
Introduction
Barrett’s esophagus (BE) may be defined as the presence of
≥1 cm columnar epithelium proximal to the gastroesophageal
junction with intestinal metaplasia on biopsy [1]. The clinical

importance of BE lies in its premalignant potential, predispos-
ing to esophageal adenocarcinoma (EAC). The risk of progres-
sion from non-dysplastic BE to EAC is estimated to be 0.1% to
0.6% per year [2–5]. Despite this low risk, early diagnosis and
treatment is of utmost importance since advanced esophageal
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ABSTRACT

Background Barrett’s esophagus (BE) surveillance endos-

copies are advised for early diagnosis of esophageal adeno-

carcinoma (EAC). Current guidelines recommend obtaining

four-quadrant random biopsies every 2 centimeters of BE

length alongside with targeted biopsies if visible lesions

are present. Low adherence rates for this random biopsy

protocol are widely reported. The aim of this systematic re-

view and meta-analysis was to assess the effect of adher-

ence versus non-adherence to the four-quadrant biopsy

protocol on detection of dysplasia in BE patients.

Methods We searched for studies that reported effects of

adherence and non-adherence to the four-quadrant biopsy

protocol on dysplasia detection rates in BE patients. Adher-

ence was defined as taking a minimum of 4 quadrant ran-

dom biopsies per 2 cm of BE segment. Studies with low risk

of bias and without applicability concerns were included in

a good quality synthesis. Pooled relative risks (RRs) with

95% confidence interval (CI) of dysplasia detection rates

were calculated.

Results A total of 1,570 studies were screened and 8 stud-

ies were included. Four studies were included in the good

quality synthesis. In the pooled good quality analysis, four-

quadrant biopsy protocol adherence significantly increased

detection of dysplasia compared to non-adherence (RR

1.90, 95% CI = 1.36–2.64; I2 =45%). Pooled RRs for LGD

and HGD/EAC were 2.00 (95% CI = 1.49–2.69; I2 =0%) and

2.03 (95% CI =0.98–4.24; I2 =28%), respectively.

Conclusion This systematic review and meta-analysis de-

monstrates that four-quadrant biopsy protocol adherence

is associated with increased detection of dysplasia in BE pa-

tients. Efforts should be made to increase biopsy protocol

adherence rates.
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adenocarcinoma is characterized by high mortality rates.
Therefore, in many countries, BE patients are kept under endo-
scopic surveillance at regular intervals to detect dysplasia or
neoplasia at an early stage [1, 6–9].

After adequate endoscopic inspection of the BE segment
and after targeted biopsies of visual abnormalities, if present,
current guidelines recommend taking four-quadrant random
biopsies of every 2 cm of Barrett’s epithelium [1, 6–9]. Obtain-
ing random biopsies is considered indispensable because dys-
plasia, especially low-grade dysplasia, is often invisible.

Especially in longer Barrett segments, however, taking many
biopsies according to this protocol is tedious and time-consum-
ing. In a recent meta-analysis, adherence to the four-quadrant
biopsy protocol is reported to be only 49% (95% confidence in-
terval [CI] 36–62) [10]. Yet, whether non-adherence to the ran-
dom biopsy protocol is associated with detection rates of dys-
plasia and EAC is not fully elucidated. This systematic review
and meta-analysis, therefore, aimed to assess the effect of
four-quadrant biopsy protocol adherence versus non-adher-
ence on the detection rate of dysplasia in non-dysplastic BE sur-
veillance endoscopies.

Methods
This systematic review and meta-analysis adhered to the Prefer-
red Reporting Items for Systematic review and Meta-Analyses
(PRISMA) guidelines (Supplementary File 1) [11], and was re-
gistered in the international prospective register of systematic
reviews (PROSPERO): CRD42021273391.

