
Introduction
Colon polyps are regarded as precursor lesions of cancer, and it
has been reported that treatment for colon polyps would re-
duce the number of deaths due to colon cancer [1, 2] Conven-
tionally, colon polyps are treated by endoscopic mucosal resec-
tion (EMR) and polypectomy using a high-frequency electric
device. In these procedures, risk of adverse events (AEs) such
as post-procedure bleeding and perforation is not low, and use
of an electric device is required [3–5]. Therefore, cold polypec-
tomy is rapidly becoming popular due to its safety and conveni-
ence. It has been reported that this procedure is associated
with a low rate of AEs such as post-procedure bleeding and per-
foration and can be performed conveniently within a short peri-
od of time [6, 7]. Among the cold polypectomy techniques, CSP
is considered to be especially useful for small polyps [8]. How-

ever, no burning effect can be anticipated with these proce-
dures because they do not involved use of a high-frequency
electric device, and there are concerns about tumor remnants.
Some papers have reported remnant rates to be higher with
these procedures when compared with those of hot polypecto-
my or EMR [9–11].

In recent years, image enhanced endoscopy (IEE) has ad-
vanced markedly and usefulness of narrow-band imaging (NBI)
and blue laser imaging (BLI) in colonoscopy has been reported
[12, 13]. In addition, LCI has been reported to be a new IEE that
produces brighter images than NBI or BLI and enables superior
visualization of normal polyps, unclear flat lesions, and sessile
serrated adenoma polyp (SSAP), leading to a higher lesion de-
tection rate [10, 12, 14, 15]. Therefore, we analyzed whether
cold polypectomy under LCI could reduce the tumor remnant
rate.

Usefulness of cold polypectomy under linked color
imaging
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ABSTRACT

Background and study aims Cold polypectomy is be-

coming popular for treatment of colon polyps due to its

safety and convenience, but there is still the problem of tu-

mor remnants. Because linked color imaging (LCI) improves

polyp visibility, cold polypectomy under LCI is anticipated

to reduce the tumor remnant rate. Therefore, we investiga-

ted the usefulness of this procedure.

Patients and methods Fifty patients scheduled to under-

go cold polypectomy for treatment of colon polyps <10mm

and assumed to be adenomas were registered prospective-

ly. After performing cold snare polypectomy (CSP) under

LCI, biopsy was performed at two resection margin sites

for each polyp to determine the tumor remnant rate.

Results A total of 145 lesions were treated by CSP. Of the

139 lesions in which polyps were retrievable and diagnosed

as adenomas pathologically, one lesion was recognized as a

remnant adenoma on biopsy (remnant rate: 0.7% [95% CI:

0.0–4.4]). This remnant rate was extremely low. Treatment

results were extremely promising given that en bloc resec-

tion, post-procedure bleeding, and perforation rates were

100%, 0%, and 0%, respectively.

Conclusion Cold snare polypectomy under LCI may be an

effective treatment method capable of reducing the tumor

remnant rate. This trial was approved by our Institutional

Ethics Committee and registered at the University Hospital

Medical Information Network (UMIN 000033690).
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Patients and methods
The current study included patients who had been scheduled to
undergo CSP from August 2018 to May 2019 for colon polyps
<10mm, assumed to be adenoma from biopsy or BLI magnify-
ing endoscopy (classified as 2A according to the Japan NBI ex-
pert team (JNET) criteria). Protruded type lesions (I p) were ex-
cluded to avoid risk of bleeding. Three expert endoscopists per-
formed CSP under LCI, and immediately after the procedure a
mucosal biopsy was performed at two margin sites of each re-
sected ulcer to prospectively study the remnant rate. In total,
145 lesions from 50 patients were targeted. Among those le-
sions, 139 (50 patients) were retrievable polyps, diagnosed as
adenoma pathologically, and included in the final analysis
(▶Fig. 1).

The study protocol was approved by our Institutional Ethics
Committee, and registered in the University Hospital Medical
Network Clinical Trials Registry (UMIN-CTR, UMIN
000033690). All patients provided their written informed con-
sent before participating in the study.

Linked color imaging

An endoscopic system with a laser light source (LASEREO, FUJI-
FILM, Japan) was used. The system included two lasers with dif-
ferent wavelengths. One was a white-light laser (wavelength
450±10nm) that provided wide-spectrum, white-light illumi-
nation suitable for general observation. The other was a BLI-
mode laser (wavelength 410±10nm) with a short wavelength
and a narrow band. The BLI mode delivered high contrast sig-
nals which provided information on vessels on the mucosal sur-
face, mucosal irregularities, and deep blood vessels. The inter-
mediate BLI-bright mode, which has a higher white-light inten-
sity ratio, provided a brighter image. The LCI used in the current
study is a novel image-enhanced mode, based on the BLI-bright
image, capable of additional image processing and enhances
separation of the red color to depict the red and white colors
more vividly. Because LCI enhances color contrast, differences
between even light-colored lesions and surrounding tissue
were emphasized, thereby facilitating visualization.

