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Introduction
!

The removal of adenomatous lesions by colonos-
copy has proved effective in reducing the inci-
dence and disease-associated mortality of colo-
rectal cancer (CRC), with the importance and ef-
fectiveness of colonoscopy widely recognized [1,
2]. The research hot spot in colonoscopy is how
to improve the efficacy and detection rate, so
that lesions are less likely to be missed during ex-
aminations. Image-enhanced endoscopy (IEE),
serving as a major diagnostic tool in this regard,
has been a well-accepted approach within colo-
noscopy research.
Autofluorescence imaging (AFI), an emerging and
promising technique, is able to produce real-time
pseudo-color images based on natural tissue

fluorescence generated from endogenously emit-
ted fluorophores induced by excitation light. The
system can visualize benign and malignant le-
sions based upon differences in tissue fluores-
cence properties, and thus can reveal early-stage
cancers that are less likely detected by conven-
tional white light endoscopy (WLE). Therefore,
the clinical application of AFI and research on in-
creasing sensitivity in the detection of premalig-
nant gastrointestinal lesions have markedly in-
creased in recent years. However, because of the
limited time of the application of AFI, there is still
insufficient evidence regarding whether it can
significantly increase adenoma detection rates
(ADRs) and polyp detection rates (PDRs) and de-
crease adenoma miss rates (AMRs) and polyp
miss rates (PMRs) in comparison with conven-
tional WLE. Several successful trials have been
carried out by researchers all over the world;
however, their results are inconsistent and some* Dr. Zhao and Dr. Guan contributed equally to this article.
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Background and study aims: Autofluorescence
imaging (AFI) is an endoscopic imaging technique
used to increase the detection of premalignant
gastrointestinal lesions, and it has gradually be-
come popular in recent years. This meta-analysis
was performed to examine whether AFI provides
greater efficacy in the detection of adenomatous
and polypoid lesions and can even prevent the
failure to detect a single adenoma or polyp.The
aim of the study was to systematically review the
efficacy of AFI in increasing detection rates and
decreasing miss rates.
Methods: Pertinent articles were identified
through a search of databases up to December
2013 that included patients who had undergone
two same-day colonoscopies (AFI and white light
endoscopy [WLE]), followed by polypectomy.
Fixed and random effects models were used to
detect significant differences between AFI and
WLE in regard to adenoma detection rate (ADR),
polyp detection rate (PDR), adenoma miss rate

(AMR), polyp miss rate (PMR), and procedural
time.
Results: A total of 1199 patients from six eligible
studies met the inclusion criteria. No significant
differences were found in ADR (odds ratio [OR]
1.01; 95% confidence interval [95%CI] 0.74–
1.37), PDR (OR 0.86; 95%CI 0.57–1.30), or ad-
vanced ADR (OR 1.22; 95%CI 0.69–2.17). The
AMR (OR 0.62; 95%CI 0.44–0.86) and PMR (OR
0.64; 95%CI 0.48–0.85) by AFI were significantly
lower than those by WLE. The procedural time of
AFI was significantly longer than that of WLE
(mean 8.00 minutes; 95%CI 1.59–14.41). Sub-
group meta-analysis for the other characteristics
was not performed because of insufficiency of
the primary data.
Conclusions: AFI decreases AMR and PMR signifi-
cantly compared with WLE but does not improve
ADR or PDR. AMR and PMR may be decreased by
using AFI in flat and small lesions or when less ex-
perienced endoscopists perform the procedure.



issues require further discussion, so that agreement on this point
is yet to be achieved. We performed a systematic review and
meta-analysis to find out whether AFI can markedly improve
ADRs and PDRs and reduce AMRs and PMRs, and whether there
is credible evidence on the value of this technique.

Materials and methods
!

Methods of analysis and inclusion criteria were based on prefer-
red reporting items for systematic reviews and meta-analyses
(PRISMA) recommendations (●" Table 1) [3].

Study selection
A systematic search of the literature up to December 2013 was
conducted to include relevant published articles in English
(MEDLINE/PubMed, EMBASE, and the Cochrane Library) and in
Chinese (SinoMed/CBM). The following terms were used: colo-
noscopy AND (colonic polyps OR colonic neoplasms OR colonic
tumors) AND (autofluorescence imaging OR AFI). Studies pub-
lished as full articles in English were eligible. Cross-references
were also searched manually. The authors of the selected articles
were contacted for any missing data.

