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Abstract
Background: Barrett’s esophagus (BE) is the only known pre-
cursor lesion of esophageal adenocarcinoma, a malignancy 
with increasing incidence and poor survival rates. To reduce 
mortality, regular endoscopic surveillance of BE patients is 
recommended to detect neoplasia in an (endoscopically) 
curable stage. In this review, we aim to provide an overview 
of current BE surveillance strategies, its pitfalls, and potential 
future directions to optimize BE surveillance. Summary: Sev-
eral societal guidelines provide surveillance strategies. How-
ever, when practicing those endoscopies multiple draw-
backs are encountered. Important challenges are time-con-
suming biopsy protocols with low adherence rates, biopsy 
sampling error, interobserver variability in endoscopic de-
tection of lesions, and interobserver variability in diagnosis 
of dysplasia. Furthermore, the overall efficacy and cost-effec-
tiveness of surveillance are questioned. Using novel tech-
niques, such as artificial intelligence and personalized sur-
veillance intervals, can help to overcome these obstacles. 
Key Messages: Currently, there is room for improvement in 
BE surveillance. Better risk-stratification is expected to re-
duce both patient and healthcare burdens. Personalized and 
dynamic surveillance intervals accompanied by novel tech-
niques in detection and histopathological assessment of 
dysplasia may be tools for a change in the right direction.

© 2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

Over the past decades, there has been a rapid increase 
in the incidence of esophageal adenocarcinoma (EAC) 
[1]. This is worrisome, since invasive EAC is the 5th dead-
liest malignancy worldwide, with a 5-year survival rate of 
less than 20% [2]. Barrett’s esophagus (BE) is the only 
known precursor lesion of EAC and, therefore, important 
in the prevention of invasive EAC. In order to reduce 
mortality, regular endoscopic surveillance of BE is rec-
ommended to detect high-grade dysplasia (HGD) or 
EAC in a (endoscopically) curable stage. However, mul-
tiple drawbacks are encountered related to the surveil-
lance of BE patients. This review provides an overview of 
current surveillance strategies, including challenges faced 
when practicing. Furthermore, we will address several 
suggestions for improvement. The current pitfalls and 
potential future directions of BE surveillance addressed 
in this review are shown in Figure 1.

Why Surveillance?

In BE, squamous epithelium that normally lines the 
lower esophagus is replaced by columnar epithelium, as a 
result of chronic gastroesophageal reflux disease [3]. BE 
predisposes to neoplasia through different stages of dys-
plasia [4]. Although the relative risk of developing HGD 
or EAC is increased more than 30 times in nondysplastic 
BE (NDBE) patients than in the general population, the 
absolute risk is low. Estimates of the annual neoplastic 
progression risk range from 0.4% to 0.7% [5, 6]. The re-
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sults for patients with low-grade dysplasia (LGD) are 
highly variable; a recent meta-analysis including 2684 BE 
patients from 24 studies showed a pooled incidence rate 
of 1.7% [7]. Risk factors known to be associated with an 
increased neoplastic progression risk are age, male gen-
der, and long-segment Barrett’s mucosa [8–10]. The aim 
of surveillance is to improve outcome by detecting neo-
plastic progression early enough to cure endoscopically. 
Studies suggest that adequate endoscopic surveillance 
correlates with detection of EAC at an earlier stage and 
with improved survival rates [11, 12].

Current Guidelines

Surveillance strategies for BE have been addressed in 
societal guidelines [13]. For the detection of dysplastic 
Barrett’s mucosa, endoscopic assessment of the esopha-
gus with white light endoscopy is advised. An endoscop-
ic grading system, the Prague classification, has been de-
veloped for reporting the extent of the BE segment [14]. 
Biopsies taken from the esophageal mucosa are required 
to detect neoplasia. To minimize the chance of missing 
HGD or EAC, guidelines recommend to take four-quad-
rant biopsies at each 2-cm interval of the Barrett’s seg-
ment according to the Seattle protocol [15]. Using this 
strategy, it is estimated that up to 90% of HGD and EAC 
cases are detected [16].