Procedure

As with a regular colonoscopy, pretreatment consisted of oral
administration of 10mL of 0.75% sodium picosulfate and 34g
of magnesium citrate the night before, and 2 L of polyethylene
glycol the morning of the procedure. Examinations and treat-
ments were performed by three experienced endoscopists.
After reaching the cecum, the mode was switched to LCI mode
and the scope was removed. After finding the polyps, BLI mag-
nifying endoscopy was performed. If a polyp was considered to
be adenoma (JNET classification, type 2A) (▶Fig. 1), CSP was
performed. A 10-mm round snare (SnareMaster Plus, Olympus,
Tokyo, Japan) was used for CSP in all cases. During and after
CSP, LCI mode was retained. A mucosal biopsy was performed
at two resection margin sites (right and left), and the specimen
was examined pathologically together with the resected polyp
(▶Video 1). When bleeding continued for at least 30 seconds
after resection, hemostasis was performed with clip. Due to

the risk of bleeding associated with biopsy, the upper limit was
set at five lesions and 10 biopsies for each patient.

Study design

A tumor remnant rate of 3% to 6% after cold polypectomy for
colon polyps previously has been reported [9–11]. A remnant
rate of 6.8% has also been reported when a margin biopsy was
performed after cold polypectomy similar to this study, and this

▪ Hyperplastic polyp in pathological
 finding after CSP (3 lesions)
▪ Unclear pathological finding due to
 impossible sample retrieval after 
 CSP (3 lesions)

Colorectal CSP performed between August 2018 and 
May 2019 (145 lesions of 50 patients)

Lesions diagnosed as adenoma on pathology via CSP
(139 lesions of 50 patients)

Biopsy at margins of post CSP ulcer 
(139 lesions of 50 patients)
(278 biopsy samples)  *2-point biopsy/1 lesion

Pathological identification of residual adenoma
(1 lesion [0.7 %； 95 % CI 0.0–3.9 %])
(1 point [0.4 %; 95 % CI 0.0–2.0 %])

▶ Fig. 1 Flowchart of patients undergoing cold snare polypectomy
(CSP) under linked color imaging (LCI).

Video 1 Cold snare polypectomy (CSP) under linked color
imaging (LCI). Snaring of the entire polyp is surely enabled with
observing the clarified polyp.
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was used as the reference value. In another procedure, EMR was
performed after polypectomy to examine the tumor remnant
rate in Japan, and a low tumor remnant rate of 3.9% was report-
ed. Expecting that the results of this study would be even lower,
a tumor remnant rate of 2% was assumed [9, 11]. On assuming
a significance level (two-sided) (α value) of 0.05 and a power of
test (1-β) of 0.8, the necessary number of lesions was calculat-
ed to be 139. On assuming that the number of polyps in each
patient would be slightly more than three as reported previous-
ly, 46 patients were targeted, and the number of patents was
set at 50, assuming a dropout rate of ~10% [9–11, 16].

Statistics

Clinical data are expressed as percentage, median, and range.
Mean and standard deviation (SD) were also calculated. Resi-
dual adenoma, retrieval and clipping rates are presented as
proportions with 95% confidence intervals (CI). Statistical ana-
lyses were performed using the Bell Curve for Excel (Social Sur-
vey Research Information Co., Ltd.).

Results
In this study, 145 lesions from 50 patients were resected by CSP
(▶Table 1, ▶Table2) According to location, 88 polyps (60.7%)
were found in the right side of the colon, 52 (35.9%) in the left
side of the colon and five (3.4%) in the rectum. Mean polyp
diameter was 5.1± 2.0mm (median value: 5mm, range: 2 to
10mm). No depressed lesions were found. Three lesions could
not be retrieved for pathology. Three hyperplastic polyps were
found, and none were cancerous.

CSP outcomes

▶Table3 shows results of CSP. En bloc resection, sample retrie-
val, and post-resection clipping rates were 100%, 97.9% (95%
CI: 94.0–99.6), and 2.1% (95% CI: 0.4–6.0), respectively. In
the three patients who underwent clipping, the polyp had a
form of I p and was relatively large (not less than 7mm). No
AEs were recognized in any of the patients (post-procedure
bleeding rate: 0%, perforation rate: 0%).

Remnant after CSP

In 145 lesions in 50 patients, biopsy was feasible at two sites of
each lesion. Among the 139 lesions, excluding the three non-
retrievable and three hyperplastic polyps, one lesion was recog-
nized as a remnant adenoma on biopsy (remnant rate: 0.7%
[95% CI: 0.0–4.4]) (▶Table 3). This lesion was located in the
transverse colon (7mm, Type IIa), and the pathology revealed
low-grade adenoma. In this patient, a repeat endoscopy is plan-
ned after a year.

▶ Table 1 Patient characteristics.

Number of patients 50

Mean age ±SD, years 66.7 ±9.2

Median age (range), years 66 (43–86)

Gender, male (%) 33 (66.0)

SD, standard deviation.

▶ Table 2 Polyp characteristics.

