract. POC has emerged as a vital tool for
indeterminate biliary stricture evaluation and treatment of difficult biliary stones.
Over several generations of devices, POC has fulfilled additional clinical needs
where other diagnostic or therapeutic modalities have been inadequate. With
adverse event rates comparable to standard endoscopic retrograde cholan-
gioscopy and unique technical attributes, the role of POC is likely to continue
expand. In this frontiers article, we highlight the existing and growing clinical
applications of POC as well as areas of ongoing research.

Key Words: Peroral cholangioscopy; SpyGlass™; Difficult bile duct stones; Indeterminate
biliary strictures; Cholangioscope-guided biopsy; Cholangioscope-guided lithotripsy

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Cholangioscopy is an endoscopic technique that was first developed in the
1970s as a minimally-invasive modality for the evaluation of various biliopancreatic
pathologies. Since the advent of the digital single-operator cholangioscopy (D-SOC) in
2015 as well as other, complementary advancements in the field, diagnostic and
therapeutic applications have further expanded. Herein, we discuss the various current
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applications of cholangioscopy, with a focus on D-SOC, and areas of ongoing research
to better understand potential future directions.
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INTRODUCTION

Endoscopic retrograde cholangiopancreatography (ERCP) was first reported in 1968 as
a method to cannulate the major duodenal papilla[1]. It is now widely utilized as the
primary interventional modality for many biliopancreatic disorders. Despite its vast
utility, ERCP technique relies on indirect visualization of the biliary tree via
fluoroscopy; this can be limiting for certain diagnostic and/or therapeutic applications
(e.g. evaluation of biliary strictures, mapping of intraductal tumors for operative
planning, tumor-directed ablative therapy, etc.).

In order to provide direct visualization of the biliopancreatic tree, peroral cholan-
gioscopy (POC) was introduced in the 1970s[2,3]. POC was originally designed as a
“mother-baby” system that required two endoscopists to operate the “mother”
duodenoscope and “baby” cholangioscope[2]. In addition to the multi-operator
requirement, there was a notable deficiency in this setup in the ability to acquire tissue
following visualization, thus further limiting its use. Moreover, the initial scopes
provided only two-way tip deflection, were fragile, and costly[4].

Over the past several decades, technologic improvements in the equipment utilized
for POC has led to more widespread adoption and a growing number of applications
(Figure 1). In the early 2000s, a new single-operator duodenoscope-assisted cholan-
gioscopy technique utilizing a Pentax cholangioscope (FCP-8P/FCP-9P, Pentax
Precision Instruments, Orangeburg, New York, United States) was introduced.
However, this technique required the use of an endoscopist-worn breastplate to mount
the cholangioscope, which allowed for manipulation of the duodenoscope with the left
hand and the cholangioscope with the right hand[5]. In 2005, Boston Scientific released
the first commercially available single-operator cholangioscopy (SOC) system
(SpyGlass™, Boston Scientific Corporation, Natick, MA, United States), a catheter-
based system that utilizes an optical probe inserted through the duodenoscope
working channel[6]. Ten years later, a digital SOC (D-SOC) system was introduced
(SpyGlass™ DS, Boston Scientific Corporation)[6]; this updated digital system brought
improvements in image size and quality, a wider field of view, and a redesigned
working channel allowing for larger diameter cholangioscopic accessories, among
other changes[4,7]. In 2018, a third generation SpyScope™ DSII Catheter (Boston
Scientific Corporation) featuring increased resolution and improved lighting was
introduced alongside new cholangioscopic accessories. Alternatively, direct POC
(DPOC) can be performed utilizing a modern ultraslim upper endoscope that can be
advanced into the biliary tree following endoscopic sphincterotomy, a technique first
published in a pilot study in 2006[8-10]; however, this setup is primarily used outside
the United States and available in only select markets[7].

Given the recent technologic advancements in POC, its array of accessories
(Figure 2), and improved training of advanced endoscopists, there has been wide
propagation of this technique across most large medical centers. In this Frontiers
article, we aim to underscore the major developments in the growing body of
literature on POC, with particular emphasis on SOC and D-SOC, including diagnostic
and therapeutic applications as well as established and investigational indications.

COMMON APPLICATIONS OF CHOLANGIOSCOPY

Management of difficult biliary stones
Approximately 10%-18% of patients with symptomatic cholelithiasis will have
concomitant choledocholithiasis[11]. The standard of care for these patients is ERCP
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Figure 2 SpyGlass™ DS accessories including: Autolith™ Touch biliary electrohydraulic lithotripsy probe, Lumenis SlimLine™ SIS GI™
holmium laser lithotripsy probe, SpyBite™ Max biopsy forceps, SpyGlass retrieval snare, and SpyGlass retrieval basket (left to right).
Additional accessories are expected to be developed over time[83]. Image adapted with permission from Dr. Isaac Raijman and Boston Scientific. Citation: Boston
Scientific Corporation. An Expanding Suite of Compatible Accessories and Applications. [cited June 23, 2021]. Available from: https://www.bostonscientific.com/
en-EU/products/direct-visualization-systems/spyglass-ds-direct-visualization-system/accessories-and-applications.html. Copyright© 2022. Published by SpyGlass™

DS.

with endoscopic sphincterotomy followed by stone extraction with a balloon or basket
[4,11]. In a minority of cases, bile duct stones may be more difficult to extract,
requiring additional measures[12]. Difficult bile duct stones have been previously
defined as large size (> 1.5 cm in diameter), impacted stones in the bile or cystic duct,
intrahepatic location, hard stone consistency, stricture distal to stones, and/or
anatomical variants (e.g. unusual size/shape of bile duct) posing technical challenges
[12,13].

POC allows for direct visualization and decreased risk of bile duct injury and is a
vital addition to the ERCP armamentarium for stone disease. Indeed, a recent meta-
analysis found the estimated success rate for difficult bile duct stone clearance to be
88% [95% confidence interval (CI): 85%-91%] across 820 patients (n = 31 studies)[14].
Furthermore, POC was found to have a low adverse event (AE) rate of 7% (95%CI: 6%-
95%), comparable to ERCP[14,15]. Thus, POC is a valuable modality in addition to or
in lieu of conventional ERCP methods such as mechanical lithotripsy (ML) and
endoscopic papillary large balloon dilation (EPLBD).

Since the time of publication of the aforementioned meta-analysis, three
randomized controlled trials (RCTs) comparing POC-guided electrohydraulic
lithotripsy (EHL) or holmium laser lithotripsy (LL) vs conventional therapy (i.e. ML,
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EPLBD, and balloon extraction) have been published. In the first study, the invest-
igators randomized patients with bile duct stones > 1 cm in diameter in a 2:1 ratio to
SOC-guided LL vs conventional therapy. Stone clearance was achieved in 39 of 42
(93%) patients treated with SOC-guided LL compared to 12 of 18 (67%) treated with
conventional therapy (P = 0.009). AE rates were similar in the two treatment groups
[16]. In the second study, successful stone removal did not differ in the SOC-guided
EHL arm (37 of 48) vs conventional therapy arm (36 of 50) (P > 0.05); similarly,
crossover yielded non-statistically significant differences in the two groups (successful
stone removal in 40 of 47 patients vs 42 of 44 patients, P > 0.05)[17]. In the final study,
the investigators randomized 32 patients with large CBD stones in whom sphinc-
terotomy and/or EPLBD had failed into ML or D-SOC-guided LL treatment arms.
Crossover was permitted as a rescue treatment if the primarily assigned technique
failed to achieve stone clearance. Stone clearance rates for ML and D-SOC-guided LL
groups were 63% and 100%, respectively (P < 0.01). In six patients, ML was considered
a failure; when crossed over to LL, four of these patients achieved stone clearance in
the same session, and the remaining two patients achieved stone clearance in
subsequent LL sessions. AEs were reported at similar rates, 13% in the ML group and
6% in the LL group (P = 0.76). The median length of hospital stay following the
respective procedures was 1 d in both groups (P = 0.27). At six months follow-up,
neither group had recurrent cholangitis or evidence of recurrent CBD stones[18].
While the RCT data presented above may appear mixed or only partially in favor of
POC in the management of difficult bile duct stones, it is important to note that only
the last of the three studies discussed above utilized the newer generation of D-SOC.
Thus, additional RCT data using the contemporary D-SOC system is needed.

POC can also be utilized to confirm stone clearance in cases of choledocholithiasis.
In a retrospective study of 36 patients who underwent ERCP with EPLBD for difficult
biliary stones, DPOC was performed immediately after a negative balloon-occluded
cholangiography[19]. In 31 of 36 patients (86%), technical success was achieved with
hepatic hilum visualization. Residual stones were found in 7 of these 31 patients
(22.5%) upon DPOC, among which 4 patients underwent successful stone extraction
during the same DPOC session. The remaining 3 patients underwent secondary ERCP
for residual stone removal. There were no reported AEs in the study.

Indeterminate biliary strictures

Visual evaluation: Another major indication for POC is the evaluation of inde-
terminate biliary strictures (IDBSs). IDBSs are defined as biliary strictures of persistent
unclear etiology following cross-sectional imaging and evaluation by ERCP with brush
cytology or intraductal biopsies[20]. In a meta-analysis of 16 studies including 1556
patients, the overall sensitivity of conventional cytology from ERCP was found to be
41.6% (99%Cl: 38.4%-44.8%), with a negative predictive value of 58.0% (99%CI: 54.8%-
61.2%)[21]. This study and others, as well as widespread clinical experience, attest to
the need for improved diagnostic capability for IDBSs.

The visual diagnosis of intraductal lesions can be aided by direct visualization
during POC (Figure 3). Currently, there is no widely accepted classification system for
visual diagnosis; however, some cholangioscopic findings are highly suggestive of
malignancy in the appropriate clinical context. These findings include the presence of
neovascularization, mucosal changes and projections, and intraductal nodules, among
others[22-24]. Historically, neovascularization, also termed “tumor vessels,” has had
the most consensus regarding its description and malignant implications[24]. It has
been described as irregularly dilated, tortuous, and abnormally proliferating vessels
on the mucosa adjacent to a stricture.

