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Introduction
Patients with Barrett’s esophagus (BE) are at increased risk of
esophageal adenocarcinoma (EAC), a highly lethal cancer with
a 5-year overall survival lower than 20% [1]. Endoscopic surveil-
lance of BE is recommended by all major gastroenterology so-
cieties as a method of reducing mortality and morbidity related
to EAC [2–4]. This recommendation is supported by several
retrospective studies, which showed that patients with BE who
receive regular endoscopic monitoring have reduced cancer-
related mortality and lower incidence of advanced-stage can-
cer [5–7]. However, the protective effect offered by BE surveil-
lance has not been confirmed by all studies. For example, Corley
et al. showed in a case–control design that patients with BE who
died from EAC had similar rates of endoscopic surveillance to
patients who did not die of their BE disease [8]. The explanation
for this discrepancy is likely to reside in the quality of the endo-
scopic surveillance, which varies across institutions and opera-
tors. For example, Verbeek et al. demonstrated that surveil-
lance exerts a protective effect against mortality by EAC only if
it is performed adequately and in line with guideline recom-
mendations [7].

The long procedural time required by the recommended
endoscopic biopsy protocol (Seattle protocol [9]) is among the
factors explaining the low level of adherence to guideline re-
commendations and poor quality of endoscopic surveillance.
Random biopsies are required because the pre-invasive neo-
plastic stages, also known as low grade dysplasia (LGD) and
high grade dysplasia (HGD), can be completely invisible on

both high resolution white-light endoscopy (HRWLE) and im-
age-enhanced endoscopy such as narrow-band imaging and
acetic acid chromoendoscopy [10, 11]. Despite some evidence
that longer inspection time is associated with higher detection
of pre-invasive disease in BE [12], guideline recommendations
do not stipulate the optimal procedural time for BE surveil-
lance. Therefore, the time allocated for upper gastrointestinal
(GI) endoscopy is often insufficient for adequate BE surveil-
lance. As a result, adherence to Seattle protocol biopsies is sub-
optimal, particularly for very long segments of BE, which also
carry a higher risk of neoplastic progression [13, 14].

In order to gain insight on the optimal duration of standard
endoscopic surveillance with strict Seattle protocol biopsies,
we performed a post hoc analysis of data from a multicenter
randomized crossover endoscopy trial, in which patients with
BE and no evidence of macroscopically visible neoplastic lesions
were randomized to receive either standard HRWLE with Seattle
protocol biopsies or image-enhanced endoscopy with auto-
fluorescence imaging and probe-based confocal laser endo-
microscopy and targeted biopsies.

The primary objective of the study was to assess the ade-
quate procedural time of BE surveillance with strict Seattle pro-
tocol biopsies. The secondary objective was to correlate detec-
tion of BE-related neoplasia with number of biopsies (random
and/or targeted), procedural time, and endoscopist experi-
ence.
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ABSTRACT

Background Endoscopic surveillance of Barrett’s esopha-

gus (BE) with Seattle protocol biopsies is time-consuming

and inadequately performed in routine practice. There is

no recommended procedural time for BE surveillance. We

investigated the duration of surveillance procedures with

adequate tissue sampling and effect on dysplasia detection

rate (DDR).

Methods We performed post hoc analysis from the stand-

ard arm of a crossover randomized controlled trial recruit-

ing patients with BE (≥C2 and/or ≥M3) and no clearly visible

dysplastic lesions. After inspection with white-light ima-

ging, targeted biopsies of subtle lesions and Seattle proto-

col biopsies were performed. Procedure duration and biop-

sy number were stratified by BE length. The effect of endos-

copy-related variables on DDR was assessed by multivari-

able logistic regression.

Results Of 142 patients recruited, 15 (10.6%) had high

grade dysplasia/intramucosal cancer and 15 (10.6%) had

low grade dysplasia. The median procedural time was 16.5

minutes (interquartile range 14.0–19.0). Endoscopy dura-

tion increased by 0.9 minutes for each additional 1 cm of

BE length. Seattle protocol biopsies had higher sensitivity

for dysplasia than targeted biopsies (86.7% vs. 60.0%; P=

0.045). Longer procedural time was associated with in-

creased likelihood of dysplasia detection on quadrantic

biopsies (odds ratio [OR] 1.10, 95%CI 1.00–1.20, P=0.04),

and for patients with BE >6 cm also on targeted biopsies

(OR 1.21, 95%CI 1.04–1.40; P=0.01).

