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Abstract
Background & Aims—US guidelines recommend surveillance of patients with Barrett's
esophagus (BE) to detect dysplasia. BE is conventionally monitored via white-light endoscopy
(WLE) and collection of random biopsies. However, this approach does not definitively or
consistently detect areas of dysplasia. Advanced imaging technologies can increase detection of
dysplasia and cancer. We investigated whether these can increase the diagnostic yield for
detection of neoplasia in patients with BE, compared with WLE and analysis of random biopsies.

Methods—We performed a systematic review, using Medline and Embase to identify relevant
peer-review studies. Fourteen studies were included in the final analysis, with a total of 843
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patients. Our metameter (estimate) of interest was the paired-risk difference (RD), defined as the
difference in yield of detection of dysplasia or cancer using advanced imaging vs WLE. The
estimated paired-RD and 95% confidence interval (CI) were obtained using random effects
models. Heterogeneity was assessed by means of the Q statistic and I2 statistic. An exploratory
meta-regression was performed to look for associations between the metameter and potential
confounders or modifiers.

Results—Overall, advanced imaging techniques increased the diagnostic yield for detection of
dysplasia or cancer by 34% (95% CI, 20%–56%; P<.0001). A subgroup analysis showed that
virtual chromoendoscopy significantly increased diagnostic yield (RD=0.34; 95% CI, 0.14 – 0.56;
P<.0001). The RD for chromoendoscopy was 0.35 (0.13–0.56; P=.0001). There was no significant
difference between virtual chromoendoscopy and chromoendoscopy, based on Student t test
analysis (P=.45).

Conclusions—Based on a meta-analysis, advanced imaging techniques such as
chromoendoscopy or virtual chromoendoscopy significantly increase diagnostic yield for
identification of dysplasia or cancer in patients with BE.

Keywords
Barrett's esophagus; PRISMA; QUADAS; advanced imaging; risk difference; esophageal
adenocarcinoma

Introduction
Barrett esophagus (BE), also known as intestinal metaplasia of the tubular esophagus, is a
major risk factor for the development of esophageal adenocarcinoma (EAC).1-3 The
incidence of EAC has been steadily increasing.4-7 The evolution of BE to the EAC
progresses through a sequence of low-grade dysplasia (LGD) to high grade dysplasia (HGD)
and eventually adenocarcinoma.8 Surveillance is recommended in patients with history of
BE.9-11 Current surveillance practice standards require random, four-quadrant biopsy every
1-2 cm of BE (Seattle Protocol) to look for dysplasia with assistance of white light
endoscopy (WLE).9, 12 However, this approach is both labor intensive and of low yield.13

Therefore, advanced imaging modalities have been studied in an attempt to improve
detection of BE dysplasia. The most studied techniques are: chromoendoscopy, virtual
chromoendoscopy, and confocal laser endomicroscopy.

Chromoendoscopy (CE) utilizes dyes to improve visualization of the esophageal mucosa.
The dyes enhance the mucosal patterns associated with dysplasia, thus enabling better
detection during endoscopy. Dyes presently used in practice include: indigo carmine,
methylene blue, crystal violet, and acetic acid.14 On the other hand, instead of using dye,
virtual chromoendoscopy (VC), employs the use of light filters within the endoscope to
highlight vessel and mucosa patterns. VC includes: narrow band imaging (NBI, by
Olympus)15, and Fujinon intelligent chromoendoscopy (FICE, by Fujinon®).16 Confocal
laser endomicroscopy (CLE) magnifies the gross image of the esophageal mucosa by a
thousand-fold. This magnification allows the endoscopist to visualize the mucosa at the
microscopic, cellular level. With CLE, the image is seen as a real-time optical microscopy.
CLE can be probe-based (through the working channel of an endoscope) or incorporated
into the endoscope.14

Our objective was to carry out a systematic review and meta-analysis on existing studies,
evaluating the yield of advanced surface imaging modalities (CE and VC) in the detection of
esophageal dysplasia/neoplasia compared to the current standard of care (WLE/RB).
Because of the inherit differences between CE/VC and CLE, studies of CLE were not
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included in this analysis. We hypothesize that use of any of the newer imaging modalities
will increase the diagnostic yield compared to random biopsies.

