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Introduction 

Chromoendoscopy aids the endoscopist in highlighting 
and characterising lesions in the gastrointestinal tract 
(GIT). This is generally achieved by using a variety of 
dyes to distinguish normal from abnormal mucosa (1).  
The technique encourages endoscopists to study a 
particular area of interest with greater clarity and sharpness. 
Chromoendoscopy can complement imaging through 
enhancing features of mucosal surface topography and may 
assist in providing in-depth details that enables subsequent 
therapeutic decisions to be made with greater precision (2). 

Spraying catheters allow the most controlled and precise 
application of the dye as a fine mist onto the GIT surface. 
The amount of staining solution required depends on 
the surface area to be stained. The endoscope should be 
slowly withdrawn, while the endoscope tip (with a 1–2 cm  

protruding spraying catheter) is directed in spiral 
movements onto the mucosa and simultaneously, the dye 
is sprayed continuously. In a stepwise manner, segments of 
approximately 20 cm should be stained each time and then 
carefully inspected. Special caution should be exercised 
whilst staining the upper oesophagus, due to the risk of 
aspiration. In addition, a foot pump can be useful in some 
cases, such as for pancolonic dye spraying in patients with 
inflammatory bowel disease (IBD).

In colonoscopy, good bowel preparation is critical; the 
use of spasmolytic agents such as scopolamine or glucagon 
can be used to avoid bowel peristalsis and an uneven 
distribution of the dye in some cases.

The use of chromoendoscopy has demonstrated good 
diagnostic yield in the evaluation of dysplastic lesions in 
Barrett’s oesophagus (BO) and oesophageal adenocarcinoma 
by facilitating targeted biopsies of suspicious areas (3-5). It also 
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plays a key role in gastric metaplasia and adenocarcinoma, as 
well as in the colon particularly in patients with chronic colitis 
(6-8). Over the years, the introduction and adoption of ´virtual´ 
or electronic chromoendoscopy has rendered dye-based 
chromoendoscopy less relevant in day-to-day clinical practise. 
Virtual chromoendoscopy is technically less cumbersome, 
easier to apply and saves time (9,10). Nevertheless, 
chromoendoscopy still plays a major role in several conditions. 

Classification of stains

Dyes used in chromoendoscopy have a transient effect. 
With the exclusion of known prior allergic reactions, 
these dyes are generally safe (11) Traditionally, they can be 
classified into three distinct types based on their staining 
properties. 

Although chromoendoscopy may be replaced by virtual 
chromoendoscopy with similar results (12), for some 
specific cases the literature still shows advantages on using 
dyes. For each dye, scenarios where chromoendoscopy still 
has a role will be discussed in the following section: 

(I) The absorptive or vital stains are absorbed by 
specific cells and give rise to sharp detail of the 
cellular surface. Some examples of these stains 
include Lugol’s iodine (LI); which can be used 
in delineating squamous dysplasia and squamous 
cell cancer in the oesophagus. Methylene blue 
and crystal violet have been used in Barrett’s 
oesophagus, gastric intestinal metaplasia and 
colorectal dysplasia. Acetic acid (AA) used in 
detecting dysplastic Barrett’s lesions, are also 
categorized under these types of stains (13).

(II) The non-absorptive or contrast stains include indigo 
carmine where on application they seep between 
grooves and crevices providing an overall detail of the 
contour of the mucosal surface. Indigo carmine is used 
throughout the GIT for various dysplastic lesions. 

(III) Reactive stains include Congo red and phenol red. The 
dye undergoes chemical reactions with specific cellular 
components and gives rise to a colour change. They 
are not commonly encountered in endoscopy (13).