Inclusion criteria
Randomized controlled trials (RCTs) in which patients had un-
dergone two same-day colonoscopies (AFI andWLE) were identi-
fied, including a tandem design and a back-to-back design. ADR/
PDR or AMR/PMR was set as the primary outcome, while other
information about lesions detected was used for subgroup analy-
sis. Indications were screening with average risk or a familial his-
tory of CRC, surveillance for colorectal polyps or CRC, and diag-
nostic colonoscopy.

Exclusion criteria
Studies aimed to test the diagnostic performance of AFI, and
studies that investigated inflammatory bowel diseases were ex-
cluded.

Qualitative analysis
The quality of eligible trials was assessed by using the tool of “risk
of bias” according to the Cochrane handbook [4]. Methodologic
quality assessment was independently performed by two inves-
tigators (Z.-Y. Zhao and Y.-G. Guan). Sequence generation, alloca-
tion concealment, blinding (participants/personnel and outcome
assessment), data integrity, selective reporting, and other sources
of bias were assessed. Based on the method of the trials, “yes”
(adequate), “no” (inadequate), or “unclear” was graded individ-
ually. Trials with a low risk of bias were the ones fulfilling the
adequacy of all the components above, whereas those with a
high or medium risk of bias were the ones having one or more of
these components regarded as inadequate or unclear. A senior in-
vestigator (E.-D. Yu) was consulted in case of any disagreement.

Data extraction
Data regarding the following variables were extracted from the
final selected studies: study design; time and place of the per-
formed studies; single or multiple centers (and whether they
were academic centers); total number of patients included; age
and sex of the patients; indications and proportion; number of
endoscopists and their level of skill; part of the colon investiga-
ted; sedation dose; cecum intubation rate; bowel preparation

quality; procedural time; number of polyps, adenomas, or ad-
vanced adenomas detected within the first and second endosco-
pies and number of patients with these lesions; number of polyps
or adenomas at different locations; and different size categories
and different patterns (polypoid or non-polypoid) detected
within the first and second endoscopies. The datawere extracted,
verified, and analyzed by two investigators (Z.-Y. Zhao and Y.-G.
Guan) independently. Any difference was resolved by consensus
together with a senior investigator (E.-D. Yu).

Outcome measures
The outcomes measures were (1) ADR and PDR by AFI and WLE
for lesions of all types, histology, morphology, location, and size;
(2) AMR and PMR by AFI and WLE for lesions of all types, histol-
ogy, morphology, location, and size; and (3) respective procedur-
al times. The formulas of ADR/PDR and AMR/PMR were as fol-
lows. The numerators changed to be numbers of cases with each
kind of lesion detected when ADRs/PDRs by histology, morphol-
ogy, location, and size were calculated. However, the numerators
and denominators both changed to be numbers of specific lesions
when AMRs/PMRs by histology, morphology, location, and size
were calculated.
ADR/PDR=Number of cases with adenomas/polyps detected∕Total
number of colonoscopies
AMR∕PMR (of certain imaging techniques)=Number of cases with
adenomas/polyps detected by the other imaging technique∕Total
number of adenomas/polyps detected by either technique

Statistical analysis
Relevant extracted data were recorded with Microsoft Excel (Mi-
crosoft, Redmond, Washington, USA) and further analyzed with
Review Manager Version 5.0.2 (Nordic Cochrane Centre, Copen-
hagen, Denmark), Stata 12 (Stata Corporation, College Station,
Texas, USA) and SPSS Statistics 19 (IBM, Armonk, New York,
USA). An I2 test was used to assess the heterogeneity of results
among the studies. According to the Cochrane Review guidelines,
a value of I2 above 40% and a P value below 0.1 were considered
as the threshold for heterogeneity. A random effects model was
used for the meta-analysis when there was significant heteroge-
neity among the included studies, and a fixed effects model was
used otherwise. Studies displaying statistical heterogeneity were
further analyzed for differences in design and results. The out-
comes were expressed as odds ratio (OR) and 95% confidence in-
terval (95%CI) or mean (95%CI), I2, and P value for heterogeneity
with forest plots. Publication bias was assessed with the Begg–
Mazumdar Kendall’s test. Sensitivity analysis was also performed
by comparing the results of the fix effects model and the random
effects model.

Results
!

A total of 143 studies were retrieved (138 in English and 5 in Chi-
nese), of which 129 were excluded for nonrandomized design
(125 in English and 4 in Chinese). Another 2 studies, of patients
with inflammatory bowel diseases, were excluded [5,6], and 3
studies were not included because they evaluated the diagnostic
performance of AFI (sensitivity, specificity, or negative predictive
value) [7–9]. Another 3 trials were excluded because of inap-
propriate interventions (intravenous injection of antibody or AFI
plus transparent cap) [10–12]. Finally, 6 RCTs were included (5 in
English and 1 in Chinese) [13–18], which were all published as
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Table 1 Preferred reporting items for systematic reviews and meta-analyses (PRISMA) 2009 checklist.