Methods
Study Selection

In conducting this study, we followed the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines17 and the guidance provided by Kanwal et. al.18

We included all studies that comparatively evaluated both WLE/RB and either one of the
new imaging modality (i.e. CE or VC) for the detection of dysplastic changes in patients
with BE. Our inclusion criteria included: (i) prospective clinical studies and randomized
controlled trials; (ii) studies that were published in peer-reviewed journals; (iii) studies that
had the assessment of dysplasia and/or non-invasive EAC as one of their outcomes; (iv)
studies that included both WLE with random biopsy and CE (or VC) with targeted biopsies;
and (v) studies with extractable information regarding the diagnostic yield of WLE vs. CE
(or VC).

Studies were excluded if: (i) no random biopsies were performed or if the diagnostic yield
was not extractable from the study design; (ii) diagnostic yield assessment was done on a
per-lesion basis with no results on a per-patient basis. (iii) if the outcome reported was
intestinal metaplasia, and not dysplasia or neoplasia.

Search Strategy and Data Extraction
The search was done by four independent reviewers (BQ, RU, HW, NB). Medline and
Embase databases were searched for articles online. The search was limited to human
subjects and the English language. Search terms are included in Appendix (Appendix 1).
The last date of search was 10/1/2012. References from both databases were imported into
EndNote (Thomson Reuters, Carlsbad, CA). Duplicates were reviewed and removed.
Studies were reviewed by title and abstract. Studies were excluded if they were not original
articles (i.e. reviews, case reports, case series, editorials, abstracts, or conference papers), or
were irrelevant to the study topic (Figure 1). Thirty-four articles were reviewed in full text
for the CE group, and fifty-three in the VC group. Based on review of the full text, seven
papers were included in the final meta-analysis from the CE group and seven from the VC
group for a total of 14 studies.

For each study the following data was extracted: primary author, publication journal and
year, country/countries where the study was done, study design, endoscopic equipment,
advanced imaging modality, type of dye used (if applicable), prevalence of dysplasia in the
study population, distribution of patient age, patient gender, race (if reported), number of
patients who were analyzed for dysplasia by CE/VC and random biopsy, number of patients
found to have dysplasia using advanced imaging vs. random biopsy, number of endoscopists
in the study, number of pathologists and whether they were blinded to the biopsy method,
and the total number of biopsies taken in each group (or mean/median if totals are not
reported).

Quality Assessment
To assess the quality of each study, the Quality Assessment of Diagnostic Accuracy Studies
(QUADAS)19 was used. Each study was assessed by two independent reviewers and the
scores were then averaged. The responses to the answers were either “yes,” “no,” or
“unclear.” A study was given a point for every “yes” response, half a point for “unclear,”
and no points for “no;” maximum points awarded to a study=14.
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Statistical Analysis
Data from the evidence table was used to perform the meta-analysis using CMA software
(Biostat Inc, Englewood, NJ). The risk difference in the diagnostic yield for dysplasia
detection when using AI compared to current standard of care was used as the primary
outcome of interest. This outcome is clinically relevant and is not biased by the lack of true
dysplasia status. Test characteristics like sensitivity and specificity are biased by this lack
for true disease status (some patients with dysplasia are missed by random and targeted
biopsies). We defined the risk difference as the proportion of patients with dysplasia on
advanced imaging minus the proportion of patients with dysplasia on white light with
random biopsies. Since most studies were crossover, matched proportions were used for our
analysis. To do such analysis, the external correlation needed to be known. Yet, none of the
studies reported such figure. Therefore, an external correlation of 0.5 (halfway between no
correlation and complete correlation) was used in the analysis. A sensitivity analysis was
done by varying the correlation coefficient and observing the change in the effect size of the
metameter. The estimated size effect of the metameter was reported using fixed and random
effects models with 95% CI. Forest plots were formulated to contrast effect sizes in each of
the studies. Q statistic and I2 tests were calculated to assess heterogeneity between studies.
Random effect models were used when test of heterogeneity was significant (I2 >50% or p
<0.1 for Q statistic). Fixed effect models were otherwise used. A subgroup analysis was
performed for the VC and CE groups and t-test was used to assess differences between the
two groups. A funnel plot with the trim-and-fill method was used to screen for possible
small study or publication bias. The classic fail-safe test was used to assess the number
unpublished studies needed to negate the observed effects. An exploratory univariate meta-
regression was done to assess the association between the ratio of total biopsies in AI and
RB, gender, race, and number of endoscopists.