In a recent systematic review and meta-analysis of 21 studies examining the
diagnostic performance characteristics of POC-based visual assessments of IDBSs, the
pooled sensitivity and specificity for establishing a malignancy diagnosis were 88%
(95%CI: 83%-91%) and 95% (95%CI: 89-98%), respectively[25]. Subgroup analysis of
studies that utilized D-SOC found a higher sensitivity for visual diagnosis [94%
(95%CI: 89%-97%)] compared to D-SOC-guided biopsy [79% (95%CI: 72%-84%), P <
0.001] while also showing a higher specificity for D-SOC-guided biopsy [100% (95%CI:
97%-100%)] compared to D-SOC visual impression [86% (95%CI: 76%-92%), P < 0.001]
[25]. Subgroup analysis of studies that utilized DPOC did not reveal statistically
significant differences in performance characteristics of visual impression vs DPOC-
guided biopsy (possibly suggesting superior optical performance of DPOC compared
to D-SOC), though power was limited[25]. Overall, performance characteristics of
visual impression utilizing modern POC (both D-SOC and DPOC) appears promising.
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Figure 3 Example of an indeterminate biliary stricture further evaluated by cholangioscopy, initially thought to be Mirizzi syndrome
secondary to chronic choledocholithiasis. A: Magnetic resonance cholangiopancreatography (T2 HASTE, coronal projection) demonstrating cholelithiasis,
choledocholithiasis, and right hepatic ductal dilation as well as possible common hepatic duct (CHD) obstruction (arrow); B: Endoscopic retrograde
cholangiopancreatography (ERCP) showing 1.5 cm CHD stricture suspicious for perihilar cholangiocarcinoma (CCA); C: Frond-like growth and neovascularization
suggestive of neoplasm involving the CHD, later confirmed as perihilar CCA following SpyBite™ Max biopsy (previously with negative cytology on initial ERCP); D
and E: Multiple views of the hepatic ducts that demonstrate scant reactive changes (from prior plastic biliary stent) and proximal limit of disease extension/tumor
mapping; F: ERCP confirming successful deployment of plastic biliary stent across CHD stricture and subsequent decompression of right hepatic duct.

A recent group of researchers have produced a new schema, the “Monaco Classi-
fication,” in order to attempt to standardize visual criteria in evaluating IDBSs as
malignant vs benign. Twelve expert biliary endoscopists from around the world
reviewed 40 video clips (13 benign pathology, 27 malignant) in order to consolidate
visual criteria into the following: (1) Presence of stricture (symmetric or asymmetric);
(2) Presence of lesion (with associated mass, nodule, or polypoid in appearance); (3)
Smooth or granular mucosal features; (4) Papillary projections; (5) Ulceration; (6)
Abnormal vessels; (7) Scarring (local or diffuse); and (8) Pronounced pit pattern[26].
Thereafter, 21 D-SOC video clips were reviewed by 14 interventional endoscopists
utilizing these criteria, ranging from slight to moderate in interobserver agreement
[26]. Diagnostic accuracy of visual interpretation of malignant vs benign pathology
was 70% based on the new criteria, compared to an average accuracy less than 50% on
prior attempts to establish visual criteria[26,27]. While the Monaco Classification has
taken a crucial step in a forward direction, it would benefit from further refinement
and validation.

Cytopathologic evaluation: In addition to the visual diagnosis of IDBSs, POC-guided
biopsy can provide further histopathologic interpretation of IDBSs. In a systematic
review with meta-analysis of 10 studies evaluating the use of SOC-guided biopsy for
the diagnosis of malignant biliary strictures, the overall pooled sensitivity and
specificity were 60.1% (95%CI: 54.9%-65.2%) and 98.0% (95%CI: 96.0%-99.0%),
respectively[28]. In a subset of four studies, patients (n = 148) had previously
undergone ERCP with benign or non-diagnostic brushing/biopsy results (with strong
suspicion for malignancy); in this specific cohort, the pooled sensitivity and specificity
of SOC-guided biopsy were 74.7% (95%CI: 63.3%-84.0%) and 93.3% (95%CI: 85.1%-
97.8%), respectively[28]. More recently, a systematic review with meta-analysis of 11
studies examined the use of D-SOC-guided biopsy for evaluation of IDBSs. The pooled
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sensitivity and specificity were 74% (95%CI: 67%-80%) and 98% (95%CI: 95%-100%),
respectively[29]. These data suggest that POC-guided biopsy, in particular D-SOC-
guided biopsy, yields improved diagnostic sensitivity when evaluating IDBSs.

POC-guided biopsies can be useful in cases where prior ERCP biopsies/brushings
return benign or non-diagnostic results (when a strong suspicion for malignancy
nevertheless remains) (Figure 3). In addition, a retrospective study of 40 patients found
that biliary lavage cytology can be combined with POC-guided biopsy to further
improve diagnostic sensitivity and accuracy when compared to POC-guided biopsy
alone (sensitivity 88% vs 70% and accuracy 90% vs 75%, respectively)[30]. Of note, the
data presented above predates the advent of the SpyBite™ Max biopsy forceps, which
has increased tissue capacity compared to the first-generation SpyBite (legacy) forceps.
This, along with other improvements, is expected to further improve the diagnostic
performance of POC-guided intraductal biopsy.

One limiting factor that has been thought to potentially hamper the utility of SOC-
guided biopsy is the absence of on-site cytopathology for real-time tissue processing, a
concern recently addressed by the SOCRATES (single-operator cholangioscopy
randomized trial evaluating specimens) trial[31]. In this RCT, patients (n = 62) with
IDBSs were randomized to an off-site tissue processing cohort (1 = 30) and an on-site
cohort (1 = 32) in order to compare diagnostic accuracy. The study found a diagnostic
accuracy of 90% (95%Cl: 73.5%-97.9%) versus 84.4% (95%Cl: 67.2%-94.7%) when
comparing off-site tissue processing vs on-site, respectively (P = 0.86). Additionally,
the overall treatment costs of D-SOC based on the Medicare reimbursement fee
structure (including anesthesia, hospital fees, laboratory fees, medications, supplies,
and radiologic fees) was found to be $14423 for the off-site cohort compared to $13015
for the on-site cohort (P = 0.60). Thus, this RCT suggests that D-SOC is a cost-effective
option for the evaluation of IDBSs, even in centers without on-site cytopathology.

Primary sclerosing cholangitis

Primary sclerosing cholangitis (PSC) is a chronic, progressive disease that causes
inflammation and fibrosis of the biliary tract, often leading to end-stage liver disease
and/or cholangiocarcinoma (CCA)[32]. Patients with PSC can develop “dominant
strictures,” or focal narrowing defined at ERCP as stenosis with diameter < 1.5 mm in
the CBD and/or < 1.0 mm in a hepatic duct within 2 cm of the ductal confluence[20,32-
34]. Dominant strictures are clinically significant in light of their higher propensity for
bacterial cholangitis and for underlying dysplasia or carcinoma[32,35]. A recent
systematic review and meta-analysis of 21 studies found the that the pooled sensitivity
and specificity of POC for diagnosis of CCA was 65% (95%CI: 35%-87%) and 97%
(95%CI: 87%-99%), respectively[36]. POC-guided biopsy also had the highest
diagnostic accuracy (96%), compared to bile duct brushings (87 %), fluorescence in situ
hybridization (FISH) (69% for polysomy and 47% for trisomy), and probe-based
confocal laser endomicroscopy (75%)[36].

However, not all data to date support the use of POC in patients with PSC. For
example, a prospective study of 47 patients with PSC evaluating the use of POC-
guided biopsy of strictures found a significantly lower sensitivity (33%) than
previously reported[37]. Additionally, a retrospective study of 92 patients, both with (
n = 36) and without (n = 56) PSC, examined the performance characteristics of ERCP
with brush cytology, FISH, POC-guided biopsy, transpapillary biopsy and each
possible combination of the aforementioned for the detection of CCA. When com-
bining all diagnostic modalities, patients without PSC showed a trend towards
improved sensitivity compared to brush cytology alone (75% vs 40.9%, P = 0.06)[38].
However, the PSC group did not show a similar trend towards improved sensitivity
when comparing all four diagnostic modalities to cytology alone (60% vs 50%, P = 1)
[38].

Overall, the precise role of POC in the diagnostic evaluation of dominant strictures
in PSC remains unclear. POC can potentially play an important role in studying the
natural history and progression of PSC and in general facilitate better characterization
and sampling of dominant strictures. For instance, with the newly proposed cholan-
gioscopy-based “Edmonton Classification” system for phenotypic classification,
dominant strictures can be classified into one of the three following phenotypes:
Inflammatory, fibro-stenotic, or nodular or mass-forming. One theory is that these and
other POC findings may differ by disease stage/pathobiological involvement (e.g.
nodular or mass forming may be indicative of developing or nascent CCA)[39]. It is
proposed that combining phenotypic data with histopathology, biochemical markers,
and cholangiography scores over time could lead to improved management
algorithms[40]. For now, validation of this classification system remains the initial step
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prior to determining its ultimate clinical utility.

Evaluation of intraductal neoplasms

POC is becoming increasingly useful in the mapping of biliopancreatic neoplasms
such as CCA and intraductal papillary mucinous neoplasms (IPMNs). With improved
visual delineation of neoplastic margins in the biliary tree and pancreatic ducts,
staging can be more precise, and thus a better-informed therapeutic plan can be
formulated (Figure 3). A multicenter prospective cohort study of 118 patients
evaluated the impact of cholangiopancreatoscopy on preoperative assessment of
biliopancreatic neoplasms. Following cholangiopancreatoscopy, the initial therapeutic
plan was altered in 34% of patients[41]. Of these patients, more extensive surgery was
required in 10%, less extensive surgery was required in 65%, and surgery was avoided
in the remaining 25%[41]. Additionally, the study reported a 88% correlation in
histology between the surgical specimens and cholangiopancreatoscopy specimens
[41].

Cholangiopancreatoscopy is also being utilized to directly examine pancreatic duct
abnormalities, such as distinguishing between pancreatic duct dilation secondary to
chronic pancreatitis vs IPMNs[42]. When used in conjunction with non-invasive
imaging, POC/cholangiopancreatoscopy improves diagnostic and therapeutic ability.
As has been discussed in prior sections, this is mainly from direct visual tissue
inspection and the ability to obtain targeted biopsies. Simultaneously, it also offers the
opportunity for facilitate therapeutic intervention (e.g. management of pancreato-
lithiasis).

Selective guidewire placement

Numerous case reports, series, and a retrospective study have all demonstrated the
potential benefits of POC-guided guidewire placement across strictures of varying
causes (malignant, post-OLT, PSC, etc.)[43-45]. In the retrospective study, a total of 23
patients with known biliary strictures in whom endoscopic guidewire placement had
previously failed underwent 30 procedures; technical success (guidewire placement)
was achieved in 70%[43]. Subgroup analysis demonstrated a higher technical success
rate among benign biliary strictures vs malignant strictures (88% vs 46%, P = 0.02). Of
the 23 patients, 7 underwent repeat procedures, both in patients with previous failure
of guidewire placement (n = 3) and prior success of guidewire placement (n = 4). A
higher technical success rate was demonstrated on initial exam compared to
subsequent exams (78% vs 43%, P = 0.15)[43]. While data are limited, POC-guided
guidewire placement can be an effective alternative option, though traditional ERCP
approaches should be attempted primarily given the significantly higher costs
associated with POC and the ability to potentially troubleshoot successfully with
varying guidewire diameters, tip designs, tip core materials, etc. during ERCP.

