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Biopsy surveillance is still necessary in patients with
Barrett’s oesophagus despite new endoscopic imaging
techniques
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Background and aims: Endoscopic surveillance including stepwise four quadrant biopsies (4QB) is
still regarded as the standard approach in patients with Barrett’s oesophagus (BO). Several methods
such as dye staining with methylene blue (MB) and tissue autofluorescence (AF) have been advocated
to reduce the number of biopsies. We assessed their sensitivity and specificity compared with the
standard approach—that is, endoscopy with 4QB—in the surveillance of a mixed BO population.
Patients and methods: Thirty five consecutive BO patients (mean age 64.9 years; 30 men, five
women) were included in the study. AF endoscopy was followed by high resolution video endoscopy
(VE) plus tissue staining with 0.5% MB. Biopsies were taken from any suspicious area found on any of
the above tests, in addition to 4QB every 2 cm. The results were classified as either positive or nega-
tive for the various tests used. Histopathological results were used as the reference standard.
Results: In the 35 study patients, a total of 345 biopsies showed low grade dysplasia (LGD) in 88
biopsies, high grade dysplasia (HGD) in 19 biopsies, and carcinoma in 12 biopsies. The sensitivity
and specificity rates for AF and MB for the diagnosis of cancer or dysplasia versus BO mucosa without
dysplasia were 21%/91% and 37%/91%, respectively. 4QB revealed five cancer/HGD areas and
76 LGD areas not detected by AF, MB, or VE. The additional yield of MB and AF over VE with 4QB
concerned only one HGD area (in the vicinity of a cancer) and seven LGD areas.
Conclusions: Due to their low sensitivity, AF and MB are not suitable techniques for reducing the high
numbers of routine biopsies needed for finding additional foci of HGD or cancer. Careful endoscopic
observation and stepwise four quadrant biopsy therefore still represent the gold standard for
surveillance of Barrett’s oesophagus.

The incidence of distal oesophageal adenocarcinoma has
been increasing recently, and a link with Barrett’s oesoph-
agus (BO) has been established. In patients with BO, the

incidence of carcinoma ranges from 1 in 52 patient years1 to 1
in 208 patient years2 in a number of reports.1 3–6 As these
tumours develop in a dysplasia-carcinoma sequence, surveil-
lance of patients using endoscopy with stepwise biopsy is
generally recommended. The gold standard for BO surveil-
lance, known as the Seattle protocol,7 includes four quadrant
biopsies (4QB) every 1–2 cm along the endoscopically visible
length of BO. An approach of this type, requiring a large
number of biopsies along the entire length of the Barrett’s
segment, is time consuming and may not be free of risk. It is
also hampered by potential sampling errors as the majority of
dysplastic areas are not visible on standard endoscopy. Efforts
have therefore been made to enhance the visibility of
suspicious areas in BO using various endoscopic techniques,
ranging from methylene blue (MB) staining to technically
more sophisticated methods such as tissue autofluorescence
(AF). Only a few studies on MB staining have been
conducted,8–14 and the results of AF studies have been
published only in abstract form or in reviews.15–19

We therefore conducted a prospective study evaluating the
sensitivity and specificity of MB staining and tissue AF
measurement using high resolution video endoscopy (VE)
with 4QB as the reference method in patients with established
BO. The gold standard for the final diagnosis of normal BO or
any form of dysplasia or cancer was histology of biopsies.
Endoscopy with biopsy is the current practice in BO
surveillance (biopsy of any endoscopically suspicious lesions
plus 4QB) with which any new method has to be compared.

Two questions were posed which we hoped would be
answered by the results of our study:

(1) Can the number of random biopsies (4QB) be reduced so
that only targeted biopsies guided by endoscopy in addition to
AF and MB have to be taken, which would require excellent
sensitivity and good specificity of MB and/or AF?

(2) Can the diagnostic accuracy of the standard approach (VE
plus 4QB) be increased by MB and/or AF? This would be the
case if a significant number of correctly positive MB and/or AF
areas were found which were macroscopically not visible and
outside of the 4QB spots.

