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Abstract. A colonoscopy is considered to be the standard 
diagnostic test used to detect early colorectal lesions. Detection 
rates are expected to improve with optimised visualisation. A 
systematic review and network meta‑analysis was conducted 
to evaluate detection efficiency in several colonoscopic 
modalities. Relevant articles were identified in searches of 
the PubMed, EMBASE and Cochrane Library databases. 
The modalities, comprising of standard‑definition white light 
(SDWL), high‑definition white light (HDWL), narrow‑band 
imaging (NBI), autofluorescence imaging (AFI), PENTAX 
image enhanced technology (i‑SCAN), Fuji Intelligent Color 
Enhancement (FICE), dye‑based chromoendoscopy and novel 
image enhanced systems, including blue laser imaging (BLI) 
and linked color imaging (LCI), were compared to identify 
the most efficient modalities that could be used to detect 
colorectal lesions. Odds ratios (ORs) and mean differences 
(MDs) with 95% confidence intervals (CIs) were calculated. 
As a result, 40 studies fulfilled the inclusion criteria. Overall, 
in the network meta‑analyses, NBI (OR, 1.29; 95%  CI, 
1.04‑1.58), FICE (OR, 1.39; 95% CI, 1.11‑1.77), chromoen-
doscopy (OR, 1.53; 95% CI, 1.22‑1.93) and AFI (OR, 1.81; 
95% CI, 1.07‑2.87) were significantly better compared with 
SDWL at identifying adenoma in patients, and chromoendos-
copy also proved significantly superior to HDWL (OR, 1.30; 
95% CI, 1.06‑1.60). In pairwise analyses, it was demonstrated 
that chromoendoscopy was significantly superior to HDWL at 

detecting the number of polyps (MD, ‑1.11; 95% CI, ‑1.46, ‑0.76) 
and flat lesions (MD, ‑0.30; 95% CI, ‑0.49, ‑0.10) per subject. 
Additionally, FICE detected a significantly greater number of 
subjects with polyps (OR, 0.78; 95% CI, 0.64‑0.96) and NBI 
was significantly better at detecting the number of subjects 
with flat lesions (OR, 0.77; 95% CI, 0.60‑0.99) compared with 
HDWL. Based on the meta‑analysis, NBI, FICE and AFI 
were significantly better compared with SDWL at detecting 
patients with adenoma. Additionally, chromoendoscopy was 
significantly better than SDWL and HDWL at detecting the 
number of colorectal adenoma, however additional studies are 
needed to confirm these findings.

Introduction

Colorectal lesions are found in symptomatic and asymptomatic 
patient populations during colonoscopy procedures (1). The 
majority of sporadic colorectal cancers are hypothesised to 
develop from adenomatous polyps and villous adenomas, 
which accumulate genetic alterations over a period of years 
via environmental influences (2).

The colonoscopic removal of polyps has been a mainstay 
in colorectal cancer prevention following a 67‑76% reduc-
tion in the incidence of colorectal cancer  (3,4). Therefore, 
an improvement in detection rates of adenomas or polyps 
would aid in decision making regarding endoscopic treatment, 
including resection strategy and appropriate surveillance 
intervals following colonoscopies (5).

High‑quality colonoscopies are mandatory to prevent 
adenoma recurrence and colorectal cancer  (3). In the past 
few years, technical advances have been developed with the 
purpose of improving detection rates of colorectal lesions, 
including adenoma, polyps and flat lesions. Image‑enhanced 
endoscopy (IEE) has been demonstrated to facilitate the 
detection and characterization of polyps and especially 
nonpolypoid colorectal neoplasms. Indigo carmine is the most 
frequently used dye in colonoscopies as it deposits in depressed 
lesions (4,5). Virtual chromoendoscopies have emerged as 
an effective contrast enhancement technology without the 
limitation of preparing dyes and applying them through the 
colonoscope working channel (2,5).
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However, colonic lesions are often subtle in appearance and 
difficult to identify with conventional optical colonoscopy (6). 
Enhancing mucosal contrast, either by dye use or advanced 
optical imaging, may improve the detection of adenomatous 
lesions, but the question as to which endoscopic technique 
is preferable for detecting lesions remains controversial (6). 
Previous conventional meta‑analyses either could not clearly 
determine the efficacy of different endoscopic techniques to 
detect adenomas or other kinds of lesions, or failed to inte-
grate all the evidence (7,8). The aim of the current study was 
to compare the standard‑definition white‑light endoscopy 
(SDWL), high‑definition white‑light endoscopy (HDWL), 
chromoendoscopy (CHRO), narrow‑band imaging (NBI), 
autofluorescence imaging (AFI), Fuji Intelligent Color 
Enhancement (FICE) colonoscopy and i‑SCAN colonoscopy 
to determine the modalities that yielded the highest number 
of colorectal lesions identified per subject and subjects with 
colorectal lesions using a network meta‑analysis. Additionally, 
the current study sought to provide a systematic review about 
endoscopic modalities and new‑generation image‑enhanced 
endoscopy facilitates, including blue laser imaging (BLI) and 
linked color imaging (LCI).