Biliary tumor ablation
The use of POC-guided radiofrequency ablation (RFA) to provide locoregional cancer-
directed therapy for the management of extrahepatic CCA or other intraductal
malignancies has been presented in various case reports[46,47]. Historically,
percutaneous RFA has been well studied, though this technique has demonstrated an
association with various AEs[48]. ERCP-RFA (without POC) has thus been explored as
a possible alternative in porcine models, yielding similar concerns for high AE rates
[49]. In a review article, the pooled data from 12 studies evaluating endoscopic RFA
treatment for the management of patients with unresectable malignant biliary
strictures showed similarly high AE rates (16%) across 318 total patients[50]. In a
retrospective study of 12 patients, POC-guided RFA was both technically (RFA probe
insertion into stricture site) and clinically successful (tumor ablation with POC
imaging) while demonstrating safety (1 AE in study population) and efficacy in
maintaining stent patency (median of 154 d) following POC-guided RFA. Though data
are limited, POC-guided RFA could be explored in further studies as a potentially
viable, safer (compared to percutaneous RFA and endoscopic RFA) palliative
treatment option for select patients with unresectable malignant biliary strictures.
POC-guided photodynamic therapy (PDT) has also been suggested to improve
symptoms and prolong survival in cases of unresectable biliary tumors, with relatively
few complications[51]. PDT begins with the administration of intravenous
photosensitizer, which is preferentially retained by malignant tissue, approximately 24
h prior to POC. Subsequently, light energy can be delivered under POC guidance to
the target tissue at a photoactivating wavelength, resulting in a photochemical reaction
inducing ischemia and necrosis of tumor cells[52]. RCT data is limited to ERCP-based
studies, in which PDT plus endoscopic stenting (1 = 20) vs endoscopic stenting alone
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(n =19) found improvement in median survival (493 d vs 98 d, P < 0.0001)[53].
However, a retrospective case series (n = 45) demonstrated similar absolute increases
in median survival time when comparing SOC-guided PDT vs PDT-only, though not
statistically significant (386 d vs 200 d, P = 0.45)[51]. This may suggest that larger
cohorts need to be studied to better understand whether the effect of SOC-guided PDT
truly plays an essential role compared to PDT therapy alone.

Post-liver transplant biliary complications

One AE orthotopic liver transplantation (OLT) patients face is the development of
biliary strictures, either anastomotic (more common) or nonanstomotic (less common).
Biliary strictures affect up to nearly 40% of post-OLT patients[54]. In these cases, POC
can be utilized for visual assessment of the biliary epithelium and/or targeted biopsy,
if needed[55]. Additionally, some strictures are not amenable to guidewire insertion or
cannulation with standard ERCP (e.g. angulated strictures)[56]; the addition of POC
can facilitate guidewire insertion and possibly obviate the need for biliary drainage or
surgical intervention[55,56].

In a recent observational study of 26 patients who underwent ERCP followed by
POC for suspected biliary complications post-OLT, 33 biliary complications were
found in 22 patients. The remaining 4 patients were found to have normal bile ducts.
Of the biliary complications, anastomotic strictures were the most common (14),
followed by nonastomotic strictures (7), biliary stones (6), and lastly biliary casts (3). In
12 patients (46%), POC demonstrated a clear benefit: Selective guidewire placement,
identification of biliary cast and/or stones not previously found on ERCP, or epithelial
changes (e.g. ulceration or inflammation) secondary to infection[44]. Additional case
series have shown the potential benefits of POC-guided steroid injections for
management of anastomotic strictures and POC-guided guidewire placement across
strictures (previously failed under fluoroscopic guidance)[56,57]. All of these observa-
tional studies suggest low rates of AEs, even in the post-OLT population[44,56,57]. Of
note, in immunocompromised post-OLT patients, it is important to provide a prophy-
lactic course of antibiotics given the potential increased risk of bacterial translocation
with POC[58].

Radiation-free management

One of the disadvantages of conventional ERCP therapy is radiation exposure to
patients and medical staff from the use of fluoroscopy. In particular, there can be
teratogenic risk posed to pregnant patients in the first trimester[59]. While ERCP
remains the standard of care and every effort should be made to use fluoroscopy
selectively and with proper safety measures, POC can be utilized as an alternative
management strategy to minimize or obviate the use of radiation[60]. A recent
retrospective, multicenter study demonstrated 100% success rate in achieving bile duct
cannulation without the use of fluoroscopy in the study population of pregnant
patients (n = 10) with a mean gestational age of 23 wk. Indications for intervention
included: Choledocholithiasis (7), stent removal (1), biliary stricture (1), and combined
choledocholithiasis/stent removal (1). Fifty-percent of patients were able to undergo a
completely radiation-free procedure, while an additional 30% received a dose mini-
mized below the recommended amount. AEs (pancreatitis[1], mild bleeding[1])
occurred in two patients (20%)[61]. The data remain limited in this cohort, but this
application of POC can certainly be considered as a possibly safer alternative in select
cases[61-63].

EMERGING AND MISCELLANEOUS APPLICATIONS OF CHOLANGIO-
SCOPY

Novel applications of POC continue to emerge. One area of demonstrated utility has
been in the removal of migrated stents and other foreign bodies. Following failed
retrieval attempts with ERCP, POC can provide better visualization and/or access for
successful extraction, thereby avoiding more invasive procedures[64-67]. Additionally,
POC can aid in the evaluation and management of hemobilia. After magnetic
resonance cholangiopancreatography (MRCP) or ERCP demonstrates the presence of
blood in the bile duct, POC can facilitate determining the source and etiology of
bleeding. In one case report, POC was utilized to confirm hemobilia arising from the
gallbladder, and ultimately a diagnosis of diffusely infiltrative gallbladder cancer was
made[68]. Another case report describes the detection of biliary angiodysplasia during
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POC following an unrevealing MRCP[69]. There have also been reports of the use of
POC in select cases of cholecystitis, where patients may not otherwise be surgical
candidates and/or in the presence of anatomical challenges. In these instances, POC
can be utilized to access and traverse the cystic duct with subsequent deployment of
metal or plastic stents as a means of minimally-invasive management[70-72]. Finally,
there has been a reported case of POC-guided EHL for the removal of a calcified stool
bezoar in an elderly patient with chronic, severe constipation[73].

DRAWBACKS OF CHOLANGIOSCOPY: ECONOMIC CONSIDERATIONS
AND AEs

Though the clinical applications of POC continue to expand, several factors hinder
further widespread use. In particular, the financial implications of POC vs conven-
tional ERCP, owing to the high cumulative costs of the POC processor, cholangio-
scopes, and cholangioscopic accessories, are major hindering factors. Overall, start-up
costs have been estimated to range between 50000 to $90000, though they can vary
substantially by institutional contract[74]. Additionally, cholangioscopes (D-SOC) and
their accessories are both single-use, and each one costs on the order of thousands and
hundreds of dollars, respectively. Based on a micro-costing approach, one European
study suggested that POC could be cost-effective for both treatment of difficult bile
duct stones and diagnosis of IDBSs when compared to conventional ERCP[75].
However, robust economic data are lacking in the United States. Moreover, procedure
times are often longer with POC when compared to conventional ERCP; thus, this may
deter performance of POC due to the ability to generate more revenue with conven-
tional ERCP per unit of time.

The overall AE rate associated with POC has been reported to be between 4% and
22%(76]. The major AEs include: Cholangitis, bacteremia, liver abscess, pancreatitis,
and bleeding[77]. In a nationwide study in Sweden analyzing 36352 ERCP procedures
and 408 cholangioscopy procedures between 2007 and 2012, reported post-procedural
AEs were higher with POC when compared to ERCP (19.1% vs 14.0%)[78]. Pancreatitis
(7.4% vs 3.9%) and cholangitis (4.4% vs 2.7%) showed similar increases, though
multivariate analysis did not demonstrate a statistically significant difference when
adjusted for confounders[78]. While higher rates of AEs with POC remain a concern,
one group found that administration of peri-interventional antibiotics can substan-
tially reduce rates of cholangitis[79]. With ongoing evolution of POC technology, its
safety profile when directly compared to conventional ERCP will need continued
assessment.

RECENT AND FUTURE DEVICE DEVELOPMENT

In May 2019, a next generation “mother-baby” videocholangioscope system (CHF-
B290, Olympus Medical Systems Corporation, Tokyo, Japan) was introduced[80,81].
Despite being a newer iteration with notable improvements, some previously known
limitations (e.g. two endoscopist operators and two equipment towers) remain, while
others, such as scope fragility and accessory channel diameter, have been reported to
be improved[80]. Currently, this system is only available for use in certain markets in
Asia and Europe[80].

In July 2020, Ambu Inc. received FDA approval for the Ambu® aScope™ (Ambu Inc,
Columbia, MD United States) Duodeno, a single-use duodenoscope. It is anticipated
that a single-use cholangioscope and additional accessories will follow in the next 1-2
years, with the potential for new clinical applications. It will be interesting to compare
these developments to existing scopes and accessories.

CONCLUSION

With growing evidence to support its use, POC has evolved into an important tool in
the biliopancreatic armamentarium. It is an important therapeutic option for difficult
biliary stones and a core part of the evaluation of indeterminate strictures. Outcomes
from the use of D-SOC for other ongoing and investigational indications (e.g.
radiation-free intervention in pregnant patients, migrated stent/foreign body
extraction, post-OLT biliary complication management, and selective guidewire

WJGE | https://www.wjgnet.com 71 February 16,2022 | Volume14 | Issue2 |



Subhash A et al. Update on peroral cholangioscopy

Jaishideng®

placement) appear promising. Still, as discussed in this review, there are constraining
factors and limitations to consider, e.g. device costs, paucity of standardized cholangio-
scopic visual classification systems, anatomical challenges, etc.[82].

In the future, further research and data are needed to solidify the evidence for POC

and clarify the outcomes of its investigational applications. For now, endoscopists may
continue to explore additional frontiers of clinical application, particularly with the
advent of new accessories and further technologic enhancements that may be on the
horizon.
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Abstract

Exposed endoscopic full-thickness resection (EFTR), with or without laparoscopic
assistance, is an emergent natural orifice transluminal endoscopic surgery
technique with promising safety and efficacy for the management of gastro-
intestinal submucosal tumors (SMTs) arising from the muscularis propria (MP),
especially of the gastric wall. To date, evidence concerning duodenal exposed
EFTR is lacking, mainly due to both the technical difficulty involved because of
the special duodenal anatomy and concerns about safety and effectiveness of
transmural wall defect closure. However, given the non-negligible morbidity and
mortality associated with duodenal surgery, the recent availability of dedicated
endoscopic tools for tissue-approximation capable to realize full-thickness defect
closure could help in promoting the adoption of this endosurgical technique
among referral centers. The aim of our study was to review the current evidence
concerning exposed EFTR with or without laparoscopic assistance for the
treatment of MP-arising duodenal SMTs.

Key Words: Endoscopic full-thickness resection; Exposed endoscopic full-thickness
resection; Laparoscopy-assisted endoscopic full-thickness resection; Duodenal submucosal
tumors; Novel oral transluminal endoscopic surgery
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Core Tip: Exposed endoscopic full-thickness resection (EFTR) is a promising
minimally invasive alternative to surgery for the removal of gastrointestinal
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submucosal tumors (SMTs) originating from the muscularis propria. To date, evidence
concerning duodenal exposed EFTR is lacking, mainly due to both the technical
difficulty and concerns about an effective closure of the transmural defect. However,
given the non-negligible morbidity and mortality associated with duodenal surgery, the
recent availability of dedicated endoscopic devices able to achieve a full-thickness
defect closure could help in overcoming these concerns. Our study aimed to review the
current evidence regarding exposed EFTR for deep duodenal SMTs.