PATIENTS AND METHODS
Patients
It was initially planned that the study would include 50
patients, with an interim analysis after 35 patients. These
numbers were chosen as it was expected that a minimum of
10 biopsies had to be taken from each patient to ensure
reliable statistical results (with this number of patients 350
biopsies were investigated). Due to the poor results (see
below) it was therefore decided to discontinue the study after
the interim analysis. A total of 35 consecutive patients (30
men and five women; mean age 64.8 years; range 29–78) with
histologically verified BO were therefore included in the
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analysis. Fifteen had a significant hiatal hernia (>3 cm in
diameter), five had a small hiatal hernia (<3 cm in diameter),
and 15 patients did not have a hiatal hernia. If inflammatory
lesions (reflux oesophagitis, erosions) were found at endos-
copy, the patient received at least two weeks’ treatment with
proton pump inhibitors before a repeat endoscopy for BO sur-
veillance was carried out; this was negative for reflux oesoph-
agitis in all cases. Twenty nine patients had long segment BO
(>3 cm, assessed on endoscopy as the distance between the Z
line and the proximal gastric folds) and six patients had short
segment Barrett’s (1–3 cm).

The clinical indications for surveillance endoscopy in the
study patients were as follows.

• Routine surveillance of patients with known BO without
(n=18) or with (n=8) only low grade dysplasia (LGD).

• Focused surveillance to help reach a treatment decision in
patients with BO and high grade dysplasia (HGD) (n=1).

• Patients with a diagnosis of cancer, for treatment
planning—for example, mucosectomy versus photody-
namic therapy versus surgery (n=8).

• Patients with a new diagnosis of BO undergoing surveil-
lance for the first time (n=18).

Each patient was included only once in the study, even if he or
she was examined twice during the study period. After endos-
copy, outpatients (n=20) were monitored clinically for at least
4–5 hours, and were asked to report any adverse events occur-
ring after discharge.

Methods
After patients had given informed consent to participation in
the study, endoscopic examinations were conducted by two
experienced examiners, with patients receiving intravenous
sedation with midazolam and propofol. The relevant se-
quences of all diagnostic steps taken (see below) were
documented on videotape. Endoscopic locations documented
during the examination (using centimetre distances from the
incisors) were the Z line, the lower oesophageal sphincter area
(distal narrowing of the oesophagus, end of the proximal gas-
tric folds), and the diaphragmatic hiatus (best visible with the
patient breathing). The four quadrants were defined in
relation to the gastric anatomy, 12 o’clock being equivalent to
the lesser gastric curvature. Each lesion that was found to be
positive using any of the methods described below was
carefully documented during the examination with regard to
its longitudinal and circumferential position to locate it on the
final biopsy session; in doubtful cases, video documentation
allowed review during the examination.

The first examination conducted in all patients was tissue
AF, with the Xillix/Olympus laser induced fluorescence endos-
copy in the gastrointestinal tract (LIFE-GI) system, using a
fibreglass endoscope. This technique is based on the principle
that endogenous fluorophores (such as flavines, collagen,
NADH, and porphyrins) are excited by monochromatic blue
laser light at a wavelength of 437 nm. Depending on the char-
acteristics of the tissue, light is reflected as green light
(normal tissue) or dark red light (dysplastic areas), corre-
sponding to a higher loss of energy in the reflected light.20

These spectra are detected using a red-green camera on the
fibreglass endoscope and are converted by a dedicated
software program into a visible real time image. Each lesion
positive on AF was carefully documented concerning distance
(in cm) from the incisors and position at the circumference to
locate it for later biopsy (see below).

After the AF examination, a standard endoscopic examina-
tion was carried out using a high resolution standard video
endoscope (Olympus GIF-140). Any macroscopically suspi-
cious areas (ulcers, depressed and elevated lesions, irregular
areas, areas of distinct colour change) were again documented
carefully with regard to their longitudinal and circumferential

location. After this careful observation process, MB staining
was carried out, as described previously.9 10 12 Briefly, about two
minutes after washing and spraying with 10%
N-acetylcysteine to remove residual mucus, MB 0.5% was
applied circumferentially over the entire length of the Barrett’s
segment using a special spray catheter (Olympus PW-5L).
After a further two minutes, rinsing with various volumes of
water (100–200 ml) followed. Inhomogeneously stained areas
or areas with weak staining were recorded as positive.