Section/topic Item Checklist item Reported on

page number

Title

Title 1 Identify the report as a systematic review, meta-analysis, or both. 1

Abstract

Structured summary 2 Provide a structured summary including, as applicable, background; objectives; data sources;
study eligibility criteria, participants, and interventions; study appraisal and synthesis meth-
ods; results; limitations; conclusions and implications of key findings; systematic review re-
gistration number.

1–2

Introduction

Rationale 3 Describe the rationale for the review in the context of what is already known. 3

Objectives 4 Provide an explicit statement of questions being addressed with reference to participants,
interventions, comparisons, outcomes, and study design (PICOS).

3

Methods

Protocol and registration 5 Indicate if a review protocol exists, if and where it can be accessed (e. g., Web address), and, if
available, provide registration information including registration number.

4

Eligibility criteria 6 Specify study characteristics (e. g., PICOS, length of follow-up) and report characteristics
(e. g., years considered, language, publication status) used as criteria for eligibility, giving
rationale.

4

Information sources 7 Describe all information sources (e. g., databases with dates of coverage, contact with study
authors to identify additional studies) in the search and date last searched.

4

Search 8 Present full electronic search strategy for at least one database, including any limits used, such
that it could be repeated.

4

Study selection 9 State the process for selecting studies (i. e., screening, eligibility, included in systematic
review, and, if applicable, included in the meta-analysis).

4

Data collection process 10 Describe method of data extraction from reports (e. g., piloted forms, independently, in
duplicate) and any processes for obtaining and confirming data from investigators.

5–6

Data items 11 List and define all variables for which data were sought (e. g., PICOS, funding sources) and any
assumptions and simplifications made.

5

Risk of bias in individual
studies

12 Describe methods used for assessing risk of bias of individual studies (including specification
of whether this was done at the study or outcome level), and how this information is to be used
in any data synthesis.

4

Summary measures 13 State the principal summary measures (e. g., risk ratio, difference in means). 5–6

Synthesis of results 14 Describe the methods of handling data and combining results of studies, if done, including
measures of consistency (e. g., I2) for each meta-analysis.

5–6

Risk of bias across studies 15 Specify any assessment of risk of bias that may affect the cumulative evidence (e. g., publica-
tion bias, selective reporting within studies).

4

Additional analyses 16 Describe methods of additional analyses (e. g., sensitivity or subgroup analyses, meta-
regression), if done, indicating which were pre-specified.

5–6

Results

Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the review, with
reasons for exclusions at each stage, ideally with a flow diagram.

7

Study characteristics 18 For each study, present characteristics for which data were extracted (e. g., study size, PICOS,
follow-up period) and provide the citations.

7, 22–23

Risk of bias within studies 19 Present data on risk of bias of each study and, if available, any outcome level assessment (see
item 12).

Results of individual stud-
ies

20 For all outcomes considered (benefits or harms), present for each study: (a) simple summary
data for each intervention group and (b) effect estimates and confidence intervals, ideally with
a forest plot.

7–11

Synthesis of results 21 Present the main results of the review. If meta-analyses are done, include confidence intervals
and measures of consistency for each.

7–11

Risk of bias across studies 22 Present results of any assessment of risk of bias across studies (see item 15). 7

Additional analysis 23 Give results of additional analyses, if done (e. g., sensitivity or subgroup analyses, meta-
regression [see item [16])].

11

Discussion

Summary of evidence 24 Summarize the main findings, including the strength of evidence for each main outcome;
consider their relevance to key groups (e. g., health care providers, users, and policy makers).

12

Limitations 25 Discuss limitations at study and outcome level (e. g., risk of bias) and at review level (e. g.,
incomplete retrieval of identified research, reporting bias).

12

Conclusions 26 Provide a general interpretation of the results in the context of other evidence, and implica-
tions for future research.

12–15

Funding

Funding 27 Describe sources of funding for the systematic review and other support (e. g., supply of data),
role of funders for the systematic review.

16
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full articles (●" Fig. 1). Quality assessment was performed for each
selected trial (●" Fig. 2).

