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A B S T R A C T

Background

Although conventional colonoscopy is the most accurate test available for the investigation of the colorectum for polyps, data exist that
raise concerns about its sensitivity. Chromoscopy (spraying dye onto the surface of the colon to make polyps more visible) may be one way
of enhancing the ability of colonoscopy to detect polyps, particularly diminutive flat lesions, which otherwise may be diFicult to detect.

Objectives

To determine whether the use of chromoscopy enhances the detection of polyps and neoplasia during endoscopic examination of the
colon and rectum.

Search methods

We searched the following databases: Cochrane Colorectal Cancer Group Specialised Register (October 2015), Cochrane Central Register of
Controlled Trials (CENTRAL) (Cochrane Library; Issue 10, 2015), MEDLINE (January 1950 to October 2015), EMBASE (January 1974 to October
2015), and ClinicalTrials.gov and World Health Organization International Clinical Trials Registry Platform (both November 2015). We also
handsearched abstracts from relevant meetings from 1980 to 2015. Search terms included 'randomised trials' containing combinations of
the following: 'chromoscopy' 'colonoscopy' 'dye-spray' 'chromo-endoscopy' 'indigo-carmine' 'magnifying endoscopy'.

Selection criteria

We included all prospective randomised trials comparing chromoscopic with conventional endoscopic examination of the whole of the
colon and rectum. We excluded studies of people with inflammatory bowel disease or polyposis syndromes and any studies that combined
chromoscopy with additional interventions (cap assistance, water-perfused, etc.).

Data collection and analysis

Two review authors independently assessed the methodological quality of potentially eligible trials, and two review authors independently
extracted data from the included trials. Outcome measures included the detection of polyps (neoplastic and non-neoplastic), the detection
of diminutive lesions, the number of participants with multiple neoplastic lesions, and the extubation time.

Main results

We included seven trials (2727 participants) in this update. Five trials were of suFiciently similar design to allow for pooled results. Two trials
diFered substantially in design and were included in a subgroup analysis. All the trials had some methodological drawbacks. However,
combining the results showed a significant diFerence in favour of chromoscopy for all detection outcomes. In particular, chromoscopy was
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likely to yield significantly more people with at least one neoplastic lesion (odds ratio (OR) 1.53, 95% confidence interval (CI) 1.31 to 1.79; 7
trials; 2727 participants), and at least one diminutive neoplastic lesion (OR 1.51, 95% CI 1.19 to 1.92; 4 trials; 1757 participants). Significantly
more people with three or more neoplastic lesions were also detected, but only when studies that used high-definition colonoscopy in the
control group were excluded (OR 4.63, 95% CI 1.99 to 10.80; 2 trials; 519 participants). None of the included studies reported any adverse
events related to the use of the contrast dye.

Authors' conclusions

There is strong evidence that chromoscopy enhances the detection of neoplasia in the colon and rectum. People with neoplastic polyps,
particularly those with multiple polyps, are at increased risk of developing colorectal cancer. Such lesions, which presumably would be
missed with conventional colonoscopy, could contribute to the interval cancer numbers on any surveillance programme.

P L A I N   L A N G U A G E   S U M M A R Y

Does chromoscopy (dye-spraying) improve rates of polyp detection when compared to conventional colonoscopy?

Background

Colonoscopy is a diagnostic fibreoptic investigation that enables growths in the bowel (polyps) to be detected. Some of these polyps can
develop into cancer. Although colonoscopy is the most accurate available test for the detection of these growths, some polyps, especially
smaller ones, can be missed for a variety of reasons, including how well the polyp can be seen against the background of the normal
lining of the large intestine (mucosa). It is important to identify even small polyps, which are oLen the precursors to cancer. Dye spraying
(chromoscopy) is one of the simpler ways to make polyps stand out against the normal bowel mucosa, and hence be more easily seen.

Objectives

We aimed to evaluate whether or not chromoscopy improves polyp detection in people undergoing screening for colorectal cancer.

Study characteristics

Following a rigorous review of the literature, we included seven studies in our analysis with a total of 2727 participants. We included all
studies that compared chromoscopy and conventional colonoscopy of the entire colon in people at risk of having polyps. The participants
in the studies varied, however all were considered to be at low or average risk of developing polyps.

All the included studies randomised people to either conventional colonoscopy or chromoscopy. Two trials used a study design that
diFered from the others, by performing a conventional colonoscopy in all people first and removing any polyps observed, then randomising
people to either conventional colonoscopy or chromoscopy. The goal of these studies was to determine the number of extra polyps
identified with the two techniques, rather than the total number of polyps.

Key findings

The analysis showed that the rate of detection of small polyps was improved by chromoscopy by about 90%. Of even greater clinical
importance, the analysis showed that the detection of small polyps that could potentially develop into cancer was increased by about 30%
when chromoscopy was used. The detection rate was not diFerent in people with large polyps or cancer, as these are easily enough seen
at conventional colonoscopy. No adverse events were reported related to the use of the contrast dye.

Quality of the evidence

There were drawbacks to the quality of the evidence based on methodology. On a basic level, study designs of this type do not allow
blinding of the examiner. More subtle variations in study design also introduced variation in the data that could impact the reliability of the
results. For example, in some studies the time spent examining the colon was standardised in both people undergoing chromoscopy and
those undergoing conventional colonoscopy, whereas in other studies it was not; as the time spent examining the bowel will influence the
number of polyps detected, and this standardisation does not reflect clinical practice, this makes generalising results from these studies
to clinical practice more diFicult. Other potential causes of variation included the diFerent points of randomisation of participants (that
is before the single colonoscopy or before a second procedure, that latter which as highlighted earlier looks only at additional polyps
identified) and the reasons for the people undergoing colonoscopy (for example people taking part in a general screening programme may
have smaller and less easily detected polyps than those presenting with symptoms).
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Summary of findings for the main comparison.   Chromoscopy compared to conventional colonoscopy for the detection of polyps

Chromoscopy compared to conventional colonoscopy for the detection of polyps

Patient or population: people undergoing colonoscopy for the detection of polyps

Settings: those patients undergoing endoscopy for investigation of gastrointestinal symptoms, as part of a screening programme or surveillance for colorectal neoplasia
due to a family history of colorectal cancer, previous polyp detection, or a previous colorectal cancer resection

Intervention: pan-chromoscopy

Comparison: conventional colonoscopy

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Conventional colonoscopy Pan-chromoscopy

Relative effect
(95% CI)

No of Participants
(studies)

Quality of the evi-
dence
(GRADE)

Total polyps (neoplastic and
non-neoplastic) detected

The mean total polyps
ranged across control
groups from
0.4 to 2.1

The mean total polyps in the inter-
vention group was
1.91 (1.3 to 3.1)

MD 0.89 (0.74 to
1.04)

2727 (7) ⊕⊕⊝⊝
low

Total neoplastic lesions The mean total neoplastic
lesions ranged across con-
trol groups from
0.2 to 1.1

The mean total neoplastic lesions in
the intervention groups was
0.89 (0.6 to 1.3)

MD 0.33 (0.25 to
0.41)

2727 (7) ⊕⊕⊝⊝
low

Number of participants with
at least 1 polyp (neoplastic or
non-neoplastic)

529 per 1000 676 per 1000 
(589 to 704)

OR 1.87 (1.51 to
2.30)

1515 (4) ⊕⊕⊝⊝
low

Total participants with at
least 1 neoplastic lesion

380 per 1000 481 per 1000 
(331 to 648)

OR 1.53 (1.31 to
1.79)

2727 (7) ⊕⊕⊝⊝
low

Number of diminutive neo-
plastic lesions

The mean number of
diminutive polyps ranged
across control groups from
0.27 to 0.7

The mean number of diminutive
polyps in the intervention groups
was
0.63 (0.4 to 0.8)

MD 0.21 (0.10 to
0.32)

1409 (4) ⊕⊕⊝⊝
low
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Participants with diminutive
neoplastic lesions

170 per 1000 236 per 1000 
(165 to 373)

OR 1.51 (1.19 to
1.92)

1757 (4) ⊕⊕⊝⊝
low

Number of participants with 3
or more adenomas (in studies
with single intubation)

26 per 1000 111 per 1000 
(101 to 121)

OR 4.63 (1.99 to
10.80)

519 (2) ⊕⊕⊝⊝
low

Adverse events Unestimable as no data
supplied

Unestimable as no data supplied - - -

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; MD: mean difference; OR: odds ratio

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

The nature of diminutive polyp detection means that it is likely that some of the included studies are underpowered. Furthermore, significant heterogeneity is introduced by the
variability of the colonoscopes used in the studies as well as the diFerences in dye-spraying technique. There are also subtle but clear diFerences in the study inclusion criteria
that aFect the quality of the pooled evidence.
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B A C K G R O U N D

Description of the condition

A polyp is defined as a protuberant lesion in the mucosa of the
bowel. It may be precancerous (neoplastic adenoma) or non-
precancerous (non-neoplastic, including hyperplastic polyps). The
malignant potential for adenomas has been recognised for over a
century (Horfstad 2003), and strong evidence exists that suggests
detection and removal of these adenomas will reduce colorectal
cancer risk and mortality (Winawer 1993; Zauber 2012). Although
conventional colonoscopy is the most accurate test available for the
detection of all types of polyp, data exist that raise concerns about
its sensitivity (ability to detect lesions when present). The National
Polyp Study investigated a large cohort of 1418 people who
had undergone colonoscopy and polypectomy for an adenoma
(Winawer 1993). Long-term follow-up (8401 person-years) showed
a clear reduction in colorectal cancer when compared to three
reference populations, emphasising the point that polyp detection
and removal reduces bowel cancer risk. However, five people
developed cancers in the period between the initial and a follow-
up colonoscopy. Although it is possible that these cancers arose
in the short period between the colonoscopies, it is perhaps
more likely that precursor lesions were missed. Further concerns
about colonoscopic sensitivity come from studies of cohorts
undergoing 'back-to-back' colonoscopy (one colonoscopy followed
immediately by another) (Hixson 1990; Rex 1997; Heresbach 2008).
These studies suggest that as many as a quarter of polyps may
be missed. Although most of these missed polyps were small
(less than 5 mm), some were greater than 1 cm and therefore
of significant malignant potential (Muto 1975; Shinya 1979; Eide
1986; Hermanek 1987). Screening studies have also highlighted
the importance of adenoma detection, reporting that people
undergoing colonoscopy by endoscopists with a low adenoma
detection rate (ADR) had a significantly higher risk of interval
colorectal cancer (CRC) (Kaminski 2010).

A number of factors may contribute to missed lesions and
variability in ADR. Perhaps the most important relate to endoscopic
technique. Good colonoscopy withdrawal technique necessitates
looking behind folds, with particular attention to flexures and
other relative blind spots, aspirating or flushing away residue,
and optimising distension (sometimes helped by position change
and the use of antispasmodics). This clearly takes time, and
many studies have shown that withdrawal time is an important
determinant of ADR. Barclay 2008 found that endoscopists who
spent more than eight minutes examining the bowel during
colonoscopy withdrawal had a higher ADR compared to those who
spent less than eight minutes.

Patient-related factors may also influence mucosal visualisation.
Poor bowel preparation may obscure polyps and diverticular
disease and adhesions may limit the endoscopist's view.
A technically diFicult intubation may result in incomplete
examinations and less adequate views on withdrawal due to time
constraints and reduced concentration by the endoscopist.

Finally, the polyp features themselves may influence the miss
rate. So-called flat adenomas are small minimally raised (or
even centrally depressed) lesions that are diFicult to see using
conventional endoscopy, oLen appearing as slight distortions of
the mucosal colour or contour or disruptions of the vascular
architecture.

There is controversy as to whether diminutive polyps are of clinical
significance. Polyp size and the presence of high-grade dysplasia
or villous histology are associated with focal cancer within
an individual adenoma (O'Brien 1990), whereas polyp number
and size are the most consistent risk factors for metachronous
adenomas and cancer. Diminutive polyps are rarely malignant, and
the rapid development of invasive cancer from a small (less than
10 mm) neoplastic lesion is unlikely (Eide 1986). However, it seems
that morphologically flat lesions may be an exception to this rule,
with high-grade dysplasia being related more to whether there is a
depressed component to the polyp (Rembacken 2000; Tsuda 2002).
In addition, there are a small number of descriptions of advanced
cancer in lesions less than 10 mm in the literature (Ueta 2000;
Hurlstone 2003).

Description of the intervention

Contrast dyes are the main dyes used in colonic chromoscopy (also
known as chromocolonoscopy or chromo-endoscopy). They are
neither absorbed nor do they react with the mucosal cells; they
merely outline the mucosal morphology. The main contrast dye
used is indigo-carmine. Concentrations vary widely, ranging from
0.2% to 2%. The reason for the variation is unclear and probably
relates to endoscopist preference. Delivery is either 'targeted' at
areas of mucosal irregularity that have been detected by white-light
endoscopy or 'pan-colonic', aiming to dye-spray the whole of the
colonic mucosa. Targeted dye spraying involves drawing up a small
volume of dye (3 to 5 ml) in a large syringe along with air. The syringe
is then emptied through the biopsy channel of the colonoscope
along with the air to create a spray eFect on the colonic wall. Pan-
colonic dye spraying usually employs a catheter, oLen a diFusion
catheter (a simple tube with a sprinkler device at the proximal
end), which allows diFuse mucosal coverage of the whole colon,
irrespective of its endoscopic appearance, using a larger volume of
dilute dye. Contrast dyes are simple to use, safe, and cheap, but also
can be labour-intensive, time-consuming, and messy.

How the intervention might work

Dye spraying, or chromoscopy techniques, were first described
in the 1970s as a way of making fine mucosal surface detail
more visible at endoscopy (Tada 1977). While frequently used in
the upper gastrointestinal tract to detect early gastric neoplasia,
in Lambert 2002, and premalignant tissue (dysplasia) in the
oesophagus, in Fennerty 1999, chromoscopy in the colon is
now advocated as a way of increasing the detection of colonic
polyps (particularly flat lesions) by better definition of mucosal
topography and highlighting of subtle mucosal abnormalities
(ASGE 2007). High-definition colonoscopy (essentially enhanced
image resolution using advanced digital imaging systems) could
be expected to improve polyp detection even further, especially if
coupled with chromoscopy (Bruno 2003).

Why it is important to do this review

With the advent of screening programmes for polyps that involve
colonoscopy in many countries, it is imperative to ensure optimal
sensitivity. Several studies have examined the eFect of pan-colonic
chromoscopy on enhancing polyp detection, but the data are
inconsistent. The aim of this review was to examine the hypothesis
that pan-colonic chromoscopy can enhance polyp detection
compared with conventional colonoscopy. As chromoscopy has
implications in terms of extra time taken to perform the procedure

Chromoscopy versus conventional endoscopy for the detection of polyps in the colon and rectum (Review)
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properly, and potential increased morbidity, we have examined
these aspects as secondary endpoints.

Before listing the objectives, it is important to define the outcome
measures of each colonoscopy. The procedure can be classified
as normal or abnormal, with various abnormalities described.
Such abnormalities could be polyps, adenomas, lesions, or
neoplasia in the literature. In order to standardise definitions and
to allow for comparison, a polyp is defined as a protuberant
lesion that could be neoplastic (adenoma or carcinoma) or non-
neoplastic (hyperplastic or inflammatory). A neoplastic polyp
includes adenoma or carcinoma only.