Finally, biopsies were taken only at the end of the
endoscopic evaluations: firstly, from any areas regarded as
suspicious using high resolution VE and, in addition, from
areas positive on any of the two imaging tests (MB and AF),
even if these areas were completely normal on VE; the precise
location of AF and MB positive areas was documented previ-
ously. Secondly, in addition, 4QB at 12, 3, 6, and 9 o’clock were
taken every 2 cm from the rest of BO which was normal on VE
and negative on MB and AF; if a suspicious area (that is, posi-
tive on VE, AF, or MB) was located at one of the 4QB areas
(that is, precisely at the same distance from the incisors and at
either 12, 3 , 6, or 9 o’clock), no additional biopsy was taken
from the same quadrant. Biopsies were taken from the
presumed distal BO margin (proximal gastric folds) to the
proximal end marked by the Z line. Biopsies were taken using
an Olympus 7 mm standard spiked forceps (Olympus
FB240Q-1) as it has been shown that the jumbo forceps is not
superior to the conventional biopsy technique.21

Histopathology
Histology from (a) targeted biopsies of any macroscopically
suspicious lesion and in addition (b) routine 4QB from
macroscopically normal mucosa were used as the gold stand-
ard for the diagnosis of normal BO mucosa, LGD, HGD, and
cancer. Biopsies were routinely fixed in formalin and paraffin
embedded. Serial sections (5 µm) were cut and stained with
haematoxylin and eosin. Diagnoses were made according to
the WHO classification.22 Briefly, BO was diagnosed if intesti-
nal metaplasia with columnar and goblet cells were present.
Epithelial atypia in BO was assessed as negative, indefinite, or
positive for dysplasia (that is, intraepithelial neoplasia). If
dysplasia was present, it was classified as low grade (synony-
mous with mild or moderate dysplasia) or high grade
(synonymous with severe dysplasia and carcinoma in situ). All
biopsies were seen by one experienced gastrointestinal
histopathologist (MW).

Statistical analysis
For each method (AF, MB, VE), the sensitivity and specificity
for detecting cancer/dysplasia were calculated, with histology
being used as the reference standard. Accuracy rates of the
respective methods were tested for statistically significant dif-
ferences using the χ2 test and Fisher’s exact test. Fisher’s exact
test was used if the numbers were too low for the χ2 test
(n<20). A p value below 0.05 was regarded as statistically sig-
nificant.

In this study sensitivity was calculated separately for all
three lesions (cancer, LGD, and HGD) as correct number of
positives out of the total number of positive biopsies;
specificity was calculated as correct number of negative biop-
sies among all negative biopsies. Positive and negative predic-
tive values were calculated accordingly.

RESULTS
Patient characteristics
In the 35 patients included, the most advanced diagnoses per
patient relative to the reference standard (4QB) were as
follows: invasive carcinoma in eight patients, HGD alone in
one patient, LGD alone in eight patients, and BO without dys-
plasia (NBO) in 18 patients. Carcinoma and dysplasia (HGD
and LGD) frequently coexisted; details are shown in table 1. In
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24 patients, the examination conducted for the study
confirmed an earlier diagnosis (at other institutions) with
regard to carcinoma, HGD, LGD, or NBO; previous diagnoses
were upgraded (for example, from NBO to LGD, or from dys-
plasia to carcinoma) in 11 patients.

A total of 168 cm of BO mucosa were screened and a total of
530 biopsies were taken, 345 of which (65%) demonstrated
Barrett’s epithelium; the remaining biopsies yielded gastric/
cardiac epithelium, all from the distal BO area. As shown in
table 1, 226 biopsies yielded normal BO, 88 showed LGD, 19
showed HGD, and 12 indicated cancer. No complications
occurred during the study. The following results were based on
two examiners, between whom there was no significant
difference in accuracy (χ2 test: p>0.05).

Accuracy of MB and AF
The results of MB and AF compared with the final
histopathological diagnoses are shown in table 2 (biopsy

related) and table 3 (patient related). Biopsy related sensitivity
and specificity rates for MB and AF in diagnosing cancer or
dysplasia versus normal Barrett’s mucosa were 21%/91% and
37%/91%, respectively, for the total of 345 biopsies (table 2). As
a positive result on AF or MB could not differentiate between
cancer, HGD, and LGD, positive predictive values were
calculated for all three conditions: 49% for AF, 58% for MB,
with a prevalence of 35% (cancer, HGD, and LGD) for 345 biop-
sies. Negative predictive values were related to the 226 biopsies
with normal BO epithelium: 69%% for AF and 72% for MB.