Characteristics of the included studies
General characteristics of the included articles are presented in
●" Table 2.
All studies applied the following exclusion criteria: history of in-
flammatory bowel disease, history of surgical resection, lack of
informed consent, poor bowel preparation (>10% of mucosal
area obscured), and poor medical condition of the patient that
could not allow two consecutive colonoscopies. Five studies
[14–18] reported inability to reach the cecum that was regarded
as an exclusion criterion.
The main indications were a family history of CRC and surveil-
lance of colorectal polyps (●" Table 2). The proportion of patients
screened in the different studies varied from 0% in three studies
to 43.2% in the study by Moriichi et al. Because the prevalence of
colorectal polyps in the patients screenedwas relatively low, they
may not have been the optimal population for a study of miss
rates. Based on the indications for colonoscopy and the mean to-
tal number of polyps per patient (MTPD; i. e., the total number of
polyps detected divided by the total number of people undergo-
ing colonoscopy), the patients in three [15–17], two [13,14], and
one [18] of the studies were defined as high, medium, and low
risk populations for polyps, respectively.
A randomized tandem design comparing the AMR and PMR of
AFI and WLE was applied in the five studies included. Colono-
scopic techniques evaluated included the following: standard re-
solution endoscopy versus high resolution endoscopy (HRE) plus
AFI [16], and WLE versus AFI [14,15,17,18]. A study by Moriichi
et al. adopted another design, called back-to-back colonoscopies,
inwhich the two endoscopists were not aware of each other’s ob-
servation. In the tandem design, ADR and PDR were extracted
from the former examination, and AMR and PMR were deter-
mined by the difference of the two examinations; in the back-
to-back design, on the other hand, ADR/PDR was determined by
the respective examinations of different techniques, and AMR/
PMR was worked out through the difference between the total
number of lesions and the number detected by the respective
techniques. We combined the data from all trials, and the influ-
ence of the different designs was taken into account within dis-
cussion.
We observed differences between the prevalence of polyps in the
study populations. The MTPD ranged from 0.45 to 2.08 (●" Table
2). In the study by Jiang et al., participants with an average risk of
CRC were largely involved, explaining the low MTPD. In the stud-

ies by Matsuda et al. and Moriichi et al., the colonoscopic exami-
nations were limited to the proximal colon and to the sigmoid co-
lon and rectum, respectively, which largely explains the low
MTPD. The study by Kuiper et al. showed that PDR indicated the
distribution of the lesions within the population. However, the
other two studies failed to elucidate whether the high MTPD
was attributable to a small number of patients with many polyps
or whether the polyps were evenly distributed among patients
owing to no available PDR provided.

Adenoma detection rate of all types of lesions
Five studies showed the data of cases with adenomas detected
used for ADR analysis (●" Fig. 3). The pooled data (fixed effects
model), regardless of size and location, showed no significant dif-
ference by means of AFI or conventional WLE (OR 1.01; 95%CI
0.74–1.37; P=0.96). There was no significant heterogeneity
among the studies (P =0.67; I2 =0).

RCTs with usable information, 
by outcome n = 6

Potentially relevant trials identified and 
screened for retrieval n = 143

Excluded for nonrandomized design (n = 129)

RCTs withdrawn, by outcome (n = 0)

RCTs excluded from meta-analysis ( n = 8)
 IBD studies (n = 2)
 Diagnostic performance studies (n = 3)
 Not proper intervention (n = 3)

Potentially appropriate RCTs to be included in 
meta-analysis n = 14

RCTs included in the meta-analysis n = 6

Fig.1 Quality of reporting of meta-analyses
(QUORUM) flow diagram of included and excluded
studies. RCT, randomized controlled trial; IBD,
inflammatory bowel disease.
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Polyp detection rate of all types of lesions
The numbers of cases of polyps detected were shown in only two
studies [14,16]. Although the data used for PDR analysis were in-
sufficient, they were still considered for analysis in this study
(●" Fig. 4). The pooled data, regardless of size and location,
showed no significant difference between AFI and WLE (OR
0.86; 95%CI 0.57–1.30; P =0.71), with no obvious heterogeneity
(P =0.66; I2=0).

Adenoma detection rate by histology, morphology,
location, and size of lesions
Two studies reported the analysis of advanced adenomas
(●" Fig. 5) [15,16]. The pooled data for advanced ADR (fix effects
analysis) showed no significant difference (OR 1.22; 95%CI
0.69–2.17; P =0.50). There was no significant heterogeneity (P
=0.74; I2=0).

As for the morphology of adenomas, the ADR of polypoid and
non-polypoid types was extracted from only one study [13].
Some other studies also took morphology into consideration,
but they were not qualified for analysis because of insufficient
cases with individual types. The only available data showed no
significant difference between the two colonoscopic techniques
in either the polypoid (P=0.680) or non-polypoid type (P=
0.106).
There were no data for location and size analysis because none of
the studies provided information about the number of cases with
the specific types of adenomas.