Several factors were considered a priori as possible sources of heterogeneity:

1. Imaging modality: clearly VC is different from CE. Therefore, a subgroup analysis
was planned to assess the difference between the two modalities using ANOVA.

2. Type of dye used: some of the heterogeneity could be due to the different dyes used
in the different studies (methylene blue vs. acetic acid vs. indigo carmine, etc.)

3. Different image enhancement technologies in VC group (NBI, FICE, etc.).

4. Study population: studies were done in different countries, with prevalence of
dysplasia potentially differing across these populations.

5. Number of biopsies: number of biopsies performed could be linked to the
diagnostic yield of random biopsies and targeted biopsies.

6. Experience of endoscopist: endoscopists with more experience in recognizing the
abnormalities on AI may show better outcomes compared to those with less
experience.

Results
Study Selection

The process of study selection is summarized in figure 1. In total, we reviewed the full text
for 87 manuscripts. Among those, only 15 studies met the inclusion criteria; however, an
additional study20 was removed from the final analysis due to the prolonged time (6 months)
between the RB and the CE target biopsy. Therefore, a total of 14 studies21-34 were analyzed
(7 VC studies, 7 CE). In total, 843 patients were included in the analysis. Patient, procedure,
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and study characteristics are summarized in Table 1. The quality of each study based on the
QUADAS tool is reported in Supplemental Table 1.

Increase in Diagnostic Yield
Cochran's Q statistic for the whole analysis was 31, p=0.004. I2 was found to be 58%. Both
results indicate the presence of heterogeneity between the studies necessitating the use of a
random effects analysis. The overall risk difference based on random effects model was 0.34
[0.20 – 0.48], p<0.0001 (Figure 2). Therefore, using advanced imaging, there was a 34%
increase in the yield of detecting dysplasia/cancer; consequently, there is a 34% decrease in
the risk of missing dysplasia when using advanced imaging. In a subgroup analysis, I2 was
48 for the VC group. On random effects model, VC was found to have a RD of 0.34 [95%
CI: 0.14 – 0.54], p=0.001 (Figure 3). This means that VC increases the diagnostic yield of
finding dysplasia/cancer by 34% compared to WLE with random biopsies. For the CE
group, I2 was 64. Using a random effect model, RD was 0.35 [0.13 – 0.56], p<0.0001
(Figure 3). Therefore, chromoendoscopy appears to increase the diagnostic yield of
dysplasia by 35%. Testing for difference in RD between VC and CE failed to detect a
significant difference between the two modalities (p=0.57).

Small Study or Publication Bias Assessment
A potentially small study or publication bias was assessed using the funnel plot and classic
fail-safe test. (Figure 4). Based on graphical assessment, some asymmetry was noted in the
funnel plot. The left lower quadrant had less studies and also two studies outside the 95%
confidence interval (Grossner et al on the right side and Horwhat et al on the left side of the
funnel plot). Therefore, sensitivity analysis was performed to assess how many studies
would be needed to negate the significant findings of the analysis. For this purpose, the
classic fail-safe test showed that173 “null” studies will be needed in order for the p-value to
exceed 0.05. In other words, one would need to find 12 negative studies for each of the
identified studies in the meta-analysis in order to negate the significant findings.

Other Bias
As previously mentioned, a study by Lim et al. was not included in our main analyses
because of prolonged follow-up period. However, we included this study in a sub-analysis.
The overall effect size was not significantly changed, RD = 0.29 [0.12 − 0.46], p=0.001.
Additionally, given that three studies 22, 23, 26 were led by the same author and since some of
the patients may have overlapped between those studies (losing the assumption of
independence required in meta-analysis), an analysis of influence or leave one out analysis
was performed by removing two of the studies at a time (the earliest two studies were
removed, then the latest two studies, then the earliest study and the latest study). The RD
was found to be similar with minimal deviation (<5%) from the reported effect (data not
shown).