Search strategy

A literature search was conducted in three online databases on
June 24th, 2021: MEDLINE, Embase and Cochrane Library. The
search strategy consisted of key terms related to Barrett’s
esophagus, guideline adherence, and biopsy protocol. No re-
strictions on publication language or publication date were
used. The full search algorithm is provided in Supplementary
File 2. Reference lists of all included studies were checked
manually in order to find additional relevant articles.

Study selection

After removal of duplicates, all titles and abstracts retrieved
from the search were screened and assessed for eligibility by
two independent members of the research team (I.B. and
E.A.). Any discrepancies between the reviewers’ findings were
discussed and resolved. Full-text articles were retrieved for all
studies that were possibly eligible. The following pre-defined
selection criteria were used for the inclusion of studies:
1. Studies including patients with an established diagnosis of

BE, i. e.≥1cm endoscopically visible BE with a histologic di-
agnosis of intestinal metaplasia

2. Studies reporting on adherence versus non-adherence to the
four-quadrant random biopsy protocol. Adherence was de-
fined as taking a minimum of four quadrant random biopsies
per 2-cm BE segment. Any less than the minimum number of
biopsies was defined as non-adherence.

3. Studies reporting on detection of dysplasia, defined as pres-
ence of low-grade dysplasia (LGD), high-grade dysplasia
(HGD), and/or EAC.

4. Primary studies with the following study designs: random-
ized controlled trials, prospective intervention studies, or
retrospective observational studies.

Studies were excluded in case of:
1. Survey outcomes
2. Comparisons between the four-quadrant biopsy protocol

and (virtual) chromoendoscopy with targeted biopsies.
3. Review articles, case reports, case series or studies reported

as abstracts only.

Studies that partly met the definitions in our inclusion criteria
were discussed and were considered individually on a case- by
base basis. A third assessor (B.W) was available to resolve any
conflict on which studies were to be included.

Data extraction

Data from all included studies were extracted independently by
the two investigators. All relevant parameters were entered in a
standardized data collection form designed previous to data ex-
traction. Any differences in the data extracted by the two mem-
bers were resolved by discussion.

For each study, the following variables were extracted: first
author, year and country of publication, study design (i. e. ran-
domized or observational, prospective or retrospective), study
setting, number of patients included, mean age and gender of
patients included, mean BE segment length, mean number of
biopsies obtained, the average number of biopsies per 2 cm of
BE length, patient history with dysplasia, and detected percen-
tage of LGD, HGD and EAC. Relative risks (RRs) for dysplasia de-
tection for adherence versus non-adherence to the four-quad-
rant biopsy protocol, including 95% confidence intervals, were
extracted or calculated for each study.

Risk of bias assessment

All included studies were subjected to a risk of bias analysis via a
modified version of the Quality Assessment of Diagnostic Accu-
racy Studies (QUADAS-2) bias tool. The QUADAS-2 tool was o-
riginally created for assessment of diagnostic accuracy studies
[12]. Therefore, the tool was adapted to fit our diagnostic re-
search question, comparing two diagnostic strategies for diag-
nosis of dysplasia or early EAC. Additional questions derived
from the preliminary version of the QUADAS-C tool were added
to the modified QUADAS-2 tool, to allow for a risk of bias as-
sessment in comparative diagnostic test studies. Also, because
we expected to include mainly non-randomized studies, we in-
cluded an additional question to evaluate the risk of confound-
ing bias in the individual studies. We considered BE length as
the most important confounding factor. The final version of
our modified assessment tool can be found in Supplementary
File 3.

Two independent members of the research team (I.B. and
E.A.) individually assessed each study for risk of bias in the do-
mains included in the modified QUADAS-2: patient selection,
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index tests, reference standard and flow and timing. With the
exception of the flow and timing, each domain was also asses-
sed for concerns regarding applicability for the review ques-
tion. For each domain, signaling questions and risk of bias was
assigned a response of “yes” if concerns or bias were present,
“no” if absent or “unclear” if information was inconclusive or in-
complete in the articles. In case of inconsistencies between the
individual assessments, a consensus was reached by discussion.