Conclusions In BE patients with no clearly visible dysplas-

tic lesions, longer procedural time was associated with in-

creased likelihood of dysplasia detection. Adequate time

slots are required to perform good-quality surveillance and

maximize dysplasia detection.
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492 Vithayathil Mathew et al. The effect of… Endoscopy 2023; 55: 491–498 | © 2023. The Author(s).

Original article



Methods
Study design

Patients undergoing Barrett’s surveillance from the ACE-B trial
[15] were included in the current post hoc study. The ACE-B trial
was a prospective, randomized, crossover study across two ter-
tiary referral centers where patients underwent standard
endoscopy (HRWLE plus Seattle protocol biopsies) and experi-
mental endoscopy (autofluorescence imaging plus probe-
based confocal laser endomicroscopy plus targeted biopsies)
in two separate procedures performed 6–12 weeks apart. The
study was approved by the Cambridgeshire Research Ethics
Committee (09/H0308/118). For the current post hoc analysis,
we analyzed whole cohort data from endoscopies performed in
the standard arm of the trial only. During the ACE-B trial, whilst
performing the standard arm endoscopy, endoscopists were
blinded to the results of the experimental arm of the study
and to pre-trial endoscopy and histology results.

Participants

Inclusion criteria were patients aged over 18 years with BE
maximum circumferential length of ≥2 cm and/or maximum
BE length of ≥3 cm (C2 and/or M3) diagnosed on pre-trial
endoscopy (as per Prague Classification [16]) who were re-
ferred for surveillance of nondysplastic BE or assessment of
flat dysplasia. Exclusion criteria were: evidence of macroscopic
lesions on HRWLE clearly in keeping with BE-related neoplasia;
previous evidence of BE-related neoplasia visible on endoscopy;
previous histological evidence of EAC; esophagitis (Los Angeles
grade ≥B); previous esophagectomy; known allergy to fluores-
cein; severe or uncontrolled asthma; coagulopathy or anticoa-
gulant/antiplatelet therapy for high risk conditions; active or
severe cardiopulmonary disease; decompensated liver disease.

Endoscopic procedure

Patients received two endoscopy procedures during the trial
period. In the standard arm, patients underwent HRWLE with
diagnostic biopsies according to the gold standard (Seattle pro-
tocol). Briefly, the endoscopists were asked to perform a com-
plete upper GI endoscopy with intubation to the second part of
the duodenum, full photo documentation, and clinically indica-
ted biopsy of non-esophageal lesions. Procedures were per-
formed with FQ260Z, HQ290, or H290Z endoscopes (Olympus,
Tokyo, Japan). For BE inspection, the BE mucosa was first in-
spected throughout the length of the BE segment. The pres-
ence of subtle lesions was not an exclusion criterion for the
study; subtle lesions were defined as flat (Paris 0-IIb) lesions
on non-magnified HRWLE, which were not judged by the
endoscopist as obviously in keeping with BE neoplasia. These le-
sions received two targeted biopsies to minimize sampling er-
ror directed by HRWLE only. After inspection and targeted
biopsies, random biopsies were taken at every 2 cm along the
BE length. Endoscopists performing procedures within the
standard arm were not allowed to use image-enhanced tech-
niques, such as narrow-band imaging or acetic-acid chromoen-
doscopy. In the experimental arm, esophageal mucosa was in-
spected using HRWLE, followed by autofluorescence imaging

and probe-based confocal laser endomicroscopy. At least two
biopsies were taken from areas that were positive on autofluor-
escence imaging or had subtle changes on HRWLE. The full ex-
perimental protocol and data have been described previously
[15]. All endoscopists had a clinical or research interest in BE
and had either completed their specialist training (consultant
group) or were trainees who could independently perform up-
per GI endoscopy and had received extensive training in BE-
related neoplasia detection (independent trainee group).

Biopsy and histology

Tissue biopsies were fixed in formalin and embedded in paraffin
for histopathological assessment. Targeted and random biop-
sies were reviewed by a GI pathologist with extensive expertise
in BE in accordance with the Vienna classification [17]. Findings
of dysplasia, including indefinite for dysplasia, were reviewed
by a second expert GI pathologist from the other institution,
with consensus diagnosis achieved for discordant cases. Indefi-
nite for dysplasia was considered negative for definite dysplasia.
In the standard arm of the trial, p53 immunohistochemistry
was performed at the discretion of pathologists in order to sup-
port a diagnosis of dysplasia, as per the standard of care. The
gold standard diagnosis included histopathologic diagnoses
from targeted and random biopsies taken within the standard
arm. In a separate analysis we also included the histopathologic
diagnosis from targeted biopsies taken in the experimental arm
(see results section).