Citation: Granata A, Martino A, Zito FP, Ligresti D, Amata M, Lombardi G, Traina M. Exposed
endoscopic full-thickness resection for duodenal submucosal tumors: Current status and future
perspectives. World J Gastrointest Endosc 2022; 14(2): 77-84

URL: https://www.wjgnet.com/1948-5190/full/v14/i2/77.htm

DOI: https://dx.doi.org/10.4253/wjge.v14.i2.77

INTRODUCTION

Though relatively infrequent, the diagnosis of duodenal submucosal tumors (D-SMTs)
has increased due to the widespread use of gastrointestinal endoscopy(1,2]. D-SMTs
originating from the submucosa and from the muscularis propria (MP) include lesions
with malignant potential, such as gastrointestinal stromal tumors (GISTs) and
neuroendocrine tumors (NETs)[3,4].

According to current guidelines, either suspected or histologically proven GISTs
larger than 20 mm in diameter or with high-risk endoscopic ultrasonography (EUS)
features (i.e., irregular borders, cystic spaces, ulcerations, echogenic foci and hetero-
geneity) should be removed with histologically negative margins. Given the limited
intramural extension of GISTs and their rare lymph node involvement, surgical local
resection without additional lymphadenectomy is currently regarded as the gold
standard of treatment[4-6]. Furthermore, resection of gastric NETs > 10 mm in
diameter is recommended, while all duodenal NETs should be excised, regardless of
their size[7]. However, traditional duodenal surgery, such as open pancreaticoduoden-
ectomy (PD), carries a significantly higher risk of morbidity and mortality compared to
that for other gastrointestinal (GI) sites[8]. Moreover, various types of laparoscopic
limited resection of the duodenum have been reported, including laparoscopic wedge
resection, laparoscopic and endoscopic cooperative surgery, and laparoscopic
segmental duodenectomy[9,10]. Though less invasive, they are technically challenging
due to the retroperitoneal anatomical location of the duodenum and its intimate
relationship with the pancreas, ampulla of Vater, and distal common bile duct. Thus,
conversion to PD may be required[11].

In this setting, endoscopy may offer the chance for a minimally invasive curative
approach for D-SMTs. Safe and effective removal of small D-SMT without invol-
vement of the MP by means of endoscopic mucosal resection (EMR) has been reported
[4]. Furthermore, though endoscopic submucosal dissection (ESD) within the
duodenum is not routinely recommended due to high risk of perforation, its adoption
for the treatment of duodenal lesions has been reported, with good outcomes across
referral centers[12-14]. However, MP-originating D-SMTs cannot be completely
removed by means of EMR or ESD, due to both MP layer involvement and adherence
to serosa. ESD-assisted exposed endoscopic full-thickness resection (EFTR) is a scarless
natural orifice transluminal endoscopic surgery (NOTES) procedure with a reported
good safety and efficacy profile, particularly for the treatment of MP-originating
gastric submucosal tumors (G-SMTs)[15,16]. However, there is a lack of evidence
regarding duodenal exposed EFTR, due to technical difficulty related to the complex
duodenal anatomy and concerns about a safe and effective closure of the transmural
defect[17]. Nevertheless, duodenal perforation is associated with higher morbidity and
mortality compared with those occurring within other GI sites[18].

The aim of our study was to review the current evidence concerning exposed EFTR
with or without laparoscopic assistance for the treatment of MP-originating D-SMTs.
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LITERATURE SEARCH

A literature search by using PubMed (MEDLINE) and EMBASE for the period January
1998 (the year EFTR was first reported) to February 2021 was undertaken in order to
identify relevant studies on duodenal ESD-assisted exposed EFTR, with or without
laparoscopic assistance. The search strategy usedthe following terms: "Endoscopic full-
thickness resection," “EFTR,” “exposed endoscopic full-thickness resection,”
“laparoscopy assisted endoscopic full-thickness resection,” and “LAEFR.” The
literature search was limited to human studies and English language. Meeting
abstracts were excluded. Articles reporting on both LECS procedures, in which tumor
resection is mainly performed surgically, and non ESD-assisted EFTR were also
excluded from the current review. The references of review articles and relevant
papers were hand-searched to identify any additional studies.

ROLE OF EXPOSED EFTR IN THE MANAGEMENT OF MP-ORIGINATING
D-SMTS

Technique

Exposed EFTR is a “cut then close” technique carrying out full-thickness excision with
the creation of an intentionalperforation, followed by wall defect suture. Thus, the
term “exposed” is derived from the temporary peritoneal exposure to the GI contents
[19].

The exposed EFTR technique was first described by Ikeda et al[20] in a porcine
stomach in 2006[20], and finally translated into clinical practice by Zhou et al[21] a few
years later[21]. The principal procedures of ESD-assisted exposed EFTR are as follows
[4]: (1) Circumferential mucosal and submucosal incision around the lesion by means
of typical ESD technique; (2) Muscular and serosal incision, pursuing an active
perforation; and (3) Endoscopic closure of the resulting transmural wall defect. Altern-
atively, post-EFTR defect closure by means of laparoscopic hand-suturing has been
reported in the laparoscopy-assisted endoscopic full-thickness resection (LAEFR)[22].

The exposed ESD-assisted EFTR without laparoscopic assistance technique is
illustrated in Figure 1.

Evidence

In 2012, Abe et al[22] reported the first case of LAEFR for a 10 mm carcinoid tumor of
the duodenal bulb. Resection with histologically negative margins was accomplished,
and the duodenal post-EFTR wall defect was sutured laparoscopically by means of an
Albert anastomosis. No major adverse events were reported. Of note, during the same
operative session laparoscopic lymphadenectomy was done before the EFTR, with
intra-operative histological examination showing the absence of metastatic tumor cells
[23].

In a multicenter prospective cohort study enrolling 42 patients undergoing
gastrointestinal exposed EFTR, five procedures performed for SMTs located in the
duodenal bulb were also included. The resulting post-EFTR transmural defect was
effectively closed by the application of pursestring sutures with nylon loops and clips
in all cases, and no major adverse events were observed[24].

A large retrospective study evaluated the efficacy and safety of exposed EFTR
without laparoscopic assistance in 32 patients with non-ampullary MP-arising
duodenal SMTs. With regard to post-EFTR defect closure, various endoscopic
techniques were adopted (Table 1). In one case, endoscopic closure of a 2.5 cm post-
EFTR defect located at the anterior wall of the bulb-descending junction appeared
technically unfeasible; thus, conversion to open surgery was undertaken, with
successful defect suture. Complete resection was achieved in all cases, and no
recurrence was observed during a mean follow-up period of 38 mo. The occurrence of
major adverse events was reported in two of 32 procedures. A case of EFTR performed
for a 2.5 cm lesion in the anterior wall of the bulb-descending junction with defect
closure by means of endoloops and clips was complicated by delayed perforation.
Laparoscopic exploration with drainage tube placement was performed, and the
patient was discharged on post-operative day 6. Finally, in a male patient aged 81,
with a history of chronic obstructive pulmonary disease post-operative decline in
blood oxygen saturation was observed. The patient was transferred to the intensive
care unit and successfully treated conservatively[25].
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Table 1 Summary of studies reporting on duodenal endoscopic submucosal dissection-assisted exposed endoscopic full-thickness resection

q Mean Mean Mean
Study Lesions Mean size Surgical operation poLOS follow-up
Ref. . ’ (range), Site RO Histology . Closure method . Major AEs Recurrence
design n om conversion time (range), (range), (range),
min days months
Abeetal CR 1 1.0 Bulb: Anterior wall Carcinoid 0 Laparoscopic hand- 200 0 7 - -
[23], 2012 suturing
Qiaoetal R 5 - Bulb - - 0 EPSS - 0 45 12 0
[24], 2018
Renetal R 32 1.2 Bulb: Anterior wall (n= 32 GIST (n=14); NET (n = 2 Clips (1 = 6); Clips + - Delayed 6.2 (2-19) 38 (14-73) 0
[25], 2019 (0.5-3.0) 21); posterior wall via (n 4); Heterotopic pancreas ( endoloops (1 = 20). Clips + perforation (n =
= 1); Bulb-D2 junction: n =11); Leiomyoma (n = endoloops + fibrin glue (n 1); SO2 decline (n
Anterior wall (n = 8); D2 2); Lipoma (n = 1) =4); ESS (n=1) =1)
=2
Yuanetal CR 1 2.0 Bulb 1 GIST 0 [EESS) 55 0 4 3 0
[26], 2019
Granataet R 2 24 Bulb: Anteriorwall (n= 2 GIST (n=1);NET (n=1) 0 ESS 293 (145-148) 0 3.5 (3-4) 15 (12-18) 0
al[27], (1.8-3.0) 1); inferior wall (n = 1)
2021

AEs: Adverse events; poLOS: Post-operative length of stay; CR: Case report; R: Retrospective; D2: Descending duodenum; GIST: Gastrointestinal stromal tumor; NET: Neuroendocrine tumor; SO2: Oxygen saturation; EPSS: Endoscopic
purse-string suture; ESS: Endoscopic suturing system.

In 2019, Yuan et al[26] reported a case of successful exposed EFTR without laparo-
scopic assistance performed for a 20 mm duodenal bulb low-grade GIST. The resulting
transmural wall defect was effectively closed with endoloops and endoclips using the
purse-string suture technique. R0 resection was achieved, no major adverse events
were observed, and the patient was discharged home on post-operative day 4[26].

Finally, in a recent retrospective case series from Italy, two exposed EFTR
procedures of the duodenal bulb were reported. Wall defect closure was successfully
performed by means of the OverStitch Endoscopic Suturing System (Apollo
Endosurgery, Austin, Texas, United States). Histological examination showed free
resection margins in both cases (1 NET, 1 GIST) and no major adverse events were
encountered[27].

Results of the included studies in which duodenal ESD-assisted exposed EFTR was
performed are summarized in Table 1.
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Figure 1 Duodenal exposed endoscopic full-thickness resection without laparoscopic assistance with defect closure using endoscopic
suturing system. A: Endoscopic view of a submucosal lesion located in the duodenal bulb; B: Circumferential mucosal and submucosal incision; C: Exposed
endoscopic full-thickness resection of the tumor and creation of “active perforation”; D: Transmural defect of the duodenal bulb; E: Full-thickness defect closure by
means of OverStitch endoscopic suturing system; F: Endoscopic view of the resection site on post-operative day 60.