The study by Kara et al. compared indigo-carmine CE vs. WLE and NBI vs. WLE. We
decide to include the study only once (CE or VC). Including the study in both the CE and
the VC groups would violate the assumption of independence between observations. CE and
VC each independently picked up dysplasia on 11 of 14 patients. Therefore, although we
classified the study as CE, the overall RD would not differ based on how the study was
classified.

Sensitivity Analyses
As previously discussed, we used matched binary outcome testing, since most studies were
cross-over trials. For that, we used external correlation of 0.5. We tested different external
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correlation coefficients with resulting RD and CI intervals. Overall, the effect point and CI
did not change significantly (<2% in RD, Supplemental Table 2).

In addition we wanted to test the effect of each study on the overall analysis in order to
detect and report studies that may have had a large effect on the pooled risk difference. This
was done by removing each of the studies and observing the change in the RD. Overall,
none of the studies had an overdue influence on the final analysis (Figure 5)

Meta Regression
We performed a series of univariate meta-regressions to examine the potential relationship
between diagnostic yield and each of the following variables: age, gender, the number of
endoscopists, QUADAS score, and the ratio between the number of biopsies on AI relative
to the number of biopsies on WLE. None were significant independent predictors. However,
there was a trend towards increase in diagnostic yield as the ratio of AI biopsies to RB
biopsies increased. We also noted that the two studies that showed a much better diagnostic
yield in RB compared to CE had very low ratio of AI biopsies to WLE-RB compared to
other studies (i.e. the number of biopsies obtained during AI was low compared to the
number obtained on WBL-RM). This was also true for the study by Lim et al. where the
median number of biopsies for the CE was 4 compared to a median of 11 for WLE-RB.
Therefore, we included Lim's study in an expanded exploratory meta regression. This
analysis showed a trend towards improved diagnostic yield of AI with more biopsies but
(OR 0.3, p=0.049).

Discussion
Clinical Implications

The results of our meta-analysis indicate an increase in the diagnostic yield of dysplasia/
cancer (more patients with dysplasia/cancer) when using advanced imaging (VC or CE). In a
subgroup analysis, the benefit of VC and CE seemed similar. Overall, heterogeneity was
present; therefore, we used random effects models. The effect size of 34% is clinically large
enough to warrant considering a change in BE surveillance guidelines.

Among studies identified as possibly being eligible for inclusion in our meta-analysis, a
study by Lim et al.20 was excluded from the final analysis for several reasons. First, the time
between the two endoscopies was too long (6 months by protocol), which would have
introduced confounding into the results. Secondly, the endoscopists took much less time
during biopsies during chromoendoscopy than that on random biopsies, much less than all
other studies. However, we did include Lim study in a sub-analysis and showed that it did
not off-set the benefit of AI despite having a much higher dysplasia yield in the RB group
compared to the CE group. The observation of low ratio of AI/WLE biopsies led us to an
exploratory meta-regression, which showed a significant correlation between the ratio of AI/
WLE biopsies and the yield of dysplasia. This correlation makes sense clinically. The more
biopsies obtained, the more likely it is that dysplasia will be detected.

Therefore, we believe that there is evidence to change practice towards AI
(chromoendoscopy or virtual chromoendoscopy). Yet, the protocol should include targeted
biopsies of any suspicious areas followed by random biopsies based on the Seattle protocol.
This may not save time or money on the number of biopsies, but it will have the highest
yield for dysplasia/cancer detection. A cost-effectiveness analysis based on such protocol is
beyond the scope of this review, but would be an appropriate topic for future studies. The
potential to eliminate random biopsy and only perform targeted biopsy has been explored by
several investigators and recently reviewed by the American Society for Gastrointestinal
Endoscopy. Threshold valued for AI methods were set at least 90% sensitivity and 98%
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NPV for dysplasia on a per patient basis.35 Although AI systems appear to increase
dysplasia detection, most have not shown sufficient accuracy to eliminate concurrent
random biopsy.