Procedure time

The time taken to perform surveillance endoscopy was defined
as the time interval between insertion of the endoscope to the
time of patient extubation.

Study outcomes

Maximum BE lengths were classified into different strata: 2–
5 cm, 6–10 cm, ≥11cm. Time to perform endoscopy for each
BE length strata was determined. To assess adherence to the
Seattle protocol, the number of quadrantic biopsies taken per
2 cm length of BE was calculated by dividing total number of
biopsies by half the maximum length of BE; in this analysis,
four biopsies/2 cm is the standard. To assess whether operator
experience influenced dysplasia detection rate (DDR) and
endoscopy duration, endoscopists were divided into consultant
and independent trainee groups, based on their training grade.
DDR and endoscopy duration were determined for the consul-
tant and independent trainee groups, respectively. Finally, the
impact of procedural time on DDR overall, and DDR by random
and targeted biopsies separately, was assessed as a function of
each additional minute of procedural time.

Statistical analysis

Median, interquartile range (IQR), and range were calculated
for endoscopy duration at different BE length strata. Mean and
range were determined for number of quadrantic biopsies.
Comparison of endoscopy duration and number of biopsies at
different BE length strata were compared using a one-way ana-
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lysis of variance. P values of less than 0.05 were considered sig-
nificant.

The effect of BE length on endoscopy duration was deter-
mined using linear regression. Endoscopy duration and number
of Seattle protocol biopsies per 2 cm of BE length were compar-
ed between consultant and independent trainee groups using
unpaired Student’s t test. Detection of dysplasia was compared
between these two groups using chi-squared analysis.

We aimed to determine the effect of endoscopy duration on
dysplasia detection. Both endoscopist experience [18, 19] and
BE length [20] have been shown to influence dysplasia detec-
tion. These factors may also impact endoscopy duration. There-
fore, we performed multivariable logistic regression to deter-
mine the effect of endoscopy duration on DDR, adjusting for
endoscopist experience (consultant vs. independent trainee)
and BE length as covariables. Adjusted odds ratios (OR) for
DDR were determined, with 95%CIs. ORs presented were esti-
mates for relative risk. Analysis was conducted for overall, tar-
geted, and Seattle protocol biopsies. This effect was examined
within the overall cohort and by dividing the cohort based on
the BE length (BE shorter than or equal to the mean and longer
than the mean). Linear regression was used to determine the
effect of procedural time per maximum length of BE on DDR.
Beta coefficients from linear regression models were used to
determine the effect of additional procedural time per BE
length on DDR. Beta coefficients were defined as the degree of
change in DDR for every 1-minute change of procedural time.

All statistical analyses were conducted using SAS 9.4 soft-
ware (Cary, North Carolina, USA).

Results
A total of 142 eligible patients completed the standard arm of
the trial (HRWLE plus Seattle protocol biopsies) between May
2017 and October 2019. Baseline characteristics are shown in

▶Table1. Overall, 15 patients (10.6%) had HGD/intramucosal
carcinoma (IMC) and 15 (10.6%) had LGD (▶Fig. 1). A mean of
2.5 targeted biopsies and 11.3 nontargeted quadrantic biop-
sies were taken per patient. Targeted biopsies detected dyspla-
sia in 18 patients (7 LGD and 11 HGD/IMC) and quadrantic
biopsies detected dysplasia in 26 patients (15 LGD and 11
HGD/IMC); 14 patients (46.7%) with dysplasia had positive
biopsies on both targeted and quadrantic biopsies (7 LGD and
7 HGD/IMC). A total of 12 patients (40.0%) had dysplasia de-
tected solely on Seattle protocol biopsies, whereas 4 patients
(13.3%) received a diagnosis of dysplasia exclusively on targe-
ted biopsies. Overall, Seattle protocol biopsies had a higher
sensitivity for detecting any grade of dysplasia compared with
targeted biopsies (86.7% vs. 60.0; P=0.045). Detection of
HGD/IMC was comparable between random and targeted biop-
sies (73.3% vs. 73.4; P>0.99). When considering the highest
grade of dysplasia detected in each patient from both arms of
the ACE-B trial (trial histology), the Seattle protocol again
showed a higher sensitivity for detection of any grade of dyspla-
sia compared with targeted biopsies (71.4 vs. 48.6%; P=0.03).