Currently, surveillance intervals are based on the grade 
of dysplasia and BE length, with intervals varying be-
tween 6 months and 5 years. It is advised that patients 
with limited life expectancy due to advanced age or co-
morbidity are discharged from surveillance. Patients with 
BE <1 cm are excluded from surveillance due to their low 
progression risk [17].

Today’s Mistakes

Guidelines provide an evidence-based resource for the 
management of BE patients, but in practice several chal-
lenges are faced. First, adherence to guideline recommen-
dations appears to be low. For example, the Seattle proto-
col has been associated with increased detection of neo-
plastic lesions [18], but adherence to such an extensive 
protocol is highly variable. A study with 2,245 surveil-
lance patients showed an average protocol adherence of 
51.2%, and longer BE segments were associated with an 
even lower protocol adherence [16]. To further illustrate 
this, in a Dutch retrospective study with 150 patients, ad-
herence to the Seattle protocol was as low as 30% in pa-
tients with segments >10 cm [19]. This suggests that pro-
tocol adherence appears to be worst in BE patients at 
higher risk of EAC development. A recent meta-analysis 
showed that short BE length, salaried employment, sur-
veillance in university hospitals, and dedicated BE pro-
grams are reported to be associated with better protocol 
adherence [20].

Second, BE surveillance is also beset by difficulties in 
the detection of dysplasia. Even when the Seattle protocol 
is properly executed, only 4%–6% of the BE area can be 
sampled [21]. As dysplasia is often patchy, its diagnosis 
is subject to sampling error [22]. Targeted biopsies could 
solve this problem but are hard to perform since LGD 
presents itself with very subtle mucosal changes [23]. 
Given the low neoplastic progression rate among BE pa-
tients, most gastroenterologists are unfamiliar with these 
subtle mucosal changes. Consequently, experienced en-
doscopists at BE expert centers detect neoplastic lesions 
at a higher rate than endoscopists at general hospitals 
[24]. In almost 50% of patients with an initially invisible 
lesion, a visible lesion was detected after being referred 
to a BE expert center [25]. Training in recognition of 
neoplastic lesions in BE imaging is therefore recom-
mended for all endoscopists. It also supports the value of 
expert centers for the surveillance and treatment of BE 
patients, especially for those with a higher risk of neo-
plastic progression.

However, even targeted biopsies taken at expert cen-
ters do not automatically lead to correct pathology find-
ings. There is considerable interobserver variability in the 
interpretation of ND and LGD between pathologists [26], 
due to the complexity of separating true LGD from be-
nign inflammatory changes. Therefore, BE patients diag-
nosed with LGD should undergo an expert pathology re-
view, after which 73%–85% are downgraded to NDBE 
[23]. After expert pathology review the risk of neoplastic 
progression was 9.1% per year in the confirmed LGD 
group and only 0.6% per year in patients who were down-
staged to NDBE [27]. Interobserver variability among pa-
thologists emphasizes the fact that less subjective markers 
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Fig. 1. Barrett’s esophagus surveillance: its current pitfalls and po-
tential future directions.
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than the grade of dysplasia are needed to determine the 
neoplastic progression risk in individual BE patients.

Those challenges encountered in BE surveillance re-
flect on its effectiveness. Several studies suggest that ad-
equate endoscopic surveillance correlates with the detec-
tion of cancer at an earlier stage [11, 12], but large pro-
spective studies showing improved survival rates are 
lacking. Consequently, the true effect of long-term sur-
veillance remains under debate, and, therefore, potential 
harms must be considered carefully. Several potential 
harms are associated with surveillance, including pa-
tient’s concerns about the development of EAC, risks as-
sociated with the endoscopy, and morbidity associated 
with therapies used to treat lesions identified by surveil-
lance. Furthermore, there is always a risk of missed le-
sions despite surveillance. Currently, due to the lack of 
reliable methods for individual risk-stratification, the 
majority of BE patients are monitored and carry the bur-
den of long-term surveillance.