Materials and methods

Search strategy. A literature search of PubMed (www.ncbi.
nlm.nih.gov/pubmed), Embase (www.embase.com) and the 
Cochrane Library (www.cochranelibrary.com) database was 
conducted for all studies comparing the detection of colon 
adenomas/polyps using SDWL, HDWL, AFI, FICE, NBI, 
i‑SCAN, BLI, LCI and CHRO in patients undergoing colonos-
copies. The reference lists of included studies, relevant reviews 
and meta‑analyses selected from the electronic database 
search were also manually searched to avoid missing relevant 
studies. In cases where studies presented duplicate data, the 
most recent study was used in the current analysis.

Study selection. Studies were eligible for the current 
meta‑analysis if they met the following criteria: i) Randomised 
controlled trials or prospective cohort studies; ii) assessed for 
the detection rate of adenomas/polyps using SDWL, HDWL, 
AFI, FICE, NBI, BLI, LCI, i‑SCAN and CHRO regardless of 
indication (i.e., screening, surveillance or symptoms). Studies 
were excluded for the following reasons: i) Included participants 
with inflammatory bowel diseases or hereditary nonpolyposis 
colorectal cancer; ii)  data was inadequate (the content of 
literature research was not related to polyps/adenoma) for 
extraction; or iii) designed as a review, editorial, comment 
or meta‑analysis. Two reviewers (SL and LL) independently 
reviewed the studies derived from the searches to determine 
whether they were eligible for inclusion and obtained the full 
articles of the included studies.

Data extraction. The following data were extracted from each 
eligible study: i) Study characteristics, including the start and 
end date of the study, location, study design, and publication 
status of the study; ii) participants' characteristics, including 
the total number of patients, age, inclusion and exclusion 
criteria and indication for colonoscopy; iii) type of colonos-
copy; iv) the outcome of the study, including the total number 

of lesions and adenomas or polyps, the number of participants 
with adenomas or polyps, the size and type of colorectal 
lesions.

Study quality assessment and statistical methods. Two 
reviewers (LF and OH) independently assessed the quality and 
risk of bias of the included studies with Quality Assessment 
of Diagnostic Accuracy Studies (QUADAS) (9). The tool is 
based on a 14‑item questionnaire, with each item having the 
response of ‘yes’, ‘no’ or ‘unclear’. Any discrepancies in inter-
pretation were resolved by discussion. Network meta‑analyses 
combine direct and indirect evidence for all relative treatment 
effects and provide estimates with maximum power (10). The 
R2WinBUGS Package (version 2.1‑21; https://cran.r‑project.
org/) was used to conduct a Bayesian analysis that combined 
data from multiple randomised control trials (11). Network 
meta‑analyses are better at integrating different types of 
evidence compared with conventional pairwise meta‑analyses, 
however this type of analysis leads to inevitable heteroge-
neity (10). Thus, pairwise meta‑analyses were also conducted 
for SDWL and HDWL endoscopy, comparing them with other 
types of techniques to supplement the network meta‑analysis. 
RevMan 5.3 software (The Nordic Cochrane Centre, The 
Cochrane Collaboration, Copenhagen, Denmark) was used 
to conduct pairwise meta‑analyses. For continuous outcomes, 
the relative effect sizes were calculated as standardised mean 
differences (SMDs), as previously described (10). For binary 
outcomes, relative effect sizes were calculated as odds ratios 
(ORs). The two types of effect sizes were reported with their 
95% confidence intervals (CIs). The I2 statistic is a test used to 
quantify heterogeneity and it was used to calculate the propor-
tion of variation due to heterogeneity rather than by chance, 
between the included studies. Values of I2 >50% indicated 
that heterogeneity existed. When statistical heterogeneity was 
identified, individual study characteristics were examined 
and a sensitivity analysis was performed on the primary 
outcomes. In the sensitivity analysis, after excluding a rela-
tively low‑quality study, the combined effect was re‑estimated 
to evaluate the source of heterogeneity (10).