Data analysis

The primary outcome was the dysplasia detection rate, defined
as a finding of LGD, HGD or worse during the endoscopy of in-
terest. RRs with 95% confidence intervals were extracted as
summary statistic of each individual study. If not reported,
these estimates were calculated based on reported data in
each study. The Mantel-Haenszel method was used to calculate
a weighted summary statistic and 95% confidence interval for
studies that provided stratified data [13].

To compare dysplasia detection rates for adherence versus
non-adherence to the four-quadrant biopsy protocol, pooled
RRs including 95% CIs were generated by random effects
meta-analyses. Generic inverse variance meta-analysis was
used in case of pre-calculated effect sizes, where the Mantel-
Haenszel approach was used when raw effect size data were
available [14]. The Paule and Mendel estimator was used to cal-
culate the heterogeneity variance tau2 [15]. A constant conti-
nuity correction was applied in case the dysplasia detection
rate was zero. Adjusted estimates (adjusted for BE length)
were used for meta-analysis were possible. However, since
most of the included studies did not adjust for possible con-
founding factors, mostly crude estimates were used. Subgroup
analysis was done by stratification for degree of dysplasia (i. e.
HGD/EAC versus non-dysplastic BE/LGD and LGD versus non-
dysplastic BE) and BE length for studies that provided these
data.

A good-quality synthesis was conducted for studies with low
risk of bias and low concern regarding applicability, as judged
by the modified QUADAS-2 tool. If a study scored “high risk”
or “unclear risk” in one or more domains regarding risk of bias
or applicability, the study was excluded from good-quality syn-
thesis. The first domain “patient selection” was not taken into
account, because of the lack of paired or randomized studies.

Heterogeneity among studies was assessed by visual inspec-
tion of the forest plots, the use of I2 statistics and by 95% pre-
diction intervals (PIs) for analyses with≥3 included studies [16].
The I2 statistic represents the percentage of variation between
individual study estimates that is attributable to heterogeneity
rather than chance. The I2 statistic was interpreted as per the
Cochrane Handbook recommendations (0%–40% unimportant
heterogeneity; 30%–60% moderate; 50%–90% substantial;
75%-100% considerable heterogeneity) [14]. The 95% predic-
tion interval is also a useful measure to determine the amount
of heterogeneity and reflects (with 95% confidence) the ex-
pected interval of true effects in future studies. Publication
bias assessment was done examining funnel plot asymmetry
by visual inspection. Statistical tests for funnel plot asymmetry

were not performed because of the relatively low number of in-
cluded studies and subsequent low power of the tests.

Risk of bias summary plots were made in Review Manager
5.3.Meta-analyses, forest plots and funnel plots were derived
using R (version 3.5.1 “meta” package; functions “metagen”
and “metabin”).

Results
Search results

The initial search yielded 1,570 records. Duplicate studies were
removed after which 961 records were screened based on title
and abstract. A total of 50 potentially relevant studies were re-
trieved for full-text analysis. After assessment for eligibility, 42
studies were excluded based on the inclusion and exclusion
criteria. Therefore, eight studies were included in this systema-
tic review and meta-analysis (▶Fig. 1) [17–24]. Reference lists

Records identified 
from searching: 

Embase (n = 260)
Medline (n = 177)

Cochrane (n = 183)

Records removed 
screening: 

Duplicate records 
(n = 609)

Records screened 
(n = 961)

Records excluded 
(n = 911)

Records sought for 
retrieval 
(n = 50)

Studies included in review 
(n = 8)

Records not 
retrieved 

(n = 0)

Full text articles 
assessed for 

eligibility
(n = 50)

Full-text articles excluded: 42
▪ Survey (n = 12)
▪ No report on adherence 
 to for-quadrant biopsy
 protocol (n = 10) 
▪ No report on dysplasia
 detection (n = 9)
▪ Ineligible patient 
 population (n = 6)
▪ Guideline (n = 2)
▪ Review (n = 2)
▪ Editorial (n = 1) 

Additional records identified
through other sources:
▪ Reference checking (n = 0)
▪ Forward citation chaining 
 (n = 0)
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▶ Fig. 1 The PRISMA flow chart depicting study selection process.