AA chromoendoscopy in Barrett’s neoplasia

This novel use of AA chromoendoscopy in BO was 
introduced in 2001 by Guelrud and colleagues (14). The 
principle is not dissimilar to AA employment in the field of 
gynaecology to screen for dysplastic uterine cervical lesions 
which was well established in the early 1990s (15). When 
sprayed onto the Barrett’s mucosa, a reversible acetylation 
of cellular proteins occurs leading to a so-called “aceto-
whitening reaction” (Figure 1) (16). With neoplastic lesions 
which lack cellular proteins, the aceto-whitening reaction 
is not visible or is lost quickly compared to normal non-
dysplastic BO epithelium. The duration of the aceto-
whitening effect was further studied by Longcroft-
Wheaton and colleagues who objectively measured and 
compared the effect of AA on dysplastic and non-dysplastic 
lesions. Not surprisingly, high-grade dysplastic lesions and 
intramucosal cancer took between 23–53 seconds to lose 
the aceto-whitening effect compared to non-dysplastic lesions 
which continued to hold on to this effect for up to a median 
duration of 311 seconds (P<0.05). In addition, using AA had 
a sensitivity and specificity of 98% and 84% respectively (17). 

Figure 1 Acetic acid reaction in Barrett’s oesophagus. (A) Barret’s oesophagus on white light endoscopy; (B) acetic acid on Barrett’s 
oesophagus: “aceto-whitening reaction” in intestinal metaplasia due to lack of normal stratified squamous epithelium.
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This increases the yield of detecting dysplastic lesions and 
facilitates targeted biopsies. Coletta and colleagues also 
highlighted the role of AA in a recent meta-analysis where 
the pooled sensitivity and specificity was 92% and 96% 
for the diagnosis of high-grade dysplasia and oesophageal 
adenocarcinoma (18). Both these large studies were able to 
achieve the desired American Society for Gastrointestinal 
Endoscopy Preservation and Incorporation of Valuable 
Endoscopic Innovations (ASGE-PIVI) criteria (19). In terms 
of cost-efficacy, Bhandari and colleagues went on to compare 
protocol-guided random biopsies and AA guided biopsies 
in high-risk groups. They found that despite a 4% miss rate 
in the latter, substantial cost savings could be achieved (20). 
The gain in neoplasia detection was also tested by Tholoor 
and colleagues in a retrospective cohort study where a 
comparison was made between the yield of biopsies guided 
by AA chromoendoscopy and four quadrant random biopsies. 
They found a 14.7-fold increase in neoplasia detection on a 
per-biopsy analysis for AA guided biopsies. The number of 
biopsies required to detect neoplasia was also 15 times lower 
compared to the random biopsy group (4).

Taken together, the studies show that cost-effectiveness 
for AA chromoendoscopy in detecting Barrett’s neoplasia 
may be noteworthy to implement considering the ease of 
preparation and wide availability (21).

LI chromoendoscopy in oesophageal squamous 
cell carcinoma

It is well known that oesophageal cancer has a very poor 
prognosis and a low 5-year survival rate (22). It is the eighth 
most common cancer in the world and is the sixth leading 
cause of cancer-related death (23,24). Early oesophageal 
squamous cell cancer (OSCC) are often subtle and difficult 
to identify on routine white light inspection (25).

Careful visualisation with the aid of dye-based 
chromoendoscopy in the form of LI may play a role in 
ensuring suspicious areas that can be detected allowing 
biopsies for confirmation (26,27). Appearing somewhat 
similar in principle with AA chromoendoscopy, the rationale 
behind LI is in its reaction with the glycogen, which is 
abundantly present in the normal stratified squamous 
epithelial tissue in the oesophagus. This gives rise to an 
intense brown stain visualised on normal squamous tissue. 
However, in neoplastic lesions, the glycogen-containing 
granules within the cell layers diminish. Consequently, LI 
does not properly “stain” the affected area giving rise to 
a pale “unstained” appearance (28). In 2008, Shimizu and 

colleagues introduced the “pink colour sign”, which has 
shown high sensitivity and specificity (91.9% and 94.0%) 
for diagnosing high-grade dysplasia and OSCC (Figure 2). 
This observation assists in the distinction between high 
and low-grade dysplasia/inflammation as the former gives a 
more distinct and pinkish hue, while the latter appears pale. 
An additional 2 to 3 minutes to observe this discoloration is 
necessary with the authors reporting that false positive LI 
stained areas (initially with yellow decolouration) could be 
ignored if they are not pink after this period of observation (29).