Procedural time

Barrett’s esophagus
No visible lesions
At least C2 or M3

n = 142

Maximum 
Barrett’s length

<6 cm
n = 84

High resolution
white-light 
endoscopy

Targeted biopsy 
Seattle protocol 

biopsy

Maximum 
Barrett’s length

≥6 cm
n = 84

Dysplasia
n = 15

Low grade 
dysplasia (n = 6)

High grade 
dysplasia (n = 9)

Dysplasia
n = 15

Low grade 
dysplasia (n = 9)

High grade 
dysplasia (n = 6)

Variables 
analyzed

Endoscopist 
experience 

Length of Barrett’s 
esophagus

Procedural time 

▶ Fig. 1 Study flow chart and breakdown of low grade and high
grade dysplasia in patients with Barrett’s esophagus maximum
length <6 cm and ≥6 cm.

▶ Table 1 Patient demographics.

Total number of patients, n 142

Demographic details

▪ Age, mean (range), years 67.3
(38.0–89.0)

▪ Male sex, n (%) 104 (73.2)

Length of Barrett’s segment

▪ Maximum length, mean (range), 5.6 (2–15)

▪ Circumferential length of Barrett’s, mean (range) 3.5 (0–13)

Overall histological diagnosis, n (%)

▪ NDBE 106 (74.6)

▪ Indefinite for dysplasia 6 (4.2)

▪ LGD 15 (10.6)

▪ HGD/IMC 15 (10.6)

Tissue biopsies

▪ Total number of tissue biopsies, n 1764

▪ Targeted biopsies, n (%) 175 (9.9)

▪ Seattle protocol biopsies, n (%) 1589 (90.1)

▪ Number of tissue biopsies per patient, mean
(range)

12.4 (2–33)

▪ Targeted biopsies, mean (range) 2.5 (1–9)

▪ Seattle protocol biopsies, mean (range) 11.3 (2–31)

NDBE, nondysplastic Barrett’s esophagus; LGD, low grade dysplasia; HGD,
high grade dysplasia; IMC, intramucosal carcinoma.
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The median time to perform HRWLE with Seattle protocol biop-
sies was 16.5 minutes (IQR 14.0–19.0 minutes). The time to per-
form BE surveillance endoscopy for increasing lengths of BE is
shown in ▶Fig. 2a. As expected, increasing BE length was asso-
ciated with a significant increase in endoscopy duration (P<
0.001). The median procedural time in the BE length strata 2–
5 cm, 6–10 cm, and ≥11 cm was 14.0 minutes (IQR 12.0–17.0),
17.0 minutes (IQR 15.0–20.0), and 20.0 minutes (IQR 14.5–
27.0), respectively. In linear regression, there was a significant
association between BE length and endoscopy duration, with
each additional 1 cm of BE increasing the duration of endoscopy
by 0.9 minutes (P<0.001).

Adherence to the Seattle protocol

To evaluate adherence to the Seattle protocol, the number of
quadrantic biopsies taken per 2 cm of BE was assessed. The
mean number of biopsies in the different strata 2–5cm, 6–10
cm, and ≥11cm was 4.3 (range 1.3–8.0), 3.8 (range 0.8–5.3),
and 4.0 (range 3.4–4.3), respectively. Even though adherence
to the Seattle protocol was high across different strata and did
not drop below the recommended standard, we found variation
within the strata and a small but statistically significant de-
crease in the mean number of biopsies per 2 cm of BE with in-
creasing length (P=0.047) (▶Fig. 2b).

Endoscopist experience

We evaluated whether endoscopist training grade influenced
endoscopy performance. There was no difference in sensitivity
for dysplasia detection from targeted (consultant 45.5% vs. in-
dependent trainee 68.4%; P=0.22) and quadrantic (consultant
100% vs. independent trainee 79.0%; P=0.10) biopsies. Simi-
larly, we observed no difference between consultant and inde-
pendent trainee endoscopists in median endoscopy duration
(15.0 [IQR 13.0–19.0] vs. 16.0 [IQR 14.0–18.5] minutes; P=
0.21) or adherence to the Seattle protocol (4.2 vs. 4.1 biopsies
per 2 cm BE; P=0.43).

