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Abstract
AIM: To use a survey to characterize and identify 
potential barriers to the use of digital chromoendoscopy 
(DC) by practicing gastroenterologists.

METHODS: An anonymous, internet-based survey 
was sent to gastroenterologists in Connecticut who 
were members of one of three national gastrointestinal 
organizations. The survey collected demographic 
information, frequency of DC use, types of procedures 
that the respondent performs, setting of practice 
(academic vs  community), years out of training, amount 
of training in DC, desire to have DC training and 
perceived barriers to DC use. Responses were collected 
anonymously. The primary endpoint was the proportion 
of endoscopists utilizing DC. Associations between the 
various data collected were analyzed using χ 2 test. 

RESULTS: One hundred and twenty-four gastroen
terologists (48%) of 261 who received the online 
survey responded. Seventy-eight percent of sur
veyed gastroenterologists have used DC during the 
performance of upper endoscopy and 81% with 
lower endoscopy. DC was used in more than half of 
procedures by only 14% of gastroenterologists during 
upper endoscopy and 12% during lower endoscopy. 
Twenty-three percent (upper) and 21% (lower) used 
DC more than one quarter of the time. DC was used 
for 10% or less of endoscopies by 60% (upper) and 
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53% (lower) of respondents. Endoscopists reported 
lack of training as the leading deterrent to DC use with 
36% reporting it as their primary deterrent. Eighty-nine 
percent of endoscopists never received formal training 
in DC. Lack of time (30% of respondents), lack of 
evidence (24%) and lack of reimbursement (10%) were 
additional deterrents. There were no differences in DC 
use relative to academic vs  community practice setting 
or years out of training.

CONCLUSION: DC is used infrequently by most endo
scopists, primarily due to a lack of training. Training 
opportunities should be expanded to meet the interest 
expressed by the majority of endoscopists. 

Key words: Endoscopy; Surveys and questionnaires; 
Gastrointestinal diseases; Clinical practice patterns; 
Esophageal neoplasms; Colonic neoplasms; Narrow 
band imaging; Flexible spectral imaging color enhance
ment; I-scan
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Core tip: Digital chromoendoscopy (DC) is a technology 
present on most modern endoscopes that provides 
electronic contrast enhancement of the gastrointestinal 
mucosa. This survey study assessed the frequency of 
digital chromoendocopy use and perceived barriers to its 
use among practicing gastroenterologists in Connecticut. 
DC was used in ten percent or less of endoscopies 
by the majority of respondents. Lack of training was 
the most commonly cited barrier to DC use and most 
desired formal training. Enhancing training opportunities 
for DC could increase its use. 
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INTRODUCTION
Image-enhanced endoscopy allows for in vivo characteri
zation of colon polyps and detection of neoplasia in 
Barrett’s esophagus[1,2]. Image-enhanced endoscopy 
modalities include digital chromoendoscopy (DC), 
confocal laser endomicroscopy, autofluorescence and 
optical coherence tomography. DC was incorporated 
into new endoscope models as a standard feature 
approximately 10 years ago. DC modalities include 
narrow band imaging (NBI; Olympus, Tokyo, Japan), 
i-scan (Pentax, Tokyo, Japan), and flexible spectral 
imaging color enhancement (Fujinon, Saitama, Japan). 
These technologies are designed to provide contrast 
enhancement of the gastrointestinal mucosa as an 

alternative to dye-based chromoendoscopy[3]. NBI uses 
blue and green light, in addition to computerized image 
processing to visualize capillaries[4]. Flexible spectral 
imaging color enhancement and i-scan use proprietary 
computerized post-processing software to enhance 
mucosal surface detail[3,5,6]. 

DC has recently appeared in documents from 
the American Society of Gastrointestinal Endoscopy 
and American Gastroenterological Association for the 
endoscopic surveillance and management of colorectal 
cancers. The use of DC is supported in resect-and-
discard or inspect-and-do-not-resect strategies for 
diminutive colorectal polyps as long as endoscopists 
meet pre-specified performance thresholds[1,7]. Further
more, decreases in the number of polypectomy speci
mens sent for histological assessment also may result 
in important cost savings[8]. European Society for 
Gastrointestinal Endoscopy guidelines state that DC 
should be used in patients with Lynch syndrome and 
serrated polyposis syndrome, in addition to the resect-
and-discard strategy[9]. DC has also shown diagnostic 
utility in Barrett’s esophagus[2]. 