Apart from patient burden, the healthcare burden is 
important as well. Previous studies have shown highly 
variable results with respect to the cost-effectiveness of 
surveillance [28–32]. A recent study showed that for pa-
tients with long-segment NDBE endoscopic surveillance 
is cost-effective when intervals of 5 years are used [33]. 
For patients with LGD, the 6–12 months surveillance in-
tervals that are currently recommended should be ex-
tended to at least 3 years to be cost-effective. However, the 
consequence of prolonged surveillance intervals for all BE 
patients may lead to detection of neoplasia in more ad-
vanced stages. Therefore, improved risk-stratification to 
identify high-risk patients will be an important next step 
to improve the cost-effectiveness of BE surveillance.

Tomorrow’s Wisdom

As stated previously, current endoscopic surveillance 
strategies encounter various pitfalls. Several novel tech-
niques have shown the potential to overcome these ob-
stacles.

The intensity of endoscopic surveillance is currently 
based on only two parameters, i.e., grade of dysplasia and 
length of Barrett’s segment. Besides, only the result of the 
last endoscopy is included in the risk estimation of neo-
plastic progression. Recently, a new strategy to stratify 
neoplastic progression risk per individual BE patient was 
modeled based on multiple parameters, including grade 
of dysplasia, immunohistochemical biomarkers (p53 and 
SOX2), sex, BE length, age, and the presence of esophagi-
tis [34]. Because of the variation in some of these param-
eters between successive endoscopies, the results of all 
previous endoscopies were included. Consequently, this 
dynamic risk prediction model can be updated per indi-

vidual patient at every surveillance endoscopy. In a mi-
crosimulation model of this new strategy, 65% of patients 
were safely discharged from surveillance after two endos-
copies, while retaining effectiveness in timely detection of 
neoplastic progression [35].

Another promising new strategy is artificial intelli-
gence (AI) technology. AI has been introduced as a tool 
to improve the detection, characterization, and delinea-
tion of neoplastic lesions in BE mucosa [36–38]. Different 
AI techniques lead to the detection of dysplastic BE with 
an accuracy of 89%–95% in white light endoscopy [36, 37] 
and 84% in NBI endoscopy [38]. AI has the potential to 
provide real-time assistance during endoscopic surveil-
lance, by identifying premalignant and malignant lesions 
that would otherwise remain undetected. Furthermore, 
the use of AI may improve the yield of biopsies, by indi-
cating optimal biopsy sites during endoscopic proce-
dures.

Last, as alternative to endoscopic surveillance, nonen-
doscopic techniques have been developed to sample the 
esophageal mucosa [39]. For BE detection, the sensitivity 
and specificity of these novel techniques vary between 
60%–94% and 80%–100%, respectively [39, 40]. For de-
tection of dysplasia in BE the use of a sponge technique 
in combination with specific biomarkers seems promis-
ing [39, 40]. Overall, these less-invasive technologies 
show great promise for BE screening; however, their fea-
sibility within BE surveillance strategies has yet to be 
proven in large prospective studies.

Conclusion

Endoscopic surveillance is recommended for patients 
with BE in order to detect neoplasia in an (endoscopi-
cally) curable stage. However, the implementation of cur-
rent surveillance strategies is not without limitations, 
mainly due to difficulties in distinguishing dysplastic 
from nondysplastic BE. Time-consuming biopsy proto-
cols have been introduced to reduce sampling error but 
are difficult to adhere to. Better protocol adherence and 
higher detection rates of neoplastic lesions in dedicated 
BE programs highlight the additional value of BE expert 
centers. It also underscores the need for training in the 
recognition of neoplastic lesions for endoscopists in-
volved in BE surveillance. AI is a promising new tech-
nique that has the potential to provide assistance during 
endoscopic surveillance, by identifying dysplastic lesions 
that would otherwise remain undetected.

Furthermore, the true effect and cost-effectiveness of 
long-term surveillance remain under debate due to a con-
siderable patient and healthcare burden in combination 
with a low absolute risk of neoplastic progression. Within 
the current surveillance strategy, the risk assessment 
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based on grade of dysplasia is subject to considerable in-
ter- and intraobserver variability. Therefore, other tools 
and markers, including dynamic and personalized sur-
veillance strategies, are likely to improve risk-stratifica-
tion and reduce this burden. Also, new nonendoscopic 
techniques for sampling the esophageal mucosa could 
potentially decrease the burden and costs of BE surveil-
lance.
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