Our results regarding CE are in agreement with a previous meta-analysis by
Ngamreungphong et al 37. They reported an 11% increase in the diagnostic yield for
detecting dysplasia (43% in MB vs. 32% in RB). Using the numbers from this study, the
calculated paired risk-difference was found to be 26%. This result is lower than our RD of
35%. Such variation is accounted for by the difference in the studies included in each
analysis.

There were three studies on the topic of AI with the same lead author. The three studies
were done at different time periods, by varying co-investigators, and in different centers.
However, these studies may have some overlap in the patient population. Therefore, we did
a sub-group analysis in which one of the three studies was kept in the analysis at a time,
while the other two were removed. This process was repeated 3 times, thus keeping each one
of the three studies in the analysis at any given time. The results of these analyses showed
no major difference when compared to the primary analysis (≤ 5% change in RD no change
in p-value of <0.0001 regardless of which study was included). Therefore, all three studies
were kept in the final analysis.

At low doses used for endoscopy, dyes used for CE appear to be safe. Yet, a study has
shown oxidative damage with methylene blue in patients with Barrett's Esophagus.36, 37

This analysis showed that the increased in yield from CE is similar to that of VC. Yet, VC
does not have the same concerns of oxidative damage. In addition, VC is easier to perform
(e.g., no need to spray and wash dye), and takes only a few seconds to activate by pushing a
button on the scope. Therefore, we feel that our results favor the use of VC over CE in
surveillance of BE. However,the issue of standardization of VC raises a potential obstacle to
wide-spread implementation for this method in screening in patients with BE. As seen in
table 1, various imaging modalities were included in the analysis (NBI, AFI, and FICE).
Due to the limited number of studies on each of those modalities and the rarity of head-to-
head studies among them, we cannot make an assessment of which is better. Based on our
results, we conclude that VC is associated with an increased detection of dysplasia/cancer.
Similarly, there needs to be a consensus on the proper education of VC to
gastroenterologists and trainees in order for VC to be more widely accepted.

Strengths and Limitations
This is the first meta-analysis to consider the increased yield in the diagnosis of dysplasia/
cancer among patients with Barrett's Esophagus use CE and VC. Three previous meta-
analyses addressed the issue of chromoendoscopy (including VC) and Barrett's esophagus,
but looked at VC or CE and not both.37-39 One of those studies dealt with tests
characteristics like sensitivity, specificity, and accuracy. While such measures are frequently
reported for endoscopic procedures, the true disease status (a ‘gold standard’) for any given
patient is typically not known. Dysplasia/cancer can be missed on random biopsies and on
chromoendoscopy. Therefore, we do not know for sure that a patient is devoid of dysplasia
if he/she has a negative test (i.e., false negatives). Hence, calculating sensitivity, specificity,
positive predictive values, and negative predictive value based on those studies is potentially
biased. One way to get the true status of disease may be to do complete Barrett excision
(CBE) in which the whole Barrett's mucosa is resected endoscopically. CBE has been used
as a treatment modality in patients with dysplastic short segment BE (≤3cm) 40. CBE was
not done in any of the existing studies. Note that the main concern is missing existing
dysplasia/cancer (false negatives). The issue of false positives can also be problematic given
the inconsistencies among pathologists in diagnosing dysplasia. This, however, is beyond
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the scope of this review. We assumed accurate pathological diagnosis in our results and
discussion. Given the above limitations, we decided to look at the increased yield in finding
dysplasia/cancer in VC/CE when compared to random biopsies. We believe that this
measure does not have the same drawbacks as sensitivity and specificity given the absence
of a true gold standard; we are merely assessing the difference in cases diagnosed with
dysplasia when comparing the two methods. Some studies, however, did not report the yield
of CE/VC compared to random biopsies (current standard of care), and were therefore
excluded. Most studies were done in older, white males although these are
disproportionately affected with BE and thus an appropriate population.

A limitation of our study was the restriction of searches to the English language. We
acknowledge this limitation. Reviewing other languages was beyond the scope of this study.
Additionally, we did not search conference proceedings and abstracts. Our search strategy
included published studies only. Judging the quality of a study based on an abstract is
challenging. Therefore, we included published studies only.