O B J E C T I V E S

To determine whether the use of chromoscopy enhances detection
of polyps and neoplasia during endoscopic examination of the
colon and rectum.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We considered studies in which participants have been
prospectively randomised to either chromoscopic or conventional
endoscopic examination of the lower gastrointestinal tract for this
review.

We used the following inclusion and exclusion criteria:

Inclusion criteria

• Randomised controlled trials (RCTs) and cluster RCTs;

• Trials comparing chromoscopic with conventional endoscopy
for the detection of polyps.

Exclusion criteria

• Studies in which only part of the colorectum was examined;

• Studies in which chromoscopy was combined with another
technique such as cap assistance or water perfusion.

Types of participants

Inclusion criteria

We included adults undergoing conventional or chromoscopic
endoscopy for investigation of gastrointestinal symptoms, as part
of a screening programme, or surveillance for colorectal neoplasia
due to a family history of colorectal cancer, previous polyp
detection, or a previous colorectal cancer resection. The risk of
polyps varies in these groups from average to high compared with
the general population.

Exclusion criteria

• People undergoing surveillance for inflammatory bowel disease
(IBD);

• People undergoing surveillance for known polyposis syndromes
(familial adenomatous polyposis (FAP) or hereditary non-
polyposis colorectal cancer (HNPCC)).

The potential yield of neoplasia and the distribution in the colon
may diFer in people with IBD or polyposis syndrome compared

to the general population. In addition, in the IBD group the
characteristics of neoplasia (that is dysplasia-associated lesion or
mass (DALMs)) may not be typical of polyps detected in people
without IBD. These groups may therefore not be representative in
terms of the primary and some secondary outcomes.

Types of interventions

Comparison of chromoscopy with conventional endoscopy; the use
of either standard or high-resolution colonoscopy was eligible.

Types of outcome measures

Primary outcomes

1. Number of polyps detected per participant with each
intervention (including neoplastic and non-neoplastic lesions)

2. Number of neoplastic polyps (adenomas/carcinomas) detected
per participant with each intervention

3. Number of participants with at least one polyp (neoplastic and
non-neoplastic) detected with each intervention

4. Number of participants with at least one neoplastic polyp
(adenoma/carcinoma) detected with each intervention

Secondary outcomes

1. Number of diminutive neoplastic (adenoma/carcinoma) polyps
(< 5 mm) detected per participant with each intervention

2. Number of participants with at least one diminutive neoplastic
(adenoma/carcinoma) polyp (< 5 mm) detected with each
intervention

3. Number of participants with more than three neoplastic
(adenoma/carcinoma) polyps detected with each intervention

4. Extubation time

5. Site of the lesions found (proximal colon (caecum to splenic
flexure) and distal colon/rectum (distal to splenic flexure))

6. Adverse events (complications related to the contrast dye)

7. Participant discomfort

Search methods for identification of studies

Electronic searches

We conducted a comprehensive literature search to identify all
published and unpublished randomised controlled trials with
no language restriction. We searched the following electronic
databases to identify potential studies:

• Cochrane Colorectal Cancer Group (CCCG) Specialised Register
(October 2015);

• Cochrane Central Register of Controlled Trials (CENTRAL) (the
Cochrane Library; Issue 10, 2015) (Appendix 1);

• MEDLINE Ovid (January 1950 to 26 October 2015) (Appendix 2);

• EMBASE Ovid (January 1974 to 26 October 2015) (Appendix 3);

• ClinicalTrials.gov (November 2015);

• WHO ICTRP (November 2015).

Searching other resources

We screened proceedings and abstracts of relevant meetings for
presentations not yet in print, from 1980-2015. These included
the annual meetings of the Association of Coloproctology of
Great Britain and Ireland, European Association of Coloproctology,
American Society of Colon and Rectal Surgeons, Royal
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Society of Medicine (coloproctology section), British Society of
Gastroenterology, and American Gastroenterology Association.

We also searched the list of cited references in all included
reports for additional comparative studies. We contacted authors
of published reports, querying their awareness of ongoing studies.

Data collection and analysis

We conducted the review according to the recommendations of the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2011) and the CCCG.

Selection of studies

Four review authors (SRB, WB, SD, SR) examined all the citations
and abstracts derived from the electronic searches. We retrieved
full reports of potentially relevant trials. The review authors
independently applied the selection criteria to trial reports. We
included studies irrespective of whether measured outcome data
were reported in a useable way. The review authors were not blind
to the names of authors, institutions, or journals. We resolved any
disagreements by discussion.

Data extraction and management

Two review authors (WB, SRB) independently undertook data
extraction from the included trials. We processed the data as
described in the Cochrane Handbook for Systematic Reviews of
Interventions (Higgins 2011), resolving any diFerences of opinion by
discussion. Data extraction included authors, title of study, and year
of publication. We also extracted data on the following.

• Study design (including participant type and demographics)

• Study size

• Type of control

• Number of polyps detected (neoplastic and non-neoplastic) per
group and per participant

• Site of polyps

• Length of procedure

• Adverse events

• Participant discomfort

• Experience of endoscopists

Assessment of risk of bias in included studies

Two review authors independently assessed the methodological
quality of identified trials, taking into account the quality of
random allocation concealment and the description of dropouts
and withdrawals, as well as blinding of the participants and
personnel to the intervention (Figure 1; Figure 2). Other potential
bias investigated included detection bias related to diFerent study
design and selective reporting. The review authors performed the
'Risk of bias' assessment following the instructions and using
the items given in in Chapter 8 of the Cochrane Handbook for
Systematic Reviews of Interventions: "The Cochrane Collaboration’s
tool for assessing risk of bias" (see Appendix 4) (Higgins 2011),
resolving any disagreements by discussion. For overall 'Risk of
bias' considerations of included trials, see Appendix 5. We have
summarised the excluded studies and the reasons for their
exclusion in Characteristics of excluded studies.

 

Figure 1.   Methodological quality graph: review authors' judgements about each methodological quality item
presented as percentages across all included studies.
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Figure 2.   Methodological quality summary: review authors' judgements about each methodological quality item
for each included study.

 
Measures of treatment e=ect

We carried out statistical analysis of the data using the Review
Manager soLware (Version 5.3) (Review Manager 2014).

We calculated odds ratios and 95% confidence intervals (CIs) for
dichotomous outcomes and weighted mean diFerences (WMD) and
95% CI for continuous outcomes, processing continuous variables
using the mean and standard deviation values. When only means
and ranges were available, we estimated the standard deviation
using the following assumption: In an overview of the results of
included studies, almost all participants had either no polyps or one
polyp. We therefore assumed that over 95% of participants would

have none, one, or two polyps and that a standard deviation of 2.00
for polyps of all types and 1.00 for neoplastic polyps would give
conservative uncertainty values.

Unit of analysis issues

The unit of analysis was the individual participant as we identified
no cluster RCTs; there were no unit of analysis concerns.

Dealing with missing data

We attempted to obtain all missing information from the trial
authors. Where the raw data and a standard deviation were
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unavailable, we estimated the standard deviation as detailed in the
Measures of treatment eFect section. Where a complete data set
was missing, we excluded the study from the particular analysis.

Assessment of heterogeneity

We examined statistically significant heterogeneity by both the I2
statistic and the Chi2 test. The I2 statistic describes the percentage
of total variation across studies due to heterogeneity rather than
to chance (Higgins 2003). A value of 0% indicates no detected
heterogeneity, and larger values show increasing heterogeneity;
substantial heterogeneity is considered to exist when I2 is larger
than 50% although it is accepted that, when there are few studies,
I2 becomes less accurate. For the Chi2 test, we used a P value of
less than 0.10 to indicate the presence of statistically significant
heterogeneity.

Assessment of reporting biases

As there were only seven included RCTs, we did not attempt to
assess publication bias using funnel plots. However, we found no
additional study protocols in the literature to indicate publication
bias.

Data synthesis

We summarised data statistically if they were available for analysis,
suFiciently comparable, of a similar and appropriate study design,
and of good quality, using the Mantel-Haenszel fixed-eFect model.
We performed statistical analyses according to the statistical
guidelines referenced in the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins 2011). The result of the meta-
analysis for each outcome is presented graphically as a forest plot.

Subgroup analysis and investigation of heterogeneity

We carried out subgroup analysis in the following circumstances.

• Studies that used a conventional colonoscopy and polyp
removal in all participants prior to randomisation, as this could
increase detection bias and measures a diFerent detection rate
(that is the rate of additional polyps detected, rather than a
comparison of the overall rate of detection).

• Where details were given about location of polyps (proximal or
distal colon).

• High-definition versus conventional colonoscopy.

Sensitivity analysis

We planned to carry out sensitivity analyses when there were
instances of statistical heterogeneity, which included the following.

• Removal of studies that used inexperienced colonoscopists,
as this could lead to poor colonoscopist performance, and
therefore poorer detection rates.

• Removal of outliers if we could identify a methodological or
clinical diFerence in the outlying study that could explain the
heterogeneity.

Summary of findings

We assessed the quality of evidence using the Grading of
Recommendations Assessment, Development and Evaluation
(GRADE) approach, which we presented in a 'Summary of findings'
table.

The GRADE system classifies the quality of evidence in one of four
grades:

1. High: Further research is very unlikely to change our confidence
in the estimate of eFect;

2. Moderate: Further research is likely to have an impact on
our confidence in the estimate of eFect and may change the
estimate;

3. Low: Further research is very likely to have an important impact
on our confidence on the estimate of eFect and is likely to
change the estimate;

4. Very low: Any estimate of eFect is very uncertain.

The quality of evidence can be downgraded by one level
(serious concern) or two levels (very serious concern) for
the following reasons: risk of bias, inconsistency (unexplained
heterogeneity, inconsistency of results), indirectness (indirect
population, intervention, control, outcomes), and imprecision
(wide confidence intervals, single trial). The quality can also be
upgraded by one level due to a large summary eFect.

R E S U L T S

Description of studies

Results of the search

The search strategy identified 583 hits (CENTRAL 133 hits, MEDLINE
155 hits, EMBASE 295 hits). Review of these citations and abstracts
yielded seven trials that met the inclusion criteria. Searching
ClinicalTrials.gov and WHO ICTRP did not reveal any trials for
consideration in this review update. The PRISMA flow chart
is presented in Figure 3. All trials included data that were
subsequently published as a paper in a peer-reviewed journal.
These trials included a total of 2727 participants.
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Figure 3.   Study flow diagram.
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Included studies

Setting

Two trials were from the UK and carried out by one of four,
in Brooker 2002, or one of two, in Hurlstone 2004, experienced
endoscopists. Two trials were from multiple centres in France with
endoscopies carried out by one of six experienced endoscopists,
in Lapalus 2006, or one of 12 experienced or limited-experience
endoscopists, in Le Rhun 2006. One trial was from two centres
in Germany with colonoscopies carried out by five experienced
endoscopists (Pohl 2011). One trial was from four centres in the
USA with endoscopies carried out by one of five experienced
gastroenterologists using a standardised technique (Kahi 2010).
One trial was from multiple centres in the USA, Canada,
Lebanon, and Israel with endoscopies carried out by one of
eight endoscopists trained in chromo-endoscopy technique (StoFel
2008).

Participants

All the included trials examined the eFect of chromoscopy on
polyp detection. Participants varied from consecutive patients
undergoing routine colonoscopy, in Brooker 2002, Hurlstone 2004,
and Pohl 2011, people described as at average risk undergoing a
first screening colonoscopy, in Kahi 2010, people with a personal
history of carcinoma or adenomas or both, in StoFel 2008, and/or
a family history of colorectal cancer, in Lapalus 2006, and/or alarm
symptoms aLer the age of 60, in Le Rhun 2006.

The participants varied between diFerent studies. Some studies
included both average-risk and high-risk patients (prior history
of polyps and/or colorectal cancer and/or high-risk symptoms)
(Brooker 2002; Hurlstone 2004; Pohl 2011). Others only included
people with a higher-than-average risk of cancer (Lapalus 2006; Le
Rhun 2006; StoFel 2008). One study included only people at average
risk of colorectal cancer (Kahi 2010).

Study design

Three studies had a study design that diFered from the other
four: each participant underwent the equivalent of two consecutive
colonoscopies at the same session. In two studies (Lapalus 2006;
StoFel 2008), conventional colonoscopy was carried out initially
in both study groups, with the second pass being either repeat
conventional colonoscopy or chromoscopy. The outcomes of these
studies were likely to be diFerent than those in the other trials;
these trials were essentially measuring the number of extra polyps
detected with each intervention rather than the total number of
polyps. As such, where data were available, these trials formed part
of a subgroup analysis (studies with double intubation). In Le Rhun
2006, the control group underwent conventional colonoscopy with
the first pass of each colon segment with maximal insuFlation
and the second with minimal insuFlation. The intervention group
underwent high-resolution examination followed by chromoscopic
examination of each colon segment. This could reflect standard
practice where the trial was performed. We felt that this trial was
more comparable to the other trials and was therefore included in
the main group analyses (studies with single intubation).

Interventions

Two studies did not specifically detail dye-spraying techniques
(Lapalus 2006; Le Rhun 2006). In the other studies the technique
was via a dye-spray catheter, with three studies controlling for

the eFect of spraying on the visualisation of the mucosa and
the extubation time (Hurlstone 2004; Kahi 2010; Pohl 2011).
Investigation was with conventional colonoscopy in all studies
except for Lapalus 2006 and Le Rhun 2006, where chromoscopy was
combined with high-resolution colonoscopy, and Kahi 2010, where
chromoscopy was compared with high-resolution colonoscopy.

Excluded studies

We excluded single-gate diagnostic accuracy studies (those that
conducted a conventional colonoscopy followed by chromoscopy
in all participants, with no randomisation of participants), as these
assess the impact of dye spray versus no dye spray rather than
the benefit of adding dye to a colonoscopy in one step, as would
be used in most clinical practice. We also excluded studies that
examined only part of the colon/rectum (Painter 1999; Park 2008;
Hashimoto 2010).

Risk of bias in included studies

We assessed the quality of the trials for adequate randomisation
procedure and concealment, blinding, details of incomplete
outcome data, and selective reporting, as well as other sources of
bias related to study design. We described all of these parameters
as low risk, high risk, or unclear risk. We have presented the results
of the validity assessment in Figure 1 and Figure 2. We graded the
overall risk of bias for all studies as unclear (see Appendix 5).

Allocation

Details of the process of randomisation were unavailable in one of
the studies (Lapalus 2006), and only available in unpublished form
in another (Hurlstone 2004). In those studies where details were
available, this was done by "stratified randomisation" (Brooker
2002), computer-generated random numbers from a central point
with sealed envelopes (Hurlstone 2004; Le Rhun 2006; Kahi 2010),
a "standard randomisation list" (Pohl 2011), or in one study by
"randomisation envelope" (StoFel 2008). In this multicentre study,
(StoFel 2008), randomisation was performed in block sizes of
two, stratified by study site. Details about allocation concealment
were available for six studies; allocation was concealed until
immediately before the procedure, in Le Rhun 2006, or aLer caecal
intubation (Brooker 2002; Hurlstone 2004; StoFel 2008; Kahi 2010;
Pohl 2011).