Polyp detection rate by morphology, location,
and size of lesions
Similar to the situation for specific ADR analysis, there was insuf-
ficient information for specific PDR analysis.

  Experimental Control Odds Ratio Odds Ratio
 Study or Subgroup Events Total Events Total Weight M–H, Fixed, 95% CI M–H, Fixed, 95% CI

 Kuiper 2011 42 118 45 116 35.8 % 0.87 [0.51, 1.48] 
 Matsuda 2008 27 83 28 84 23.0 % 0.96 [0.51, 1.84]
 Moriichi 2012 23 88 16 88 14.5 % 1.59 [0.77, 3.27]
 Rotondano 2012 15 47 14 47 11.7 % 1.10 [0.46, 2.65]
 van den Broek 2009 14 50 17  50 15.0 % 0.75 [0.32, 1.77]

 Total (95 % CI)  386  385 100.0 % 1.01 [0.74, 1.37]
 Total events 121  120    

 Heterogeneity: Chi2 = 2.34, df = 4 (P = 0.67); I2 = 0 %
 Test for overall eff ect: Z = 0.05 (P = 0.96)

Favors experimental             Favors control
0.01 0.1 101 100

Fig.3 Comparison of adenoma detection rates of autofluorescence imaging and white light endoscopy. M-H, Mantel–Haenszel; CI, confidence interval.

  Experimental Control Odds Ratio Odds Ratio
 Study or Subgroup Events Total Events Total Weight M–H, Fixed, 95% CI M–H, Fixed, 95% CI

 Kuiper 2011 68 118 73 116 62.4 % 0.80 [0.47, 1.35] 
 Matsuda 2008 27 83 28 84 37.6 % 0.96 [0.51, 1.84]

 Total (95 % CI)  201  200 100.0 % 0.86 [0.57, 1.30]
 Total events 95  101    

 Heterogeneity: Chi2 = 0.19, df = 1 (P = 0.66); I2 = 0 %
 Test for overall eff ect: Z = 0.71 (P = 0.48)

Favors experimental              Favors control
0.01 0.1 101 100

Fig.4 Comparison of advanced adenoma detection rates of autofluorescence imaging and white light endoscopy. M-H, Mantel–Haenszel; CI, confidence
interval.

  Experimental Control Odds Ratio Odds Ratio
 Study or Subgroup Events Total Events Total Weight M–H, Fixed, 95% CI M–H, Fixed, 95% CI

 Kuiper 2011 26 118 21 116 78.6 % 1.28 [0.67, 2.43] 
 van den Broek 2009 5 50 5 50 21.4 % 1.00 [0.27, 3.69]

 Total (95 % CI)  168  166 100.0 % 1.22 [0.69, 2.17]
 Total events 31  26    

 Heterogeneity: Chi2 = 0.11, df = 1 (P = 0.74); I2 = 0 %
 Test for overall eff ect: Z = 0.67 (P = 0.50)

Favors experimental              Favors control
0.01 0.1 101 100

Fig.5 Comparison of polyp detection rates of autofluorescence imaging and white light endoscopy. M-H, Mantel–Haenszel; CI, confidence interval.

Zhao Zi-Ye et al. Detection and miss rates of autofluorescence imaging of adenomatous and polypoid lesions… Endosc Int Open 2015; 03: E226–E235

Original article E231
THIEME



Adenoma miss rate of all types of lesions
The meta-analysis of AMRs is shown in●" Fig. 6. The six studies
reported a total of 704 adenomas of all types and all sizes. Be-
cause the back-to-back design doubled the number of partici-
pants in the study by Moriichi et al., these data (29 adenomas)
were counted twice when the total number of participants and
lesions was calculated. Therefore, the total number of adenomas
was 733, of which 207 adenomas were discovered at the second
colonoscopy alone. The pooled data showed that the AMR of AFI
was significantly lower than that of WLE (OR 0.62; 95%CI 0.44–
0.86; P=0.004). There was no significant heterogeneity (P=0.30;
I2=18%).

Polyp miss rate of all types of lesions
Four studies reported a total of 1048 polyps of all types and all si-
zes. When a fixed effects model was used, the result showed sig-
nificant heterogeneity (P=0.0002; I2=85%). Therefore, we ap-
plied the random effects analysis, but the heterogeneity was not

well decreased. We attributed the high degree of heterogeneity
to the data from the study of Moriichi et al. because of its unique
study design. After this study had been excluded, there was no
significant heterogeneity among the remaining studies (P=0.24;
I2=30%) (●" Fig. 7). The pooled data showed that the PMR yielded
by AFI was significantly lower than that of conventional WLE (OR
0.64; 95%CI 0.48–0.85; P =0.002).