CONCLUSION

To date, the optimal resection modality for the treatment of MP-originating D-SMTs
has not been established. PD carries a high rate of morbidity[8,11], while pancreas-
preserving limited duodenal resection techniques are technically challenging, with a
non-negligible rate of conversion to PD[9,11]. Furthermore, both EMR and ESD
techniques are technically unsuitable for the complete resection of D-SMTs arising
from the MP and adhering to the serosa layer, being limited to mucosal and
submucosal layer, respectively. Intriguingly, non-exposed EFTR have been proposed
for the resection of deep D-SMTs, with promising outcomes[28]. With the use of this
“close then cut” technique, the lesion is resected after the GI wall patency is secured by
creation of full-thickness wall duplication. Non-exposed EFTR can be realized with the
use of a dedicated full-thickness resection device (FTRD; Ovesco Endoscopy,
Tuebingen, Germany), consisting of an over-the-scope clip (OTSC) preloaded into a
cap with an integrated snare. Alternatively, the application of an OTSC (OTSC, Ovesco
Endoscopy GmbH, Tuebingen, Germany; Padlock Clip, Aponos Medical, Kingston,
NH, United States) is followed by excision of the created pseudopolyp by the use of a
snare or a needle knife. Non-exposed EFTR provides the potential avoidance of both
peritoneal dissemination of tumor cells and extraluminal spillage of gastrointestinal
content. In addition, this approach is technically much easier and faster to perform.
However, this technique has a lower RO resection rate than exposed EFTR. This is
probably due to the technical unfeasibility of a “real-time” and direct visualization of
the circumferential cutting margins. Furthermore, OTSC cannot be repositioned after
its deployment, and non-exposed EFTR is reserved for smaller lesions (< 25 mm)[19,
28].

In this scenario, ESD-assisted exposed EFTR with or without laparoscopic assistance
could replace traditional surgery for the radical treatment of select cases of deep D-
SMTs. However, evidence concerning the use of this NOTES procedure for D-SMTs is
lacking. Traditionally, the duodenum has been considered a “forbidden” zone for
exposed EFTR mainly due to technical difficulties related to complex anatomic
relationships with surrounding organs and vessels, a narrow lumen, and a “C-loop,”
resulting in troublesome maintenance of the desired endoscope position. Hence,
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concerns about an effective and reliable post-EFTR transmural defect closure must be
raised.

Delayed perforation of the duodenum is associated with higher morbidity and
mortality than other GI sites[8]. However, the recent development of dedicated
endoscopic devices for tissue-approximation capable of achieving a full-thickness
“surgical-quality” defect closure, such as the OverStitch Endoscopic Suturing System
and OTSC systems, could help in overcoming these concerns[29,30].

In our opinion, a step-up approach with exposed EFTR as the first-line of treatment
for selected deep D-SMTs appears particularly intriguing. Its adoption should be
reserved for non-periampullary MP-originating D-SMTs up to 30 mm in diameter and
without predominant extraluminal growth pattern, and limited to highly experienced
centers. Full-thickness closure of the post-EFTR wall defect is strongly advised.

High morbidity and mortality associated with duodenal surgery justify active
research in this field. Further large prospective studies in high-volume referral centers
are needed to better clarify the role of exposed EFTR with or without laparoscopic
assistance for the treatment of MP-arising D-SMTs.
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Abstract

Inflammatory bowel disease (IBD), encompassing Crohn's disease and ulcerative
colitis, is a chronic immune-mediated inflammatory disease that primarily affects
the gastrointestinal tract and is characterized by periods of activity and remission.
The inflammatory activity of the disease involving the colon and rectum increases
the risk of colorectal cancer (CRC) over the years. Although prevention strategies
are evolving, regular surveillance for early detection of neoplasia as a secondary
prevention strategy is paramount in the care of IBD patients. In this review article,
we discuss the current evidence of the risks of developing CRC and evaluate the
best available strategies for screening and surveillance, as well as future oppor-
tunities for cancer prevention.

Key Words: Inflammatory bowel disease; Endoscopy; Crohn’s disease; Ulcerative colitis;
Surveillance; Colorectal cancer

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Colorectal cancer (CRC) is one of the leading causes of death in inflam-
matory bowel disease (IBD) today. However, subsequent reports have shown lower
rates of CRC. The expanding medical options in IBD have substantially improved our
ability to control severe inflammation and likely to reduce the risk of CRC in this
setting. We discuss the current evidence of the risks of developing CRC, and evaluate
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the best available strategies for detection and surveillance, as well as future
opportunities for cancer prevention.
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INTRODUCTION

Inflammatory bowel disease (IBD) is a chronic, progressive or relapsing and remitting
immune-mediated condition of the intestines[1,2]. While the pathogenesis has not been
fully elucidated, it is generally considered a consequence of a dysregulated immune
response to environmental triggers in genetically predisposed subjects[3,4]. CRC is a
major cause of death in IBD, accounting for 10 to 15% of death in IBD[5,6]. CRC risk
increases over time after IBD diagnosis. In ulcerative colitis (UC), a prior meta-analysis
estimated the CRC risk to be 2%, 8%, and 18% at 10, 20, and 30 years, respectively,
after disease diagnosis[7]. This risk is also higher in patients with long-standing and
diffuse colonic CD [relative risk (RR) of 4.5 (95%CIl: 1.3-4.9)][8]. However, later reports
have shown lower rates of left-sided CRC of 2.5%, 7.6%, and 10.8% at 20, 30, and 40
years after diagnosis, respectively[9]. This lower risk may be explained due to
successful CRC surveillance programs and better control of mucosal inflammation
from early disease stages[10]. The more recent 40-year surveillance experience in the
United Kingdom demonstrated decreasing rates of advanced CRC and interval CRC
with cumulative incidences of 0.1%, 6.7%, and 10% in the first, third, and fourth
decade after diagnosis, respectively[11]. The reasons for decreasing incidences are
thought to reflect effective surveillance, access to surgery, and more effective
therapies.

Endoscopic surveillance is the primary recommended CRC prevention strategy,
with an active search of early-stage cancer or pre-cancerous (dysplastic) lesions[12].
Endoscopic surveillance has been previously suggested to start 8-10 years after IBD
diagnosis based on a historical analysis by Eaden et al that showed a CRC risk of 2% 10
years after diagnosis[7]. However, earlier surveillance starting 8 years after diagnosis
is modeled to capture an additional 6% of patients developing CRC[13], so newer
guidelines embrace this earlier starting time, which may also reflect the emergence of
earlier age colorectal cancers described in the population.

Historically, CRC surveillance in patients with IBD has been characterized by
extensive four-quadrant non-targeted (random) biopsies to improve the detection of
dysplastic mucosa. However, a newer technology that enhances digital mucosal
images as high-definition white-light endoscopy (HD-WLE) and dye-assisted
chromoendoscopy (CE) with magnification have improved the visualization and
detection of early neoplastic lesions, and therefore have increased the diagnostic yield
for dysplasia[14,15].

CRC PATHOGENESIS IN IBD

Although the pathogenesis of IBD-related CRC is believed to be different from the
pathogenesis of sporadic CRC and CRC that is associated with polyposis and non-
polyposis hereditary syndromes, their molecular pathways are similar[16], involving
DNA methylation, microsatellite instability, aneuploidy, activation of oncogene Kras,
alteration of COX-2 enzymes, and mutation of tumour suppressor genes, with loss of
P53 function[17]. One well-known molecular link between cancer and inflammation is
the nuclear factor Kappa B (NF-kB)[18]. It can be activated by pro-inflammatory
cytokines like interleukin-1 (IL-1), IL-6, and tumor necrosis factor a(TNF-a), ultimately
producing reactive oxygen species damaging the DNA and favoring tumor
development[19] in Figure 1.
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Inflammation plays a central role in carcinogenesis; as a consequence, the severity of
flare-ups with accumulated inflammatory damage (persistence of inflammation)
predisposes to the development of CCR. Choi et al observed that the accumulative
inflammatory burden had a 2-fold increase in the risk of CCR, (95%CI: 1.5 to 2.9; P <
0.001 for endoscopic and 95%CI: 1.4 to 3.0; P < 0.001 for histological) for every 10 years
of mild, 5 years of moderate o 3.3 years of severe activity disease[20]. The importance
of this finding is that it is based not only on the most recent colonoscopy but also on
several colonoscopies in a given time to assess the cumulative effect of inflammation.
This persistent inflammation mechanism would explain the predominance of right-
sided neoplasia that has been described in PSC patients. In a recent study, UC PSC
patients who remain in clinical remission have greater endoscopic and histological
activity in the right colon compared to UC patients without PSC[21].

Moreover, chronic inflammation may lead to the development of dysplastic changes
in colonic mucosa. These changes can be classified as low-grade dysplasia (LGD),
high-grade dysplasia (HGD), or indefinite for dysplasia[22]. LGD is characterized by
hyperchromatic enlarged nuclei with preserved cell polarity, decreased mucinous
differentiation, and dystrophic goblet cells[23,24]. In contrast, HGD presents as
atypical cells with prominent nuclear pleomorphism, hyperchromatic stratified nuclei,
and loss of cell polarity, and whenever pathologists cannot distinguish between
inflammatory-associated and dysplastic changes, the sample is defined as indefinite
for dysplasia[23,24]. This should be distinguished from indeterminate findings, which
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are usually due to the presence of confounding amounts of histologic inflammation.
Given the high inter-observer variability in grading dysplastic changes, guidelines
recommend that all cases of suspected dysplasia should be evaluated by two expert
pathologists[25,26].

Neoplastic progression can occur multifocally so that dysplasia can be associated
with an increased risk of synchronous (simultaneous) or metachronous (six months
after diagnosis) dysplasia or carcinoma[25,27].

RISK FACTORS FOR DYSPLASIA AND CRC

Most relevant CRC risk factors in IBD include longer disease duration, greater disease
extent (extensive-pancolitis) and degree of inflammation over time[28,29], family
history of CRC[30], personal history of dysplasia or colonic stricture, and diagnosis of
primary sclerosing cholangitis (PSC) Table 1[31,32].

Younger age at diagnosis and disease duration have been shown as risk factors for
CRC in IBD patients, possibly related to more aggressive phenotypes and longer
exposure to mucosal inflammation[33]. A previous meta-analysis showed that patients
diagnosed before the age of 30 had a CRC standardized incidence ratio (SIR) of 8.2
(95%CI: 1.8-14.6, 12 82%) compared to patients diagnosed after 30-years-old with an
SIR of 1.8 (95%CI: 0.9-2.7, 12 81%)[34]. Also, disease extension in UC has been related
to a higher risk of CRC, with SIR of 6.9 (95%CI: 1.9-11.9, 12 84%) for extensive colitis
and only 1.7 (CI 95% 0.6-4.5 12 47%) for left-sided colitis; furthermore, in patients with
segmental colitis in CD, there was no higher risk of CRC, with a SIR of 1.7 (95%CI: 0.9-
2.6, 12 0%)[35]. There is evidence that IBD patients with a prior family history of CRC
have at least a two-fold higher risk of IBD-related CRC (adjusted RR = 2.5; 95%CI: 1.4-
4.4); moreover, when CRC family history is associated to first-degree relatives,
diagnosed under the age of 50, the risk is even higher (RR = 9.2; 95%ClI: 3.7-23)[25,35].
There are some cases of Lynch Syndrome with IBD who develop CRC at a younger
age, which are more accelerated and significantly compare with patients without IBD.
In this scenario, a colectomy would be necessary due to the high risk of recurrence and
multiple CRC[36]. This risk has been seen in UC, and only a few cases in CD, so it does
not allow conclusions to be drawn about the risk of CRC[37].