With regard to patients, sensitivity and specificity rates were
71% and 50% for MB and 59% and 78% for AF (table 3).

Accuracy of standard VE
Compared with the histopathological gold standard, VE
alone—without AF and/or MB—had a sensitivity of 43% and
95% (biopsy related) and 79% and 61% (patient related).
These values (see tables 2, 3) indicate that the same or even
slightly better accuracy was reached by standard VE alone
compared with MB and AF; positive and negative predictive
values of VE were 73% and 72%. However, 12% of cancerous
and 58% of HGD areas were missed by endoscopy alone.

Additional value of AF and MB
In a further detailed analysis, the additional value of biopsies
directed by AF and MB staining was as follows:

• Cancers diagnosed by AF and/or MB staining, but not visible
or suspected on VE, were not encountered in the study.
However, four spots of HGD were detected by MB which
however were within the 4QB protocol; one HGD spot was
identified by AF which was outside of the 4QB reach.

• Seven areas of LGD (in four patients) were found by AF only
(four outside of the 4QB protocol), and four areas of LGD
(in two patients) by MB staining only (three outside of the
4QB); these areas were all inconspicuous on VE.

Table 2 Results with autofluorescence (AF) and methylene blue (MB) staining
compared with histological findings as the reference standard in 345 biopsies from
patients with Barrett’s osophagus (BO); the results of video endoscopy (VE) alone are
also shown (with respect to the respective accuracy achieved, no statistically
significant differences were found among the different methods used). A positive
biopsy was from either a suspicious area on VE or any of the two methods tested (AF
and MB), or from the additional four quadrant biopsies

Cancer 12 True positive* 3 (25%) 6 (50%) 8 (67%)

HGD 19 True positive* 5 (26%) 9 (47%) 8 (42%)
LGD 88 True positive* 11 (13%) 12 (14%) 14 (16%)
Normal BO 226 True negative† 206 (91%) 205 (91%) 214 (95%)

*Sensitivity of AF, MB, or VE in the detection of cancer, HGD, and LGD, respectively.
†Specificity of AF, MB, or VE in the correct recognition of normal BO (see text for positive and negative
predictive values).
HGD, high grade dysplasia; LGD, low grade dysplasia.

Table 3 Results with autofluorescence (AF) and methylene blue (MB) staining
compared with histological findings as the reference standard in the 35 patients with
Barrett’s osophagus (BO); the results of video endoscopy (VE) alone are also shown
(with respect to the respective accuracy achieved, no statistically significant
differences were found among the different methods used)

Histolopathological
diagnosis* per patient n Method AF MB VE alone

Cancer 8 True positive 3 (38%) 6 (75%) 7 (88%)
HGD 1 True positive 1 (100%) 1 (100%) 1 (100%)
LGD 8 True positive 3 (38%) 3 (38%) 4 (50%)
Normal BO 18 Truenegative 14 (78%) 9 (50%) 11 (61%)

*Most advanced diagnoses per patient—that is, a patient with 10 normal biopsies, four LGD, and one HGD
is a “HGD patient”.
HGD, high grade dysplasia; LGD, low grade dysplasia.

Table 1 Final diagnoses in the 35 study patients

n
Additional
HGD

Additional
LGD

Patient related diagnoses*
Normal BO without dysplasia 18 0 0
Carcinoma 8 7 7
HGD 1 — 1
LGD 8 — —

Biopsy related diagnoses
Normal biopsies 226
Biopsies with LGD 88
Biopsies with HGD 19
Biopsies with cancer 12

*Most advanced diagnosis based on histology of biopsies.
BO, Barrett’s oesophagus; HGD, high grade dysplasia; LGD, low
grade dysplasia.
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• In summary, compared with the standard approach with VE
plus 4QB, only one additional HGD area and seven LGD
areas would have been detected by AF and MB as these
areas were endoscopically not visible by standard VE and
were located outside the 4QB protocol. On the other hand,
the one HGD area and three of the seven LGD areas were
close to macroscopically visible cancers.

• Considering VE plus MB and AF together and comparing
targeted biopsies using these three methods with the 4QB
results, 76 LGD areas, four HGD areas, and one cancer
would have been missed as they were only evident on the
4QB and were not visible by VE, AF, or MB. Examples are
shown in figs 1–3.