Blinding

Blinding of the examiner to the technique was impossible, and
blinding of the participant was irrelevant with regard to the
outcome data. The lack of examiner blinding is an inherent
drawback to trials with these study designs. On a basic level,
the increased time taken to dye spray could result in higher
polyp detection. There were some eForts to make the two
procedures more comparable in three studies; one study, Hurlstone
2004, sprayed the colon of the control group with saline, so
increasing the withdrawal time; two others tried to control for the
increased time needed for dye spraying by allowing for a slower,
more detailed examination in the control group by specifying a
minimum withdrawal time for all examinations (Kahi 2010; Pohl
2011). Le Rhun 2006 increased examination time in both groups
by examining sections of the colorectum twice with maximal
and minimal inflation in the control group and high-definition
colonoscopy and chromoscopy in the intervention arm. Despite
these eForts to reduce performance bias, this inability to blind the
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investigator is a significant factor in interpreting the results of all
the trials, and overall risk of bias should be considered as unclear
(see Appendix 5 for justification).

A potential increase in detection bias may be seen with the
trials that did a preliminary procedure to remove polyps before
randomisation (see Included studies above).

The variation in polyp risk (see Description of studies section) is also
a potential source of bias.

Incomplete outcome data

Although all studies except one, StoFel 2008, gave details of
withdrawals (due to poor bowel preparation, pathology (cancer
or colitis), melanosis coli, equipment failure), only two studies
provided information about dropouts aLer randomisation (Lapalus
2006; Pohl 2011). Apart from Lapalus 2006, which randomised
before intubation of the caecum, the other trial designs randomised
at intubation of the caecum, meaning that the potential for
dropouts aLer randomisation was low. However, the possibility
remains (inadequate documentation, missed histology, lost polyps,
etc.). Details of dropouts aLer randomisation are only given in Pohl
2011.

Selective reporting

All papers reported the number of polyps detected, but some
did not diFerentiate between neoplastic (clinically relevant) and
non-neoplastic polyps. No studies commented on adverse events.
Allergic reactions have never been reported and are unlikely to have
occurred, but participant discomfort and potential complications
related to a prolonged procedure might occur.

Other potential sources of bias

A power calculation was carried out in all studies except one (StoFel
2008). Three trials based the calculation on estimates carried

out by Brooker 2002, who in turn based the expected neoplastic
polyp detection rate on historical data. Two trials did their own
calculation based upon assumptions from historical data (Kahi
2010; Pohl 2011). Le Rhun 2006 obtained their own data based on
a preliminary analysis. The number of participants needed in each
group to achieve the necessary power varied from 117 to 396. The
variation in numbers deserves comment. Brooker 2002 calculated
the smallest number based on an estimate of mean incidence of
adenomas in the control group of 0.36 (standard deviation 0.3)
and assumed a 30% increase in adenoma detection rate (α level
0.05, power 80%). At the other end of the estimate, Kahi 2010
assumed a prevalence of adenomas in the control group of 35% and
a minimum clinically significant increase in adenoma detection of
10% (two-sided α 0.05, 80% power). Only one trial failed to recruit
the target numbers (Kahi 2010).

E=ects of interventions

See: Summary of findings for the main comparison
Chromoscopy compared to conventional colonoscopy for the
detection of polyps

When considering the entire colon, there was a significant
diFerence in favour of chromoscopy for almost all detection
outcomes.

The mean number of polyps (neoplastic and non-neoplastic)
detected was greater for all studies. It was also greater, to a high
level of statistical significance, when the studies were combined
(mean diFerence (MD) 0.89 lesions, 95% confidence interval (CI)
0.74 to 1.04; 7 studies; 2727 participants) (Analysis 1.1, Figure 4). We
considered the evidence to be of low quality. The increased yield
of polyps was seen in both the proximal and distal segments of the
large bowel. When a subgroup analysis of diFerent study designs
is carried out, the increased yield is still significant for both study
designs.

 

Figure 4.   Forest plot of comparison: 1 Total number polyps (neoplastic and non-neoplastic) detected, outcome: 1.1
Total polyps (neoplastic and non-neoplastic) detected.

 
From a clinical viewpoint, the most important lesions are the
neoplastic lesions, as these could be precancerous. This enhanced

yield was maintained even if only neoplastic lesions were
considered (MD 0.33 lesions, 95% CI 0.25 to 0.41; 7 studies; 2727
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participants) (Analysis 2.1, Figure 5). We considered the evidence to
be of low quality. However, tests for heterogeneity were significant

in this analysis (I2 = 72%). There are several potential sources of this
heterogeneity:

 

Figure 5.   Forest plot of comparison: 2 Total number of neoplastic lesions detected, outcome: 2.1 Total neoplastic
lesions.

 
• Firstly, the study design. Two studies randomised at the

point of a second investigation (Lapalus 2006; StoFel 2008).
Essentially these trials were looking at a diFerent outcome, as
described earlier. A subgroup analysis considering these trials
alone reduces the heterogeneity whilst still showing a similar
increased polyp detection with chromoscopy. However, the
heterogeneity remains in the 'single intubation' trials

• Secondly, the experience of the endoscopist. The Le Rhun 2006
group found substantially fewer polyps than the other studies
in their chromoscopy group than the other studies. The authors
of this study admit that some of the endoscopists had "limited
experience".

• Thirdly, the type of colonoscope varied. In one study (Kahi 2010),
high-definition colonoscopes were used, and the adenoma
detection rate in the control group was higher than in any other
study and higher than the chromoscopy cohort in all of the
included trials. Others have shown that high-definition imaging
improves adenoma detection rate (Rex 2007).

However, removing these trials from the analysis reduces the power
of I2 such that it cannot be relied upon.

If the Brooker 2002 trial is removed, the heterogeneity in the 'single
intubation' group reduces dramatically. The Brooker 2002 trial was
the only trial not to control for extubation time in the control arm.
Some of their withdrawal times in this arm were very fast indeed,

which may explain why the polyp yield in this arm was so diFerent
than that seen in their intervention arm.

Data on standard deviation were only available for two of the
studies (despite all authors being contacted). For the remainder,
the we estimated the standard deviation according to the
assumption detailed in the Methods section. This conservative
method may have contributed to heterogeneity.

As it is possible for some people to have multiple polyps (neoplastic
and non-neoplastic) and to thereby influence the polyp yield with
each intervention, it is perhaps relevant to consider the number of
participants with at least one polyp. Again, the analysis revealed
a significant diFerence in favour of the chromoscopy group (odds
ratio (OR) 1.87, 95% CI 1.51 to 2.30; 4 studies; 1515 participants)
(Analysis 3.1, Figure 6), which was maintained when restricted to
diFerent study designs. We considered the evidence to be of low
quality. If neoplastic lesions only are considered, the significant
diFerence in favour of chromoscopy is again maintained (OR 1.53,
95% CI 1.31 to 1.79; 7 studies; 2727 participants) (Analysis 4.1,
Figure 7), although not if the studies using a tandem intubation
design are considered separately. Only two studies gave data on
the position of the polyps (Brooker 2002; Lapalus 2006), but with
diFerent study design the data may not be reliable (Analysis 3.2,
Analysis 3.3, Analysis 4.2, Analysis 4.3).
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Figure 6.   Forest plot of comparison: 3 Total number of participants with at least one polyp (neoplastic or non-
neoplastic) detected, outcome: 3.1 Number of participants with at least one polyp (neoplastic or non-neoplastic)
detected.

 
 

Figure 7.   Forest plot of comparison: 4 Total number of participants with at least one neoplastic lesion detected,
outcome: 4.1 Total participants with at least one neoplastic lesion.

 
With regard to secondary outcomes, the total number of diminutive
neoplastic lesions and the number of participants with at least
one diminutive neoplastic lesion were all increased in favour of
chromoscopy (mean diFerence 0.21, 95% CI 0.10 to 0.32; 4 studies;
1409 participants) (Analysis 5.1) and (OR 1.51, 95% CI 1.19 to
1.92; 4 studies; 1757 participants) (Analysis 6.1), respectively. We
considered the evidence to be of low quality. Again, only Brooker
2002 and Lapalus 2006 gave data on the position of the polyps (of
diFerent study designs), and therefore the data may not be reliable
(Analysis 5.2, Analysis 5.3, Analysis 6.2, Analysis 6.3).

For the group as a whole, the number of participants with
three or more neoplastic lesions was not statistically significantly
diFerent (OR 1.34, 95% CI 0.96 to 1.87; 5 studies; 1669 participants)
(Analysis 7.1). However, we again considered the evidence to be

of low quality, and there was heterogeneity that is not explained
by diFerent study design. An alternative explanation for the
heterogeneity may relate to the Kahi 2010 and Le Rhun 2006
studies, which both used high-definition colonoscopy in the control
arm. A very high detection rate in the control group was seen,
particularly in the Kahi 2010 study. Indeed, more participants
with more than three polyps were seen in the control group in
this trial, suggesting that high-definition colonoscopes may be as
good as chromoscopy. If only those studies using conventional
chromoscopy and having a similar single-intubation study design
are considered, participants with multiple polyps are more than
four times as likely to be detected.

Only one study gave details of the number of biopsies of normal
tissue taken with each intervention. Unfortunately these data were
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not in an analysable form. However, the authors state that the
proportion of biopsies that were normal tissue were similar in all
comparison groups (StoFel 2008).

With regard to withdrawal time, there was marked heterogeneity
of study design and incomplete data, meaning that it was diFicult
to combine results. For instance, the study by Lapalus 2006
only gave data for the whole test (insertion and completion),
whereas the other studies included only the extubation time.
The study by Le Rhun 2006 examined each colonic segment with
maximal and then minimal insuFlation. Another study tried to
standardise the extubation time by spraying saline in the control
arm, making extubation time in the controls comparable to those
of the chromoscopy group (Hurlstone 2004). Two studies stipulated
minimum times for extubation (Kahi 2010; Pohl 2011). Another
study stipulated that the endoscopist spent at least 20 minutes
visualising the colonic mucosa (StoFel 2008). Nevertheless, in all
the studies (including the trials that tried to control for extubation
time) the chromoscopy procedure took longer. The diFerence in the
mean time for extubation varied from 0.3 minutes to 9.6 minutes.

None of the included studies reported any adverse events related
to the use of the contrast dye.

D I S C U S S I O N

Summary of main results

There appears to be consistent evidence that chromoscopy
enhances the detection of premalignant polyps in the colon and
rectum. The number of participants with at least one neoplastic
lesion increased by approximately 50%. In addition, the number of
participants with three or more lesions increased more than four
fold in the studies that used a single conventional colonoscopy
or chromoscopy. However, there was no apparent increase in
the detection of larger lesions or advanced pathology. Given the
methodological limitations of the studies, we classified all evidence
as low quality.

It could be argued that chromoscopy results in more biopsies
that subsequently turn out to be normal tissue. Data for the
number of normal biopsies that were taken with each comparison
are minimal. Nevertheless, as still more neoplastic lesions were
detected, the overall accuracy of colonoscopy is improved with
chromoscopy. This would agree with the study where some data
exist for the number of normal biopsies (StoFel 2008); these authors
suggest that although more normal biopsies were taken in the
chromoscopy group, more adenomas were also found, and the
proportion of normal biopsies to adenomas remained the same.

It appears that chromoscopy takes longer. How much longer is
impossible to calculate with the data available, but mean extra time
may be as high as nine minutes. Although not assessed in any study
(but mentioned as a confounding factor in one, Le Rhun 2006), the
chromoscopy technique also requires some training. Both factors
would have a significant bearing on the logistics, procedural time
and costs of colonoscopy.

Unfortunately, the potential for increased patient discomfort,
complications with increased operating time, and adverse events
were not examined in any of the available trials. Likewise, we were
unable to examine the outcome 'site of the lesions found' (proximal

colon (caecum to splenic flexure) and distal colon/rectum (distal to
splenic flexure)).

Considering withdrawal times, there is evidence to suggest that
the detection of polyps is enhanced the more time is taken to
examine the mucosa carefully during extubation (Barclay 2006).
It is possible that the increased time taken on extubation with
the dye-spray technique resulted in the enhanced polyp detection,
although this was controlled for robustly in one study, Hurlstone
2004, and arguably in others where there was a set minimum
extubation time (StoFel 2008; Kahi 2010; Pohl 2011).

It should be recognised that other developments in colonoscopy
to enhance polyp detection may negate the enhanced sensitivity
with chromoscopy and may certainly reduce the time taken to
complete the procedure. For example, the use of a standard
patient position protocol during extubation has been shown to
improve mucosal visualisation and polyp detection (East 2007;
East 2011). Chiu 2006 has also demonstrated in a prospective
endoscopist-blinded randomised trial that colonic preparation
on the day of colonoscopy had a beneficial eFect regarding
neoplasia detection. Furthermore, Sanaka 2006 has shown
that aLernoon scheduling of colonoscopy is an independent
predictor of an incomplete procedure and hence predictive of
'miss rates'. With regard to extubation technique, Harrison 2004
suggested sustained "retroflexion" extubation of the right colon for
identification of significant lesions behind folds and in positions
where conventional forward-viewing localisation was not possible.
Deenadayalu 2004 suggested the use of a 170-degree wide-angle
colonoscope for enhanced visualisation but failed to show a
convincing benefit when comparing it to conventional-viewing
colonoscopy. Water-infusion techniques (combining or replacing
air insuFlation with water infusion) were initially designed to
facilitate caecal intubation and to improve patient comfort. Some
studies have examined the adenoma detection rate using the
combination of water perfusion with chromo-endoscopy (Leung
2012; Hafner 2015), with a suggestion of improved adenoma
detection. Cap-assisted colonoscopy is another technique that
appears to improve caecal intubation time, but may have limited or
no benefit on polyp detection (Ng 2012).

The eFect of high-definition technology on adenoma detection is
somewhat controversial. While some believe it does not improve
polyp detection (East 2008), others have suggested benefit, and
pooled data from a meta-analysis of five studies suggest a marginal
increase in polyp detection (Subramanian 2011). Two trials within
this Cochrane review incorporated high-definition colonoscopes
(Le Rhun 2006; Kahi 2010), and the adenoma detection rate in
the control group was high in both studies. Indeed, in Kahi 2010
the detection rate in the control group was higher than the
chromoscopy arm of many of the other studies. High-definition
scopes also appear to have the additional advantage of a shorter
learning curve and ease of use.

Other technological interventions include combining the wide-
angled lens with high-definition monitoring (Rex 2007). The use of
the Third Eye Retroscope allows detection of polyps hidden around
folds (Triadafilopoulos 2008), and results from a multicentre trial
suggest an improved adenoma detection rate (Siersema 2012).
However, procedural times are increased due to the need for
removal of the 'third eye' in order to carry out suctioning or
to allow an accessory device such as biopsy forceps or snare.
A future development is full-spectrum endoscopy (FUSE), which
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allows for a high-resolution, 330-degree view of the lumen
whilst maintaining the standard features and capabilities of a
conventional colonoscope (Gralnek 2013). This technique appears
particularly promising and has recently been shown to reduce
adenoma miss rate (Gralnek 2014).

