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Abstract
Aim—To establish the depth of Barrett’s
columnar
epithelium
and
normal
squamous oesophageal epithelium, in
order to determine the depth of destruction
required in ablation treatment for Barrett
oesophagus.
Methods—Histological specimens from
100 cases of Barrett oesophagus and 100
samples of normal squamous oesophageal
epithelium were studied. Using a system
of multiple measurements until the
change in cumulative mean values varied
by less than 5%, the overall mean and normal range of depth was calculated for each
type of epithelium.
Results—Barrett columnar epithelium is
minimally thicker (mean (SEM) 0.50
(0.004) mm; range 0.39 to 0.59 mm) than
normal squamous epithelium (0.49 (0.003)
mm; 0.42 to 0.58 mm), although this
diVerence is probably too small to be of
clinical relevance.
Conclusions—Although there are numerous clinical reports of various methods of
ablation treatment for Barrett oesophagus, little attention has been paid to the
depth of tissue destruction required. This
is the first study to look specifically at this
issue, and it provides information on the
necessary depth of epithelial ablation.
(J Clin Pathol 1999;52:509–512)
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Barrett oesophagus is an acquired condition in
which the normal squamous mucosa of the
lower oesophagus becomes replaced by a
metaplastic columnar epithelium.1 Although
the condition is often asymptomatic, its clinical
importance is that it has a potential for malignant change.2–4 It is the major predisposing factor for oesophageal adenocarcinoma, the incidence of which has risen dramatically over the
past two decades, such that it now represents
up to 50% of all oesophageal malignancies.5
Standard treatment is aimed at reducing
oesophageal acid exposure by either medical or
surgical means. However, there is little evidence
that this approach leads to any significant
regression of Barrett epithelium.6–9 In view of
this, attention has recently been given to
ablation treatment to destroy the abnormal
mucosa, which, in an anacid environment, may
become replaced by normal squamous epithelium.
Various thermal ablation treatments have
been considered, including laser photocoagulation,10 neodymium:yttrium-aluminium-

garnet (Nd-YAG) laser,11 potassium titanyl
phosphate (KTP) laser,12 and argon beam
plasma coagulation (ABPC).13 An alternative
approach is photodynamic therapy (PDT), a
non-thermal technique which involves the administration of a photosensitising drug followed
by the application of light to the aVected area, to
produce cell damage. The photosensitisers
which have been used include haematoporphyrin derivative (HpD), which has had some
success in the treatment of patients with early
adenocarcinomas in Barrett oesophagus,14 and
more recently, the naturally occurring endogenous compound aminolaevulinic acid (ALA),
which becomes converted to the photosensitive
protoporphyrin IX (PpIX).15–17 The use of HpD
is limited by prolonged skin photosensitivity and
the risk of perforation or stricture formation,
owing to the inability to control the depth of tissue damage. However, with ALA, a shorter
period of systemic photosensitisation is
produced,18 and an aYnity for epithelial tissues
is seen, allowing more selective mucosal necrosis, with less damage to underlying tissues and
less risk of complications.19
In order to ablate Barrett epithelium successfully, adequate depth of tissue damage must be
produced. It is particularly important to induce
epithelial damage to a depth suYcient to destroy
the deeper Barrett glands as well as the superficial epithelium, but desirable to avoid excessive
damage to underlying muscle or surrounding
normal tissue. There have been reports of
residual buried glands beneath regenerated
squamous epithelium following thermal laser
ablation12 and ALA-PDT,16 which may be the
result of inadequate treatment depth. In none of
the previous studies of ablation therapy for Barrett oesophagus has any consideration been
given to the depth of the mucosa to be
destroyed. There are no reports of any attempt
to measure the depth of either Barrett columnar
or normal squamous epithelium.
The aims of this study were to measure and
compare the depth of normal squamous
oesophageal epithelium and Barrett columnar
oesophageal epithelium, to deduce the minimum depth of oesophageal mucosa required to
be destroyed, to ablate Barrett mucosa.
Methods
The hospital histopathology records were
searched using the Systematised Nomenclature
of Medicine (SNOMED) classification of
diseases,20 to identify both patients with Barrett
oesophagus and those from whom oesophageal
biopsies had been reported as normal
squamous epithelium. The records were
searched manually from 1991 to 1994, but
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Measurement of the thickness of the oesophageal epithelium.

Cumulative mean depth

searching of the more recent records was facilitated by computerisation of the system. Ready
mounted histological specimens were then
obtained for a random selection of 100 cases of
Barrett oesophagus and compared with a similar selection of 100 specimens of normal
squamous oesophageal epithelium.
In order to calculate the epithelial thickness
of a slide mounted histological specimen, multiple sections were measured using a calibrated
microscope eyepiece graticule, which had
previously been calibrated using a stage
micrometer. Following calibration, multiple
measurements were made of the epithelial
thickness for each section. As sections through
the epithelium may have been tangential rather
than perpendicular, because of processing,
these would result in overestimates of the
thickness. Hence care was taken to ensure that
all measurements were taken at right angles to
the epithelial surface (fig 1). In all cases, the
measurements taken were maximum mucosal
thicknesses, in order to include the underlying
muscularis mucosae and the glandular tissue
associated with the Barrett epithelium.
The mean epithelial thickness for each specimen sectioned was calculated from the multiple
measurements taken. However, at the onset it
was not known how many measurements were
needed before the calculated mean value could
be regarded as a true representation of the
epithelial thickness. This problem was overcome
by calculating the cumulative mean of multiple
measurements until the calculated value varied