Similar to AA, LI has significant diagnostic potential 
in early cancer detection where targeted biopsies can be 
facilitated. In addition, a clear demarcation between normal 
and abnormal margins can be easily delineated enabling 
planning for endoscopic resection at a later date (30,31). It 
is not usually recommended to use LI immediately prior to 
performing Endoscopic Submucosal Dissection (ESD) as 
the mucosa becomes “wrinkly” and appears to lose some of 
its “looseness” to the underlying submucosal tissue making 
it more difficult to perform an ESD. However, some centres 
continue to use LI as it provides clear delimitation of the 
resection margins. In this scenario, a lower concentration 
may be employed (e.g., 1.5%).

Some groups also advocate using sodium thiosulphate 
solution (STS) as an antidote after marking, prior to the 
ESD. Spraying of STS after oesophageal chromoendoscopy 
with LI has been reported to neutralize free iodine. STS is a 
water-soluble neutral chemical that is prepared by dissolving 
STS reagent in distilled water in a sterilized condition to a 
5% concentration.

Once LI is sprayed through the endoscopic catheter and 
lesion assessment is completed, the site should be washed 
with water and then sprayed with STS. The time interval 
between the application of the iodine and STS sprays is 
important and should be performed as soon as possible (32). 

Stud ie s  des igned  to  ana ly se  the  u t i l i t y  o f  LI 
chromoendoscopy in OSCC includes detection of suspicious 
lesions and characterisation in the form of assessing the 
mucosal extension. In a prospective comparison study, 
LI was shown to be superior in demarcating areas of 
oesophageal cancer compared to white light (33). Dawsey 
and colleagues also found that staining with LI aided the 
diagnostic potential of dysplastic and cancer lesions (34). 
The sensitivity to detect OSCC on white light was 62%. 
This increased to 96% with LI chromoendoscopy. LI could 
also be used to screen patients with prior aerodigestive 
tract cancer. In a study undertaken by Tincani and 
colleagues, LI was able to further pick up another 20% 
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of oesophageal cancers and high-grade dysplastic lesions 
following detailed white light endoscopic examination. 
All patients in this cohort had a history of recent head and 
neck or tracheobronchial squamous cell carcinoma. Similar 
outcomes were obtained in smaller cohorts by two other 
groups for high-risk individuals with prior head and neck 
cancers (35,36). 

Similarly, with the increasing adoption of virtual 
chromoendoscopy such as narrow band imaging (NBI), the 
future role of LI chromoendoscopy in the detection and 
characterisation of OSCC has been questioned. Morita and 
colleagues, in a recent 2017 systematic review and meta-
analyses, studied a large cohort of over 1,900 patients. They 
concluded that although for detection NBI and LI are 
similar, NBI was superior to LI in discerning high-grade 
dysplasia and cancer from other mucosal alterations (37). 
Despite the compelling evidence to move towards virtual 
chromoendoscopy, endoscopy practices throughout the 
world still varies. LI still has a role to play in centres that 
do not possess modern endoscopic systems or expertise 
to interpret findings on electronic chromoendoscopy 
platforms. It also appears to be more precise when 

determining margins for lesions deemed suitable to be 
resected endoscopically. 

Detection of dysplastic lesions in IBD

In IBD, random biopsies were previously relied upon to 
detect dysplastic lesions that were flat and often difficult to 
pick up on white light endoscopy (38). Rutter and colleagues 
performed 2,904 random colonic biopsies for patients with 
longstanding extensive ulcerative colitis and reported that 
none of the biopsies were dysplastic. Following this, a study 
examining back-to-back colonoscopy with “pancolonic” 
indigo carmine examination by the same group of patients 
picked up mucosal abnormalities in 157 patients. There was 
an astounding 18.5-fold less biopsies performed using the 
chromoendoscopy-facilitated protocol (39). The sensitivity 
for random biopsies is so poor that endoscopists risks missing 
true flat dysplastic lesions in its early curative stage (40).