Conclusions
Advanced Imaging (Chromoendoscopy or Virtual Chromoendoscopy) appears to offer a
significant increase in diagnostic yield with regard to detecting dysplasia/cancer amongst
patients with Barrett's Esophagus. Specifically, VC seems to have a more consistent and
robust effect. With modern equipment the availability of virtual chromoendoscopy is almost
universal. An additional advantage is that VC does not require application of coloring
agents, which may be untidy and add extra expense to the procedure.

Based on this meta-analysis, VC may be the test of choice in surveillance of patients with
BE. The test is not perfect and dysplasia can still be missed. Yet the likelihood of missing
dysplasia is lower in VC compared to random biopsies, which appears to miss more cases of
dysplasia/cancer. A potential recommendation to improve the diagnostic yield in dysplasia
detection is to combine VC and RB. That is to say, if VC is performed for targeted biopsies,
then the endoscopist should additionally obtain random biopsies, which appear to have an
additive effect on dysplasia detection.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

AI advanced imaging

BE Barrett's esophagus

CBE Complete Barrett Excision

CE chromoendoscopy

CI confidence interval

CLE Confocal laser endomicroscopy

EAC esophageal adenocarcinoma

FICE Fujinon intelligent chromoendoscopy

HGD high grade dysplasia

LGD low-grade dysplasia

NBI Narrow band imaging

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses

QUADAS Quality Assessment of Diagnostic Accuracy Studies

RB random biopsies

RD risk difference

VC virtual chromoendoscopy

WLE white light endoscopy
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Search Strategy for Chromoendoscopy (CE) on Medline

1. (Esophagoscopy[mesh] AND Image Enhancement[mesh]) OR “Acetic 1) Acid”
[Mesh] OR “Indigo Carmine”[Mesh] OR “Methylene Blue”[Mesh] OR
“Coloring Agents”[Mesh] OR “Acetic Acid”[tiab] OR “Indigo Carmine”[tiab]
OR “Methylene Blue”[tiab] OR “chromoendoscopy”[tiab] OR “Coloring
Agents”[tiab]

2. “Barrett Esophagus”[Mesh] OR “Esophageal Neoplasms”[Mesh] OR “Barrett
Esophagus”[tiab] OR “Barrett's Esophagus”[tiab] OR (Esophag*[tiab] AND
(neoplasm*[tiab] OR cancer*[tiab] OR dysplas*[tiab] OR carcinoma*[tiab] OR
precancer*[tiab] OR metaplas*[tiab]))
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Search Strategy for Virtual Chromoendoscopy (VE) on Medline

1. “Barrett Esophagus”[Mesh] OR “Esophageal Neoplasms”[Mesh] OR “Barrett
Esophagus”[tiab] OR “Barrett's Esophagus”[tiab] OR (Esophag*[tiab] AND
(neoplasm*[tiab] OR cancer*[tiab] OR dysplas*[tiab] OR carcinoma*[tiab] OR
precancer*[tiab] OR metaplas*[tiab]))

2. (Esophagoscopy[mesh] AND Image Enhancement[mesh]) OR “narrow band
imaging”[tiab] OR “nbi”[tiab] OR “autofluorescen*”[tiab] OR “trimodal”[tiab]
OR “Fujinon intelligent chromoendoscopy”[tiab] OR “virtual
chromoendoscopy”[tiab])
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Search Strategy for Chromoendoscopy (CE) on Embase

1. ‘Barrett esophagus’/exp OR ‘esophagus cancer’/exp OR ‘esophageal
adenocarcinoma’/exp OR ‘esophagus tumor’/exp OR ‘squamous cell
metaplasia’/exp

2. ‘chromoendoscopy’/exp OR ‘methylene blue’/exp OR ‘indigo carmine’/exp OR
‘acetic acid’/exp OR ‘screening test’/exp OR ‘coloring agent’/exp OR
chromoendoscopy: ab,ti OR methylene blue:ab,ti OR indigo carmine:ab,ti OR
acetic acid:ab,ti OR screening test:ab,ti OR coloring agent:ab,ti
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Search Strategy for Virtual Chromoendoscopy (VE) on Embase