Despite DC’s ease of use, lack of additional cost, 
widespread availability for the past decade, and 
potential diagnostic benefit, it is unclear how prevalent 
its use is in clinical practice. The aim of this study was to 
survey gastroenterologists to assess their use of DC and 
identify potential barriers.

MATERIALS AND METHODS
Identifying gastroenterologists
We searched the online membership databases for 
the American Society of Gastrointestinal Endoscopy, 
American Gastroenterology Association, and the 
American College of Gastroenterology to identify gastro
enterologists in the state of Connecticut. Only members 
with an active email address were enrolled in the survey 
study.

Survey
An anonymous, internet based survey (SurveyMonkey, 
Palo Alto, California) was sent via e-mail. Non-responders 
were contacted up to three times via e-mail. 

The survey comprised of 17 questions. The first part 
consisted of demographic information, including gender, 
practice setting, years as a practicing gastroenterologist, 
and number of endoscopic procedures performed per 
month. The second portion of the survey focused on 
specific types of endoscopic procedures performed and 
when DC was used in upper and lower endoscopies. 
The final part of the survey evaluated the physician’s 
interest in learning DC, effort to self-train, and potential 
deterrents to routine DC use. 

Endpoints
The primary endpoint was the proportion of endo
scopists utilizing DC. Analyses were performed 
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to compare the variation in DC use with different 
demographic categories: Practice setting, years in 
practice, and performance of interventional endoscopy 
procedures. Secondary outcomes included deterrents 
to DC use, percentage of physicians with formal training 
in DC, and percentage of physicians interested in 
additional DC training.

Statistical analysis
Summary statistics including means and standard 
deviations were calculated for quantitative variables; 
frequencies and percentages were calculated for 
categorical variables. Mean values were compared using 
two-sample t tests and associations between categorical 
variables were explored using χ 2 tests or Fisher’s exact 
test, as appropriate. Statistical analyses were conducted 
by Deng Y and Ciarleglio M from Yale University School 
of Public Health using SAS 9.3 (Cary, NC).

RESULTS
Two hundred and sixty-one gastroenterologists with 
valid e-mail addresses received the online survey 
request. Of these, 124 (48%) responded. Table 1 
summarizes the demographic characteristics of the 
responding physicians. All had access to DC enabled 
scopes in their practice. 

Seventy-eight percent of surveyed gastroen
terologists have used DC in upper endoscopy and 81% 
have used DC in lower endoscopy while 22% and 20% 
have never used the technology for upper and lower 
endoscopy respectively (Figure 1). DC was used some 
but less than 10% of the time by 38% (upper) and 
33% (lower) of respondents. DC was used for 10% 
or less (combination of the < 10% and never groups) 
of endoscopies by 60% (upper) and 53% (lower) of 
respondents. Only 14% for upper endoscopy and 12% 
for lower endoscopy used DC in more than half of 
procedures and only 23% (upper) and 21% (lower) use 

DC more than one quarter of the time (Figure 1). DC 
usage was similar by academic (82%) and community 
gastroenterologists (85%). The average number of 
years of practice was comparable for those who used 
DC (16.3 years) and those who did not (18.6 years). 
Gastroenterologists that performed interventional 
endoscopic procedures were more likely than general 
gastroenterologists to utilize DC in the upper GI tract 
(95% vs 71%, P = 0.0034) and the lower GI tract (91% 
vs 74%, P = 0.0517) (Figure 2).