Data from various randomised and prospective trials 
favour the utility of dye-based chromoendoscopy given 
the proven overall sensitivity and accuracy in detecting 
suspicious lesions.

A B

C

Figure 2 Lugol’s iodine chromoendoscopy. (A) OSCC on white light endoscopy; (B) Lugol’s iodine. Note the brownish colour in normal 
mucosa, not picked up by OSCC; (C) Lugol’s iodine after 2 to 3 minutes: “Pink colour sign”. OSCC, oesophageal squamous cell cancer.
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An international multidisciplinary group representing a 
wide spectrum of stakeholders regarding IBD surveillance 
developed the SCENIC International  Consensus 
Statement on Surveillance and Management of Dysplasia in 
Inflammatory Bowel Disease. The authors recommended 
using dye-based chromoendoscopy given the proven 
overall sensitivity and accuracy in detecting suspicious 
lesions. Therefore, the panchromoendoscopy technique 
should be performed for detection of dysplastic lesions in 
IBD patients. This consists in spraying indigo carmine or 
methylene blue circumferentially throughout the colon 
either through the water jet channel by using a pump 
or through the biopsy channel by using a spray catheter 

(41-44) (Figure 3). A randomised controlled trial found 
compelling evidence of methylene blue chromoendoscopy 
outperforming targeted biopsies by 3 to 1 in detecting 
more neoplastic lesions with a sensitivity of 93% (45). 
The outcome was so convincing that the same group took 
their research further by combining chromoendoscopy 

with endomicroscopy. Circumscribed lesions identified 
with chromoendoscopy were assessed in detail with 
endomicroscopy to determine the need for targeted 
biopsies. The authors reported 4.75-fold increase in neoplastic 
lesion detection with half the amount of “usual random 
biopsies” required (46). However, these results warrant 
caution as this study combined another advance technique 
(endomicroscopy) which requires specialised facilities and a 
skill set that is not widely available in most centres. 

In a “colitic” bowel, one has to contend with inflammation 
and scarred segments. Should any doubt arise, one should fall 
back to random biopsies to avoid missing “invisible dysplasia” 
although this is becoming less of a need with the complement 
of high-resolution video endoscopy systems (47).

Detection of early gastric cancer (EGC) with 
indigo carmine or indigo carmine with AA

Indigo carmine can facilitate the evaluation of suspicious 

Figure 3 Colon chromoendoscopy with methylene blue in IBD patients. (A) Colonic mucosa in IBD patient; (B) colonic mucosa sprayed 
with methylene blue; (C) colonic mucosa sprayed with methylene blue. IBD, inflammatory bowel disease.
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areas in the stomach in order to detect EGC (48). 
Combination of AA and indigo carmine has been used 
in the assessment of gastric adenomas (Figure 4). Kono 
and colleagues evaluated the sensitivity of the “reddish 
colour change” with this technique. This sign significantly 
increased the detection of EGC (multivariate analysis odds 
ratio =11) with superior sensitivity when compared to 
colour evaluation with white light endoscopy alone (87.0% 
versus 56.5%, P<0.05) (49).

Dye-assisted chromoendoscopy in the 
assessment of colonic lesions

Crystal violet

Dye-assisted chromoendoscopy using crystal violet is useful 
to emphasise the pit pattern of the colonic mucosa and 
predict the histology. Crystal violet is an absorptive dye that 
stains epithelial cells in the colonic mucosal glands, making 

the pit look white after dyeing. It is generally used in a 
concentration of 0.05%. After spraying onto the colonic 
mucosa, staining takes 2 to 3 minutes. 