One technological advance that has created significant scientific
interest for almost 10 years is virtual chromo-endoscopy
(Kuznetsov 2006; Su 2006; Chiu 2007). This technique uses a
narrow spectrum of wavelengths with a decreased penetration
depth to enhance mucosal visualisation. Techniques include
narrow band imaging (NBI), Fuji intelligent color enhancement
(FICE), and autofluorescence imaging (AFI). System activation is
instantaneous on depression of the endoscopic 'head' actuation
switch. Trimodal imaging combines high-definition endoscopy
with autofluorescence and narrow band imaging to enhance
detection and polyp diFerentiation (Van den Broek 2009).

Several studies have compared virtual chromo-endoscopy with
both conventional chromo-endoscopy and other technologies
(Pohl 2007; Matsuda 2008; Adler 2009; Paggi 2009; Pohl 2009; Chung
2010; Ramsoekh 2010; Boparai 2011; Gross 2011; Kuiper 2011;
Adler 2012; Moriichi 2012), and are the focus of various reviews,
including one Cochrane review (Nagorni 2012). These reviews have
concluded that the eFect of pan-colonic virtual chromo-endoscopy
on polyp detection rates appears to be limited.

Despite the ongoing equipment advances and increase in available
data, there is still a need to carefully address the clinical utility
of these technologies for the detection and characterisation of
colorectal neoplastic lesions. For the time being, the current
analysis would suggest that chromoscopy remains one of the most
sensitive methods of enhancing polyp detection.

Overall completeness and applicability of evidence

Despite the heterogeneity in the recruitment and methodology
of the included studies, the overall question being addressed
remained essentially the same. No included studies were aiming
to answer any question other than the utility of chromoscopy in
colonoscopy.

Quality of the evidence

There were diFerences in study design and diFiculties with
extracting data. For instance, most studies compared chromoscopy
with conventional colonoscopy, but two studies used a more
complex double-intubation design. We had to estimate standard
deviation in five studies. Our conservative assumptions may have
led to potential bias. Participants were all adults, but some
studies recruited only older participants (older than 45 or 50
years). Participants also diFered in their risk of developing polyps,
but studies did not present data to allow subgroup analyses to
investigate this. Two studies increased the intervention variables by
incorporating high-definition colonoscopy in various trial arms.

Although participants being at variable risk of polyp formation as
a potential source of bias was highlighted in the Results section,
these diFerences did not appear to significantly influence the total
number of polyps detected. The study that only included average-
risk patients detected the highest number of polyps per person
(Kahi 2010). Endoscopist experience, the use of high-definition
colonoscopes (in Le Rhun 2006 and Kahi 2010), and the higher

number of diminutive adenomas detected in these participants
may account for this.

Potential biases in the review process

Even with a detailed literature search, there still remains the
possibility of publication bias in this review. We searched the
'grey' literature for more data (conference abstracts, etc.), hence
minimising this risk. As discussed above, not all relevant data were
available.

Agreements and disagreements with other studies or
reviews

The results of our study are concordant with a non-randomised
comparative study that attempted to confirm the advantage of
chromoscopy in polyp detection (Togashi 2009).

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Essentially, our conclusions have changed little since the
publication of the original review. The quality of any colonoscopic
examination remains dependent on complete intubation of the
colon, but perhaps more importantly on a careful and complete
visualisation of the mucosa during withdrawal. Training of
endoscopists should still focus on this key aspect of technique, and
the importance of allowing suFicient time to carry out a thorough
examination is increasingly being recognised.

There have been significant technological innovations aimed at
enhancing mucosal visualisation and polyp detection, but so far
all have proved less convincing than chromoscopy. Pan-colonic
chromoscopy is the one technique that to date has undergone
rigorous assessment and that based on the results should
theoretically be recommended for routine practice. However,
the lack of data with respect to advanced adenoma detection
and interval cancer rates and the time constraints involved in
incorporating routine pan-chromoscopy suggest that at present
selective use may be the only feasible practical application.

Chromoscopy may therefore be one way of enhancing polyp
detection, the treatment of which may theoretically reduce the
interval cancer rate on any screening programme.

Implications for research

The ever-evolving technological advancements seen in
colonoscopy equipment and practice require careful assessment
in the form of well-designed trials. The results from narrow-
band imaging and water infusion have been analysed in separate
Cochrane reviews, but other advances also need to be investigated
to learn if any are more eFective than chromoscopy. Attention
should also be given to the implications of routine use of
chromoscopy. One might ask: Does the extra yield of polyps
make any diFerence? Diminutive polyps may be of limited
significance, and there are risks, albeit minimal, associated
with their removal. Furthermore, it should be noted that
previous surveillance intervals were determined on the basis
of standard colonoscopy examinations. Enhanced detection will
clearly increase surveillance frequency for some, but are such
individuals at greater risk for developing adenomas? Studies
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focused on the detection of advanced adenomas and interval
cancer rates would help answer some of these questions.

Withdrawal times are important not only for practical purposes
(a procedure that improves sensitivity but takes a long time
is impractical), but also because longer withdrawal results in
increased sensitivity in detecting polyps (Barclay 2006). Dye
spraying takes longer to perform, and it may be this that enhances
the sensitivity, allowing for a longer time to visualise the colon. It is
reassuring to see this aspect of study design being incorporated in
the more recent trials. Future studies should also attempt to control
for this factor.

It is diFicult to completely reduce bias in trials of chromoscopy, as
it is impossible to blind the assessors. However, in order to improve
the quality of future research, it is essential that all trials should
control for withdrawal time and assess for intention to treat.
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Methods Randomisation on caecal intubation to either normal colonoscopy or dye-spray

Dye-spray application using catheter

Selective chromoscopy in control arm
Setting: Single-centre UK 4 participating experienced endoscopists

Participants People enrolled at consultation prior to the colonoscopy who had an indication for colonoscopy and
who were at high risk for colorectal cancer (personal history of adenoma, ± first-degree family history)

Exclusion criteria: People with polyposis, IBD, colorectal cancer, or poor bowel preparation

Control arm: n = 135; median age 53 (23 to 91); male 49%

Dye-spray arm: n = 124; median age 53 (18 to 91); male 55%

Interventions Standard colonoscopy versus chromo-endoscopy

Outcomes Pts with > 1 polyp (neoplastic and non-neoplastic)
Pts with > 1 neoplastic lesion
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Pts with > 1 neoplastic lesion < 5 mm
Pts with > 3 neoplastic lesions
No of polyps (neoplastic and non-neoplastic) per participant
No of neoplastic lesions/pt
No of neoplastic lesions < 5 mm/pt
Anatomical position of polyps
Extubation time

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Stratified randomisation (stratified for each endoscopist and indication)

Allocation concealment
(selection bias)

Low risk Concealed allocation (the randomisation was revealed to the endoscopist on
intubation of the caecum)

Blinding (performance
bias and detection bias) 
All outcomes

High risk Not possible with this particular comparison (impossible to blind the use of
dye spray)

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk No details given about dropouts (missing data or missing histology)

Selective reporting (re-
porting bias)

Low risk Clinically relevant and reasonably expected outcomes were reported

Other bias High risk Risk of increased time spent on intervention arm

Brooker 2002  (Continued)

 
 

Methods Randomisation on caecal intubation to either targeted chromo-endoscopy or pan-colonic chro-
moscopy with examination of colon in segments

Dye-spray application using catheter

Controlled minimum extubation time
Setting: Single-centre in UK. 2 experienced colonoscopists

Participants Consecutive patients referred to one hospital trust for colonoscopy

Exclusion criteria: Patients with polyposis, IBD, colorectal cancer, or poor bowel preparation

Control arm: n = 132; median age 53 (23 to 89); male 46%

Dye-spray arm: n = 128; median age 58 (22 to 92); male 45%

Interventions Standard colonoscopy (with saline spray) versus chromo-endoscopy

Outcomes Pts with > 1 polyp (neoplastic and non-neoplastic)
Pts with > 1 neoplastic lesion
Ps with > 3 neoplastic lesions
No of polyps (neoplastic and non-neoplastic)/pt
No of neoplastic lesions/pt

Hurlstone 2004 
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Anatomical position of polyps (neoplastic and non-neoplastic)
Extubation time

Notes A minimum diagnostic time from the caecum to the anus was set at 8 minutes

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated random allocation (unpublished data)

Allocation concealment
(selection bias)

Low risk Sealed envelopes drawn at time of caecal intubation

Blinding (performance
bias and detection bias) 
All outcomes

High risk Not possible with this particular comparison (impossible to blind the use of
dye spray)

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk No details given about dropouts (missing data or missing histology)

Selective reporting (re-
porting bias)

Low risk Clinically relevant and reasonably expected outcomes were reported

Other bias Low risk Risk of increased time spent on intervention arm controlled for by minimum
diagnostic time and water spray in control arm

Hurlstone 2004  (Continued)

 
 

Methods Randomisation on caecal intubation to segmental chromoscopy or white-light high-definition
colonoscopy

Dye-spray application using catheter

Controlled minimum extubation time

Setting: 4 hospitals in the USA; 5 experienced gastroenterologists

Participants Average-risk patients aged > 50 years undergoing first-time screening

Exclusion criteria: any indication other than average risk screening (including evaluation of symptoms,
occult bleeding, postpolypectomy surveillance, and post-cancer resection surveillance) or previous
colonoscopy. Those undergoing flexible sigmoidoscopy were not excluded provided they had not un-
dergone polypectomy and did not require follow-up colonoscopy.

Additional exclusion criteria:

• family history of > 1 first-degree relative with colorectal cancer or adenomatous polyps

• personal history of IBD, HNPCC, or FAP

• previous colonic resection

• incomplete colonoscopy

• unsatisfactory preparation

Control arm: n = 339; mean age 58 (±7); male 63%

Kahi 2010 
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Dye-spray arm: n = 321; mean age 59 (±7); male 60%

Interventions Randomisation to either chromo-colonoscopy or white-light colonoscopy using a high-definition
colonoscope

Outcomes Pts with > 1 polyp (neoplastic and non-neoplastic)
Pts with > 1 neoplastic lesion
Pts with > 1 neoplastic lesion > 10 mm
Pts with > 3 neoplastic lesions
No of polyps (neoplastic and non-neoplastic)/pt
No of neoplastic lesions/pt
No of neoplastic lesions < 5 mm/pt
Anatomical position of polyps
Extubation time

Notes Examination time was standardised to be at least 6 minutes. The study was terminated before the tar-
get sample size was reached due to slow enrolment at 1 site

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Sequence generated at a central site using randomised computer-generated
numbers

Allocation concealment
(selection bias)

Low risk Allocation concealed in sealed, opaque envelopes opened by the research as-
sistant with the endoscopist being informed on reaching the caecum

Blinding (performance
bias and detection bias) 
All outcomes

High risk Not possible with this particular comparison (impossible to blind the use of
dye spray)

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk No details given about dropouts (missing data or missing histology)

Selective reporting (re-
porting bias)

Low risk Clinically relevant and reasonably expected outcomes were reported

Other bias Unclear risk Risk of increased time spent on intervention arm controlled for by minimum
diagnostic time. Inadequate target enrolment

Withdrawals: 31 refused consent, 90 were excluded before randomisation
(person was found ineligible after enrolment, endoscopy unit scheduling con-
straints, procedure required changing to a non-study colonoscope (n = 27),
poor colon prep (n = 63))

Kahi 2010  (Continued)

 
 

Methods 'Tandem' colonoscopy: Initial conventional colonoscopy in all participants, followed by randomisa-
tion to either chromo-endoscopy with structure enhancement or conventional colonoscopy on second
colonoscopy

Blinding: none

Personnel: 6 experienced endoscopists
Setting: 5 centres in France

Lapalus 2006 
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Participants People enrolled at consultation prior to the colonoscopy who had an indication for colonoscopy and
who were at high risk for colorectal cancer (personal history of adenoma, ± first-degree family history)

Exclusion criteria: known FAP, IBD previous surgical resection

Control arm: n = 146; median age 59.5 (42 to 82); male 54.8%

Chromo-endoscopy arm: n = 146; median age 59.1 (42 to 83); male 45.9%

Interventions Standard colonoscopy first pass plus chromo-endoscopy second pass versus tandem standard
colonoscopy

Outcomes Pts with > 1 polyp (neoplastic and non-neoplastic)
Pts with > 1 neoplastic lesion
Pts with > 1 neoplastic lesion < 5 mm
Pts with > 3 neoplastic lesions
No of polyps (neoplastic and non-neoplastic)/pt
No of neoplastic lesions/pt
No of neoplastic lesions < 5 mm/pt
Anatomical position of polyps (neoplastic and non-neoplastic)
Extubation time

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not clarified in paper

Allocation concealment
(selection bias)

Unclear risk Not clarified in paper

Blinding (performance
bias and detection bias) 
All outcomes

High risk Not possible with this particular comparison (impossible to blind the use of
dye spray)

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk No details given about dropouts (missing data or missing histology)

Selective reporting (re-
porting bias)

Low risk Clinically relevant and reasonably expected outcomes were reported

Other bias High risk Risk of increased time spent on intervention arm

Dye-spraying technique not described

Extubation time not controlled

Lapalus 2006  (Continued)

 
 

Methods Randomisation to either routine colonoscopic withdrawal with maximal insufflation on the first pass
of each colon segment and minimal insufflation on the second, or withdrawal with high-resolution
colonoscope followed by chromoscopic examination of each colon segment
Blinding: none

Le Rhun 2006 
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Setting: 4 centres in France; 12 endoscopists of varying experience

Participants People referred to 4 centres over 18-month period with:

1. known polyps on surveillance programme

2. family history on screening programme

3. > 60 years of age with symptoms

Exclusion criteria: < 60 years of age; multiple symptoms, such as digestive bleeding, obstructive symp-
toms, known IBD, severe weight loss/ongoing organic disease; pregnancy/breastfeeding, recent inclu-
sion in another RCT, refusal of consent

Control arm: n = 100; median age 59 (30 to 78); 53% male

Intervention arm: n = 103; median age 59 (31 to 80); 48% male

Interventions High-resolution pan-chromoscopic colonoscopy (segmental examination before and after chro-
moscopy) versus standard colonoscopy

Outcomes No of polyps (neoplastic and non-neoplastic)/pt
No of neoplastic lesions/pt
Pts with > 1 polyp (neoplastic and non-neoplastic)
Pts with > 1 neoplastic lesion
No of neoplastic lesions < 5 mm/pt
Pts with > 3 neoplastic lesions
Extubation time

Notes Participants randomised to the control group had the choice of undergoing chromoscopy after (36%
did). A further 5 neoplastic lesions in 5 participants were found

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Central computer-generated random allocation sequence in blocks

Allocation concealment
(selection bias)

Low risk Allocation just before intubation (no method was detailed)

Blinding (performance
bias and detection bias) 
All outcomes

High risk Not possible with this particular comparison (impossible to blind the use of
dye spray)

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk No details given about dropouts (missing data or missing histology)

Selective reporting (re-
porting bias)

Low risk Clinically relevant and reasonably expected outcomes were reported

Other bias High risk Risk of increased time spent on intervention arm; high-resolution colonoscopy
as well as chromo-endoscopy used in intervention arm

Le Rhun 2006  (Continued)

 
 

Methods Randomisation to either pan-colonic dye-spraying or conventional colonoscopy on extubation

Pohl 2011 
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Low-volume dye application on single pass
Blinding: none
Setting: 2 centres in Germany; 5 experienced colonoscopists

Participants Consecutive patients over 45 years of age attending for primary screening or diagnostic colonoscopy
for surveillance, bleeding/anaemia, pain, or diarrhoea

Exclusion criteria: under 45 years old, known IBD, overt bleeding, polyposis syndromes, previous surgi-
cal resection, or previous anticoagulation treatment

Control arm: n = 512; mean age 63.4 (±9.94); 51.4% male

Intervention arm: n = 496; mean age 63.9 (±10.28); 55.8% male

Interventions Conventional colonoscopy or withdrawal using indigo-carmine with a low-volume spraying technique

Outcomes No of neoplastic lesions/pt

No of cancerous lesions, flat lesions, serrated lesions, high-grade dysplastic lesions/pt

Pts with > 1 neoplastic lesion and types of neoplastic lesion (serrated, adenoma, advanced neoplasia,
lesions > 10 mm, and carcinomas)

Anatomical position of polyps
Extubation time

Notes A minimum extubation time from the caecum to the anus was set at 8 minutes.