Results

Study description and quality. From the initial search, a total 
of 1,747 potentially relevant studies were identified between 
December 1949 and December 2017. A total of 958 studies 
were excluded based on the title and abstract, as they were not 
relevant to the meta‑analysis conducted in the current study, 
and the full text of the rest of the initial search studies were 
obtained for further assessment (Fig. 1). A total of 54 studies 
were excluded as they were review articles, meta‑analyses or 
case reports; 146 studies that were not randomised controlled 
trials were excluded; and 335 studies that did not have enough 
data to be extracted were excluded. Only one study about BLI 
met the inclusion criteria, however an effective meta‑analysis 
could not be conducted and was excluded due to insufficient 
data. Finally, 40 studies with a total of 14,109 participants 
were included, which provided enough data for the analyses 
conducted in the current study  (1,12‑50). All studies were 
reported in English and more than one endoscopic technique 
was assessed in several studies.
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Of the 40 studies included, 37 studies were described in 
full‑paper articles and 3 studies were published as abstracts. 
A total of 12 studies provided data about SDWL, 32 about 
HDWL, 14 about NBI, nine about CHRO, five about AFI, 
six about FICE and two about i‑SCAN. A total of 23 studies 
focused on the differentiation of diminutive lesions or flat 
adenomas. A total of 27 studies compared the number of 
detected adenomas, 19 compared the number of adenomas 
detected per participant, 12 compared the number of polyps 
detected per participant, 29 compared the proportion of 
patients with at least one adenoma detected and 20 compared 
the proportion of patients with at least one polyp detected.

The score of the included studies was assessed by the 
QUADAS tool. Of the 40 studies, 36 were considered to be 
high quality whilst the remaining four studies were considered 
to be poor quality and were subsequently removed from the 
meta‑analysis (data not shown). Three of the four relatively 
poor‑quality reports were only published as an abstract.

Network meta‑analysis of adenoma detection. A Bayesian 
network analysis was conducted on the data of subjects 
with adenoma and for adenoma number detection, which 
comprised of sufficient controlled studies to avoid exces-
sive heterogeneity (Table I). A total of 29 studies featuring 
10,805 patients were included in the analysed group of subjects 
with adenoma. NBI (OR, 1.29; 95% CI, 1.04‑1.58), FICE (OR, 
1.39; 95% CI, 1.11‑1.77), CHRO (OR, 1.53; 95% CI, 1.22‑1.93) 

and AFI (OR, 1.81; 95% CI, 1.07‑2.89) were significantly 
more efficient at identifying patients with adenoma compared 
with SDWL, and CHRO (OR, 1.30; 95% CI, 1.06‑1.60) was 
also significantly better at identifying patients with adenoma 
compared with HDWL. However, other endoscopic techniques 
were not better than HDWL as all 95% CI included 1.00. A 
total of 27 studies featuring 10,094 patients were included 
in the group in which the number of adenoma detected was 
analysed. However, no significant differences were identified 
among these seven targeted endoscopic techniques in this 
subgroup; all 95% CI included 1.00.