The presence of prior dysplasia or stricture is also associated with an increased risk
of neoplasia in IBD[38,39]. Furthermore, colonic strictures in any setting should be
considered malignant until proven otherwise.[40] Previous studies have reported
variable risk of dysplasia or CRC associated with colonic strictures in UC (from 0% to
86%)[41,42] and there is insufficient data for this risk in CD[43]. Regarding the
presence of inflammatory polyps, it is debated if they are related to the development
of dysplasia. Historically, case-control studies have reported that patients with inflam-
matory polyps have 1.9-to-2.5-fold increased risk of CRC[29,44], but recent
retrospective cohort studies have suggested that they do not independently predict the
development of CRC, nor do they predict progression from LGD to HGD or CRC[20,
45].

One major risk factor for CRC in IBD is the presence of concomitant PSC. A
previous meta-analysis by Soetikno et al[46] showed that patients with PSC and UC
had a higher risk for development of CRC [odds ratio (OR) of 4.09 (95%CI: 2.89-5.76)].
An observational longitudinal cohort study also reported an increased risk for CRC in
patients with PSC and UC compared to patients with UC and no PSC with a SIR of 9.8
(95%ClI: 1.9-96.6)[47]. Additionally, patients who are in clinical remission have a higher
chance of endoscopic and histological inflammation in the right colon compared to UC

patients without PSC, being the place where the CCR is most frequently found[21] in
Figure 2.

CRC SURVEILLANCE IN IBD

Recommendations for CRC surveillance in IBD vary according to the type of IBD,
comorbidities, and previous family history of CRC. According to the current SCENIC
consensus statements and ACG guidelines, surveillance colonoscopies should start 8
years after diagnosis in patients with left-sided or extensive UC, and in patients with a
colonic CD that comprise more than 30% of the colonic surface or > 1 colonic segment
[48,49]. Patients with a first-degree family history of CRC should start surveillance
colonoscopies 10 years before the age their relative was diagnosed with CRC or 8 years
after IBD diagnosis, whichever occurs first[50]. In patients with IBD and PSC,
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Table 1 Risk factors

Clinical risk factors Endoscopic risk factors

Disease duration, extension, and severity Active disease

Personal history of dysplasia Colonic stricture

Primary sclerosing cholangitis Pseudopolys (post-inflammatory polyps)
Family history of CRC /dysplasia Tubular appearance of colon

IBD: Inflammatory bowel disease; UC: Ulcerative colitis; CD: Crohn disease.

Start after 8 yr of IBD diagnosis or
early if PSC is present

CRC surveillance

Surveillance schedule based on

risk factors
Low risk Intermediated risk High risk

Left side UC Mild inflammation Moderate- severe inflammation
Crohn's colitis with < 50% Pseudopolyps PSC : :
extent Family history CRC at > 50 Personl history of dyplasia
Inactive inflammation yr age Familt h|§tory CRC at < 50 yr old
Consecutive negative exams Colon strictures

Follow up 3yr 2yr 1yr

Figure 2 Colorectal cancer risk. CRC: Colorectal cancer; UC: Ulcerative colitis; CD: Crohn disease; PSC: Primary sclerosing cholangitis.

surveillance colonoscopies should start at diagnosis and be repeated on an annual
basis[51]. Surveillance colonoscopy intervals are every 1-3 years, according to each
patient risk-stratification[27,52]. Patients with isolated proctitis do not need
surveillance colonoscopies[51].

ENDOSCOPIC TECHNIQUES FOR DETECTION OF DYSPLASIA

Despite the greater surveillance efforts for early detection of CRC in IBD patients, CRC
risk remains significant, and the incidence of interval cases may be due to rapid
progression and unclear pathogenesis[53]. In order to perform an optimal evaluation
of the colonic mucosa, optimum bowel preparation is essential[54,55].

Several advanced imaging techniques have been developed to improve visual-
ization of mucosal defects, enhancing dysplasia and early CRC detection. High-
definition white light endoscopy (HD-WLE) has demonstrated higher adenoma
detection than standard definition colonoscopy in patients undergoing screening
colonoscopy in non-IBD patients[56]. Chromoendoscopy uses optical or computer/bas
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-ed techniques to enhance mucosal details in order to improve lesion detection and
characterization[57,58]. This technique can be assisted by different dye agents applied
as sprays during colonoscopy, which can be classified as contrast agents (i.e., indigo
carmine)[59], absorptive agents (i.e., methylene blue), and reactive staining agents (i.e.,
Congo red); being the first two, the most commonly used[60]. Among dye-less
chromoendoscopy, there are different optical CE techniques. Narrow-band imaging
(NBI) is a type of optical CE, based in the use of blue-light technology improving
characterization of detected lesions, but has shown no further benefit in primary
detection of dysplasia when compared to HD-WLE[61]. Unlike NBI, other dye-less CE
methods, such as flexible spectral imaging color enhancement (FICE), visualizes
mucosal structures without using optical filters but capturing mucosal imaging and
performing digital software-based processing of the captured images. The adequate
examination requires a clean mucosa, as stools and blood can obscure interpretation of
the images. DCE was more effective in identifying dysplasia compared to white light
endoscopy (WLE), but without reaching significant differences compared to HD WLE
[62]. Recently, a retrospective analysis also showed no differences in the detection of
dysplasia with these techniques, but longer examination time using DCE (24.6 min vs
15.4, P <0.001)[63].

The National Institute for Health and Care Excellence (NICE) and the European
Crohn’s and Colitis Organization (ECCO) have recommended the routine use of CE
with targeted biopsies in IBD-CRC surveillance in their society guidelines[49]. In 2015
an international expert consensus, SCENIC (Surveillance for Colorectal Endoscopic
Neoplasia Detection and Management in Inflammatory Bowel Disease Patients:
International Consensus) recommended a surveillance study with high-definition
colonoscopy or else the use of dye spray chromoendoscopy if a standard definition
white-light exam is performed[20]. Prior to HD- WLE, the standard of care for CRC
surveillance included four-quadrant non-targeted (random) biopsies every 10 cm from
the cecum to the rectum, with a minimum of 32 biopsies, with the goal of detecting
“invisible” dysplasia[64]. This technique intended to sample the mucosa in order to
identify “invisible” lesions; we now understand that newer imaging technology, if
used by experienced endoscopists, has likely made this approach unnecessary in many
patients[65].

Virtual chromoendoscopy (VCE) is an optical imaging technique that uses filters to
enhance the contrast of both the mucosa and the superficial vasculature, allowing a
better evaluation. In a multicenter study with UC patients comparing DCE vs NBI, no
significant difference was reported between these techniques in detecting neoplastic
lesions (OR: 1.02 (95%CI: 0.44-2.35, P = 0.964)[66]. A recent randomized controlled trial
comparing DCE, VCE, and HD-WLE found that both techniques were non-inferior to
DCEJ[67]. The 2019 ACG guidelines recommend the use of DCE or NBI for the
surveillance of dysplasia (conditional recommendation, low quality of evidence)[50].

Despite their low yield, random biopsies may have a role when performed in
association with CE in IBD patients with a personal history of neoplasia, an appearing
tubular colon, or concomitant PSC. A French multicenter study performed quadrantic
random biopsies every 10 cm in patients with a personal history of neoplasia, showing
that 12.8% of neoplasia can be detected[68]. Saravia et al[69] consider that random
biopsies should be performed when CE is not available or when WLE is used in the
presence of inflammation or high-risk factors.

NEW TECHNOLOGIES IN CRC DETECTION

Artificial intelligence (AI) is evolving as a topic of interest in the field of
gastrointestinal endoscopy. Al has been used in endoscopic polyp detection; no
studies on Al in IBD surveillance have been published so far[70].

MANAGEMENT OF DYSPLASIA

It is important to distinguishing polypoid from non-polypoid lesions, due to their
different management, prognosis, and follow-up[71]. A meta-analysis performed by
Wanders et al showed that patients with polypoid lesions had a lower incidence of
CRC compared to patients with non-polypoid lesions, which was attributed to the
complete endoscopic resection of the first type of lesions[72].
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Less than 1 cm polypoid lesions (with negative margins) should be followed up
with colonoscopy at 12 mo. For lesions greater than 1 cm or lesions that have been
removed piecemeal, surveillance colonoscopy should be performed within 3-6 mo[49].
LGD had a low risk of progression to HGD or CRC from an incomplete resection if it is
unifocal. In contrast, multifocal LGD carries substantial risk[73]. The rate of
progression from LGD vs HGD to adenocarcinoma was significantly greater for HGD (
P < 0.001)[74]. Although most dysplasias were found in the right colon, being higher in
UG, the rate of progression of LGD and HGD dysplasia or adenocarcinoma was not
significantly different in CD vs UC[75]. A Dutch nationwide cohort study observed
that the cumulative incidence of advanced neoplasia was 21.7% after 15 years of
follow-up. Male sex, older age at LDG (> 55 years), and follow-up by a tertiary IBD
referral center were independent risk factors for advanced neoplasia[76]. The
management of HGD in a visible lesion with complete resection is controversial. The
decision should be made case by case between colectomy vs shorter follow-up[77].

In cases of non-polypoid dysplasia, classically, these were sent to colectomy.
However, if there is complete resection, it can be followed up instead of colectomy but,
always evaluating progression factors[78].

For endoscopically invisible LGD (found only on random biopsy), it should be
referred to an IBD Centre or endoscopist with experience at high-risk surveillance.
Surveillance endoscopy using CE with HD-WLE is required in an attempt to identify
the neoplastic lesion (or others) and to remove it endoscopically[79]. In Figure 3, the
management of dysplasia/LGD and HGD is summarized.

CONCLUSION

It is essential to know which risk factors affect the CRC risk in every IBD patient,
allowing to identify the subgroups of patients who need closer surveillance and more
intensive treatment. The risk of CRC is increased in IBD but not as high as previously
reported. The expanding medical options in IBD have substantially improved our
ability to control severe inflammation and likely to reduce the risk of CRC. The
advance of new technologies allows us a better characterization of lesions and treat
them on time.

Prospective studies to monitor the rate of interval cancer, the cost-effectiveness of
surveillance programs are needed.
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Abstract

BACKGROUND
Olympus Corporation has developed texture and color enhancement imaging
(TXI) as a novel image-enhancing endoscopic technique.

AIM
To investigate the effectiveness of TXI in identifying colorectal adenomas using
magnifying observation.

METHODS

Colorectal adenomas were observed by magnified endoscopy using white light
imaging (WLI), TXI, narrow band imaging (NBI), and chromoendoscopy (CE).
This study adopted mode 1 of TXI. Adenomas were confirmed by histological
examination. TXI visibility was compared with the visibility of WLI, NBI, and CE
for tumor margin, and vessel and surface patterns of the Japan NBI expert team
(JNET) classification. Three expert endoscopists and three non-expert endo-
scopists evaluated the visibility scores, which were classified as 1, 2, 3, and 4.