Beaufort Ilse N et al. Effect of biopsy… Endosc Int Open 2023; 11: E221–E229 | © 2023. The Author(s). E223



of all included studies were manually checked, but did not yield
additional eligible articles.

Study characteristics and risk of bias

The characteristics of included studies are summarized in ▶Ta-
ble1. Of the eight included studies, five were retrospective ob-
servational studies evaluating the effect of four-quadrant biop-
sy protocol adherence on dysplasia detection [17–20, 24]. Two
prospective studies by Ooi et al. and Britton et al. primarily eval-
uated the effect of dedicated BE surveillance lists (i. e. clustered
BE surveillance endoscopies on the same endoscopy program,
performed by an endoscopist who is trained in BE surveillance)
on dysplasia detection rates [21, 23]. Fitzgerald et al. assessed
the dysplasia detection rate in a prospective cohort with four-
quadrant biopsy protocol adherence versus a historical cohort
without adherence to a systematic biopsy protocol [22]. The
studies included a total sum of 58,016 participants. Individual
sample sizes varied between 144 and 53,541 patients.

All studies had been found to be at risk of bias regarding pa-
tient selection, since none had fully paired or randomized study
designs (▶Fig. 2). The study of Britton et al. scored high risk of
bias in domain “flow and timing,” because not all patients that
were recruited into the study were included in the analysis [21].
The same domain was scored “unclear” for the studies of
Bampton et al. and Wani et al. due to incomplete reporting of
patient inclusion and exclusion for final analysis [20, 24].

Three of the included studies were scored as high risk for ap-
plicability concerns of the index tests [21, 23, 24]. Wani et al.
reported an alternative definition of four-quadrant biopsy pro-
tocol adherence, i. e. BE length divided by the number of pa-
thology jars submitted to the pathology department (a ratio of
≤2.0 was defined as non-adherence) [24]. Ooi et al. and Britton
et al. evaluated dedicated Barrett surveillance lists instead of
four-quadrant biopsy protocol adherence versus non-adher-
ence [21, 23]. A summary of outcomes of the risk of bias and
applicability assessment for the included studies are presented
in ▶Fig. 2.

Dysplasia detection rate

Adherence to the four-quadrant biopsy protocol was associated
with increased dysplasia detection in seven of the eight includ-
ed studies. This difference was statistically significant in three
of eight studies. The individual RRs of these seven studies var-
ied between 1.30 and 2.81 (▶Table 2). In a single study, adher-
ence was associated with lower dysplasia detection, with a rela-
tive risk of 0.82.

In the pooled analysis of all eight studies, four-quadrant
biopsy protocol adherence significantly increased detection of
dysplasia compared to non-adherence (RR 1.59, 95% CI 1.17–
2.16) (▶Fig. 3). There was a considerable amount of heteroge-
neity among studies in this meta-analysis (I2 = 90%; 95% PI
0.62–4.11).

Good-quality synthesis

Based on the risk of bias and applicability assessment using the
modified QUADAS-2 tool, four studies were included in the
good-quality synthesis (▶Fig. 4). Similarly, to the full analysis,

the pooled results from the good-quality synthesis were in fa-
vor of adherence to the four-quadrant biopsy protocol, yet
with only moderate heterogeneity (RR 1.90, 95% CI 1.36–
2.64; I2 = 45%; 95% PI 0.58–6.23).