Adenoma miss rate by histology, morphology, location,
and size of lesions
Two studies reported the analysis of advanced adenomas [15,16],
but neither group in the study by van den Broek et al. had ad-
vanced adenomas missed, which meant that the data were not
suitable to be brought into the meta-analysis. Neither of the two
studies showed a significant difference between AFI and WLE
(Kuiper et al.: P=0.283; van den Broek et al.: P=1.00).
Although all the studies except the one by Moriichi et al. had a-
nalysis for miss rate by morphology, it was still disqualified from

  Experimental Control Odds Ratio Odds Ratio
 Study or Subgroup Events Total Events Total Weight M–H, Fixed, 95% CI M–H, Fixed, 95% CI

 Jiang 2010 14 64 18 55 16.7 % 0.58 [0.25, 1.30] 
 Kuiper 2011 34 121 33 112 27.4 % 0.94 [0.53, 1.65]
 Matsuda 2008 19 66 45 95 29.3 % 0.45 [0.23, 0.88]
 Moriichi 2012 1 29 8 29 8.6 % 0.09 [0.01, 0.81]
 Rotondano 2012 6 37 7 36 6.6 % 0.80 [0.24, 2.67]

 van den Broek 2009 8 40 14 49 11.2 % 0.63 [0.23, 1.69]

 Total (95 % CI)  357  376 100.0 % 0.62 [0.44, 0.86]
 Total events 82  125    

 Heterogeneity: Chi2 = 6.08, df = 5 (P = 0.30); I2 = 18 %
 Test for overall eff ect: Z = 2.86 (P = 0.004)

Favors experimental             Favors control
0.001 0.1 101 1000

Fig.6 Comparison of adenoma miss rates of autofluorescence imaging and white light endoscopy. M-H, Mantel–Haenszel; CI, confidence interval.

  Experimental Control Odds Ratio Odds Ratio
 Study or Subgroup Events Total Events Total Weight M–H, Fixed, 95% CI M–H, Fixed, 95% CI

 Jiang 2010 20 126 28 106 21.2 % 0.53 [0.28, 1.00] 
 Kuiper 2011 72 256 100 299 54.9 % 0.78 [0.54, 1.12]
 Matsuda 2008 21 71 50 102 23.9 % 0.44 [0.23, 0.83]

 Total (95 % CI)  453  507 100.0 % 0.64 [0.48, 0.85]
 Total events 113  178    

 Heterogeneity: Chi2 = 2.84, df = 2 (P = 0.24); I2 = 30 %
 Test for overall eff ect: Z = 3.06 (P = 0.002)

Favors experimental              Favors control
0.01 0.1 101 100

Fig.7 Comparison of polyp miss rates of autofluorescence imaging and white light endoscopy. M-H, Mantel–Haenszel; CI, confidence interval.

  Experimental Control Mean Diff erence Mean Diff erence
 Study or Subgroup Means SD Total Mean SD Total Weight M–H, Fixed, 95% CI M–H, Fixed, 95% CI

 Rotondano 2012 55 26 47 47 19 47 48.5 % 8.00 [–1.21, 17.21] 
 van den Broek 2009 55 26 50 47 19 50 51.5 % 8.00 [–0.93, 16.93]

 Total (95 % CI)   97   97 100.0 % 8.00 [1.459, 14.841]
  Heterogeneity: Chi2 = 0.00, df = 1 (P = 1.00); I2 = 0 %
 Test for overall eff ect: Z = 2.45 (P = 0.01) Favors experimental              Favors control

–100 –50 500 100

Fig.8 Comparison of procedural times of autofluorescence imaging and white light endoscopy for whole colon. SD, standard deviation; IV, inverse variance;
CI, confidence interval.
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analysis because of the heterogeneity of the relevant data. Two
studies reported no significant difference in the AMRs for both
morphology types between AFI and WLE, but no specific data
were shown [15,16]. Matsuda et al. put the number of cases de-
tected by one kind of technique and missed cases by the other
kind together for analysis; thus, no precise data were available
for our meta-analysis. The data of the other two studies cannot
be combined either because one set of data was about adenomas
only [17], while the other was about all kinds of polypoid lesions
[18]. The result of the only available data by Rotondano et al.
showed no significant difference in the AMRs for both types of
morphology between AFI and WLE (polypoid lesions, P=0.745;
non-polypoid lesions, P=1.00). The situation was the same for
the analysis of location and size.