Pairwise meta‑analysis of colorectal lesions detection. 
To explain the heterogeneity and to supply comprehensive 
comparisons of the network analysis, pairwise studies were 
also performed. In the analysis group comparing the number 
of adenomas per subject, 19 studies featuring 7,727 subjects 
were included. Two studies  (1,45) compared HDWL with 
CHRO and revealed that CHRO was significantly better than 
HDWL (MD, ‑0.44; P=0.0004). Additionally, the number of 
adenomas per subject was no more likely to be identified using 
NBI (P=0.78), FICE (P=0.77), i‑SCAN (P=0.54) and AFI 
(P=0.98) compared with HDWL, with MD ranging from ‑0.09 
to 0. In these analysis groups, significant statistical heteroge-
neity was observed as P≤0.05, however I2 for HDWL‑CHRO 
was 78 (P=0.03), which indicates that there are differences 
between these studies.

Figure 1. Flowchart of the literature search conducted.
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A total of 12 studies featuring 4,409 subjects used number 
of polyps per patient as the outcome. In these studies, CHRO 
with a specific dye was significantly superior to SDWL (MD, 
‑0.73; 95% CI, ‑1.13, ‑0.33) and HDWL (MD, ‑1.11; 95% CI, 
‑1.46, ‑0.76) at detecting the number of polyps per patient. 
CHRO with a specific dye was also significantly superior at 
determining the number of flat lesions per subject compared 
with SDWL (MD, ‑0.15; 95% CI, ‑0.30, ‑0.00) and HDWL 
(MD, ‑0.30; 95% CI, ‑0.49, ‑0.10), without significant 
heterogeneity (1,33,44,45).

CHRO detected more subjects with polyps compared with 
SDWL (MD, 0.43; 95% CI, 0.32‑0.57) and HDWL (MD, 0.29; 
95% CI, 0.11‑0.78), and FICE detected more subjects with 
polyps compared with HDWL (MD, 0.78; 95% CI, 0.64‑0.96). 
HDWL was significantly more efficient at identifying subjects 
with flat lesions compared with NBI (OR, 0.77; 95%  CI, 
0.60‑0.99). Studies involving subjects with >3 adenomas were 
also analysed, however no significant differences were identi-
fied between SDWL, HDWL, FICE, NBI and CHRO.

HDWL proved to be a more effective at detecting 
diminutive lesions compared with SDWL (OR, 0.51; 
95% CI, 0.39‑0.68). However, HDWL was less effective 
at detecting flat lesions compared with SDWL (OR, 1.54; 
95%  CI, 1.09‑2.17). Traditional CHRO seemed to be 
slightly better at detecting diminutive lesions compared 
with HDWL (OR, 0.34; 95% CI, 0.19‑0.63) and FICE (OR, 
0.52; 95% CI, 0.35‑0.75), however sufficient evidence was 
lacking (Table II) (32,38).

Discussion

Early detection of cancers and adenomas of the colon is the 
key to reducing the incidence rate of colorectal carcinoma. 
According to several reports, 10‑15% of lesions, especially small 
and flat lesions, remained undiagnosed following conventional 
colonoscopy, even by experienced colonoscopists  (26,41). 
Therefore, image‑enhanced endoscopic techniques, including 
CHRO, FICE, NBI, AFI and i‑SCAN, have come into prac-
tice to increase the detection rate of colorectal lesions, and 
the new‑generation image‑enhanced techniques have been 
demonstrated to be superior to conventional techniques in 
polyp visibility (51,52). Based on the results of the current 
study, newly developed techniques could greatly enhance the 
early detection of lesions during a colonoscopy. CHRO could 
be useful for the detection of colorectal adenomas, especially 
in the flat and diminutive lesions compared with the other 
analysed techniques.

Chromoscopy with indigo carmine has been demonstrated 
to be effective in detecting neoplastic and non‑neoplastic 
lesions, with accuracy ranging from 84‑97% (53). Individuals 
with a history or a family history of colorectal cancer, or 
who have more than three colorectal adenomas, have a high 
risk of developing cancer (3). Therefore, the aim of colo-
noscopies is to accurately detect the number of adenomas 
in patients. Two studies suggested that CHRO was good 
at detecting adenomas in high‑risk populations  (25,44). 
However, the studies' design of tandem colonoscopy, which is 
usually performed by only one colonoscopist, might induce 
investigator‑dependent bias and thus influence the outcome 
analysis. That the same colonoscopist performed both of the 

targeted colonoscopic techniques, and the same region of 
the colon was again investigated, may influence the CHRO 
results. Le Rhun et al (33) suggested that the high adenoma 
detection rates may be due to HDWL used in combination 
with CHRO. The current study revealed that CHRO was 
superior to HDWL in the detection of colorectal lesions and 
that high definition should be one of several factors leading 
to an improved detection rate.