DISCUSSION
Surveillance examinations in patients with Barrett’s oesoph-
agus, a condition which carries a risk for the development of

distal oesophageal adenocarcinoma, are time consuming and
potentially risky, requiring acquisition of multiple biopsies
around the luminal circumference every 2 cm, and conse-
quently an often lengthy period of sedation.7 Before 4QB, all
endoscopically suspicious areas (showing elevation, depres-
sion, or colour changes) also have to be biopsied. Using this
policy, sampling errors cannot be excluded as dysplastic
changes per se are usually not visible even on high quality VE.
Some studies comparing biopsy protocols with histopatho-
logical evaluation of resection specimens have shown that in
41–66% of patients with confirmed HGD, the lesions were
missed prior to surgery even when stepwise endoscopic biopsy
was used.23–25 However, most of these studies were carried out
in patients undergoing resection for cancer and/or HGD; the
situation may therefore be less worrisome in patients with BO
with or without LGD due to the much lower prevalence of
advanced lesions in these conditions.

For these reasons, targeted biopsy of lesions, invisible on
standard endoscopy but becoming visible after staining or
inducing fluorescence, is desirable to reduce the number of
biopsies. The results of our study demonstrated that MB
staining and tissue AF did not have high enough accuracy to
replace systematic 4QB. To attain this goal, sensitivity would
have to be excellent (for example >90%) to ensure that no or
only a very few areas of invisible cancer or dysplasia would be
missed using MB or AF targeting alone for obtaining biopsies.
A somewhat lower specificty (for example, approximately
80%) could be accepted as this would mean superfluous biop-
sies in some instances. VE alone showed a similar (but also
insufficient) accuracy in detecting dysplastic and cancerous
areas; however, approximately 10% of cancerous and nearly
60% of HGD areas were missed by VE. On the other hand, one
could argue that 4QB still has to be done but staining or fluo-
rescence could highlight some areas not recognised by stand-
ard VE and not covered by the standard 4QB which are histo-
logically positive for dysplasia or cancer. Unfortunately, both
methods tested in our study again failed to reach this goal.

Figure 1 Video endoscopy. Example of a patient with Barrett’s
oesophagus without dysplasia.

Figure 2 Example of a patient with Barrett’s oesophagus with high
grade dysplasia, negative on video endoscopy but positive on
autofluorescence.

Figure 3 Video endoscopy. Example of a patient with Barrett’s
oesophagus with low grade dysplasia, negative on video endoscopy
but positive on methylene blue staining.
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Several endoscopic techniques, some of which are simple
while others are more sophisticated, are currently being
evaluated in the surveillance of BO. The easiest method is
probably dye staining using MB. Staining involves cleaning
the mucosal surface and spraying and washing off the dye
after a few minutes. Evidence in the literature on the value of
dye spraying in BO at present rests on a few original
articles8–11 and a series of abstracts.12–14 Unfortunately, these
studies yielded conflicting results. Canto et al showed that
using MB staining, 15% more biopsies showing dysplasia and
31.5% more showing carcinoma were obtained, despite a lower
overall number of endoscopic biopsies in comparison with
standard 4QB.8 Similarly, Gossner et al found the same rate of
dysplasia in endoscopic biopsies with MB staining directed
biopsy as with 4QB but with significantly fewer biopsies being
needed.13 14 In contrast, other authors have not observed a
higher rate of dysplasia in MB directed surveillance biopsies
than in conventional ones.12 Gangarosa and colleagues10 found
that only 12.5% of unstained mucosal areas had histologically
confirmed (low grade) dysplasia. In our study, we did not
reproduce the good results of MB directed biopsy. In total, a
very low number of MB directed biopsies yielded additional
dysplasia/carcinoma, and the sensitivity and specificity rates
did not reach the standards necessary to obviate the need for
routine 4QB. During the study—despite carefully adhering to
the MB staining procedure as described in the literature8 9 11—
we found that the MB staining method was subjective and
dependent on the intensity of washing after staining, as well
as on other factors.