Lack of training was the most commonly identified 
deterrent to DC use (36%), followed by lack of 
time (30%), lack of evidence (24%), and lack of 
reimbursement (10%) (Figure 3). Lack of training 
and lack of time were the most commonly stated 
reasons for not using DC irrespective of an academic or 
community setting (30% vs 38% for training, P = 0.46; 
30% vs 30% for time, P = 0.95). Gastroenterologists 
who performed DC in < 10% of all procedures ranked 
lack of training as their primary deterrent (47% vs 19% 
among those who utilize DC in ≥ 10% cases, P < 0.05), 
while lack of time was the most common deterrent in 
those who used DC in ≥ 10% of procedures (42% vs 
22% among those who use DC in < 10% of cases, P 
< 0.05). Eighty-nine percent (n = 109) of responding 
gastroenterologists had received no formal training in 
DC and 76% (n = 93) were interested in DC training. 
82% of respondents reported some degree of self-
training in DC, with learning performed via conferences 
(23%), publications (16%) and comparisons with 
histology (13%). 

DISCUSSION
Our survey study demonstrated that DC is infrequently 
used in clinical practice by gastroenterologists. The 
majority of respondents (56%) use DC in less than one 
tenth of cases and one fifth never use DC. Physicians 
reported lack of training as the leading deterrent to 
DC use with approximately 90% of them having never 
received formal training. 

DC is a standard option included on all modern 
endoscopes and was available to all survey respondents. 
While DC may not be required in endoscopic practice, 
it does improve diagnostic yield in Barrett’s esophagus 
surveillance and it provides accurate characterization 
of diminutive colorectal polyps. In addition, training in 
DC may improve an endoscopist’s ability to perform 
standard white-light endoscopy[8]. 

In patients referred for Barrett’s screening or sur
veillance, NBI with targeted biopsy of visible lesions 
identified similar proportions of patients with intes
tinal metaplasia and more dysplastic areas with fewer 
biopsies required than standard white light endoscopy 
with 4-quadrant biopsies plus targeted biopsies[2]. 
Furthermore, flexible spectral imaging color enhancement 
was equally effective and less time consuming compared 
to dye-based chromoendoscopy for detection of high-
grade dysplasia in Barrett’s[10].
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  Gender (n1 = 124)
     Male 98 (79%)
     Female 26 (21%)
  Practice setting (n1 = 123)
     Academic 40 (33%)
     Community 83 (67%)
     Average years in practice             16.5
  Number of endoscopic procedures/month (n1 = 123)
     Less than 25 17 (14%)
     25 to 50 19 (15%)
     51 to 75 24 (20%)
     Greater than 75 63 (51%)
  Number who perform specialized procedures (n = 67)
     Ablation of Barrett’s esophagus 31 (46%)
     Endoscopic mucosal resection for Barrett’s 36 (54%)
     Endoscopic mucosal resection for colon polyps 44 (66%)
     Dye-based chromoendoscopy 24 (36%)

Table 1  Demographic characteristics of endoscopists

1Numbers vary because number of respondents answering each question 
varied.

Langberg KM et al . Digital chromoendoscopy utilization in clinical practice



271 May 6, 2016|Volume 7|Issue 2|WJGPT|www.wjgnet.com

and i-scan have been shown to be useful in the in 
vivo characterization of diminutive (≤ 5 mm) colon 

In the lower GI tract, the majority of DC studies 
have focused on colorectal neoplasia and both NBI 
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Figure 1  Percentage of digital chromoendoscopy use.

Figure 2  Digital chromoendoscopy and Interventional endoscopy.

Figure 3  Deterrents to digital chromoendoscopy use.
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gastroenterologists might be willing to spend the 
additional time needed for examination with DC. 

This survey study was not without limitations. While 
there was a sufficient response rate of 48%, the overall 
sample size is limited. This study was restricted to the 
state of Connecticut, potentially limiting generalizability 
nationally. In addition, like most surveys, results may 
be biased by self-reporting. Further investigation could 
include a wider survey area, objective reviews of case 
logs to determine actual DC use, and evaluation of the 
influence of training programs on the frequency of DC 
use and other clinical outcomes.

In conclusion, our study found that DC is used infre
quently by most endoscopists despite being widely 
available. The most common reason for infrequent use 
was lack of training. The vast majority of those who 
responded had received no formal training and most 
stated that they would be interested in such training. 
Given the potential for DC to enhance diagnostic yield 
and reduce healthcare costs, the development of addi
tional training opportunities should be considered.
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