Both serrated lesions and hyperplastic lesions were grouped together as serrated lesions

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Standard randomisation lists

Allocation concealment
(selection bias)

Low risk Lists were not accessible to the endoscopists

Blinding (performance
bias and detection bias) 
All outcomes

High risk Not possible with this particular comparison (impossible to blind the use of
dye spray)

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Randomisation occurred on caecal intubation. There were 16 dropouts: chro-
moscopy group, n = 10 (incomplete documentation 3; missing lesion for histol-
ogy 7); control group, n = 6 (incomplete documentation 1; missing lesion for
histology 5). 158 participants excluded due to poor bowel preparation

Selective reporting (re-
porting bias)

Low risk Clinically relevant and reasonably expected outcomes were reported

Other bias Unclear risk Risk of increased time spent on intervention arm controlled for by minimum
diagnostic time

Pohl 2011  (Continued)
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Methods Initial conventional colonoscopy in all participants, with participants randomised to chromo-en-
doscopy or intensive colonoscopy when caecum reached at second colonoscopy
Segmental inspection of colon after dye application with spraying catheter
Setting: multicentre, USA, Canada, Lebanon, and Israel; 8 endoscopists trained in chromoscopy

Participants Participants were recruited from among those scheduled to undergo surveillance colonoscopy who
had a prior history of 3 or more polyps or colorectal cancer

Exclusion criteria: under 18 years old with poor performance, receiving active treatment for cancer, or
using anticoagulant medications

Control arm: n = 23; mean age 59.3; 70% male

Intervention arm: n = 27; mean age 57.6; 48% male

Interventions Standard colonoscopy first pass plus chromo-endoscopy second pass versus a second 'intensive'
colonoscopy (lasting more than 20 minutes)

Outcomes No of polyps (neoplastic and non-neoplastic)/pt
No of neoplastic lesions/pt
Pts with > 1 polyp (neoplastic and non-neoplastic)
Pts with > 1 neoplastic lesion
Extubation time

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Sealed envelopes drawn at the time of caecal intubation. Block sizes of 2 strat-
ified by study site

Allocation concealment
(selection bias)

Low risk Sealed envelopes drawn at the time of caecal intubation

Blinding (performance
bias and detection bias) 
All outcomes

High risk Not possible with this particular comparison (impossible to blind the use of
dye spray)

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk No details given about dropouts (missing data or missing histology)

Selective reporting (re-
porting bias)

Low risk Clinically relevant and reasonably expected outcomes were reported

Other bias High risk Risk of increased time spent on intervention arm

Sto=el 2008 

FAP: familial adenomatous polyposis
HNPCC: hereditary non-polyposis colorectal cancer
IBD: inflammatory bowel disease
RCT: randomised controlled trial
 

Characteristics of excluded studies [ordered by study ID]
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Study Reason for exclusion

Hashimoto 2010 Randomisation design limited to colorectum distal to splenic flexure

Painter 1999 Primary reason for exclusion relates to this being a flexible sigmoidoscopy trial only. No control of
distance inserted and data on polyp detection likely to be different from the colonoscopy trials. Se-
condary indications for exclusion include abstract only, so data are limited. Author did not respond
to contact attempts

Park 2008 Despite suitable study design, looked at chromoscopy in the caecum and ascending colon only

Togashi 2009 The study did not clearly randomise participants; instead, consecutive unselected people present-
ing for colonoscopy were enrolled in the study and allocated sequentially into 2 groups by adminis-
trative staF. Recruitment ceased when 200 participants had been recruited into both groups

 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Total number polyps (neoplastic and non-neoplastic) detected

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Total polyps (neoplastic and non-neo-
plastic) detected

7 2727 Mean Difference (IV, Fixed,
95% CI)

0.89 [0.74, 1.04]

1.1 Total polyps in studies with single in-
tubation

5 2385 Mean Difference (IV, Fixed,
95% CI)

0.95 [0.77, 1.12]

1.2 Total polyps in studies with double in-
tubation

2 342 Mean Difference (IV, Fixed,
95% CI)

0.73 [0.43, 1.03]

2 Total polyps (neoplastic and non-neo-
plastic) in proximal colon

5 1521 Mean Difference (IV, Fixed,
95% CI)

0.34 [0.24, 0.44]

2.1 Total polyps in proximal colon in stud-
ies with single intubation

3 1179 Mean Difference (IV, Fixed,
95% CI)

0.31 [0.20, 0.43]

2.2 Total polyps in proximal colon in stud-
ies with double intubation

2 342 Mean Difference (IV, Fixed,
95% CI)

0.40 [0.22, 0.59]

3 Total polyps (neoplastic and non-neo-
plastic) in distal colon

5 1521 Mean Difference (IV, Fixed,
95% CI)

0.51 [0.41, 0.60]

3.1 Total polyps in distal colon in studies
with single intubation

3 1179 Mean Difference (IV, Fixed,
95% CI)

0.62 [0.50, 0.73]

3.2 Total polyps in distal colon in studies
with double intubation

2 342 Mean Difference (IV, Fixed,
95% CI)

0.29 [0.13, 0.45]
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Analysis 1.1.   Comparison 1 Total number polyps (neoplastic and non-neoplastic)
detected, Outcome 1 Total polyps (neoplastic and non-neoplastic) detected.

Study or subgroup Chromoscopy Conventional Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.1.1 Total polyps in studies with single intubation  

Brooker 2002 124 2.1 (2) 135 0.8 (2) 9.64% 1.25[0.76,1.74]

Hurlstone 2004 128 1.4 (2) 132 0.8 (2) 9.69% 0.66[0.17,1.15]

Kahi 2010 321 3.1 (4) 339 2.1 (2.4) 8.92% 1[0.49,1.51]

Le Rhun 2006 99 1.7 (2) 99 1.1 (1.8) 8.15% 0.69[0.16,1.22]

Pohl 2011 496 2.2 (2) 512 1.2 (2) 37.56% 0.99[0.74,1.24]

Subtotal *** 1168   1217   73.96% 0.95[0.77,1.12]

Heterogeneity: Tau2=0; Chi2=3.88, df=4(P=0.42); I2=0%  

Test for overall effect: Z=10.57(P<0.0001)  

   

1.1.2 Total polyps in studies with double intubation  

Lapalus 2006 146 1.5 (2) 146 1.1 (2) 10.88% 0.49[0.03,0.95]

Stoffel 2008 27 1.3 (0.8) 23 0.4 (0.6) 15.15% 0.9[0.51,1.29]

Subtotal *** 173   169   26.04% 0.73[0.43,1.03]

Heterogeneity: Tau2=0; Chi2=1.79, df=1(P=0.18); I2=43.99%  

Test for overall effect: Z=4.81(P<0.0001)  

   

Total *** 1341   1386   100% 0.89[0.74,1.04]

Heterogeneity: Tau2=0; Chi2=7.23, df=6(P=0.3); I2=17.05%  

Test for overall effect: Z=11.54(P<0.0001)  

Test for subgroup differences: Chi2=1.57, df=1 (P=0.21), I2=36.11%  

Favours conventional 52.5-5 -2.5 0 Favours chromoscopy

 
 

Analysis 1.2.   Comparison 1 Total number polyps (neoplastic and non-neoplastic)
detected, Outcome 2 Total polyps (neoplastic and non-neoplastic) in proximal colon.

Study or subgroup Chromoscopy Conventional Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.2.1 Total polyps in proximal colon in studies with single intubation  

Brooker 2002 124 1.2 (1) 135 0.4 (1) 15.81% 0.8[0.56,1.04]

Hurlstone 2004 128 0.6 (1) 132 0.2 (1) 15.9% 0.37[0.13,0.61]

Kahi 2010 321 1.2 (1) 339 1.1 (1) 40.33% 0.1[-0.05,0.25]

Subtotal *** 573   606   72.04% 0.31[0.2,0.43]

Heterogeneity: Tau2=0; Chi2=23.02, df=2(P<0.0001); I2=91.31%  

Test for overall effect: Z=5.37(P<0.0001)  

   

1.2.2 Total polyps in proximal colon in studies with double intubation  

Lapalus 2006 146 0.6 (1) 146 0.3 (1) 17.86% 0.31[0.08,0.54]

Stoffel 2008 27 0.7 (0.6) 23 0.1 (0.5) 10.11% 0.57[0.27,0.87]

Subtotal *** 173   169   27.96% 0.4[0.22,0.59]

Heterogeneity: Tau2=0; Chi2=1.78, df=1(P=0.18); I2=43.93%  

Test for overall effect: Z=4.32(P<0.0001)  

   

Total *** 746   775   100% 0.34[0.24,0.44]

Heterogeneity: Tau2=0; Chi2=25.48, df=4(P<0.0001); I2=84.3%  

Test for overall effect: Z=6.85(P<0.0001)  

Test for subgroup differences: Chi2=0.68, df=1 (P=0.41), I2=0%  

Favours conventional 10.5-1 -0.5 0 Favours chromoscopy
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Analysis 1.3.   Comparison 1 Total number polyps (neoplastic and non-neoplastic)
detected, Outcome 3 Total polyps (neoplastic and non-neoplastic) in distal colon.

Study or subgroup Chromoscopy Conventional Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.3.1 Total polyps in distal colon in studies with single intubation  

Brooker 2002 124 0.9 (1) 135 0.4 (1) 14.52% 0.46[0.22,0.7]

Hurlstone 2004 128 0.8 (1) 132 0.6 (1) 14.6% 0.29[0.05,0.53]

Kahi 2010 321 1.8 (1) 339 1 (1) 37.04% 0.81[0.66,0.96]

Subtotal *** 573   606   66.16% 0.62[0.5,0.73]

Heterogeneity: Tau2=0; Chi2=14.68, df=2(P=0); I2=86.38%  

Test for overall effect: Z=10.61(P<0.0001)  

   

1.3.2 Total polyps in distal colon in studies with double intubation  

Lapalus 2006 146 1 (1) 146 0.7 (1) 16.4% 0.29[0.06,0.52]

Stoffel 2008 27 0.6 (0.4) 23 0.3 (0.4) 17.44% 0.29[0.07,0.51]

Subtotal *** 173   169   33.84% 0.29[0.13,0.45]

Heterogeneity: Tau2=0; Chi2=0, df=1(P=1); I2=0%  

Test for overall effect: Z=3.56(P=0)  

   

Total *** 746   775   100% 0.51[0.41,0.6]

Heterogeneity: Tau2=0; Chi2=25.43, df=4(P<0.0001); I2=84.27%  

Test for overall effect: Z=10.7(P<0.0001)  

Test for subgroup differences: Chi2=10.75, df=1 (P=0), I2=90.7%  

Favours conventional 10.5-1 -0.5 0 Favours chromoscopy

 
 

Comparison 2.   Total number of neoplastic lesions detected

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Total neoplastic lesions 7 2727 Mean Difference (IV,
Fixed, 95% CI)

0.33 [0.25, 0.41]

1.1 Total neoplastic lesions in studies with
single intubation

5 2385 Mean Difference (IV,
Fixed, 95% CI)

0.34 [0.25, 0.43]

1.2 Total neoplastic lesions in studies with
double intubation

2 342 Mean Difference (IV,
Fixed, 95% CI)

0.30 [0.12, 0.49]

2 Total neoplastic lesions in proximal colon 6 2529 Mean Difference (IV,
Fixed, 95% CI)

0.27 [0.19, 0.35]

2.1 Total neoplastic lesions in proximal
colon in studies with single intubation

4 2187 Mean Difference (IV,
Fixed, 95% CI)

0.24 [0.15, 0.33]

2.2 Total neoplastic lesions in proximal
colon in studies with double intubation

2 342 Mean Difference (IV,
Fixed, 95% CI)

0.35 [0.20, 0.50]

3 Total neoplastic lesions in distal colon 5 1869 Mean Difference (IV,
Fixed, 95% CI)

0.08 [-0.00, 0.17]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

3.1 Total neoplastic lesions in distal colon
in studies with single intubation

3 1527 Mean Difference (IV,
Fixed, 95% CI)

0.11 [0.01, 0.21]

3.2 Total neoplastic lesions in distal colon
in studies with single intubation

2 342 Mean Difference (IV,
Fixed, 95% CI)

0.02 [-0.14, 0.18]

4 Total neoplastic lesions in studies with
single intubation and controlled extuba-
tion

4 2126 Mean Difference (IV,
Fixed, 95% CI)

0.28 [0.18, 0.38]

 
 

Analysis 2.1.   Comparison 2 Total number of neoplastic lesions detected, Outcome 1 Total neoplastic lesions.

Study or subgroup Chromoscopy Conventional Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

2.1.1 Total neoplastic lesions in studies with single intubation  

Brooker 2002 124 1 (1) 135 0.3 (1) 11.01% 0.71[0.47,0.95]

Hurlstone 2004 128 0.9 (1) 132 0.4 (1) 11.07% 0.45[0.21,0.69]

Kahi 2010 321 1.3 (2.4) 339 1.1 (1.8) 6.2% 0.2[-0.13,0.53]

Le Rhun 2006 99 0.6 (1) 99 0.5 (0.9) 9.32% 0.1[-0.17,0.37]

Pohl 2011 496 1 (1) 512 0.7 (1) 42.92% 0.29[0.17,0.41]

Subtotal *** 1168   1217   80.52% 0.34[0.25,0.43]

Heterogeneity: Tau2=0; Chi2=14.13, df=4(P=0.01); I2=71.69%  

Test for overall effect: Z=7.4(P<0.0001)  

   

2.1.2 Total neoplastic lesions in studies with double intubation  

Lapalus 2006 146 0.8 (1) 146 0.6 (1) 12.44% 0.19[-0.04,0.42]

Stoffel 2008 27 0.7 (0.6) 23 0.2 (0.5) 7.04% 0.5[0.2,0.8]

Subtotal *** 173   169   19.48% 0.3[0.12,0.49]

Heterogeneity: Tau2=0; Chi2=2.54, df=1(P=0.11); I2=60.56%  

Test for overall effect: Z=3.23(P=0)  

   

Total *** 1341   1386   100% 0.33[0.25,0.41]

Heterogeneity: Tau2=0; Chi2=16.8, df=6(P=0.01); I2=64.28%  

Test for overall effect: Z=8.07(P<0.0001)  

Test for subgroup differences: Chi2=0.14, df=1 (P=0.71), I2=0%  

Favours conventional 10.5-1 -0.5 0 Favours chromoscopy

 
 

Analysis 2.2.   Comparison 2 Total number of neoplastic lesions
detected, Outcome 2 Total neoplastic lesions in proximal colon.