by less than a predetermined amount, which was
set at less than 5% (fig 2).
Multiple sections were measured from 10
slide mounted specimens of normal squamous
oesophageal epithelium and 10 of Barrett
columnar epithelium. The cumulative means
were calculated, and the results used to
determine the number of measurements required before the cumulative mean varied consistently by less than 5%.
Having determined the minimum number of
measurements needed to assess accurately the
true mean depth of the epithelium, 100 slide
mounted samples of normal squamous epithelium and 100 samples of Barrett mucosa were
assessed to determine the cumulative mean
depth for each specimen. Finally, the overall
mean depth of each type of oesophageal
epithelium was calculated, and the normal
range of depth was determined as that lying
between the 5th and 95th centiles. Statistical
analysis was by Student’s t test, with results
considered significant at p < 0.05 (SPSS for
Windows, version 6.0).
Results
It was found that six measurements were
required so that the calculated cumulative
mean varied by less than 5%. A further 90 histological specimens of both normal squamous
and Barrett columnar epithelium were therefore examined, making a total of 100 of each.
Six random measurements of epithelial thickness were taken for each sample, from which
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Calculation of the cumulative mean depth of the oesophageal epithelium.
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Discussion
Although successful epithelial ablation has
been produced by various forms of ablation
treatment, there are no reports of the measurement of the depth of either Barrett columnar
mucosa or normal squamous epithelium.
Incomplete epithelial ablation and partial
regression has been reported following PDT,21
possibly because of inadequate depth of tissue
destruction. Equally, there have been reports of
successful superficial epithelial ablation with
aminolaevulinic acid induced PDT, but with
sparing of the deeper glandular elements,
resulting in squamous re-epithelialisation but
with the persistence of underlying Barrett
tissue, which may or may not constitute a continued risk of malignant change.16 Conversely,
complications such as oesophageal perforation
and stricture formation have been reported following both haematoporphyrin derivative induced PDT14 and argon beam plasma
coagulation,13 presumably because of an excessive depth of tissue necrosis. Measurement of
the epithelial depth which requires ablation is
therefore an important factor to consider.
In this study, the mean depth of 100 samples
of Barrett mucosa was 0.5 mm and was less
than 0.6 mm in all cases. However, it must be
remembered that fixing of the samples produces shrinkage in the order of 10%, followed
by another 10% owing to processing, such that
an overall shrinkage of approximately 20%
occurs.22 If this is taken into account, the actual
mean depth of Barrett mucosa is approximately
0.60 mm and was less than 0.70 mm in all
cases. It appears, therefore, that ablation treatment should be aimed at producing tissue
destruction to this depth in order to ensure
complete Barrett eradication, including the
deeper glands, while limiting the damage to the
underlying structures.
Following PDT, the depth of tissue destruction is largely dependent upon the depth of
tissue penetration by the activating light, although recent advances include specific photosensitisers, such as aminolaevulinic acid, which
localise in the mucosa. The most commonly
used wavelengths for clinical PDT are green
(514 nm) or red (630 nm) light, which penetrate
tissue to a depth of approximately 0.6 mm and
1.0 mm respectively.23 Both would, therefore,

provide suYcient depth of tissue penetration in
the vast majority of cases. It could be argued that
red light may be better, as it would produce a
more than adequate depth of tissue damage in
all cases. However, green light may be safer, by
providing adequate tissue penetration in all but a
handful of cases, while avoiding the potential
dangers of excessive depth of tissue destruction.
With thermal ablation techniques, the depth of
tissue penetration is dependent on the power
output and duration of treatment, both of which
can be controlled
In view of the rapidly increasing incidence of
oesophageal adenocarcinoma, it is inevitable
that reports of ablation treatments for Barrett
oesophagus are becoming more common.
However, this is the first study to address the
issue of measuring the depth of the mucosa to
be destroyed. Having established the depth of
both Barrett columnar and normal squamous
oesophageal epithelia in a large number of
patients, further research is now needed to tailor the various forms of ablation treatment to
produce the necessary depth of tissue destruction, while avoiding potential complications.
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the mean thickness was then calculated. The
overall mean epithelial thickness was subsequently calculated for each type of epithelium.
Barrett columnar epithelium is marginally
thicker than normal squamous epithelium,
with a mean (SEM) depth of 0.50 (0.004) mm,
as compared with 0.49 (0.003) mm. The range
of mean epithelial depths varied between 0.39
mm and 0.59 mm for the Barrett epithelium,
and 0.42 mm to 0.58 mm for the normal
squamous mucosa. If the normal range is considered to lie between the 5th and 95th
centiles, then the normal range for the depth of
Barrett epithelium is 0.43 to 0.57 mm, and that
for normal squamous epithelium is 0.44 to
0.54 mm (p < 0.05). However, although this
diVerence is statistically significant, in clinical
practice it is too small to be of relevance.
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