Dysplasia detection rate

We then looked at the impact of endoscopy duration on DDR.
Both DDR and endoscopy duration may be affected by BE
length and endoscopist experience. Therefore, we performed
multivariable logistic regression with endoscopy duration ad-
justing for BE length and endoscopist experience. As show in

▶Table2, duration of endoscopy significantly increased the
likelihood of dysplasia detection from quadrantic biopsies (OR
1.10, 95%CI 1.00–1.20; P=0.04). The magnitude of this effect
from targeted biopsies was smaller (OR 1.05, 95%CI 0.95–
1.15). For BE length ≥6cm (based on the mean BE length in
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▶ Fig. 2 Endoscopy duration and number of biopsies according to Barrett’s esophagus (BE) length. Median, interquartile range, maximum
and minimum durations are shown for each length strata. a Surveillance endoscopy duration. Endoscopy duration increased with increasing
BE length (one-way analysis of variance [ANOVA]). b Number of Seattle protocol biopsies per 2 cm of BE. Number of biopsies decreased with
increasing BE length (one-way ANOVA).

▶ Table 2 Multivariable logistic regression for detection of dysplasia obtained from targeted and Seattle protocol biopsies.

Dysplasia detected

From all biopsies From targeted biopsies From Seattle protocol

biopsies

Incremental yield of dysplasia per additional minute, OR1

(95%CI)
1.06 (0.97–1.15)
P=0.20

1.05 (0.95–1.15)
P=0.37

1.10 (1.00–1.20)
P=0.04

OR, odds ratio.
1 Adjusted OR for endoscopy duration, adjusted for endoscopist experience and Barrett’s esophagus maximum length from multivariable logistic regression.
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the cohort), duration of endoscopy significantly increased the
likelihood of dysplasia detection from targeted biopsies (OR
1.21, 95%CI 1.04–1.40; P=0.01), Seattle protocol biopsies (OR
1.25, 95%CI 1.06–1.47; P=0.008), and overall (OR 1.22, 95%CI
1.05–1.43; P=0.01) (Table1 s in the online-only Supplemen-
tary material). This association was not observed for patients
with BE lengths of < 6 cm (Table2 s). For HGD/IMC, increasing
endoscopy duration was not associated with increased DDR for
patients with any BE length (Table 3 s). However, for BE lengths
≥6 cm, longer procedure duration was associated with in-
creased HGD/IMC detection for all biopsies (OR 1.22, 95%CI
1.02–1.46; P=0.03) and Seattle protocol biopsies (OR 1.29, 95
%CI 1.03–1.60; P=0.03) (Table 4 s). In linear regression analy-
sis, there was a significant increase in DDR for all biopsies
(beta coefficient 13.48, 95%CI 6.95–20.01; P<0.001), targeted
biopsies (beta coefficient 30.40, 95%CI 3.97–56.83; P=0.03),
and Seattle protocol biopsies (beta coefficient 12.90, 95%CI
5.86–19.95; P <0.001) for each additional 1 minute of proce-
dural time spent for patients with BE length ≥6 cm (▶Fig. 3).
No significant association was seen on the entire cohort across
all BE lengths (Fig. 1 s).

Discussion
This study demonstrated that the median duration for an ade-
quate BE endoscopic surveillance procedure was 16.5 minutes,
no difference between consultant endoscopists and indepen-
dent trainees who had completed specialist training. In addi-
tion, we found evidence that the duration of the endoscopy
procedure correlated with DDR.

Despite unanimous agreement among specialist guidelines
in recommending endoscopic surveillance for BE, there is still
some debate about the absolute impact of this intervention on
patient outcomes. Although most retrospective studies found
that surveillance correlated with diagnosis of cancer at an ear-
lier stage and a reduction in mortality from EAC, the evidence
suggests that the effect is smaller than expected [6, 7]. For ex-
ample, El-Serag et al. found that although BE patients undergo-
ing surveillance had a 50% reduction in the hazard ratio for

EAC-related death, the rates of 3-year and 5-year mortality
from EAC in the surveillance group were 33.2% and 48.8%,
respectively, suggesting that in this study many patients diag-
nosed with EAC on surveillance still eventually die of BE-related
cancer [6]. Similarly, in a Dutch retrospective study, even
though the hazard ratio for EAC mortality in patients receiving
adequate surveillance was 0.76 (95%CI 0.64–0.92) compared
with those who were not monitored for BE, the 2-year mortality
rate in patients receiving adequate surveillance was significant
at 38% [7]. Of note, adequacy of surveillance was assessed
based on the time interval between cancer diagnosis and pre-
vious endoscopy and not based on adherence to the Seattle
protocol. Overall, these data suggest that, although adequate
endoscopic procedures are essential to maximize the benefit
from surveillance, there is an opportunity to further reduce
EAC-related mortality in standard clinical practice and to dimin-
ish the rate of post-endoscopy EAC Barrett’s neoplasia [21, 22],
which is estimated to represent between 2 and 14% of Bar-
rett’s-related cancers.