The duration of withdrawal time, a potential contribu-
tory factor, demonstrated a positive association with the 
adenoma detection rate (ADR) (54). CHRO is known to be 
a time‑consuming technique (6). It is theoretically possible 
that the increased withdrawal time could result in enhanced 
adenoma detection. Flat and diminutive lesions are easily 
missed if adequate time and attention are not devoted to their 
detection. As flat adenomas present a more likely increased 

Table I. Network meta‑analyses of adenoma detection.

	 Odds ratio (95% confidence interval)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Endoscopic	 Patients with	 Number of adenoma/
modalities 	 adenoma	 subject detected

SDWL
  HDWL	 1.18 (0.98‑1.39)	 1.17 (0.86‑1.55)
  NBI	 1.29 (1.04‑1.58)a	 1.10 (0.74‑1.62)
  FICE	 1.39 (1.11‑1.77)a	 1.09 (0.71‑1.63)
  CHRO	 1.53 (1.22‑1.93)a	 1.10 (0.73‑1.58)
  i‑SCAN	 1.52 (0.81‑2.61)	 1.66 (0.74‑3.23)
  AFI	 1.81 (1.07‑2.87)a	 1.64 (0.83‑2.95)
HDWL			 
  NBI	 1.09 (0.95‑1.25)	 0.95 (0.72‑1.25)
  FICE	 1.17 (0.98‑1.40)	 0.94 (0.66‑1.28)
  CHRO	 1.30 (1.06‑1.60)a	 0.95 (0.64‑1.38)
  i‑SCAN	 1.28 (0.70‑2.14)	 1.43 (0.68‑2.61)
  AFI	 1.54 (0.89‑2.47)	 1.42 (0.68‑2.47)
NBI			 
  FICE	 1.08 (0.88‑1.32)	 1.01 (0.66‑1.44)
  CHRO	 1.20 (0.94‑1.50)	 1.03 (0.63‑1.54)
  i‑SCAN	 1.18 (0.62‑2.05)	 1.54 (0.67‑3.05)
  AFI	 1.42 (0.82‑2.32)	 1.53 (0.69‑2.83)
FICE			 
  CHRO	 1.11 (0.88‑1.38)	 1.04 (0.64‑1.60)
  i‑SCAN	 1.10 (0.59‑1.88)	 1.57 (0.66‑3.27)
  AFI	 1.32 (0.74‑2.11)	 1.55 (0.69‑2.78)
CHRO			 
  i‑SCAN	 1.00 (0.51‑1.73)	 1.56 (0.68‑3.25)
  AFI	 1.19 (0.68‑1.93)	 1.54 (0.70‑3.00)
i‑SCAN			 
  AFI	 1.30 (0.56‑2.57)	 1.13 (0.40‑2.46) 

aP<0.05. AFI, autofluorescence imaging; CHRO, chromoendoscopy; 
FICE, Fuji Intelligent Color Enhancement; HDWL, high‑definition 
white light; NBI, narrow‑band imaging; SDWL, standard‑definition 
white light.
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Table II. Pairwise meta‑analyses of colorectal lesions in different endoscopic modalities.

				    Heterogeneity
	 Number	 Number	 Mean Difference/	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Endoscopic modalities	 of studies	 of subjects	 Odds Ratio (95% CI)	 P‑value	 I2 (%)	 P‑value