Subgroup analysis

Five studies reported on dysplasia detection rate stratified by
degree of dysplasia. Meta-analysis by degree of dysplasia is de-
picted in Supplementary Figure 1. Pooled RRs for LGD and for
HGD/EAC were 2.00 (95% CI 1.49–2.69; I2 = 0%; 95% PI 1.24–
3.23) and 2.03 (95% CI 0.98–4.24; I2 = 28%; 95% PI 0.29–
14.18) respectively.

Two studies described dysplasia detection rates stratified by
BE length (Supplementary Figure 2). A favorable effect of
four-quadrant biopsy protocol adherence was seen in sub-
groups with a BE length >4 cm (RR 1.11–1.56), though this ef-
fect was not statistically significant.

Publication bias

Supplementary Figure 3 displays a funnel plot including confi-
dence intervals. Visual inspection of the funnel plot indicates
asymmetry and may, therefore, suggest the possibility of pub-
lication bias. However, this should be interpreted cautiously be-
cause the presence of considerable heterogeneity between in-
cluded studies.

Discussion
The aim of this systematic review and meta-analysis was to
evaluate the effect of four-quadrant biopsy protocol adherence
on dysplasia detection rates in BE surveillance endoscopies. Our
meta-analysis demonstrated that adherence to the four-quad-
rant biopsy protocol is associated with significantly increased
dysplasia detection in BE patients (RR 1.59, 95% CI 1.17–
2.16). Based on the good-quality synthesis, the association be-
tween biopsy protocol adherence and a finding of dysplasia was
even higher (RR 1.90, 95% CI 1.36–2.64).

Our results strengthen the advice to obtain an adequate
number of random biopsies in BE surveillance endoscopies.
This finding is in line with previous research showing that in dai-
ly practice, BE patients are still diagnosed with dysplasia by only
random biopsies, even after the emergence of high-resolution
endoscopes and advanced imaging modalities [25, 26]. Non-
adherence to the four-quadrant biopsy protocol could subse-
quently lead to missed diagnosis of dysplasia.

In our stratified analysis, we found that the association be-
tween four-quadrant biopsy protocol adherence and dysplasia
detection was mainly based on an increased detection of LGD.
This may be explained by the fact that HGD and EAC are mostly
diagnosed through targeted biopsies from a visible lesion, rath-
er than random biopsies from flat BE. In a recent study, van
Munster et al. found that the yield of random biopsy differed
along with the worst histological diagnosis: LGD was detected
on random biopsy in 83% of patients, HGD in 47% of patients,
and EAC in only 1% [27]. Adherence to the four-quadrant biop-
sy protocol would, therefore, particularly increase the yield of
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LGD, which is currently the most important risk factor for pro-
gression to HGD or cancer.

Previous studies have reported malignant progression in BE
to be more prevalent in the longer BE segments [28–31]. Adher-
ence to the four-quadrant biopsy protocol tends to decrease
with increasing BE lengths. Abrams et al. and Wani et al. showed
adherence to four-quadrant biopsy protocol of 76% and 79%
respectively, in patients with short BE segment (< 4 cm) com-
pared to 11% and 38% in patients with BE segment >8 cm [18,
24]. In a subanalysis, we aimed to evaluate whether BE length
impacted the association between adherence and dysplasia de-
tection. However, only two studies included in our meta-analy-
sis, stratified their analysis for Barrett length [18, 24]. In the
pooled analysis, there appeared to be a trend toward an in-
creased risk ratio for dysplasia detection in longer BE segments.
One potential explanation could be that non-adherence in a
short-segment BE may indicate that only one or two biopsies
are not obtained. However, in a 10-cm-long BE, for example,
non-adherence may imply that instead of the 20 required biop-
sies, only 14 biopsies would have been obtained. This finding

suggests that patients with higher progression risks are mostly
disadvantaged by non-adherence.