RESULTS

Sixty-one consecutive adenomas were evaluated. The visibility score for tumor
margin of TXI (3.47 + 0.79) was significantly higher than that of WLI (2.86 +1.02, P
< 0.001), but lower than that of NBI (3.76 + 0.52, P < 0.001), regardless of the
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endoscopist’s expertise. TXI (3.05 £ 0.79) had a higher visibility score for the vessel
pattern of JNET classification than WLI (2.17 £ 0.90, P < 0.001) and CE (2.47 £ 0.87,
P <0.001), but lower visibility score than NBI (3.79 + 0.47, P < 0.001), regardless of
the experience of endoscopists. For the visibility score for the surface pattern of
JNET classification, TXI (2.89 + 0.85) was superior to WLI (1.95 £ 0.79, P < 0.01)
and CE (2.75 £ 0.90, P = 0.002), but inferior to NBI (3.67 + 0.55, P < 0.001).

CONCLUSION
TXI provided higher visibility than WLI, lower than NBI, and comparable to or
higher than CE in the magnified observation of colorectal adenomas.

Key Words: Texture and color enhancement imaging; Adenoma; Colonoscopy; Narrow
band imaging; Japan NBI Expert Team; Olympus

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Texture and color enhancement imaging (TXI) has been developed as a novel
image-enhancing endoscopy. Colorectal adenomas were observed by magnified
endoscopy using white light imaging (WLI), TXI, narrow band imaging (NBI), and
chromoendoscopy (CE). TXI visibility was compared with the visibility of WLI, NBI,
and CE for tumor margin, and vessel and surface patterns of the Japan NBI Expert
Team (JNET) classification. TXI provided higher visibility than WLI and lower than
NBI for tumor margin. TXI showed higher visibility than WLI and CE, and lower than
NBI for the vessel and surface patterns of the JNET classification.

Citation: Toyoshima O, Nishizawa T, Yoshida S, Yamada T, Odawara N, Matsuno T, Obata M,
Kurokawa K, Uekura C, Fujishiro M. Texture and color enhancement imaging in magnifying
endoscopic evaluation of colorectal adenomas. World J Gastrointest Endosc 2022; 14(2): 96-
105

URL: https://www.wjgnet.com/1948-5190/full/v14/i2/96.htm

DOI: https://dx.doi.org/10.4253/wjge.v14.i2.96

INTRODUCTION

Colorectal adenomas are precursors to colorectal cancer and their removal prevents
occurrence of cancer in this region. Endoscopists with higher adenoma detection rates
have lower colorectal cancer incidence and mortality in their patients than those with
lower adenoma detection rates[1,2]. Currently, adenomas are a common finding.
Hilsden et al[3] reported the following benchmarks of adenoma detection rates:
minimally acceptable, 25%; standard of care, 30%; and aspirational, 39%. It is
recommended that the endoscopists overcome the “minimally acceptable” threshold[3,
4]. Therefore, accurate diagnosis of colorectal adenomas is crucial in clinical practice[5-
7].

Recent advances in endoscopic technology have improved the accuracy of
endoscopy using image-enhanced endoscopy (IEE) for lesions that are difficult to
observe using conventional white light imaging (WLI). Since narrow band imaging
(NBI) was developed as an IEE modality, evidence on the usefulness of IEE has been
accumulated and IEE is commonly used in daily practice. NBI selects blue and green
wavelengths using optical filters with the elimination of red light, thus emphasizing
mucosal surface structures and blood vessels[8]. NBI has been reported to be effective
in detecting[9] and characterizing lesions[10-12]. Following NBI, blue light imaging
(BLI) and linked color imaging (LCI) have become available as new IEE modalities.
BLI and LCI irradiate mucosa with a short wavelength, narrow-band light, which
includes light amplification by stimulated emission of radiation or light emitting
diode, without an optical filter. Furthermore, the acquired color information is
reallocated to different colors that are similar to the mucosal color, resulting in
improved performance in depicting blood vessels. In addition, image processing that
enhances color separation for red color permits clear visualization of red blood vessels
and white pits in LCI[13]. The efficacy of BLI and LCI has also been extensively
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reported[14]. Texture and color enhancement imaging (TXI), which is a novel method
to enhance images, was developed in the new endoscopy system EVIS X1 (Olympus
Corporation, Tokyo, Japan) in 2020.

TXI is designed to enhance three image factors, including texture, brightness, and
color, in WLI to clearly define subtle tissue differences by applying the retinex theory
[15,16]. Retinex is based on the theory of “color constancy” and “brightness
constancy”, in which the human eye can perceive color and brightness regardless of
the illumination light. TXI consists of the following six processes. First, the input image
is split into two layers, base and detail. Next, the brightness in the dark regions of the
base layer is adjusted. Tone-mapping is applied to the corrected base layer in step
three. Fourth, texture enhancement is applied to the detail layer to enhance the subtle
contrast. In step five, the base layer after tone-mapping and the detail layer after
texture enhancement are recombined. A TXI image produced in the fifth step is
immediately displayed in TXI mode 2. In the final step, color enhancement is applied
to the output of TXI mode 1 to more clearly define the slight color contrast. The color
enhancement algorithm of TXI was designed to expand the color difference between
red and white hues in the image[16].

The Japan NBI Expert Team (JNET) classification is a standard for diagnosing the
histology of a neoplasm by observing the surface structure (vessel pattern and surface
pattern) of the neoplasm using magnified NBI. The JNET classification is widely used
in clinical practice for the diagnosis of adenoma. It has proven to be useful for the
diagnosis of superficial colorectal neoplasms in a clinical setting by both expert and
non-expert endoscopists[12]. A meta-analysis suggested that the diagnostic efficacy of
the JNET classification may be equivalent to that of the Pit pattern classification[17].
Furthermore, the algorithm for the treatment of colorectal polyps using the JNET
classification was reported to be valid[18]. Meanwhile, evidence supports that
chromoendoscopy (CE) increases colorectal polyp detection and contributes to
accurate polyp diagnosis[6,19-22].

Currently, the only clinical studies on TXI that have already been published are
those by Ishikawa et al[23] and Abe et al[24], wherein TXI was used for imaging the
stomach. Some clinical trials on the efficacy of TXI in colorectal polyp observation are
ongoing; however, no published reports on colonoscopy are available in PubMed or
the Cochrane Library. Therefore, the aim of this study was to investigate the effect-
iveness of TXI for colorectal adenomas. The visibility of TXI was compared with the
visibility of WLI, NBI, and CE for the tumor margin and JNET classification pattern
using magnifying observation.

MATERIALS AND METHODS

Patients

Patients who underwent colonoscopy at Toyoshima Endoscopy Clinic (Tokyo, Japan),
which is a representative clinic in Japan, from April to May 2021, were enrolled.
Patients with removed adenomas were eligible for the study. When patients had
multiple adenomas, they were treated individually. Adenomas were diagnosed
histopathologically. Indications for colonoscopy included screening, examination of
symptoms, investigation for a positive fecal immunochemical test, and polyp
surveillance. Patients with inflammatory bowel disease were excluded.

Ethics

This study was conducted in accordance with the ethical guidelines for medical
studies in Japan. Written informed consent was obtained from the patients at the time
of colonoscopy to use their data for research purposes. The study design was
described in a protocol prepared by Toyoshima Endoscopy Clinic and was approved
by the Certificated Review Board, Yoyogi Mental Clinic on July 16, 2021 (approval No.
RKK?227). We published this study’s protocol on our institute’s website (http:/ /www.
ichou.com) so that patients could opt out of the study if they did not wish to
participate. All clinical investigations were conducted in accordance with the ethical
guidelines of the Declaration of Helsinki.

Endoscopy

EVIS X1 video system center (CV-1500), 4 K resolution ultra-high-definition liquid
crystal display monitor (OEV321UH), and colonoscope CF-HQ290Z (Olympus
Corporation, Tokyo, Japan) were used in this study setting. TXI has two methods,
namely modes 1 and 2, and the enhancement of brightness and texture is similar
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between them. Because the enhancement of the color contrast of mode 1 is superior to
that of mode 2[16], this study adopted mode 1. For the enhanced structure level, A8
was selected for WLI, NBI, and CE. The type A mode is ideal for observation of larger
mucosal tissues with high contrast, whereas the type B mode is suitable for
observation of vascular tissues. There are eight levels among the type A mode, of
which A8 is the most emphasized, and Al is the least emphasized mode. A 0.05%
indigo carmine was used for the CE. The T-File System (STS-Medic Inc., Tokyo, Japan)
was used to file the endoscopic images and document the endoscopic findings.

One expert endoscopist performed colonoscopy and magnified observation using
the WLI, TXI, NBI, and CE modalities. Lesions were first washed carefully with water
to remove the mucus and dye from the mucosal surface; then, images were obtained
through WL, TXI, and NBI. The lesions were subsequently stained for CE. The
endoscopist took an image within 15 s for each modality.

Visibility scoring

We investigated the visibility of the tumor margin, and the vessel and surface patterns
according to the JNET classification. The vessel pattern shows the pattern of superficial
microvessels, which appear red in WLI, TXI, and CE, and brown in NBI. The surface
pattern indicates the pattern of superficial crypts, which appear whitish in all
modalities. JNET type 2A corresponds to the histopathological classification of low-
grade intramucosal neoplasia, including adenoma. The vessel pattern of type 2A is of a
regular caliber and distribution (meshed and/or spiral pattern). The surface pattern of
type 2A is defined as regular (tubular, branched, and/or papillary)[10-12].

As in previous reports, the visibility score was defined as follows: score 4, excellent
(easily detectable); score 3, good (detectable with careful observation); score 2, fair
(hardly detectable without careful examination); score 1, poor (not detectable without
repeated careful examination)[12,14]. Representative images of each score are shown
in Figures 1, 2, and 3.

Three expert endoscopists and three non-expert endoscopists evaluated the
visibility score. The images studied were observed without zooming. The endoscopist
assessed all images at the same size and magnification. A physician with more than
5000 experiences in colonoscopy was defined as an expert endoscopist and one with
less than 5000 experiences was considered a non-expert[12].

Outcomes

The main outcomes of this study were the mean visibility scores for tumor margin,
vessel pattern of JNET classification, and surface pattern of JNET classification based
on WLI, TXI, NBI, and CE observations. We collected data on age and sex of the
patients, the location of adenomas, size of adenomas, morphology of adenomas based
on the Paris endoscopic classification of neoplastic lesions[25], histological subtype (i.e.
, tubular or villous) of adenomas, and atypia of adenomas as clinicopathological
characteristics.

Statistical analysis

The visibility scores of TXI and other modalities were compared using the Wilcoxon
signed-rank test. Statistical significance was defined as a P value less than 0.05. All
statistical data were analyzed using the statistical software Ekuseru-Toukei 2015
(Social Survey Research Information Co., Ltd., Tokyo, Japan).

RESULTS

Patients

The clinicopathological characteristics of the 37 consecutive patients with 61 adenomas
evaluated in this study are shown in Table 1. The mean age was 59.1 years, and men
accounted for 51.4%. Of the adenomas with an average size of 4.2 mm, 78.7% were
located on the right side, 86.9% had a flat morphology, and all were tubular subtype
with low-grade dysplasia.