Adenomas per subject						    
  SD‑HD	 3	 1,140	 ‑0.06a (‑0.19‑0.08)	 0.4	 55	 0.11
  SD‑CHRO	 2	 248	‑ 0.21a (‑0.44‑0.01)	 0.07	 59	 0.12
  HD‑CHRO	 2	 960	‑ 0.44a (‑0.68‑0.20)	 0.0004	 78	 0.03
  HD‑FICE	 3	 1,587	 ‑0.01a (‑0.09‑0.07)	 0.77	 0	 0.58
  HD‑AFI	 2	 194	 0.00a (‑0.12‑0.13)	 0.98	 0	 0.44
  HD‑i‑SCAN	 1	 237	 ‑0.09a (‑0.38‑0.20)	 0.54	 N/A	 N/A
  HD‑NBI	 6	 3,137	 ‑0.01a (‑0.07‑0.06)	 0.78	 0	 0.86
Polyps per subject
  SD‑HD	 3	 1,140	 ‑0.11a (‑0.30‑0.08)	 0.26	 48	 0.14
  SD‑CHRO	 2	 248	 ‑0.73a (‑1.13‑0.33)	 0.0003	 0	 0.46
  HD‑CHRO	 2	 960	‑ 1.11a (‑1.46‑0.76)	 <0.00001	 0	 0.55
  HD‑NBI	 2	 696	 0.09a (‑0.06‑0.23)	 0.25	 0	 0.32
  HD‑FICE	 1	 359	 ‑0.21a (‑0.54‑0.12)	 0.21	 N/A	 N/A
  HD‑i‑SCAN	 1	 237	 ‑0.21a (‑0.54‑0.12)	 0.89	 N/A	 N/A
Flat lesions per subject
  SD‑CHRO	 1	 198	‑ 0.15a (‑0.30‑0.00)	 0.04	 N/A	 N/A
  HD‑CHRO	 2	 960	 ‑0.30a (‑0.49‑0.10)	 0.003	 62	 0.1
  HD‑NBI	 3	 859	 0.46a (‑0.30‑1.23)	 0.24	 96	 <0.00001
Subjects with polyp
  SD‑HD	 4	 1,374	 0.86b (0.69‑1.07)	 0.17	 0	 0.46
  SD‑CHRO	 4	 767	 0.43b (0.32‑0.57)	 <0.00001	 0	 0.86
  HD‑FICE	 3	 1,805	 0.78b (0.64‑0.96)	 0.02	 0	 0.41
  HD‑CHRO	 2	 600	 0.29b (0.11‑0.78)	 0.01	 81	 0.02
  HD‑NBI	 5	 3,477	 0.86b (0.63‑1.18)	 0.34	 76	 0.002
  HD‑i‑SCAN	 1	 234	 0.66b (0.40‑1.11)	 0.12	 N/A	 N/A
Subjects with flat lesion
  HD‑NBI	 3	 1,413	 0.77b (0.60‑0.99)	 0.05	 43	 0.17
Subjects with more than
three adenomas
  SD‑HD	 2	 750	 0.93b (0.31‑2.81)	 0.9	 73	 0.06
  SD‑CHRO	 2	 458	 0.47b (0.22‑1.03)	 0.06	 47	 0.17
  HD‑FICE	 2	 1,459	 0.90b (0.54‑1.50)	 0.68	 15	 0.28
  HD‑NBI	 3	 2,096	 1.22b (0.87‑1.72)	 0.25	 0	 0.45
Flat‑lesion number
  SD‑HD	 3	 1,022	 1.54b (1.09‑2.17)	 0.01	 0	 0.72
  SD‑CHRO	 2	 192	 0.76b (0.41‑1.40)	 0.37	 36	 0.21
  SD‑AFI	 1	 152	 0.64b (0.21‑1.98)	 0.44	 N/A	 N/A
  HD‑FICE	 4	 1,023	 0.96b (0.65‑1.42)	 0.85	 0	 0.41
  HD‑NBI	 9	 2,862	 0.89b (0.62‑1.26)	 0.5	 68	 0.002
  HD‑CHRO	 1	 1,680	 0.54b (0.44‑0.66)	 <0.00001	 N/A	 N/A
  HD‑AFI	 2	 246	 0.65b (0.36‑1.15)	 0.14	 9	 0.29
Diminutive lesion number
  SD‑HD	 3	 1,024	 0.51b (0.39‑0.68)	 <0.00001	 0	 0.86
  HD‑FICE	 3	 938	 0.94b (0.69‑1.28)	 0.69	 0	 0.64
  HD‑NBI	 6	 2,372	 0.94b (0.78‑1.14)	 0.53	 0	 0.43
  HD‑CHRO	 1	 202	 0.34b (0.19‑0.63)	 0.0006	 N/A	 N/A
  HD‑AFI	 1	 173	 0.50b (0.24‑1.06)	 0.07	 N/A	 N/A
  FICE‑CHRO	 1	 507	 0.52b (0.35‑0.75)	 0.0006	 N/A	 N/A