Whereas seven of the eight included studies in our meta-a-
nalysis showed increased detection of dysplasia when adhering
to the random biopsy protocol, the study of Wani et al. found
that non-adherence to the four-quadrant biopsy protocol was
significantly associated with an increase in dysplasia detection
[24]. The authors emphasized that the database they conduct-
ed their retrospective study with did not contain information on
the presence of visible lesions within the BE segment. There-
fore, discrimination between dysplasia detected by random
biopsies from dysplasia obtained from targeted biopsies of visi-
ble lesions was not possible. This is of particular importance
since endoscopists detecting visible lesions might well take
only targeted biopsies and omit the random biopsies thereafter
because of the limited clinical relevance of those additional
random biopsies, hence reducing the adherence to the random
biopsy protocol in these patients. Moreover, in this study, ad-
herence to the four-quadrant biopsy protocol was defined as
the number of pathology jars divided by Barrett length. The
use of pathology jars instead of the number of biopsies could
have led to misclassification of non-adherent cases to adherent
cases.

To the best of our knowledge, this is the first systematic re-
view and meta-analysis to assess the effect of four-quadrant
biopsy protocol non-adherence on dysplasia detection rates.
To ensure methodological quality, we did a thorough systema-
tic search and analysis according to current guideline recom-
mendations for systematic review and meta-analyses [14]. Ulti-
mately, we aimed to translate previous research on four-quad-
rant biopsy protocol adherence rates into concrete, clinically
relevant results, i. e. dysplasia detection.

This study has also limitations that need to be mentioned.
First and foremost, the review included non-randomized, main-
ly retrospective studies only, and few included studies used
methods to adjust for confounding such as BE length, visible le-
sions, endoscopy time, and the use of advanced imaging tech-
niques. We performed a good-quality synthesis to partly ad-
dress this limitation and reduce the influence of possible bias.
Although randomized trials on this topic are impossible to con-
duct, the flaws in non-randomized study design are the reason
the risk of selection bias and presence of confounding cannot
be ruled out. Second, there was considerable heterogeneity be-
tween studies, as reflected by high values of the I2-statistic and
predominantly wide prediction intervals. The between-study
heterogeneity could potentially be a result of differences in
the definition of four-quadrant random biopsy adherence,
study population and outcome measures. By performing a
good-quality synthesis, we aimed to diminish the level of meth-
odological heterogeneity. Although prediction intervals in this
review are based on few studies and should be interpreted
with caution, intervals containing the null effect indicate that
there could be settings where adherence to the four-quadrant
random biopsy protocol will not result in increased dysplasia
detection rates. Yet, meta-regression analyses for thorough ex-
ploration of sources of heterogeneity were not considered fea-
sible considering the limited number of included studies. Third,
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although this systematic search was conducted extensively and
aimed to include all eligible and available studies, the asymme-
try in the funnel plot may suggest a risk of publication bias. The
high level of heterogeneity between studies could also contrib-
ute to funnel plot asymmetry, and should therefore be inter-
preted with caution. Finally, this review solely focused on differ-
ences in dysplasia detection rates. Therefore, it does not pro-
vide direct evidence for the effect of four-quadrant biopsy pro-
tocol adherence on patient outcomes, such as neoplastic BE
treatment success or patient survival.

This systematic review and meta-analysis focused only on
four-quadrant biopsy adherence to improve detection of dys-
plastic BE. The use of advanced imaging techniques, such as
acetic acid chromoendoscopy, have been shown to increase
dysplasia detection rates in BE surveillance endoscopies com-
pared to white-light endoscopy [32–34]. Furthermore, com-
puter-aided detection systems using artificial intelligence have
emerged as a promising tool and may help endoscopists in de-
tecting dysplastic lesions [35]. The additional diagnostic value
of four-quadrant biopsies in the presence of these advanced
imaging modalities is yet to be studied.

Conclusions
In conclusion, this systematic review and meta-analysis pro-
vides evidence for the importance of random biopsy protocol
adherence in BE surveillance endoscopies. In an effort to opti-
mize the quality of BE surveillance, an increase in biopsy proto-
col adherence rates is a goal that clinicians should strive to
achieve.
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