BE-related neoplasia can be subtle and focal; therefore, a
high quality endoscopic procedure is essential for optimization
of dysplasia diagnosis and initiation of timely therapeutic inter-
ventions. Although intense research is being undertaken to in-
vestigate the impact of image-enhanced endoscopy on DDR,
there is no definite evidence that image-enhanced endoscopy
improves DDR in BE; therefore, current European and British
guidelines recommend against routine use of image-enhanced
endoscopy in routine practice [2, 3]. Hence, the current gold
standard for surveillance is HRWLE with Seattle protocol biop-
sies. However, this protocol is challenging to perform in routine
practice, as BE surveillance is generally performed during
standard endoscopy lists, with time allocation per procedure
as short as 15–20 minutes, which has to include cannulation,
full endoscopic examination with biopsies, post-procedural
checks, and reporting time. Our study clearly demonstrated
that the average duration of an adequate BE surveillance proce-
dure with full endoscopic inspection and Seattle protocol biop-
sies was over 16 minutes, which is not compatible with the
standard time allocated for upper GI procedures and is signifi-
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cantly longer than the minimum standard of 7 minutes recom-
mended for diagnostic upper GI endoscopy by the European
Society of Gastrointestinal Endoscopy Quality Improvement In-
itiative [23]. The British Society of Gastroenterology recom-
mends that a standard diagnostic endoscopy is allocated a
minimum time slot of 20 minutes, increasing as appropriate
for surveillance or high risk conditions [24]. Our data suggest
that for BE lengths up to 5 cm, a 30-minute slot should be allo-
cated, whereas for BE longer than 5 cm, a “double slot” should
be preferred (equivalent to 40 minutes), regardless of endos-
copist level of experience. Although nurse endoscopists were
not included in our study, it is likely that our findings would ex-
tend to this category too.

Previous data suggest that adherence to the Seattle protocol
drops for long segments of BE [13, 14]. Even though our current
data derive from a rigorous prospective protocol, we observed
a slight but significant drop in the average number of biopsies
adjusted for length of BE. This drop is expected to become nu-
merically more significant in routine practice outside of a well-
controlled research protocol. The implication of this reduction
in number of biopsies can be seen in the effect of duration of
endoscopy on DDR. Interestingly, while we did not see an im-
pact of procedural time on DDR by targeted biopsies, we found
that a longer duration of endoscopy increased detection of dys-
plasia from random biopsies, suggesting that sufficient time al-
location allows maximization of tissue sampling with positive
impact on DDR. The greater magnitude of the correlation be-
tween procedural time and DDR from targeted biopsies in pa-
tients with BE length of≥6cm can be explained by challenges
related to endoscopic assessment of very long segments of BE
and the higher likelihood that endoscopists will reduce the time
of inspection per centimeter of BE in these cases. We did not
find that increasing endoscopy duration was associated with a
higher likelihood of HGD/IMC detection. This may be due to lev-
el of endoscopist experience in the trial and to the exclusion of
patients with clearly visible lesions on HRWLE, which has been
shown to have a positive predictive value of up to 47% for
HGD/IMC [25].

Overall, our findings are in agreement with previous evi-
dence from another randomized trial showing a correlation be-
tween BE inspection time and DDR [12]. In this study, endos-
copists with an average BE inspection time of 1 minute or
more were more likely to detect suspicious lesions, although
the effect of inspection time >1 minute on DDR was not statis-
tically significant. However, the authors did not perform a sep-
arate analysis for patients with very long BE segments. In addi-
tion, as patients with visible neoplastic lesions were allowed in
this study, it is possible that at least a proportion of the inspec-
tion time was due to endoscopic characterization of a visible le-
sion. Finally, HRWLE and image-enhanced endoscopy were per-
formed within the same procedure, which could affect the pro-
cedural time. Overall, our study would support the concept of a
procedural time of an additional 1 minute per centimeter of BE.