Visibility score for tumor margin

The visibility score for the tumor margin of TXI was higher than that of WLI, but lower
than that of NBI. Similar tendencies were obtained regardless of the endoscopist’s
expertise (Table 2).
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Table 1 Clinicopathological characteristics of patients and adenomas

Patients, n 37

Age, mean (range, SD), yr 59.1 (41-79, 9.0)
Sex, male/female, n 19/18
Adenomas, n 61
Location,cecum/ascending/ transverse/ descending/sigmoid/rectum, n 5/8/35/3/10/0
Size, mean (range, SD), mm 4.2 (1-12,2.3)
Morphologyl, Ip/Is/Ila/IIb, n 2/6/48/5
Histological subtype, tubular/villous, n 61/0

Dysplasia, low-grade/high-grade, n 61/0

!Morphology was performed according to the Paris endoscopic classification of neoplastic lesions.

Table 2 Visibility scores of tumor margin, vessel pattern of Japan narrow band imaging Expert Team classification, and surface pattern

of Japan narrow band imaging Expert Team classification for white light imaging, texture and color enhancement imaging, narrow band
imaging, and chromoendoscopy

WLI vs TXI, P TXI vs NBI, P TXI vs CE, P

WLI I NBI CE
value value value

Tumor margin
All, mean (SD) 2.86 (1.02) 3.47 (0.79) 3.76 (0.52) 3.52 (0.84) <0.001 <0.001 0.21
Expert, mean (SD) 2.85 (0.96) 3.57 (0.66) 3.81 (0.43) 3.64 (0.70) <0.001 <0.001 0.14
Nonexpert, mean (SD)  2.86 (1.08) 3.37 (0.90) 3.72 (0.59) 3.39 (0.94) <0.001 <0.001 0.73
Vessel pattern
All, mean (SD) 2.17 (0.90) 3.05 (0.79) 3.79 (0.47) 2.47 (0.87) <0.001 <0.001 <0.001
Expert, mean (SD) 2.31 (0.87) 3.24 (0.67) 3.80 (0.41) 2.57 (0.85) <0.001 <0.001 <0.001
Nonexpert, mean (SD) 2.03 (0.90) 2.86 (0.85) 3.78 (0.52) 2.37 (0.88) <0.001 <0.001 <0.001
Surface pattern
All, mean (SD) 1.95 (0.79) 2.89 (0.85) 3.67 (0.55) 2.75 (0.90) <0.001 <0.001 0.002
Expert, mean (SD) 1.92 (0.74) 2.96 (0.78) 3.70 (0.47) 2.67 (0.81) <0.001 <0.001 <0.001
Nonexpert, mean (SD) 1.97 (0.83) 2.83 (0.92) 3.64 (0.61) 2.83 (0.97) <0.001 <0.001 0.94

The visibility score was defined as follows: score 4, excellent (easily detectable); score 3, good (detectable with careful observation); score 2, fair (hardly
detectable without careful examination); score 1, poor (not detectable without repeated careful examination). NBI: Narrow band imaging; JNET: Japan NBI
Expert Team; WLI: White light imaging; TXI: Texture and color enhancement imaging; CE: Chromoendoscopy.

Visibility score for vessel pattern of JNET classification

TXI had a higher visibility score for vessel pattern of JNET classification than WLI and
CE, but lower visibility score than NBI. Similar tendencies were observed regardless of
the endoscopist’s experience (Table 2).

Visibility score for surface pattern of JNET classification

The visibility score of TXI for surface pattern of JNET classification was higher than
those of WLI or CE, but lower than that of NBI. However, no difference was observed
in the visibility scores between TXI and CE for non-expert endoscopists (Table 2).

DISCUSSION
This study showed that TXI provided higher visibility than WLI, but lower visibility
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NBI

CE

Figure 1 Representative images of visibility score for tumor margin. Visibility score was defined as following: score 4, excellent (easily detectable);
score 3, good (detectable with careful observation); score 2, fair (hardly detectable without careful examination); score 1, poor (not detectable without repeated
careful examination). WLI: White light imaging; TXI: Texture and color enhancement imaging; NBI: Narrow band imaging; CE: Chromoendoscopy.

- Vis| score for vessel pattern of INET classification

WLI

NBI

CE

Figure 2 Representative images of visibility score for vessel pattern of Japan narrow band imaging Expert Team classification. Visibility
score was defined as following: score 4, excellent (easily detectable); score 3, good (detectable with careful observation); score 2, fair (hardly detectable without
careful examination); score 1, poor (not detectable without repeated careful examination). NBI: Narrow band imaging; JNET: Japan NBI Expert Team; WLI: White
light imaging; TXI: Texture and color enhancement imaging; CE: Chromoendoscopy.

than NBI for margin and surface structure (i.e., JNET patterns) of adenoma. Moreover,
TXI had superior visibility for the surface structure of adenoma to CE. TXI is designed
to enhance the three image components (i.e., texture, brightness, and color) of WLI
because it clearly defines subtle tissue differences and minimizes gross changes that
negatively impact familiarity.
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s

ty score for surface pattern of INET classification

NBI

CE

Figure 3 Representative images of visibility score for surface pattern of Japan narrow band imaging Expert Team classification. Visibility
score was defined as following: score 4, excellent (easily detectable); score 3, good (detectable with careful observation); score 2, fair (hardly detectable without
careful examination); score 1, poor (not detectable without repeated careful examination). NBI: Narrow band imaging; JNET: Japan NBI Expert Team; WLI: White
light imaging; TXI: Texture and color enhancement imaging; CE: Chromoendoscopy.

Although TXI was inferior to NBI in a detailed observation of the lesions, many
endoscopists prefer to maintain consistency regarding the brightness and color in the
original WLI because WLI is used as the standard practice for observation of the entire
mucosa. As shown in this study, TXI may improve the balance of image features vital
to an endoscopist searching for abnormalities, with texture enhancement, color
enhancement, and selectively increased brightness.

Olympus Corporation first developed the NBI in 2007. Fuyjifilm Corporation
developed a similar BLI product. NBI uses ambient light with wavelengths of 415 nm
and 540 nm, whereas BLI uses wavelengths of 410 and 450 nm. The images of NBI and
BLI are similar. The diagnostic performances of NBI and BLI were also similar for
colorectal and esophageal lesions[26]. Fujifilm Corporation developed the LCI. A
randomized controlled trial showed that LCI was significantly superior to standard
WLI colonoscopy for polyp detection[13]. Currently, LCI-based observations are
becoming mainstream. However, Olympus did not have a mode corresponding to that
of LCI until recently. Recently, Olympus released TXI as a mode similar to that of LCL

Although LCI and TXI have similar images, there are several differences in their
principles. LCI uses the same illumination as BLI-bright, the images are converted to
resemble those of WLI, and color is enhanced such that red is changed to vivid red and
white to clear white. On the other hand, TXI uses white light, brightness is adjusted,
and texture and color are enhanced. In this study, TXI showed improved tumor
margin visibility than WLI. Similar to LCI, TXI may contribute to the improvement in
adenoma detection rate; however, future studies are warranted.

In this study, the magnified TXI was inferior to the magnified NBI. Several reports
have shown that magnified LCI with CE is superior to magnified BLI. Sakamoto et al
[27] reported that magnified LCI with crystal violet staining provided more diagnostic
information than magnified BLI and WLI. Kitagawa et al[28] reported that magnified
LCI with indigo carmine was superior to magnified BLI. Magnified TXI with CE needs
to be further investigated in future studies.

Strengths and limitations

The strength of this study is that it is the first report on the efficacy of TXI in
colonoscopy. Second, this study targeted colorectal adenomas, which are common in
daily practice; however, evaluation of visibility of malignant tumors is required.
Artificial intelligence (AI) has made remarkable progress in the field of endoscopy
[29], and we have shown the possible usefulness of TXI for Al endoscopy in the future.

63%9@ WJGE | https://www.wjgnet.com 102 February 16,2022 | Volume14 | Issue2 |



Jaishideng®

Toyoshima O et al. TXI for colorectal adenoma

The present study has some limitations. This was a single-center, retrospective
study. However, since our institution specializes in endoscopy, the endoscopic
environment is well managed. Multicenter randomized control trials are required in
the future. Since this study is only for magnified observation, it is desirable to study
non-magnified observations as well. TXI has two modes: mode 1 and mode 2. Mode 2
includes brightness adjustment and texture enhancement, and mode 1 adds color
enhancement to mode 2. Mode 2 is more natural than mode 1. Since TXI mode 1 was
shown to be superior to TXI mode 2 in visibility for gastric neoplasms[23], only mode 1
was investigated in this study. However, comparative studies of visibility between
modes 1 and 2 in colonoscopy should be conducted in the future. Additionally, since
this study only used CF-HQ290Z, evaluation in various other scopes is necessary.
Finally, colorectal adenomas that we investigated were as small as 4.2 mm, and most
of them were morphologically flat (86.9%) and located in the proximal colon (78.7%),
compared with the adenomas in previous Japanese studies[12]. Our previous study
showed that an expert endoscopist with a high adenoma detection rate frequently
detected diminutive and flat adenomas in the proximal colon[22]. In the present study,
one expert endoscopist conducted all colonoscopies; hence, the adenomas investigated
cannot be generalized. In the future, studies with a larger number of cases evaluated
by non-expert endoscopists are warranted.

CONCLUSION

TXI provided higher visibility than WLI, lower than NBI, and comparable to or higher
than CE in the magnified observation of colorectal adenomas. Further accumulation of
evidence on the performance of TXI is required in the future.

ARTICLE HIGHLIGHTS

Research background
Olympus Corporation has developed texture and color enhancement imaging (TXI) as
a novel image-enhancing endoscopic technique.

Research motivation
There are no reports on the use of TXI in the colon.

Research objectives
To investigated the effectiveness of TXI in identifying colorectal adenomas using
magnifying observation.

Research methods

Colorectal adenomas were observed by magnified endoscopy using white light
imaging (WLI), TXI, narrow band imaging (NBI), and chromoendoscopy (CE). TXI
visibility was compared with the visibility of WLI, NBI, and CE for tumor margin, and
vessel and surface patterns of the Japan NBI Expert Team (JNET) classification. The
visibility scores were classified as 1, 2, 3, and 4.

Research results

Sixty-one consecutive adenomas were evaluated. The visibility score for tumor margin
of TXI was significantly higher than that of WLI, but lower than that of NBI. TXI had a
higher visibility score for the vessel pattern of JNET classification than WLI and CE,
but lower visibility score than NBI. For the visibility score for the surface pattern of
JNET classification, TXI was superior to WLI and CE, but inferior to NBI.

Research conclusions
TXI provided higher visibility than WLI, lower than NBI, and comparable to or higher
than CE in the magnified observation of colorectal adenomas.

Research perspectives
TXI may contribute to the improvement in adenoma detection rate. Further accumu-
lation of evidence on the performance of TXI is required in the future.
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