Magnifying chromoendoscopy with crystal violet can 
aid in identifying invasive cancers. The combination of 
virtual and dye-based chromoendoscopy methods is highly 
effective in differentiating intramucosal or superficial 
submucosal cancers from deep submucosal cancers (50). 
Classifications based on NBI, such as the Japan NBI Expert 
Team (JNET) classification, can also predict the depth of 
invasion. However, JNET has limited performance for 
the differentiation of superficial and invasive subtypes 
(i.e., JNET 2B and 3). Therefore, a three-step strategy for 
management of these lesions has been suggested: the first 
step is to identify the lesion; the second step is to observe 
capillary and surface patterns of the identified lesion by NBI 
followed by examining the pit pattern of the lesion by dye-
assisted chromoendoscopy (if doubt whether the superficial 
or deep submucosa is involved) (51,52).

Figure 4 Chromoendoscopy in the stomach. (A) Gastric mucosa on white light; (B) gastric mucosa stained with acetic acid; (C) gastric 
mucosa stained with indigo carmine.

A B

C



Page 7 of 10Translational Gastroenterology and Hepatology, 2020

© Translational Gastroenterology and Hepatology. All rights reserved. Transl Gastroenterol Hepatol 2020;5:39 | http://dx.doi.org/10.21037/tgh.2019.12.06

Indigo carmine

Indigo carmine chromoendoscopy (IC) is a blue dye 
spraying technique used to improve the detection of 
neoplastic lesions by enhancing the contrast of raised and 
deepened areas such as pit patterns. It has been shown 
to significantly increase the adenoma detection rate  
(ADR) (53).

Kudo’s “pit patterns” classification distinguishes 
neoplastic and non-neoplastic polyps via magnifying 
endoscopy. According to their appearance, structure and 
staining patterns, Type I pits appear as roundish pits; 
Type II pits appear as stellar or papillary pits; Type III-s 
pits are small roundish, tubular pits (smaller than Type I) 
and Type III-L are roundish and tubular pits (larger than 
Type I); Type IV pits appear as branch-like or gyrus-like 
pits and Type V pits appear as non-structured pits. Type 
I and II are considered benign changes (e.g., normal, 
hyperplastic, inflammatory polyps), whereas pit pattern 
classes III–V are considered to show neoplastic and 
malignant changes (54).

Tischendorf and colleagues compared the value of 
magnifying chromoendoscopy and NBI in classifying 
colorectal polyps. Using the Kudo classification of mucosal 
patterns, NBI with magnification resulted in a sensitivity of 
90.5% and a specificity of 89.2% for the differentiation of 
neoplastic versus non-neoplastic lesions. This performance 
was comparable to magnifying chromoendoscopy with a 
sensitivity of 91.7% and a specificity of 90%, respectively. 
Using vascular patterns for differentiation, NBI with 
magnification correctly identified 93.7% of neoplastic 
polyps and 89.2% of non-neoplastic colorectal lesions, 
whereas magnifying chromoendoscopy had a specificity of 
95% but a sensitivity of only 66.7% (55).

The future in dye-based chromoendoscopy

Dye-based chromoendoscopy historically has aided 
endoscopists to more accurately detect and characterise 
lesions throughout the GIT and still has a relevant 
role. The most challenging feature regarding dye-based 
chromoendoscopy when compared to the current virtual 
chromoendoscopy techniques is the longer procedural time. 
Novel trials are taking place trying to mitigate this issue. 
For instance, the use of orally ingested tablets of methylene 
blue combined with the bowel preparation for screening 
colonoscopy has showed promising results in increasing 
adenoma detection (56).

Conclusions

Random sampling of mucosa has been a primary method 
used for surveillance. This approach has been ineffective, 
time-consuming, expensive and has low diagnostic 
yield. This has led to a more focused approach, taking 
targeted biopsies of any mucosal abnormalities using dye-
based chromoendoscopy, virtual chromoendoscopy or a 
combination of dye-based chromoendoscopy with high 
magnification imaging (48).

Chromoendoscopy has important implications for the 
detection, demarcation and characterisation of dysplasia 
as exemplified by the scenarios above. The procedure is 
safe and provides important clinical information which 
eventually leads to better treatment options (56).
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