aMean Difference; bOdds Ratio. AFI, autofluorescence imaging; CHRO, chromoendoscopy; FICE, Fuji Intelligent Color Enhancement; HDWL, 
high‑definition white light; NBI, narrow‑band imaging; SDWL, standard‑definition white light.
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risk for malignant progression compared with polyploid 
adenomas, it is especially imperative to detect them (52). The 
Lau and Sung study (55) demonstrated that CHRO improved 
the detection of flat lesions comparing with HDWL with 
magnification.

Despite being expensive and time‑consuming, CHRO 
remains irreplaceable, especially in the screening of high‑risk 
patients (55). With more new image enhancement techniques, 
including BLI, LCI and new NBI (51,52,56), it was demon-
strated that the detection rate of colon lesions may be improved 
without sacrificing image sharpness and brightness.

The efficiency of FICE for the ADR was controversial as 
well (12,16,17). The data of the current analysis demonstrated 
that FICE improved the detection of polyps in (P=0.02), 
however it did not improve the detection of total adenomas and 
flat lesions. However, in medium‑risk individuals presenting 
for screening or diagnostic colonoscopy, the ADR of FICE was 
superior to SDWL colonoscopy and equivalent to conventional 
CHRO (38). When including high‑risk individuals undergoing 
postoperative (sigmoidectomy or rectal anterior resection) 
follow‑up colonoscopy, FICE missed significantly fewer lesions 
compared with HDWL (24 vs. 46%) (30). Considering the 
shorter duration of inspection and the outstanding efficiency of 
FICE for distinguishing between neoplastic and non‑neoplastic 
lesions (crucial for determining therapeutic strategies), and the 
lower miss rate of FICE in high‑risk individuals, the authors 
of the current study hypothesise that it may be appropriate to 
perform FICE in the screening or diagnostic colonoscopy of 
high‑risk individuals.

Aminalai et al (12) revealed that SDWL imaging using 
high image resolution technology is just as accurate as 
techniques that improve contrast enhanced colonoscopies, 
such as FICE; however the outcome may also be influenced 
by experience  (16). The majority of the studies included 
in the current analysis were performed by experienced 
endoscopists and no significant differences in the detection of 
adenomas were identified between FICE and other endoscopic 
techniques. Additional studies will be required to identify 
whether FICE could improve detection rates when performed 
by less experienced endoscopists.

Novel colonoscopic technologies were developed to 
improve adenoma detection and to decrease miss rates. 
Ikematsu et al (51) reported the mean number of adenomas per 
patient was significantly higher in the BLI group compared 
with that in the HDWL group, however the ADR was not 
significantly higher. Thus, the authors of the current study 
hypothesise that BLI and LCI is a promising modality for the 
detection of diminutive lesions, especially polypoid and flat 
lesions, however further studies are required.

NBI has been studied extensively with the ADR results 
reported in much more detail; positive and negative results 
have been reported (21,27,49). In the current network analysis, 
no significant differences in the ADR were identified between 
NBI and other endoscopic techniques, however NBI seemed to 
be of value in identifying patients with flat lesions (P=0.05). 
NBI may be beneficial in colonoscopies, but several factors 
may contribute to its reduced effectiveness in randomised 
controlled trials focusing on NBI (19,21,27).

As mentioned, a colonoscopist's experience may have a 
considerable impact on the detection rate, thus this may also 

be true with NBI. The efficiency of NBI in the detection of 
adenomas may not be evident if the colonoscopist does not have 
sufficient training with an NBI system. Combining data from 
multiple operators may potentially conceal colonoscopists 
who have high ADRs using novel technologies or those who 
perform worse (19). Similar to other endoscopic technologies, 
NBI also has poorer brightness and resolution compared with 
HDWL. However, recently these factors were improved by 
the new‑generation video processor system (EVIS LUCERA 
ELITE) when compared with the previous NBI system (56). 
Ogiso et al (56) used the polyp visibility scores to evaluate 
the detection efficiency and demonstrated that NBI with the 
ELITE system were significantly higher compared with those 
of HDWL.