1. ‘Barrett esophagus’/exp OR ‘esophagus cancer’/exp OR ‘esophageal
adenocarcinoma’/exp OR ‘esophagus tumor’/exp OR ‘squamous cell
metaplasia’/exp

2. ‘chromoendoscopy’/exp OR ‘screening test’/exp OR chromoendoscopy:ab,ti
OR screening test:ab,ti OR ‘narrow band imaging’/exp OR Fujinon intelligent
chromoendoscopy:ab,ti OR ‘autofluorescence imaging’/exp OR ‘narrow band
imaging’:ab,ti OR ‘autofluorescence imaging’:ab,ti
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Figure 1.
Flow diagram demonstrating assessment and selection of studies in the meta-analysis.
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Figure 2.
Forest plot of the 14 studies with pooled risk difference for detection of dysplasia by
advanced imaging compared to white light with random biopsies.
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Figure 3.
Forest plot of the 14 studies stratified by imaging modality (Virtual Chromoendoscopy in
the top 7 studies, compared to chromoendoscopy in the bottom 7 studies) with pooled risk
difference. Overall pooled risk difference is also shown.

Qumseya et al. Page 18

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2014 December 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4.
Funnel plot to assess publication bias.
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Figure 5.
Forest plot of the 14 studies showing the pooled risk difference with one study removed at a
time

Qumseya et al. Page 20

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2014 December 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Qumseya et al. Page 21

Ta
bl

e 
1

pa
ti

en
t 

an
d 

st
ud

y 
ch

ar
ac

te
ri

st
ic

s 
fo

r 
th

e 
14

 s
tu

di
es

 in
cl

ud
ed

 in
 t

he
 m

et
a-

an
al

ys
is

A
ut

ho
r 

(Y
ea

r)
C

ou
nt

ry
St

ud
y 

D
es

ig
n

T
ec

hn
ol

og
y

E
qu

ip
m

en
t

# 
P

at
ie

nt
s

%
 M

al
e

%
 W

hi
te

A
ge

P
op

ul
at

io
n

# 
E

nd
os

co
pi

st
s

# 
B

lin
de

d 
pa

th
ol

og
is

t
D

ys
p.

 A
I

T
ot

al
 A

I
D

ys
p.

 W
L

E
T

ot
al

 W
L

E
B

io
ps

ie
s 

A
I

B
io

ps
ie

s 
W

L
E

C
an

to
, M

. (
20

00
)

U
SA

R
C

T
 (

cr
os

so
ve

r)
M

B
1T

-1
00

 o
r 

2T
-1

00
 (

O
ly

m
pu

s)
43

74
%

95
%

60
 (

31
 -

70
)

B
E

-
Y

es
 (

2)
19

43
12

43
56

3
38

5

G
ro

ss
ne

r 
L

. (
20

06
)

G
er

m
an

y
R

C
T

 (
cr

os
s-

ov
er

)
M

B
45

0 
H

R
 (

Fu
jin

on
)

86
87

%
-

65
 ±

 8
B

E
 w

ith
 H

G
D

 o
r 

A
C

-
N

o 
(2

)
75

86
56

86
56

2
12

17

H
or

w
ha

t, 
J.

 (
20

07
)

U
SA

R
C

T
 (

cr
os

so
ve

r)
M

B
G

IF
 1

30
 o

r 
14

0,
 G

IF
Q

 1
40

: (
O

ly
m

pu
s)

48
92

%
96

%
62

 ±
 1

1
B

E
 w

ith
 H

G
D

 o
r 

A
C

48
Y

es
 (

1)
16

48
18

48
43

9
91

7

K
ar

a,
 M

. (
20

05
)

N
et

he
r-

la
nd

s
R

C
T

 (
cr

os
so

ve
r)

IC
G

IF
-Q

24
0Z

 (
O

ly
m

pu
s)

28
86

%
-

66
 ±

10
B

E
 ±

 d
ys

p.
/n

eo
pl

as
ia

4
Y

es
 (

2)
11

14
9

14
-

-

R
ag

un
at

h,
 K

. (
20

03
)