Study or subgroup Chromoscopy Conventional Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

2.2.1 Total neoplastic lesions in proximal colon in studies with single intuba-
tion

 

Brooker 2002 124 0.8 (1) 135 0.3 (1) 10.3% 0.53[0.29,0.77]

Hurlstone 2004 128 0.4 (1) 132 0.2 (1) 10.35% 0.24[-0,0.48]

Kahi 2010 321 0.8 (1.7) 339 0.7 (1.3) 11.39% 0.1[-0.13,0.33]

Favours conventional 10.5-1 -0.5 0 Favours chromoscopy
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Study or subgroup Chromoscopy Conventional Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Pohl 2011 496 0.6 (1) 512 0.4 (1) 40.14% 0.21[0.09,0.33]

Subtotal *** 1069   1118   72.18% 0.24[0.15,0.33]

Heterogeneity: Tau2=0; Chi2=7.06, df=3(P=0.07); I2=57.51%  

Test for overall effect: Z=5.16(P<0.0001)  

   

2.2.2 Total neoplastic lesions in proximal colon in studies with double intuba-
tion

 

Lapalus 2006 146 0.4 (1) 146 0.3 (1) 11.63% 0.14[-0.09,0.37]

Stoffel 2008 27 0.6 (0.4) 23 0.1 (0.3) 16.19% 0.5[0.31,0.69]

Subtotal *** 173   169   27.82% 0.35[0.2,0.5]

Heterogeneity: Tau2=0; Chi2=5.51, df=1(P=0.02); I2=81.84%  

Test for overall effect: Z=4.62(P<0.0001)  

   

Total *** 1242   1287   100% 0.27[0.19,0.35]

Heterogeneity: Tau2=0; Chi2=14.01, df=5(P=0.02); I2=64.3%  

Test for overall effect: Z=6.82(P<0.0001)  

Test for subgroup differences: Chi2=1.44, df=1 (P=0.23), I2=30.6%  

Favours conventional 10.5-1 -0.5 0 Favours chromoscopy

 
 

Analysis 2.3.   Comparison 2 Total number of neoplastic lesions
detected, Outcome 3 Total neoplastic lesions in distal colon.

Study or subgroup Chromoscopy Conventional Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

2.3.1 Total neoplastic lesions in distal colon in studies with single intubation  

Brooker 2002 124 0.2 (1) 135 0.1 (1) 12.15% 0.12[-0.12,0.36]

Hurlstone 2004 128 0.5 (1) 132 0.3 (1) 12.21% 0.19[-0.05,0.43]

Pohl 2011 496 0.3 (1) 512 0.2 (1) 47.34% 0.08[-0.04,0.2]

Subtotal *** 748   779   71.7% 0.11[0.01,0.21]

Heterogeneity: Tau2=0; Chi2=0.64, df=2(P=0.73); I2=0%  

Test for overall effect: Z=2.06(P=0.04)  

   

2.3.2 Total neoplastic lesions in distal colon in studies with single intubation  

Lapalus 2006 146 0.4 (1) 146 0.3 (1) 13.72% 0.06[-0.17,0.29]

Stoffel 2008 27 0.1 (0.4) 23 0.1 (0.4) 14.59% -0.02[-0.24,0.2]

Subtotal *** 173   169   28.3% 0.02[-0.14,0.18]

Heterogeneity: Tau2=0; Chi2=0.24, df=1(P=0.62); I2=0%  

Test for overall effect: Z=0.23(P=0.82)  

   

Total *** 921   948   100% 0.08[-0,0.17]

Heterogeneity: Tau2=0; Chi2=1.69, df=4(P=0.79); I2=0%  

Test for overall effect: Z=1.87(P=0.06)  

Test for subgroup differences: Chi2=0.81, df=1 (P=0.37), I2=0%  

Favours conventional 10.5-1 -0.5 0 Favours chromoscopy
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Analysis 2.4.   Comparison 2 Total number of neoplastic lesions detected, Outcome 4
Total neoplastic lesions in studies with single intubation and controlled extubation.

Study or subgroup chromoscopy Conventional Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Hurlstone 2004 128 0.9 (1) 132 0.4 (1) 15.93% 0.45[0.21,0.69]

Kahi 2010 321 1.3 (2.4) 339 1.1 (1.8) 8.91% 0.2[-0.13,0.53]

Le Rhun 2006 99 0.6 (1) 99 0.5 (0.9) 13.41% 0.1[-0.17,0.37]

Pohl 2011 496 1 (1) 512 0.7 (1) 61.75% 0.29[0.17,0.41]

   

Total *** 1044   1082   100% 0.28[0.18,0.38]

Heterogeneity: Tau2=0; Chi2=3.91, df=3(P=0.27); I2=23.2%  

Test for overall effect: Z=5.7(P<0.0001)  

Favours conventional 10.5-1 -0.5 0 Favours chromoscopy

 
 

Comparison 3.   Total number of participants with at least one polyp (neoplastic or non-neoplastic) detected

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical
method

Effect size

1 Number of participants with at least one polyp
(neoplastic or non-neoplastic) detected

4 1515 Odds Ratio (M-H,
Fixed, 95% CI)

1.87 [1.51, 2.30]

1.1 Number of participants with at least one polyp
(neoplastic and non-neoplastic detected in stud-
ies with single intubation

3 1465 Odds Ratio (M-H,
Fixed, 95% CI)

1.83 [1.48, 2.27]

1.2 Number of participants with at least one polyp
(neoplastic and non-neoplastic) detected in stud-
ies with double intubation

1 50 Odds Ratio (M-H,
Fixed, 95% CI)

3.19 [1.00, 10.17]

2 Participants with at least one polyp (neoplastic
or non-neoplastic) in the proximal colon in single
intubation trials

1 259 Odds Ratio (M-H,
Fixed, 95% CI)

1.87 [1.10, 3.16]

3 Participants with at least one polyp (neoplastic
or non-neoplastic) in the distal colon in single in-
tubation trials

1 259 Odds Ratio (M-H,
Fixed, 95% CI)

1.92 [1.14, 3.24]

 
 

Analysis 3.1.   Comparison 3 Total number of participants with at least one polyp (neoplastic or non-neoplastic)
detected, Outcome 1 Number of participants with at least one polyp (neoplastic or non-neoplastic) detected.

Study or subgroup Chromoscopy Conventional Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

3.1.1 Number of participants with at least one polyp (neoplastic and
non-neoplastic detected in studies with single intubation

 

Brooker 2002 73/124 56/135 17.28% 2.02[1.23,3.31]

Le Rhun 2006 65/99 45/99 12.11% 2.29[1.29,4.07]

Pohl 2011 349/496 298/512 68.1% 1.7[1.31,2.21]

Subtotal (95% CI) 719 746 97.49% 1.83[1.48,2.27]

Total events: 487 (Chromoscopy), 399 (Conventional)  

Favours conventional 200.05 50.2 1 Favours chromoscopy
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Study or subgroup Chromoscopy Conventional Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Heterogeneity: Tau2=0; Chi2=1.03, df=2(P=0.6); I2=0%  

Test for overall effect: Z=5.56(P<0.0001)  

   

3.1.2 Number of participants with at least one polyp (neoplastic and
non-neoplastic) detected in studies with double intubation

 

Stoffel 2008 17/27 8/23 2.51% 3.19[1,10.17]

Subtotal (95% CI) 27 23 2.51% 3.19[1,10.17]

Total events: 17 (Chromoscopy), 8 (Conventional)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.96(P=0.05)  

   

Total (95% CI) 746 769 100% 1.87[1.51,2.3]

Total events: 504 (Chromoscopy), 407 (Conventional)  

Heterogeneity: Tau2=0; Chi2=1.87, df=3(P=0.6); I2=0%  

Test for overall effect: Z=5.82(P<0.0001)  

Test for subgroup differences: Chi2=0.84, df=1 (P=0.36), I2=0%  

Favours conventional 200.05 50.2 1 Favours chromoscopy

 
 

Analysis 3.2.   Comparison 3 Total number of participants with at least one polyp
(neoplastic or non-neoplastic) detected, Outcome 2 Participants with at least one

polyp (neoplastic or non-neoplastic) in the proximal colon in single intubation trials.

Study or subgroup Chromoscopy Conventional Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Brooker 2002 49/124 35/135 100% 1.87[1.1,3.16]

   

Total (95% CI) 124 135 100% 1.87[1.1,3.16]

Total events: 49 (Chromoscopy), 35 (Conventional)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.32(P=0.02)  

Favours conventional 50.2 20.5 1 Favours chromoscopy

 
 

Analysis 3.3.   Comparison 3 Total number of participants with at least one polyp
(neoplastic or non-neoplastic) detected, Outcome 3 Participants with at least one
polyp (neoplastic or non-neoplastic) in the distal colon in single intubation trials.

Study or subgroup Chromoscopy Conventional Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Brooker 2002 51/124 36/135 100% 1.92[1.14,3.24]

   

Total (95% CI) 124 135 100% 1.92[1.14,3.24]

Total events: 51 (Chromoscopy), 36 (Conventional)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=2.45(P=0.01)  

Favours conventional 50.2 20.5 1 Favours chromoscopy
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Comparison 4.   Total number of participants with at least one neoplastic lesion detected

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Total participants with at least one neoplas-
tic lesion

7 2727 Odds Ratio (M-H,
Fixed, 95% CI)

1.53 [1.31, 1.79]

1.1 Total participants with at least one neo-
plastic lesion in studies with single intubation

5 2385 Odds Ratio (M-H,
Fixed, 95% CI)

1.56 [1.32, 1.83]

1.2 Total participants with at least one neo-
plastic lesion in studies with double intubation

2 342 Odds Ratio (M-H,
Fixed, 95% CI)

1.38 [0.89, 2.14]

2 Participants with at least one neoplastic le-
sion in proximal colon

2 551 Odds Ratio (M-H,
Fixed, 95% CI)

1.55 [1.04, 2.30]

2.1 Participants with at least one neoplastic le-
sion in the proximal colon in studies with single
intubation

1 259 Odds Ratio (M-H,
Fixed, 95% CI)

1.53 [0.85, 2.77]

2.2 Participants with at least one neoplastic le-
sion in the proximal colon in studies with dou-
ble intubation

1 292 Odds Ratio (M-H,
Fixed, 95% CI)

1.56 [0.91, 2.67]

3 Participants with at least one neoplastic le-
sion in the distal colon

2 551 Odds Ratio (M-H,
Fixed, 95% CI)

1.24 [0.79, 1.94]

3.1 Participants with at least one neoplastic le-
sion in the distal colon in studies with single in-
tubation

1 259 Odds Ratio (M-H,
Fixed, 95% CI)

1.37 [0.65, 2.92]

3.2 Participants with at least one neoplastic le-
sion in the distal colon in studies with double
intubation

1 292 Odds Ratio (M-H,
Fixed, 95% CI)

1.17 [0.67, 2.05]

 
 

Analysis 4.1.   Comparison 4 Total number of participants with at least one neoplastic
lesion detected, Outcome 1 Total participants with at least one neoplastic lesion.

Study or subgroup Chromoscopy Conventional Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

4.1.1 Total participants with at least one neoplastic lesion in studies
with single intubation

 

Brooker 2002 41/124 34/135 8.34% 1.47[0.86,2.52]

Hurlstone 2004 83/128 55/132 7.29% 2.58[1.56,4.26]

Kahi 2010 178/321 164/339 27.21% 1.33[0.98,1.8]

Le Rhun 2006 40/99 31/99 7.07% 1.49[0.83,2.67]

Pohl 2011 233/496 186/512 37.16% 1.55[1.21,2]

Subtotal (95% CI) 1168 1217 87.08% 1.56[1.32,1.83]

Total events: 575 (Chromoscopy), 470 (Conventional)  

Heterogeneity: Tau2=0; Chi2=5.01, df=4(P=0.29); I2=20.24%  

Test for overall effect: Z=5.26(P<0.0001)  

   

Favours conventional 200.05 50.2 1 Favours chromoscopy
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Study or subgroup Chromoscopy Conventional Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

4.1.2 Total participants with at least one neoplastic lesion in studies
with double intubation

 

Lapalus 2006 58/146 52/146 12% 1.19[0.74,1.91]

Stoffel 2008 12/27 4/23 0.92% 3.8[1.02,14.21]

Subtotal (95% CI) 173 169 12.92% 1.38[0.89,2.14]

Total events: 70 (Chromoscopy), 56 (Conventional)  

Heterogeneity: Tau2=0; Chi2=2.63, df=1(P=0.1); I2=62.05%  

Test for overall effect: Z=1.42(P=0.16)  

   

Total (95% CI) 1341 1386 100% 1.53[1.31,1.79]

Total events: 645 (Chromoscopy), 526 (Conventional)  

Heterogeneity: Tau2=0; Chi2=7.95, df=6(P=0.24); I2=24.52%  

Test for overall effect: Z=5.42(P<0.0001)  

Test for subgroup differences: Chi2=0.26, df=1 (P=0.61), I2=0%  

Favours conventional 200.05 50.2 1 Favours chromoscopy

 
 

Analysis 4.2.   Comparison 4 Total number of participants with at least one neoplastic lesion
detected, Outcome 2 Participants with at least one neoplastic lesion in proximal colon.

Study or subgroup Chromoscopy Conventional Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

4.2.1 Participants with at least one neoplastic lesion in the proximal
colon in studies with single intubation

 

Brooker 2002 32/124 25/135 45.39% 1.53[0.85,2.77]

Subtotal (95% CI) 124 135 45.39% 1.53[0.85,2.77]

Total events: 32 (Chromoscopy), 25 (Conventional)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.41(P=0.16)  

   

4.2.2 Participants with at least one neoplastic lesion in the proximal
colon in studies with double intubation

 

Lapalus 2006 42/146 30/146 54.61% 1.56[0.91,2.67]

Subtotal (95% CI) 146 146 54.61% 1.56[0.91,2.67]

Total events: 42 (Chromoscopy), 30 (Conventional)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=1.62(P=0.1)  

   

Total (95% CI) 270 281 100% 1.55[1.04,2.3]

Total events: 74 (Chromoscopy), 55 (Conventional)  

Heterogeneity: Tau2=0; Chi2=0, df=1(P=0.96); I2=0%  

Test for overall effect: Z=2.15(P=0.03)  

Test for subgroup differences: Chi2=0, df=1 (P=0.96), I2=0%  

Favours conventional 50.2 20.5 1 Favours chromoscopy
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Analysis 4.3.   Comparison 4 Total number of participants with at least one neoplastic lesion
detected, Outcome 3 Participants with at least one neoplastic lesion in the distal colon.