Polyp miss rate by morphology, location,
and size of lesions
The study by Jiang et al. was the only one that analyzed PMR in
regard to different characteristics. The PMR of AFI was signifi-
cantly lower than that of WLE for the non-polypoid type (P=
0.003; OR 0.26; 95%CI 0.10–0.64), but the difference was not sig-
nificant for the polypoid type (P=0.691).
As for the location of lesions, there was no significant difference
in PMR in the proximal part (P=0.305) and distal part (P=0.127).
The most commonly reported polyp sizes were 1 to 5mm, 6 to 9
mm, and 10mm or larger, which were available in this study. The
data for small polyps (1–5mm) showed a significant difference
(PMR of AFI was lower) (P=0.013; OR 0.34; 95%CI 0.14–0.81).
The data for medium-size (6–9mm) and large polyps (10mm
and larger) showed no significant difference (medium, P=0.823;
large, P =0.500).

Procedural time
Two studies reported the procedural time for the entire colon
(●" Fig. 8). The pooled data indicated that the procedural time of
AFI was significantly longer than that of WLE (mean 8.00 min-
utes; 95%CI 1.59–14.41; P =0.01), with no significant heteroge-
neity (P =1.00; I2=0).

Publication bias
Tests for funnel plot asymmetry were used only for meta-analysis
with at least 10 studies included; otherwise, the power of the
tests was too low to distinguish chance from real asymmetry [4].
Therefore, publication bias was assessed with the Begg–Mazum-
dar Kendall’s test for ADR, AMR, and PMR, of which there were
three or more studies involved in the meta-analysis. The result
indicated that no bias was found for ADR (t=0.39; P=0.723),
AMR (t =–1.59; P=0.186), or PMR (t =–3.97; P=0.157).

Sensitivity analysis
Sensitivity analysis was performed to examine the robustness of
the result by changing the model. The result indicated that all re-
sults were robust (●" Table 3).

Discussion
!

In this systematic review, we analyzed the ADR/PDR and AMR/
PMR of AFI and WLE according to the histology, morphology, lo-
cation, and size of lesions. The available evidence, however, was
based on a relatively small number of heterogeneous studies that
included a total of 1199 cases. Our results indicated that AFI sig-
nificantly decreased the AMR/PMR when compared with con-
ventional WLE but did not markedly increase the ADR/PDR. We
conclude that colorectal polyps or adenomas would less likely be
missed with AFI, but the number of cases with adenomas or
polyps may not be different. AFI did reduce the number of missed
lesions, but the ADR and PDRmay not be influenced because they
were calculated for patients who have lesions. Adding one lesion
detected for a patient who already has lesions detected does not
change the ADR or PDR. Therefore, we can see that themiss rate is
more sensitive than the detection rate. This work provides more
comprehensive evidence and is a supplement to the area of IEE
research because meta-analyses have been conducted for chro-
moendoscopy [19] and narrow-band imaging (NBI) [20–24].
According to the existing literature, the PMR significantly in-
creases at a rate that is inversely related to the size of the polyp
[25]; moreover, there is new evidence indicating that AFI can de-
crease the PMR of small polyps, although with limited number of
cases, and the article was written in Chinese. Nevertheless, there
is still hope that AFI may help to decrease the miss rate of small
polyps and adenomas significantly, based on future RCTs with
larger sample sizes.
It is not certain whether autofluorescence can decrease the PMR
of medium-size polyps. A systematic review reported a poor PMR
of 13% for medium-size polyps, which may be a serious issue in
clinical practice [25]. Therefore, the recommendation to report
medium-size polyps requires more attention [26]. The ability of
AFI in this aspect requires further exploration.
The limited evidence indicated that the PMRs for non-polypoid
lesions (flat lesions) by AFI and WLE differed from each other.
Some other studies have given similar results. The result of the
study of Takeuchi et al., which focused on the efficacy of AFI
with a transparent hood, suggested that AFI colonoscopy with a
transparent detected significantly more colorectal neoplasms
than did WLE without a transparent hood [11]. In the subgroup
analysis of the polypoid/flat neoplasms detected, mounting a
transparent hood helped to detect more polypoid neoplasms,

Table 3 Sensitivity analysis.