This study has several strengths. It was a prospective study
with good correlation between endoscopic and histopathologic
findings, and precise recording of the procedural time. Endos-
copy duration included full inspection of the upper GI tract,

which is recommended in general practice. As we excluded pa-
tients with obvious neoplastic lesions, these data are relevant
to the general surveillance population, where endoscopists are
not expected to encounter visible lesions in the majority of
cases. However, there are potential limitations. This study was
a post hoc analysis of a trial assessing the utility of autofluores-
cence imaging, probe-based confocal laser endomicroscopy,
and biomarkers of dysplasia detection. The correlation between
procedural time and DDR was not a primary outcome of the ori-
ginal clinical trial, and therefore the current study may not be
adequately powered for the outcomes analyzed. Further specif-
ic prospective studies on an unselected BE cohort may be re-
quired to fully determine the optimal procedural time for dys-
plasia detection. No image-enhanced endoscopy was allowed
in the standard arm of the study. All current endoscopy tech-
nologies feature button switch electronic chromoendoscopy,
which is easy to perform and increasingly used in standard prac-
tice. While use of image-enhanced endoscopy could have had a
positive impact on DDR, it is not recommended by the Europe-
an and British guidelines in routine practice, and therefore was
not included in the standard arm of the trial. All endoscopists in
this study were BE expert endoscopists from two centers only,
including trainees who received extensive training in BE-related
neoplasia detection. Therefore, the results of this study cannot
be directly translated to practices with endoscopists who are
less experienced in BE surveillance. However, as the positive ef-
fect of procedure duration on DDR was seen predominantly on
Seattle protocol biopsies, this effect is likely to be applicable to
standard practice and a wider range of operators. Finally, we did
not record the esophageal inspection time separately, only the
overall duration of the procedure. Therefore, our data do not al-
low us to derive definite information on the BE inspection time.
However, we were able to show that in an adequate procedure,
0.9 minutes were necessary per additional centimeter of BE
length and that DDR increased for each 1 minute of procedural
time, providing some indication about the average procedural
time required based on the extent of the disease.

In conclusion, it is important that time allocation for BE sur-
veillance endoscopy is standardized in order to allow endos-
copists to perform adequate procedures. The full beneficial im-
pact of surveillance on patient outcome is only achievable if
endoscopists are allowed to spend sufficient time inspecting
and sampling the diseased mucosa. Future guidelines must
consider this important issue and provide clear recommenda-
tion on the optimal duration of BE surveillance procedures.

Acknowledgments
We thank Bincy Alias, Irene Debiram-Beecham, and Tara Nuck-
cheddy (University of Cambridge) for their help with patient re-
cruitment. We thank Myrna Udarbe, Kim Cradock, Charmaine
Ocaya, and Rachael Whitely for their help in the endoscopy
room.

Vithayathil Mathew et al. The effect of… Endoscopy 2023; 55: 491–498 | © 2023. The Author(s). 497



Competing interests

K. Ragunath is a consultant for Olympus. M. Vithayathil, I. Modolell, J.
Ortiz-Fernandez-Sordo, A. Pappas, W. Januszewicz, M. O’Donovan, M.
Bianchi, J. White, P. Kaye, and M. di Pietro declare that they have no
conflict of interest.

References

[1] Desai TK, Krishnan K, Samala N et al. The incidence of oesophageal
adenocarcinoma in non-dysplastic Barrett’s oesophagus: a meta-a-
nalysis. Gut 2012; 61: 970–976

[2] Fitzgerald RC, di Pietro M, Ragunath K et al. British Society of Gastro-
enterology guidelines on the diagnosis and management of Barrett’s
oesophagus. Gut 2014; 63: 7–42

[3] Weusten B, Bisschops R, Coron E et al. Endoscopic management of
Barrett’s esophagus: European Society of Gastrointestinal Endoscopy
(ESGE) Position Statement. Endoscopy 2017; 49: 191–198

[4] Shaheen NJ, Falk GW, Iyer PG et al. Diagnosis and management of
Barrett’s esophagus: an updated ACG Guideline. Am J Gastroenterol
2022; 117: 559–587

[5] Cooper GS, Yuan Z, Chak A et al. Association of prediagnosis endos-
copy with stage and survival in adenocarcinoma of the esophagus and
gastric cardia. Cancer 2002; 95: 32–38

[6] El-Serag HB, Naik AD, Duan Z et al. Surveillance endoscopy is asso-
ciated with improved outcomes of oesophageal adenocarcinoma de-
tected in patients with Barrett’s oesophagus. Gut 2016; 65: 1252–
1260

[7] Verbeek RE, Leenders M, Ten Kate FJW et al. Surveillance of Barrett’s
esophagus and mortality from esophageal adenocarcinoma: a popu-
lation-based cohort study. Am J Gastroenterol 2014; 109: 1215–1222

[8] Corley DA, Mehtani K, Quesenberry C et al. Impact of endoscopic
surveillance on mortality from Barrett’s esophagus-associated
esophageal adenocarcinomas. Gastroenterology 2013; 145: 312–319