A similarly poor level of sensitivity was found with tissue
AF using the LIFE-GI system. The available literature on this
topic does not include any full publications; results have been
presented in abstract form15–17 and in review articles.19 20

Haringsma and Tytgat20 used AF for the detection of HGD and
early cancer, with sensitivity and specificity rates of 87% each.
However, standard endoscopy produced similar results (76%
sensitivity and 93% specificity), and all of the lesions that were
positive on AF were detectable by standard endoscopy.
Performing a high resolution endoscopy examination before
applying AF may therefore have introduced some interpret-
ation bias. LGD on the other hand was detected with a sensi-
tivity of only 18%, a rate similar to ours. Du Vall et al examined
only patients with BO associated cancer. They also reproduced
all macroscopically visible lesions on AF but found only one
additional area with HGD out of a total of 43 cases. The sensi-
tivity and specificity rates of conventional VE were not
stated.15

There may be several reasons for the divergent results with
endoscopy associated techniques in the detection of dysplasia
in BO. Methodological factors, such as the extent to which
examiners are blinded, play a role. In the present study, we
evaluated AF (using fibreglass endoscopes) before high qual-
ity VE was performed. This may have reduced the bias of
examiners towards rating areas that had previously been
identified as positive on VE as also being positive on AF.
Another fact is that most studies included a large number of
patients with HGD and cancer in whom lesions were already
known and patients had specifically been referred for
treatment planning. In the present study, the majority of
patients were presenting for routine surveillance of BO (two
thirds of the study population).

In summary, the results of our study allow us to answer the
following questions.

(1) How accurate are AF and MB? Comparison of AF and MB
with the standard approach consisting of VE with targeted
plus 4Q biopsies showed that both AF and MB were
significantly inferior to the standard approach.

(2) Can AF and/or MB increase the accuracy of the standard
approach consisting of VE and targeted plus 4QB? Only one
HGD and seven LGD areas were found outside the standard
approach but mostly in the vicinity of gross cancers.

(3) Can AF and/or MB supplement VE so that only targeted
biopsies are necessary and 4QB can be made superfluous?
Comparison of VE plus AF and MB with targeted biopsies by
these three methods on the one hand and additional 4QB
biopsy on the other hand showed that all three endoscopic
methods failed to reveal five cancers/HGD and almost all LGD
areas which were obvious only from 4QB. Although the clini-
cal significance of LGD is debated,26–28 the five other cases
demonstrate that 4QB cannot be replaced.

In recent years, several technically sophisticated techniques
for detecting invisible abnormalities have been presented29–39

such as tissue spectroscopy, optical coherence tomography,
and tissue fluorescence techniques. In principle, the LIFE-GI
technique offers the advantage of real time imaging of the
entire oesophageal circumference. However, this advantage is
offset by the relatively low natural fluorescence of tissue. It is
conceivable that modifications of the technique using a
photosensitiser might enhance the diagnostic accuracy (pho-
todynamic diagnosis)29–32 but this has yet to be proved in larger
trials. Preliminary results have shown that after administra-
tion of the sensitiser 5-aminolevulinic acid, dysplasia was
detected in both cases.31 Spectroscopic techniques33 only allow
small areas to be viewed at one time, and this may make
screening of a long BO segment quite time consuming. In
most studies published to date, only macroscopically visible
areas have therefore been examined, and a search for invisible
dysplasia in endoscopically normal mucosa has not been car-
ried out,34 although from a clinical standpoint this is the facil-
ity that would be most needed. Svanberg et al evaluated a
combination of endogenous and exogenous fluorescence
(using photofrin). By calculating a quotient of exogenous and
endogenous fluorescence, carcinomas and HGD were differen-
tiated from normal Barrett’s mucosa in 12 cases.35 With optical
coherence tomography—another potentially useful
technique—rather poor preliminary data have been published
for detecting dysplasia in BO.36 37

In conclusion, this prospective study in a mixed population
of patients with BO found that MB staining and determina-
tion of tissue AF were not capable of increasing the diagnostic
accuracy or replacing standard four quadrant biopsies. Future
studies should therefore evaluate other techniques, and
should also take methodological issues and practicability into
account. At present however the stepwise four quadrant
biopsy protocol currently in use must still be regarded as the
reference method. Future directions for research might be
either to narrow the biopsy intervals from 2 cm to 1 cm38 or to
further develop and evaluate new techniques for detecting
dysplastic areas that are not visible on standard endoscopy.
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