The learning effect itself may also be a reason to evaluate 
the efficiency of NBI. In a UK study, the ADR of the NBI 
group was consistently 25%; however, the ADR of the HDWL 
group rose continuously, from 8‑26.5% in each consecutive 
100 patients (50). The increasing ADR with HDWL may have 
been as a result of some form of learning effect following the 
use of the NBI contrast‑enhancement technique. The elements 
of NBI and novel NBI techniques emphasise the contrast of 
mucosal microvessels, which potentially obscure surface 
detail to influence the detection of adenomas with NBI (56). 
Therefore, it suggested that NBI may be helpful under optimal 
conditions and in right‑sided colons (19,40,50).

As yet, few studies have investigated the efficiency of 
i‑SCAN in the colon. Hong et al (24) suggested that i‑SCAN 
failed to prevent missed polyps or to improve adenoma detec-
tion compared with HDWL, but further research is required to 
support this view.

In the current analysis, only two studies that compared the 
efficiency between i‑SCAN and WL met the criteria for inclu-
sion of the current study. With the resulting dearth of subjects, 
the sample size may be too small to meaningfully compare 
the ADR efficiency between i‑SCAN and WL. Additionally, 
the optimal settings for the modes of image enhancement of 
i‑SCAN, including contrast, surface enhancement and tone 
enhancement, remain unclear. This limitation may be a reason 
to conduct further studies into the efficiency of the ADR of 
i‑SCAN.

Matsuda et al (34), who examined the left and right sides 
of the colon separately, demonstrated a higher detection rate 
of adenomas and flat adenomas with AFI compared with WL. 
In addition, a study demonstrated a significant improvement in 
the detection of adenomas in a high‑risk group of patients (39). 
However, the results of the current analysis revealed that AFI 
was no better at detection compared with other endoscopic 
techniques with the exception of SDWL, regardless of the 
lesion's shape. The duration and difficulty of operation may 
limit the use of AFI in detecting colonic lesions (34,35).

The current meta‑analysis has several limitations. Marked 
heterogeneity in some of the analysis groups decreased the 
power of the findings, with respect to patients' details and 
endoscopic factors. The current analysis included average‑risk 
individuals undergoing screening endoscopy, high‑risk indi-
viduals with positive faecal occult blood tests and patients 
with adenomas on previous endoscopies. The endoscopic 
factors were the differences in withdrawal time among the 
studies and the bias generated by a non‑blinded design where 
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the same endoscopist performed the two techniques being 
compared in certain studies, as was predictable from the 
nature of the intervention. Studies investigating i‑SCAN and 
AFI were scarce, leading to less meaningful results about 
these novel endoscopic techniques. Additionally, lesion loca-
tion, morphology and pathology are all important aspects of 
colonoscopies, however the data were not clearly described in 
the majority of individual studies.

In conclusion, the current meta‑analyses of 40  studies 
demonstrated that NBI, FICE and AFI were significantly 
better compared with SDWL in identifying patients with 
adenomas. Furthermore, CHRO, as a time‑consuming tech-
nique requiring endoscopy and the spraying of dye, was 
superior to SDWL and HDWL colonoscopies in the detection 
of adenomas, polyps and flat lesions. NBI appeared effective 
in detecting subjects with flat lesions, whereas FICE effective 
at detecting polyps. The authors of the current study would 
not suggest applying CHRO in the screening of average‑risk 
individuals, but it may be the first choice to apply in high‑risk 
individuals as it efficiently detected colorectal lesions. Digital 
colonoscopy methods, including NBI or FICE, could be used 
to improve neoplasm diagnosis rates and be potentially effica-
cious at detecting colorectal lesions, including polyps and flat, 
diminutive adenomas. Additionally, novel image enhanced 
system, including BLI, LCI and the novel NBI system, 
were also revealed to have great potential in the detection of 
colorectal lesions.
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