ADR Advanced ADR PDR AMR PMR Procedural time,

min

Fixed effect
model OR
(95%CI)

1.01 (0.74–1.37) 1.22 (0.69–2.17) 0.68 (0.57–1.30) 0.62 (0.44–0.86) 0.64 (0.48–0.85) 8.00 (1.59–14.41)

Random effect
model OR
(95%CI)

1.01 (0.74–1.37) 1.22 (0.68–2.17) 0.86 (0.57–1.30) 0.62 (0.42–0.92) 0.61 (0.43–0.88) 8.00 (1.59–14.41)

ADR, adenoma detection rate; PDR, polyp detection rate; AMR, adenoma miss rate; PMR, polyp miss rate; OR, odds ratio; CI, confidence interval.
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and AFI observation detected more flat neoplasms. Current opi-
nion regarding this subject is that AFI may be more adequate
than WLE to detect flat lesions, but its ability is affected easily
by the area of observation. While a transparent hood can help to
detect lesions behind the colonic folds by pushing them, mount-
ing a transparent hood and AFI observation might complement
each other, and the combinationwould be effective for the detec-
tion of both polypoid and flat neoplasms [10]. Future evidence of
good quality is needed to prove this viewpoint andmake AFI with
a transparent hood a standard tool for CRC surveillance.
As for methodology, the design of tandem colonoscopy has been
regarded as the gold standard for miss rate research for a long
time. A tandem design includes two same-day colonoscopies
within one patient, both of themwith polypectomy. In such stud-
ies, the AMR/PMR is expressed as the number of polyps/adeno-
mas detected only during the second colonoscopy relative to the
number found during both examinations. However, there is yet
another design available as an alternative option, which is a
back-to-back design (used in the study of Moriichi et al.). A
back-to-back design also includes two same-day colonoscopies
for each patient, but they are performed by two different endos-
copists, and polypectomy is performed only during the second
examination. The first advantage of this design is that it makes a
blind trial possible, in that the two independent investigators are
unaware of each other’s observation and the sequencing is insig-
nificant. One examination can be regarded as the second exami-
nation to the other one, and the extra lesions detected by one
technique are regarded as lesions missed by the other. With this
method, the sample size will be doubled, which is the second ad-
vantage; moreover, because two individual investigators are en-
gaged in the examinations of one patient, it is possible to perform
analysis with endoscopists of different levels of experience. As
the result of the study of Moriichi et al. showed, AFI dramatically
increased the ADR (30.3%) in comparison with HRE (7.7%; P<
0.05) in endoscopists with less experience. Conversely, the ADR
of HRE in experienced endoscopists (22.6%) was not significantly
different from that of AFI (23.6%). However, the differences be-
tween endoscopists may become a confounding factor when
other analyses of AMR/PMR are performed. This may also happen
in tandem studies when the two examinations are performed by
two different endoscopists. Therefore, tandem colonoscopies
performed by a single investigator are a good way to reduce bias
caused by observers.
As for meta-analysis, including studies of different designs will
produce heterogeneity, which can decrease the power of evi-
dence, just like the analysis of the PMR of all types of lesions.
This time, we must exclude the study that used a back-to-back
design to make the analysis more acceptable.
The quality of studies included is basically acceptable, but there
are still drawbacks within most of them. Lack of necessary and
precise information is one common problem. After the authors
had reported the primary outcome, their attitude about report-
ing other research data became variable. Some authors gave
very precise information about polyps or adenomas detected
and missed, and the number of cases used for calculating the de-
tection rate. Of these six studies, the one by Kuiper et al. had the
best quality and the most precise data. This helped us make a
more comprehensive subgroup analysis and find more latent
problems. Nevertheless, other studies failed to report a more
comprehensive coverage of data.
Another problem that makes subgroup meta-analysis difficult is
the authors’ variable ways of processing their data. As mentioned

before, there are accepted classifications for size and location.
However, investigators sometimes change the classification as
needed. Other than that, combining different parts of the data
for comparison instead of presenting the original data makes the
data unsuitable for meta-analysis [14 ,18].
Based on the preceding discussion, there are clues indicating that
the AMR/PMRmay be decreased by using AFI in flat and small le-
sions or when procedures are performed by less experienced en-
doscopists, which will further the use of AFI in clinical practice.
The analysis for the diagnostic performance of AFI was not in-
cluded in this study. A newly published meta-analysis has
provided a comprehensive analysis for this aspect of several IEE
techniques, including AFI. The results indicated that all endo-
scopic imaging techniques other than AFI could be used by well-
trained endoscopists to achieve a more reliable optical diagnosis
of colonic lesions in daily practice, which was not beneficial for
AFI, but AFI still has its advantage of detecting lesions that can se-
cure its place in colonoscopic examinations. Combining IEE tech-
niques may be the best way to achieve maximum effectiveness,
and some manufacturers have already developed new devices
for combining IEE techniques. Endoscopic trimodal imaging
(ETMI) with the combination of WLE, NBI, and AFI is a good ex-
ample [6, 27]. In fact, in the proper combination, AFI with other
IEE techniques will make colonoscopy more effective, more con-
venient, and less labor-consuming.
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