U
K

R
C

T
 (

cr
os

so
ve

r)
M

B
O

ly
m

pu
s 

or
 F

uj
in

on
57

77
%

-
60

 (
31

-8
5)

G
E

R
D

 o
r 

B
E

2
Y

es
 (

2)
26

57
23

57
65

1
61

8

Fo
rt

un
 P

. (
20

06
)

U
K

Po
st

 h
oc

 a
na

ly
si

s 
of

im
ag

es
A

A
G

IF
 Q

24
0Z

 (
O

ly
m

pu
s)

64
59

%
-

62
 (

26
-8

3)
B

E
6

Y
es

 (
1)

8
62

2
62

36
8

35
7

W
o,

 J
. (

20
01

)
U

SA
R

C
T

 (
cr

os
so

ve
r)

M
B

-
47

89
%

93
%

57
 ±

 1
1

G
E

R
D

 o
r 

B
E

3
N

o 
(3

)
13

35
8

35
28

7
26

7

N
ie

ps
uj

, K
. (

20
03

)
Po

la
nd

C
ro

ss
-s

ec
tio

na
l

A
FI

/L
IF

E
G

IF
-E

; (
O

ly
m

pu
s)

34
82

%
95

%
63

 (
40

-7
7)

B
E

1
-

23
34

18
34

10
9

13
6

C
am

us
, M

. (
20

09
)

Fr
an

ce
Pr

os
pe

ct
iv

e 
st

ud
y

(r
et

ro
sp

ec
tiv

e 
vi

de
os

)
FI

C
E

/A
A

E
G

 4
90

 Z
W

5 
(F

uj
in

on
)

20
95

%
96

%
65

 ±
 1

5
B

E
1

N
o 

(3
)

7
18

1
18

-
-

C
ur

ve
rs

, W
. (

20
10

)
N

et
he

r-
la

nd
s,

 U
S,

 U
K

R
C

T
 (

cr
os

so
ve

r)
E

T
M

I
X

G
IF

-Q
24

0/
G

IF
-F

Q
26

0F
Z

; (
O

ly
m

pu
s)

87
82

%
-

67
.1

 ±
 9

.1
B

E
 w

ith
 H

G
D

/A
C

10
Y

es
 (

5)
81

87
69

87
11

.5
14

C
ur

ve
rs

, W
. (

20
08

)
N

et
he

r-
la

nd
s,

 U
S,

 U
K

R
C

T
 (

cr
os

s-
se

ct
io

na
l)

E
T

M
I

X
G

IF
-Q

24
0F

Z
, (

O
ly

m
pu

s)
84

83
%

-
67

 ±
 1

2
B

E
 ±

 D
ys

pl
as

ia
5

Y
es

 (
≥4

)
27

84
16

84
-

-

C
ur

ve
rs

, W
. (

20
11

)
N

et
he

r-
la

nd
s

R
C

T
 (

cr
os

so
ve

r)
A

FI
X

G
IF

-Q
24

0/
G

IF
-F

Q
26

0F
Z

; (
O

ly
m

pu
s)

99
80

%
-

63
 ±

 1
0

B
E

 ±
 D

ys
pl

as
ia

9
Y

es
 (

9)
60

99
54

99
-

-

W
ol

fs
en

, H
. (

20
08

)
U

SA
R

C
T

 (
ta

nd
em

)
N

B
I

G
IF

H
18

0;
 G

IF
Q

16
0 

(O
ly

m
pu

s)
65

82
%

93
%

66
B

E
8

-
37

65
28

65
M

ea
n 

4.
7

M
ea

n 
8.

5

Sh
ar

m
a,

 P
. (

20
12

)
U

S,
 N

et
he

rl
an

ds
R

C
T

 (
cr

os
so

ve
r)

N
B

I
G

IF
-H

18
0 

(O
ly

m
pu

s)
12

3
93

%
97

%
63

 (
38

 -
85

)
B

E
-

Y
es

 (
1)

40
12

3
35

12
3

44
2

93
4

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2014 December 01.