Study or subgroup Chromoscopy Conventional Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

4.3.1 Participants with at least one neoplastic lesion in the distal colon
in studies with single intubation

 

Brooker 2002 17/124 14/135 33.45% 1.37[0.65,2.92]

Subtotal (95% CI) 124 135 33.45% 1.37[0.65,2.92]

Total events: 17 (Chromoscopy), 14 (Conventional)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.82(P=0.41)  

   

4.3.2 Participants with at least one neoplastic lesion in the distal colon
in studies with double intubation

 

Lapalus 2006 34/146 30/146 66.55% 1.17[0.67,2.05]

Subtotal (95% CI) 146 146 66.55% 1.17[0.67,2.05]

Total events: 34 (Chromoscopy), 30 (Conventional)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.57(P=0.57)  

   

Total (95% CI) 270 281 100% 1.24[0.79,1.94]

Total events: 51 (Chromoscopy), 44 (Conventional)  

Heterogeneity: Tau2=0; Chi2=0.11, df=1(P=0.74); I2=0%  

Test for overall effect: Z=0.95(P=0.34)  

Test for subgroup differences: Chi2=0.11, df=1 (P=0.74), I2=0%  

Favours conventional 50.2 20.5 1 Favours chromoscopy

 
 

Comparison 5.   Number of diminutive neoplastic lesions detected with each intervention

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Number of diminutive neoplastic lesions 4 1409 Mean Difference (IV,
Fixed, 95% CI)

0.21 [0.10, 0.32]

1.1 Number of diminutive neoplastic lesions
in studies with single intubation

3 1117 Mean Difference (IV,
Fixed, 95% CI)

0.19 [0.07, 0.31]

1.2 Number of diminutive neoplastic lesions
in studies with double intubation

1 292 Mean Difference (IV,
Fixed, 95% CI)

0.29 [0.06, 0.52]

2 Number of diminutive neoplastic lesions in
the proximal colon

2 551 Mean Difference (IV,
Fixed, 95% CI)

0.27 [0.10, 0.44]

2.1 Number of diminutive neoplastic lesions
in the proximal colon in studies with single in-
tubation

1 259 Mean Difference (IV,
Fixed, 95% CI)

0.37 [0.13, 0.61]

2.2 Number of diminutive neoplastic lesions
in the proximal colon in studies with double
intubation

1 292 Mean Difference (IV,
Fixed, 95% CI)

0.18 [-0.05, 0.41]

3 Number of diminutive neoplastic lesions in
the distal colon

2 551 Mean Difference (IV,
Fixed, 95% CI)

0.10 [-0.07, 0.26]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

3.1 Number of diminutive neoplastic lesions
in the proximal colon in studies with single in-
tubation

1 259 Mean Difference (IV,
Fixed, 95% CI)

0.08 [-0.16, 0.32]

3.2 Number of diminutive neoplastic lesions
in the proximal colon in studies with double
intubation

1 292 Mean Difference (IV,
Fixed, 95% CI)

0.11 [-0.12, 0.34]

 
 

Analysis 5.1.   Comparison 5 Number of diminutive neoplastic lesions detected
with each intervention, Outcome 1 Number of diminutive neoplastic lesions.

Study or subgroup Chromoscopy Conventional Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

5.1.1 Number of diminutive neoplastic lesions in studies with single intubation  

Brooker 2002 124 0.7 (1) 135 0.3 (1) 19.69% 0.45[0.21,0.69]

Kahi 2010 321 0.8 (1.3) 339 0.7 (1.1) 34.49% 0.1[-0.08,0.28]

Le Rhun 2006 99 0.4 (0.8) 99 0.3 (0.8) 23.57% 0.1[-0.12,0.32]

Subtotal *** 544   573   77.76% 0.19[0.07,0.31]

Heterogeneity: Tau2=0; Chi2=5.91, df=2(P=0.05); I2=66.17%  

Test for overall effect: Z=3.01(P=0)  

   

5.1.2 Number of diminutive neoplastic lesions in studies with double intuba-
tion

 

Lapalus 2006 146 0.6 (1) 146 0.3 (1) 22.24% 0.29[0.06,0.52]

Subtotal *** 146   146   22.24% 0.29[0.06,0.52]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.48(P=0.01)  

   

Total *** 690   719   100% 0.21[0.1,0.32]

Heterogeneity: Tau2=0; Chi2=6.5, df=3(P=0.09); I2=53.81%  

Test for overall effect: Z=3.83(P=0)  

Test for subgroup differences: Chi2=0.58, df=1 (P=0.45), I2=0%  

Favours conventional 10.5-1 -0.5 0 Favours chromoscopy

 
 

Analysis 5.2.   Comparison 5 Number of diminutive neoplastic lesions detected with each
intervention, Outcome 2 Number of diminutive neoplastic lesions in the proximal colon.

Study or subgroup Chromoscopy Conventional Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

5.2.1 Number of diminutive neoplastic lesions in the proximal colon in studies
with single intubation

 

Brooker 2002 124 0.6 (1) 135 0.2 (1) 46.96% 0.37[0.13,0.61]

Subtotal *** 124   135   46.96% 0.37[0.13,0.61]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.97(P=0)  

   

Favours conventional 10.5-1 -0.5 0 Favours chromoscopy
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Study or subgroup Chromoscopy Conventional Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

5.2.2 Number of diminutive neoplastic lesions in the proximal colon in studies
with double intubation

 

Lapalus 2006 146 0.3 (1) 146 0.2 (1) 53.04% 0.18[-0.05,0.41]

Subtotal *** 146   146   53.04% 0.18[-0.05,0.41]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.54(P=0.12)  

   

Total *** 270   281   100% 0.27[0.1,0.44]

Heterogeneity: Tau2=0; Chi2=1.24, df=1(P=0.27); I2=19.2%  

Test for overall effect: Z=3.16(P=0)  

Test for subgroup differences: Chi2=1.24, df=1 (P=0.27), I2=19.2%  

Favours conventional 10.5-1 -0.5 0 Favours chromoscopy

 
 

Analysis 5.3.   Comparison 5 Number of diminutive neoplastic lesions detected with each
intervention, Outcome 3 Number of diminutive neoplastic lesions in the distal colon.

Study or subgroup Chromoscopy Conventional Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

5.3.1 Number of diminutive neoplastic lesions in the proximal colon in studies
with single intubation

 

Brooker 2002 124 0.2 (1) 135 0.1 (1) 46.96% 0.08[-0.16,0.32]

Subtotal *** 124   135   46.96% 0.08[-0.16,0.32]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.64(P=0.52)  

   

5.3.2 Number of diminutive neoplastic lesions in the proximal colon in studies
with double intubation

 

Lapalus 2006 146 0.3 (1) 146 0.2 (1) 53.04% 0.11[-0.12,0.34]

Subtotal *** 146   146   53.04% 0.11[-0.12,0.34]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.94(P=0.35)  

   

Total *** 270   281   100% 0.1[-0.07,0.26]

Heterogeneity: Tau2=0; Chi2=0.03, df=1(P=0.86); I2=0%  

Test for overall effect: Z=1.13(P=0.26)  

Test for subgroup differences: Chi2=0.03, df=1 (P=0.86), I2=0%  

Favours conventional 10.5-1 -0.5 0 Favours chromoscopy

 
 

Comparison 6.   Number of participants with at least one diminutive neoplastic lesion detected with each
intervention

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Participants with diminutive neoplastic le-
sions

4 1757 Odds Ratio (M-H,
Fixed, 95% CI)

1.51 [1.19, 1.92]

1.1 Participants with diminutive neoplastic le-
sions in studies with single intubation

3 1465 Odds Ratio (M-H,
Fixed, 95% CI)

1.46 [1.12, 1.91]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.2 Participants with diminutive neoplastic le-
sions in studies with double intubation

1 292 Odds Ratio (M-H,
Fixed, 95% CI)

1.73 [1.03, 2.90]

2 Participants with diminutive neoplastic le-
sions in the proximal colon

2 551 Odds Ratio (M-H,
Fixed, 95% CI)

2.01 [1.29, 3.15]

2.1 Participants with diminutive neoplastic le-
sions in the proximal colon in studies with sin-
gle intubation

1 259 Odds Ratio (M-H,
Fixed, 95% CI)

1.95 [1.03, 3.68]

2.2 Participants with diminutive neoplastic le-
sions in the proximal colon in studies with dou-
ble intubation

1 292 Odds Ratio (M-H,
Fixed, 95% CI)

2.08 [1.11, 3.89]

3 Participants with diminutive neoplastic le-
sions in the distal colon

2 551 Odds Ratio (M-H,
Fixed, 95% CI)

1.37 [0.81, 2.30]

3.1 Participants with diminutive neoplastic le-
sions in the distal colon in studies with single
intubation

1 259 Odds Ratio (M-H,
Fixed, 95% CI)

1.34 [0.56, 3.22]

3.2 Participants with diminutive neoplastic le-
sions in the distal colon in studies with double
intubation

1 292 Odds Ratio (M-H,
Fixed, 95% CI)

1.38 [0.72, 2.64]

 
 

Analysis 6.1.   Comparison 6 Number of participants with at least one diminutive neoplastic lesion
detected with each intervention, Outcome 1 Participants with diminutive neoplastic lesions.

Study or subgroup Chromoscopy Conventional Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

6.1.1 Participants with diminutive neoplastic lesions in studies with
single intubation

 

Brooker 2002 36/124 25/135 15.32% 1.8[1.01,3.22]

Le Rhun 2006 37/99 27/99 15.25% 1.59[0.87,2.9]

Pohl 2011 82/496 67/512 49.65% 1.32[0.93,1.87]

Subtotal (95% CI) 719 746 80.22% 1.46[1.12,1.91]

Total events: 155 (Chromoscopy), 119 (Conventional)  

Heterogeneity: Tau2=0; Chi2=0.92, df=2(P=0.63); I2=0%  

Test for overall effect: Z=2.77(P=0.01)  

   

6.1.2 Participants with diminutive neoplastic lesions in studies with
double intubation

 

Lapalus 2006 49/146 33/146 19.78% 1.73[1.03,2.9]

Subtotal (95% CI) 146 146 19.78% 1.73[1.03,2.9]

Total events: 49 (Chromoscopy), 33 (Conventional)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.07(P=0.04)  

   

Total (95% CI) 865 892 100% 1.51[1.19,1.92]

Total events: 204 (Chromoscopy), 152 (Conventional)  

Heterogeneity: Tau2=0; Chi2=1.24, df=3(P=0.74); I2=0%  

Favours conventional 100.1 50.2 20.5 1 Favours chromoscopy
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Study or subgroup Chromoscopy Conventional Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Test for overall effect: Z=3.42(P=0)  

Test for subgroup differences: Chi2=0.32, df=1 (P=0.57), I2=0%  

Favours conventional 100.1 50.2 20.5 1 Favours chromoscopy

 
 

Analysis 6.2.   Comparison 6 Number of participants with at least one diminutive neoplastic lesion detected
with each intervention, Outcome 2 Participants with diminutive neoplastic lesions in the proximal colon.

Study or subgroup Chromoscopy Conventional Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

6.2.1 Participants with diminutive neoplastic lesions in the proximal
colon in studies with single intubation

 

Brooker 2002 30/124 19/135 49.75% 1.95[1.03,3.68]

Subtotal (95% CI) 124 135 49.75% 1.95[1.03,3.68]

Total events: 30 (Chromoscopy), 19 (Conventional)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.06(P=0.04)  

   

6.2.2 Participants with diminutive neoplastic lesions in the proximal
colon in studies with double intubation

 

Lapalus 2006 33/146 18/146 50.25% 2.08[1.11,3.89]

Subtotal (95% CI) 146 146 50.25% 2.08[1.11,3.89]

Total events: 33 (Chromoscopy), 18 (Conventional)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.28(P=0.02)  

   

Total (95% CI) 270 281 100% 2.01[1.29,3.15]

Total events: 63 (Chromoscopy), 37 (Conventional)  

Heterogeneity: Tau2=0; Chi2=0.02, df=1(P=0.89); I2=0%  

Test for overall effect: Z=3.07(P=0)  

Test for subgroup differences: Chi2=0.02, df=1 (P=0.89), I2=0%  

Favours conventional 100.1 50.2 20.5 1 Favours chromoscopy

 
 

Analysis 6.3.   Comparison 6 Number of participants with at least one diminutive neoplastic lesion detected
with each intervention, Outcome 3 Participants with diminutive neoplastic lesions in the distal colon.

Study or subgroup Chromoscopy Conventional Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

6.3.1 Participants with diminutive neoplastic lesions in the distal
colon in studies with single intubation

 

Brooker 2002 12/124 10/135 35.45% 1.34[0.56,3.22]

Subtotal (95% CI) 124 135 35.45% 1.34[0.56,3.22]

Total events: 12 (Chromoscopy), 10 (Conventional)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.65(P=0.51)  

   

6.3.2 Participants with diminutive neoplastic lesions in the distal
colon in studies with double intubation

 

Lapalus 2006 25/146 19/146 64.55% 1.38[0.72,2.64]

Favours conventional 100.1 50.2 20.5 1 Favours chromoscopy
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Study or subgroup Chromoscopy Conventional Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Subtotal (95% CI) 146 146 64.55% 1.38[0.72,2.64]

Total events: 25 (Chromoscopy), 19 (Conventional)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.98(P=0.33)  

   

Total (95% CI) 270 281 100% 1.37[0.81,2.3]

Total events: 37 (Chromoscopy), 29 (Conventional)  

Heterogeneity: Tau2=0; Chi2=0, df=1(P=0.96); I2=0%  

Test for overall effect: Z=1.18(P=0.24)  

Test for subgroup differences: Chi2=0, df=1 (P=0.96), I2=0%  

Favours conventional 100.1 50.2 20.5 1 Favours chromoscopy

 
 

Comparison 7.   Number of participants with three or more neoplastic lesions detected with each intervention

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Number of participants with 3 or more ade-
nomas

5 1669 Odds Ratio (M-H,
Fixed, 95% CI)

1.34 [0.96, 1.87]

1.1 Number of participants with 3 or more
adenomas in studies with single intubation

2 519 Odds Ratio (M-H,
Fixed, 95% CI)

4.63 [1.99, 10.80]

1.2 Number of participants with 3 or more
adenomas in studies with double intubation

1 292 Odds Ratio (M-H,
Fixed, 95% CI)

1.78 [0.68, 4.65]

1.3 Studies that used high definition
colonoscopy in the control group

2 858 Odds Ratio (M-H,
Fixed, 95% CI)

0.86 [0.57, 1.31]

 
 

Analysis 7.1.   Comparison 7 Number of participants with three or more neoplastic lesions
detected with each intervention, Outcome 1 Number of participants with 3 or more adenomas.