All polyps

(n=145)

Location, n (%)

Cecum 9 (6.2)

Ascending colon 30 (20.7)

Transverse colon 49 (33.8)

Descending colon 15 (10.3)

Sigmoid colon 37 (25.5)

Rectum 5 (3.4)

Size

Mean±SD, mm 5.1 ±2.0

Median (range), mm 5 (2–10)

Macroscopic appearance, n (%)

I s 71 (49.0)

I p 10 (6.9)

II a 64 (44.1)

Histological diagnosis, n (%)

Hyperplastic polyp 3 (2.1)

Low-grade tubular adenoma 137 (94.5)

High-grade tubular adenoma 1 (0.7)

Sessile serrated adenoma 1 (0.7)

Unknown (not retrieved) 3 (2.1)

SD, standard deviation.

▶ Table 3 Treatment results.

Residual adenoma, n (%)
(95%CI)

1 (0.7)
(0.0–4.4)

Technical result

En bloc resection, n (%) 145 (100)

Retrieval, n (%)
(95%CI)

142 (97.9)
(94.0–99.6)

Clipping, n (%)
(95%CI)

3 (2.1)
(0.4–6.0)

Adverse events

Delayed bleeding, n (%) 0 (0)

Perforation, n (%) 0 (0)

CI, confidence interval.
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Discussion
In this study, CSP performed using LCI, the new IEE, showed an
extremely low tumor remnant rate. We speculate that ability to
better visualize polyps by using LCI contributes to the low rem-
nant rate. In addition, we consider this report to be an extreme-
ly rare application of IEE for treatment.

Cold polypectomy is becoming popular for treatment of co-
lon polyps due to its safety and convenience. This procedure
has a very low rate of AEs such as post-therapeutic bleeding
and perforation, can be completed in a short time, and is con-
venient [6, 7]. In addition, among cold polypectomy proce-
dures, CSP is believed to be particularly useful for small polyps
[8]. However, no burning effect can be anticipated with this
procedure, and there are bigger concerns about tumor rem-
nants in comparison with hot polypectomy or EMR [9–11]. A
study conducted to examine the tumor remnant rate from
biopsy after cold polypectomy found that it was 6.8% after
CSP [9]. In the separate but similar study conducted to examine
the remnant rate by performing EMR after CSP for polyps < 9
mm, it was found to be 3.9% [11]. An adenoma remnant is
associated with a risk of recurrence and requires repeat endos-
copy, which increases the physical and economic burden to pa-
tients. Therefore, it is a task to reduce the tumor remnant rate.
LCI ensures tumor snaring by clarifying demarcation of a small
polyp.

Recently, IEE has advanced significantly, and NBI and BLI
have been reported to be useful for colonic lesions [12, 13]. In
addition, because it has been reported that LCI is brighter than
NBI and BLI, LCI can improve visualization of normal polyps, un-

clear flat lesions, and SSAP; the usefulness of LCI in comparison
to the latter has also been established [10, 12–14]. Further-
more, in conventional IEE such as NBI and BLI, residues such as
feces are red and blood is black. Therefore, when there are resi-
dues, the field of vision becomes poor. In addition, if bleeding
occurs immediately after resection, the field of vision becomes
black, which makes subsequent observation impossible. On the
other hand, in case of LCI, residues are yellow and blood is red.
Therefore, the field of vision does not become poor even when
residues or bleeding are present. A procedure that was typically
difficult with IEE when bleeding occurred has become feasible
with LCI.

In this study, results of treatment with CSP were extremely
promising because the en bloc resection, post-procedure
bleeding, and perforation rates were 100%, 0% and 0%, respec-
tively. Furthermore, the adenoma remnant rate could be low-
ered to 0.7%, which is much lower than conventional rates. A
single remnant lesion persisted in the back of haustra of the
transverse colon as visualization was difficult at the time of
snaring.

There were several limitations to this study. The first was the
single-arm design, as there was no group to be compared with
directly. Therefore, a randomized controlled trial would be
needed in the future. However, multiple reports were used for
comparison and the results of this study were considered suffi-
ciently useful. The second limitation was that the tumor rem-
nant rate was determined by biopsy performed after polypec-
tomy at two margin sites and remnant was not checked at
other sites. However, previous studies conducted with biopsy
and with endoscopic mucosal resection found that the remnant

▶ Fig. 2 Cold snare polypectomy (CSP) of colon polyp.a Colon polyp image by linked color imaging (LCI). b Colon polyp observation by blue laser
imaging (BLI) magnification. Adenoma assumed with the finding of 2A in JNET classification. c CSP under LCI. d Biopsy on the right margin side
of post-resection ulcer. e Biopsy on the left margin side of post-resection ulcer. f Ulcer after completion.

E90 Suzuki Takuto et al. Usefulness of cold… Endoscopy International Open 2020; 08: E87–E91

Original article



rate was not lower in biopsy, so it is considered that the results
are acceptable. The third limitation was that this study was con-
ducted in a small number of patients at a single institution. It is
necessary to conduct future studies in a larger number of pa-
tients at multicenter.

Conclusion
In conclusion, CSP under LCI is a method with an extremely low
remnant rate of adenoma while being as safe and effective as
conventional CSP.
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