[9] Levine DS, Haggitt RC, Blount PL et al. An endoscopic biopsy protocol
can differentiate high-grade dysplasia from early adenocarcinoma in
Barrett’s esophagus. Gastroenterology 1993; 105: 40–50

[10] Sharma P, Hawes RH, Bansal A et al. Standard endoscopy with random
biopsies versus narrow band imaging targeted biopsies in Barrett’s
oesophagus: a prospective, international, randomised controlled
trial. Gut 2013; 62: 15–21

[11] Longcroft-Wheaton G, Fogg C, Chedgy F et al. A feasibility trial of
acetic acid-targeted biopsies versus nontargeted quadrantic biopsies
during Barrett’s surveillance: the ABBA trial. Endoscopy 2020; 52: 29–
36

[12] Gupta N, Gaddam S, Wani SB et al. Longer inspection time is asso-
ciated with increased detection of high-grade dysplasia and esopha-
geal adenocarcinoma in Barrett’s esophagus. Gastrointest Endosc
2012; 76: 531–538

[13] Abrams JA, Kapel RC, Lindberg GM et al. Adherence to biopsy guide-
lines for Barrett’s esophagus surveillance in the community setting in
the United States. Clin Gastroenterol Hepatol 2009; 7: 736–742

[14] Roumans CAM, van der Bogt RD, Steyerberg EW et al. Adherence to
recommendations of Barrett’s esophagus surveillance guidelines: a
systematic review and meta-analysis. Endoscopy 2020; 52: 17–28

[15] Vithayathil M, Modolell I, Ortiz-Fernandez-Sordo J et al. Image-en-
hanced endoscopy and molecular biomarkers vs Seattle protocol to
diagnose dysplasia in Barrett’s esophagus. Clin Gastroenterol Hepatol
2022; 20: 2514–2523

[16] Sharma P, Dent J, Armstrong D et al. The development and validation
of an endoscopic grading system for Barrett’s esophagus: the Prague
C & M criteria. Gastroenterology 2006; 131: 1392–1399

[17] Dixon MF. Gastrointestinal epithelial neoplasia: Vienna revisited. Gut
2002; 51: 130–131

[18] Cameron GR, Jayasekera CS, Williams R et al. Detection and staging of
esophageal cancers within Barrett’s esophagus is improved by as-
sessment in specialized Barrett’s units. Gastrointest Endosc 2014; 80:
971–983

[19] Schölvinck DW, van der Meulen K, Bergman JJGHM et al. Detection of
lesions in dysplastic Barrett’s esophagus by community and expert
endoscopists. Endoscopy 2017; 49: 113–120

[20] Nguyen TH, Thrift AP, George R et al. Prevalence and predictors of
missed dysplasia on index Barrett’s esophagus diagnosing endoscopy
in a veteran population. Clin Gastroenterol Hepatol 2022; 20: e876–
e889

[21] Vajravelu RK, Kolb JM, Thanawala SU et al. Characterization of preva-
lent, post-endoscopy, and incident esophageal cancer in the United
States: a large retrospective cohort study. Clin Gastroenterol Hepatol
2022; 20: 1739–1747

[22] Desai M, Lieberman D, Srinivasan S et al. Post-endoscopy Barrett’s
neoplasia after a negative index endoscopy: a systematic review and
proposal for definitions and performance measures in endoscopy.
Endoscopy 2022; 54: 881–889

[23] Bisschops R, Areia M, Coron E et al. Performance measures for upper
gastrointestinal endoscopy: a European Society of Gastrointestinal
Endoscopy (ESGE) Quality Improvement Initiative. Endoscopy 2016;
48: 843–864

[24] Beg S, Ragunath K, Wyman A et al. Quality standards in upper gas-
trointestinal endoscopy: a position statement of the British Society of
Gastroenterology (BSG) and Association of Upper Gastrointestinal
Surgeons of Great Britain and Ireland (AUGIS). Gut 2017; 66: 1886–
1899

[25] Sharma P, Meining AR, Coron E et al. Real-time increased detection of
neoplastic tissue in Barrett’s esophagus with probe-based confocal
laser endomicroscopy: final results of an international multicenter,
prospective, randomized, controlled trial. Gastrointest Endosc 2011;
74: 465–472

Funding

Cambridge Cancer Research Funds Charity |
Experimental Cancer Medicine Centre | A0427637
Cancer Research UK | Pump Priming Research Grant | A25117
NIHR Cambridge Biomedical Research Centre | BRC-1215–20014

498 Vithayathil Mathew et al. The effect of… Endoscopy 2023; 55: 491–498 | © 2023. The Author(s).

Original article