Study or subgroup Chromoscopy Conventional Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

7.1.1 Number of participants with 3 or more adenomas in studies with
single intubation

 

Brooker 2002 15/124 3/135 4.21% 6.06[1.71,21.46]

Hurlstone 2004 13/128 4/132 5.9% 3.62[1.15,11.41]

Subtotal (95% CI) 252 267 10.12% 4.63[1.99,10.8]

Total events: 28 (Chromoscopy), 7 (Conventional)  

Heterogeneity: Tau2=0; Chi2=0.35, df=1(P=0.55); I2=0%  

Test for overall effect: Z=3.55(P=0)  

   

7.1.2 Number of participants with 3 or more adenomas in studies with
double intubation

 

Lapalus 2006 12/146 7/146 10.72% 1.78[0.68,4.65]

Subtotal (95% CI) 146 146 10.72% 1.78[0.68,4.65]

Total events: 12 (Chromoscopy), 7 (Conventional)  

Favours conventional 100.1 50.2 20.5 1 Favours chromoscopy
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Study or subgroup Chromoscopy Conventional Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Heterogeneity: Not applicable  

Test for overall effect: Z=1.17(P=0.24)  

   

7.1.3 Studies that used high definition colonoscopy in the control
group

 

Kahi 2010 39/321 49/339 69.86% 0.82[0.52,1.29]

Le Rhun 2006 7/99 6/99 9.3% 1.18[0.38,3.64]

Subtotal (95% CI) 420 438 79.16% 0.86[0.57,1.31]

Total events: 46 (Chromoscopy), 55 (Conventional)  

Heterogeneity: Tau2=0; Chi2=0.35, df=1(P=0.56); I2=0%  

Test for overall effect: Z=0.7(P=0.48)  

   

Total (95% CI) 818 851 100% 1.34[0.96,1.87]

Total events: 86 (Chromoscopy), 69 (Conventional)  

Heterogeneity: Tau2=0; Chi2=13.3, df=4(P=0.01); I2=69.91%  

Test for overall effect: Z=1.72(P=0.09)  

Test for subgroup differences: Chi2=12.77, df=1 (P=0), I2=84.34%  

Favours conventional 100.1 50.2 20.5 1 Favours chromoscopy

 

 

A P P E N D I C E S

Appendix 1. Cochrane Central Register of Controlled Trials search strategy

Cochrane Central Register of Controlled Trials (CENTRAL) (the Cochrane Library), issue 10 2015.

#1 MeSH descriptor: [Colon] explode all trees
#2 MeSH descriptor: [Rectum] explode all trees
#3 MeSH descriptor: [Anal Canal] explode all trees
#4 MeSH descriptor: [Colorectal Neoplasms] explode all trees
#5 MeSH descriptor: [Colonic Polyps] explode all trees
#6 ((colorect* or colon* or large bowel or rect* or anal or anus or gastric*) and (polyp* or neoplas* or tumour* or tumor or adenom* or
lesion* or carcinom* adenocarcinom* or cancer*)):ti,ab,kw
#7 (#1 or #2 or #3 or #4 or #5 or #6)
#8 MeSH descriptor: [Endoscopy, Gastrointestinal] explode all trees
#9 (endoscop* or colonoscop* or proctoscop* or gastroscop*):ti,ab,kw
#10 (#8 or #9)
#11 MeSH descriptor: [Indigo Carmine] explode all trees
#12 MeSH descriptor: [Coloring Agents] explode all trees
#13 (chromoscop* or chromo-endoscop* or chromoendoscop* or magnifying endoscop* or high resolution endoscop* or high resolution
colonoscop* or dye spray* or dye-spray* or indigo* or indigo-carmine or acetic acid):ti,ab,kw
#14 #11 or #12 or #13)
#15 (#7 and #10 and #14)

Appendix 2. MEDLINE search strategy

MEDLINE (Ovid) 1950 to 26.10.2015
1. exp Colon/
2. exp Rectum/
3. exp Anal Canal/
4. exp Colorectal Neoplasms/
5. exp Colonic Polyps/
6. ((colorect* or colon* or large bowel or rect* or anal or anus or gastric*) and (polyp* or neoplas* or tumour* or tumor or adenom* or
lesion* or carcinom* adenocarcinom* or cancer*)).mp.
7. 1 or 2 or 3 or 4 or 5 or 6
8. exp Endoscopy, Gastrointestinal/
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9. (endoscop* or colonoscop* or proctoscop* or gastroscop*).mp.
10. 8 or 9
11. exp Indigo Carmine/
12. exp Coloring Agents/
13. (chromoscop* or chromo-endoscop* or chromoendoscop* or magnifying endoscop* or high resolution endoscop* or high resolution
colonoscop* or dye spray* or dye-spray* or indigo* or indigo-carmine or acetic acid).mp.
14. 11 or 12 or 13
15. 7 and 10 and 14
16. randomized controlled trial.pt.
17. controlled clinical trial.pt.
18. randomized.ab.
19. placebo.ab.
20. clinical trial.sh.
21. randomly.ab.
22. trial.ti.
23. 16 or 17 or 18 or 19 or 20 or 21 or 22
24. humans.sh.
25. 23 and 24
26. 15 and 25

Appendix 3. EMBASE search strategy

EMBASE (Ovid) 1974 to 26.10.2015
1. exp colon/
2. exp rectum/
3. exp colon tumor/
4. exp rectum tumor/
5. exp intestine polyp/
6. ((colorect* or colon* or large bowel or rect* or anal or anus) and (polyp* or neoplas* or tumour* or tumor or adenom* or lesion* or
carcinom* adenocarcinom* or cancer*)).m_titl.
7. 1 or 2 or 3 or 4 or 5 or 6
8. exp gastrointestinal endoscopy/
9. exp gastroscope/
10. exp proctoscope/
11. exp colonoscope/
12. (endoscop* or colonoscop* or proctoscop* or gastroscop*).mp.
13. 8 or 9 or 10 or 11 or 12
14. exp coloring agent/
15. exp chromo-endoscopy/
16. exp dye/
17. exp high resolution endoscopy/
18. exp magnifying endoscopy/
19. (chromoscop* or chromo-endoscop* or chromoendoscop* or magnifying endoscop* or high resolution endoscop* or high resolution
colonoscop* or dye spray* or dye-spray* or indigo* or indigo-carmine or acetic acid).mp.
20. 14 or 15 or 16 or 17 or 18 or 19
21. 7 and 13 and 20
22. CROSSOVER PROCEDURE.sh.
23. DOUBLE-BLIND PROCEDURE.sh.
24. SINGLE-BLIND PROCEDURE.sh.
25. (crossover* or cross over*).ti,ab.
26. placebo*.ti,ab.
27. (doubl* adj blind*).ti,ab.
28. allocat*.ti,ab.
29. trial.ti.
30. RANDOMIZED CONTROLLED TRIAL.sh.
31. random*.ti,ab.
32. 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31
33. (exp animal/ or exp invertebrate/ or animal.hw. or nonhuman/) not (exp human/ or human cell/ or (human or humans or man or men
or woman).ti.)
34. 32 not 33
35. 21 and 34
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Appendix 4. Criteria for judging risk of bias in the 'Risk of bias' assessment tool

 

RANDOM SEQUENCE GENERATION

Selection bias (biased allocation to interventions) due to inadequate generation of a randomised sequence

Criteria for a judgement of
‘Low risk’ of bias

The investigators describe a random component in the sequence generation process such as:

• Referring to a random number table;

• Using a computer random number generator;

• Coin tossing;

• Shuffling cards or envelopes;

• Throwing dice;

• Drawing of lots;

• Minimisation*.

*Minimisation may be implemented without a random element, and this is considered to be equiv-
alent to being random

Criteria for a judgement of
‘High risk’ of bias

The investigators describe a non-random component in the sequence generation process. Usually,
the description would involve some systematic, non-random approach, for example:

• Sequence generated by odd or even date of birth;

• Sequence generated by some rule based on date (or day) of admission;

• Sequence generated by some rule based on hospital or clinic record number.

• Other non-random approaches happen much less frequently than the systematic approaches
mentioned above and tend to be obvious. They usually involve judgement or some method of
non-random categorisation of participants, for example:
◦ Allocation by judgement of the clinician;

◦ Allocation by preference of the participant;

◦ Allocation based on the results of a laboratory test or a series of tests;

◦ Allocation by availability of the intervention.

Criteria for a judgement of ‘Un-
clear risk’ of bias

Insufficient information about the sequence generation process to permit judgement of ‘Low risk’
or ‘High risk’

ALLOCATION CONCEALMENT

Selection bias (biased allocation to interventions) due to inadequate concealment of allocations prior to assignment

Criteria for a judgement of
‘Low risk’ of bias

Participants and investigators enrolling participants could not foresee assignment because one of
the following, or an equivalent method, was used to conceal allocation:

• Central allocation (including telephone, web-based, and pharmacy-controlled randomisation);

• Sequentially numbered drug containers of identical appearance;

• Sequentially numbered, opaque, sealed envelopes.

Criteria for a judgement of
‘High risk’ of bias

Participants or investigators enrolling participants could possibly foresee assignments and thus in-
troduce selection bias, such as allocation based on:

• Using an open random allocation schedule (e.g. a list of random numbers);

• Assignment envelopes were used without appropriate safeguards (e.g. if envelopes were unsealed
or nonopaque or not sequentially numbered);

• Alternation or rotation;

• Date of birth;

• Case record number;
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• Any other explicitly unconcealed procedure.

Criteria for a judgement of ‘Un-
clear risk’ of bias

Insufficient information to permit judgement of ‘Low risk’ or ‘High risk’. This is usually the case if
the method of concealment is not described or not described in sufficient detail to allow a definite
judgement – for example if the use of assignment envelopes is described, but it remains unclear
whether envelopes were sequentially numbered, opaque, and sealed

BLINDING OF PARTICIPANTS AND PERSONNEL

Performance bias due to knowledge of the allocated interventions by participants and personnel during the study

Criteria for a judgement of
‘Low risk’ of bias

Any one of the following:

• No blinding or incomplete blinding, but the review authors judge that the outcome is not likely
to be influenced by lack of blinding;

• Blinding of participants and key study personnel ensured, and unlikely that the blinding could
have been broken.

Criteria for a judgement of
‘High risk’ of bias

Any one of the following:

• No blinding or incomplete blinding, and the outcome is likely to be influenced by lack of blinding;

• Blinding of key study participants and personnel attempted, but likely that the blinding could
have been broken, and the outcome is likely to be influenced by lack of blinding.

Criteria for a judgement of ‘Un-
clear risk’ of bias

Any one of the following:

• Insufficient information to permit judgement of ‘Low risk’ or ‘High risk’;

• The study did not address this outcome.

BLINDING OF OUTCOME ASSESSMENT

Detection bias due to knowledge of the allocated interventions by outcome assessors

Criteria for a judgement of
‘Low risk’ of bias

Any one of the following:

• No blinding of outcome assessment, but the review authors judge that the outcome measurement
is not likely to be influenced by lack of blinding;

• Blinding of outcome assessment ensured, and unlikely that the blinding could have been broken.

Criteria for a judgement of
‘High risk’ of bias

Any one of the following:

• No blinding of outcome assessment, and the outcome measurement is likely to be influenced by
lack of blinding;

• Blinding of outcome assessment, but likely that the blinding could have been broken, and the
outcome measurement is likely to be influenced by lack of blinding.

Criteria for a judgement of ‘Un-
clear risk’ of bias

Any one of the following:

• Insufficient information to permit judgement of ‘Low risk’ or ‘High risk’;

• The study did not address this outcome.

INCOMPLETE OUTCOME DATA

Attrition bias due to amount, nature, or handling of incomplete outcome data

Criteria for a judgement of
‘Low risk’ of bias

Any one of the following:

• No missing outcome data;

• Reasons for missing outcome data unlikely to be related to true outcome (for survival data, cen-
soring unlikely to be introducing bias);

  (Continued)
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• Missing outcome data balanced in numbers across intervention groups, with similar reasons for
missing data across groups;

• For dichotomous outcome data, the proportion of missing outcomes compared with observed
event risk not enough to have a clinically relevant impact on the intervention effect estimate;

• For continuous outcome data, plausible effect size (difference in means or standardised differ-
ence in means) among missing outcomes not enough to have a clinically relevant impact on ob-
served effect size;

• Missing data have been imputed using appropriate methods.

Criteria for a judgement of
‘High risk’ of bias

Any one of the following:

• Reason for missing outcome data likely to be related to true outcome, with either imbalance in
numbers or reasons for missing data across intervention groups;

• For dichotomous outcome data, the proportion of missing outcomes compared with observed
event risk enough to induce clinically relevant bias in intervention effect estimate;

• For continuous outcome data, plausible effect size (difference in means or standardised differ-
ence in means) among missing outcomes enough to induce clinically relevant bias in observed
effect size;

• ‘As-treated’ analysis done with substantial departure of the intervention received from that as-
signed at randomisation;

• Potentially inappropriate application of simple imputation.

Criteria for a judgement of ‘Un-
clear risk’ of bias

Any one of the following:

• Insufficient reporting of attrition/exclusions to permit judgement of ‘Low risk’ or ‘High risk’ (e.g.
number randomised not stated, no reasons for missing data provided);

• The study did not address this outcome.

SELECTIVE REPORTING

Reporting bias due to selective outcome reporting

Criteria for a judgement of
‘Low risk’ of bias

Any of the following:

• The study protocol is available and all of the study’s prespecified (primary and secondary) out-
comes that are of interest in the review have been reported in the prespecified way;

• The study protocol is not available but it is clear that the published reports include all expected
outcomes, including those that were prespecified (convincing text of this nature may be uncom-
mon).

Criteria for a judgement of
‘High risk’ of bias

Any one of the following:

• Not all of the study’s prespecified primary outcomes have been reported;

• One or more primary outcomes are reported using measurements, analysis methods, or subsets
of the data (e.g. subscales) that were not prespecified;

• One or more reported primary outcomes were not prespecified (unless clear justification for their
reporting is provided, such as an unexpected adverse effect);

• One or more outcomes of interest in the review are reported incompletely so that they cannot be
entered in a meta-analysis;

• The study report fails to include results for a key outcome that would be expected to have been
reported for such a study.

Criteria for a judgement of ‘Un-
clear risk’ of bias

Insufficient information to permit judgement of ‘Low risk’ or ‘High risk’. It is likely that the majority
of studies will fall into this category.

OTHER BIAS

Bias due to problems not covered elsewhere in the table

  (Continued)
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Criteria for a judgement of
‘Low risk’ of bias

The study appears to be free of other sources of bias.

Criteria for a judgement of
‘High risk’ of bias

There is at least one important risk of bias. For example, the study:

• Had a potential source of bias related to the specific study design used; or

• Has been claimed to have been fraudulent; or

• Had some other problem.

Criteria for a judgement of ‘Un-
clear risk’ of bias

There may be a risk of bias, but there is either:

• Insufficient information to assess whether an important risk of bias exists; or

• Insufficient rationale or evidence that an identified problem will introduce bias.

  (Continued)

 

Appendix 5. Overall risk of bias

The design of chromoscopy studies has one inherent and unavoidable risk of bias, which is that the participant and investigator cannot be
blinded because it is not possible to be unaware that you are using chromoscopy. In some trials one aspect of blinding, that of an increased
time taken to carry out the procedure, is controlled for, so that although the risk of bias due to blinding is universal, it has been reduced.
Blinding aside, three generic markers of internal validity (random sequence generation, allocation concealment, and selective reporting)
are generally good in almost all trials. One generic marker essentially related to intention to treat is unclear from the trial reports of six
studies and remains unclear aLer attempts to contact the authors. Although the lack of blinding is known to influence the overall results,
we would suggest that given the general low risk or unclear risk of bias in the other domains, the overall risk of bias is neither high nor
low, which justifies our overall grading as unclear.
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