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Measurement in jejunal biopsies by computer-aided microscopy

measurements. When enough fields have been
measured the user asks the computer to evaluate the
quantities measured. This evaluation may be made
as simple values or in terms of ratios with various
denominators—Ilengths of muscularis mucosae, area
of mucosa, area of epithelium or stroma—as may be
required by the investigation.
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Fig. 4 Cumulative mean values of areas measured in

Jejunal mucosa for normal mucosa (A) and coeliac
mucosa (B).
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Results

Results from normal jejunal biopsies and from
patients with coeliac disease are presented in Tables
1 and 2. Such measurements are obtained easily and
without observer fatigue. A single biopsy may be
analysed in about 10 minutes. The results are
consistently reproducible by single or multiple
observers. We have employed the method of
cumulative means!3 and after measurement of two
fields the epithelial and stromal area values are
constant (Fig. 4). The results obtained by the
technique are a direct measurement of tissue
component present in the tissue and are not an
inference based on statistical methods as in point-
counting techniques.

Discussion

Objective measurement is important in routine
diagnostic pathology and in the full assessment of
each biopsy so that comparisons can be made
between different biopsies in a single patient or
between biopsies in groups of patients. Much work
has been done using stereological techniques applied
to jejunal mucosal biopsies,45 but this approach is
limited because it involves point counting or intercept
techniques which are tedious and tiring for the
observer. Moreover, in many cases the tissue
elements are not randomly distributed but are
anisotropic, and the commonly used stereological
methods may be inappropriate. The use of computer-
aided microscopy offers a possible solution. It
permits rapid measurement of defined tissue
elements based on a simple graphical technique.
Moreover, by examing all the areas within a field,
this method yields direct measurements of complex
shapes rather than estimates inferred by statistical
estimation.

The analysis of a microscopic image by computer
is based on grey-level equivalents of the colour and
shades within the histological preparation. In the
past, commercially available image analysis systems
have relied on structural analysis performed by
examining independently grey levels at each point in
the image. While this has proved practical in many
fields such as geology and metallurgy, it is found
that the restrictions of the method make the sep-
aration of images into the structural components
difficult in complex biomedical applications.

Two approaches may be used to solve the problem.
Separation of the tissue element images may be made
easier by the use of selective staining, which empha-
sises tissue and cellular tonal contrasts. Thus
enterochromaffin cells and their precursors may be
effectively delineated by the argyrophil reaction.
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However, the selective stains may not be the usual
ones chosen for microscopy by the pathologist, and
this may require modification of his techniques. The
mucus content of a section is clearly shown by the
periodic acid-Schiff reaction when viewed down a
microscope ; the magenta staining of mucus, however,
produces poor grey-level contrasts and is unsuitable
for the definition of mucus content in automatic
image analysis. Use of an alternative periodic
acid-thionin-Schiff reaction, however, produces
dark blue staining of the mucus, giving excellent
grey-level contrast and discrimination. Selective
staining is an important manner of extending
structural analysis of the grey-level image but is
limited in its application.

The second generation of commercially available
image analysis systems, of which the Magiscan
Image Analysis system is one, offers a different
approach. In these, the analysis of the image may be
based on interactive definition of tissue elements by
the observer as well as by automatic methods. We
have found that automatic methods of image
analysis based solely on grey-level thresholding have
been unable to detect the components of jejunal
mucosal biopsies in a satisfactory manner. However,
the technique of interactive graphics permits
descriptions of the image components to be passed
to the computer, which then carries out direct
measurements of areas within defined curves and
lengths of curves. This system when applied to the
examination of jejunal biopsies is rapid and efficient
and gives easily reproduced results. Definition of the
epithelium and stroma is made by the ‘light-pen’,
and selective staining further aids the definition of
particular tissue elements. The values are recorded
in terms of measured values within the area of the
section such as mucosal thickness, crypt depth,
mucosal area, epithelial area, or stromal area rather
than in merely proportional terms as is usual in
grid counts. The method is now in routine use in
this laboratory and is applicable with simple
modification of the programme to other tissues
besides jejunum.

The results in Tables 1 and 2 show significant
differences in the values from normals and from
patients with untreated coeliac disease which allow
sharp separation of the two groups and provide
suitable parameters to follow sequentially as a
response to therapy. There is no significantdifference
in the mean mucosal heights between the groups but
the crypt depth in coeliac patients is greatly increased

mean mucosal height
mean crypt depth

difference, as well as indicating the ‘flatness’ of the
mucosa in untreated coeliac patients.

emphasises this

and the ratio

Slavin, Sowter, Robertson, McDermott, and Paton

The mucosal volume related to a standard 1 mm?
of muscularis mucosae is similar in the two groups
but the proportions of epithelium and lamina
propria show marked changes in coeliac patients.
There is a loss in the epithelial volume fraction, and
this is matched by an increase in the lamina propria.
This increase is greater than that observed by
Meinhardt et al.® although their measurements were
in children.

Although large image analysis machines have
many potential applications it is evident that the
capital costs will restrict their use to teaching
hospitals or to laboratories partly supported by
research funds. Nevertheless the method of ‘inter-
active graphics’ described illustrates an approach
that can be developed for use in more restricted and
cheaper computer systems. These can be applied
more generally to other tissues in diagnostic histo-
pathology and allow measurement as a matter of
course in day-to-day work.
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Addendum

Since this paper was submitted the programme has
been modified with the help of Joyce Loebl so that
a contour tracing routine automatically delineates
the outer border of the epithelial cells, replacing the
need for manual tracing at this stage. Automatic
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tracing of the epithelial cell-stromal interface is
more complex and has not yet been achieved.

Requests for reprints to: Dr G Slavin, Northwick Park
Hospital and Clinical Research Centre, Harrow, Middx,
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