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SUMMARY The oesophageal epithelium of patients with reflux oesophagitis has been studied by
means of computer aided morphometry. Measurements of histological features were made on
biopsies from six cases before and after treatment. The size and elongation of the nuclei and their
variation, the number of nuclei per unit length or per unit sectioned area, and the size and
number of nucleoli per nucleus were measured for two zones of the epithelium, the base layer and
the intermediate layer, which were independent of section orientation. The measurements were
analysed using discriminant analysis. Significant discrimination was found between the two
groups. The most important parameters were the number of intermediate layer nuclei per sec-
tioned square millimetre, the mean intermediate layer nuclear area, and the number of nuclei per
millimetre of base epithelium. These parameters are consistent with increased cell turnover of the
non-ulcerated epithelium before treatment.

As part of a pilot study of the effect on reflux
oesophagitis of Omeprazole, a potent drug which
inhibits gastric secretion,'-3 it was necessary to
make an accurate assessment of the oesophageal
morphology in biopsy tissues. This paper describes a
morphometric method which overcomes the prob-
lems common to subjective assessment of these
small tissue fragments.

Material and methods

MATERIAL
Six patients with typical reflux oesophagitis partici-
pated in the study. At the first endoscopic examina-
tion oesophageal ulceration, confirmed by biopsy,
was present. Three or four other biopsies were taken
in a circumferential fashion from non-ulcerated
mucosa between 3 and 5 cm from the cardio-
oesophageal junction. Endoscopy was repeated
eight weeks after treatment with Omeprazole and in
all cases the ulcers had healed. Further biopsies
were taken as before. The biopsies were fixed in
glutaraldehyde and processed into epoxy resin. Two
micron thick sections were cut and stained with
haematoxylin and eosin.
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DEFINITION OF TISSUE ZONES
No attempt was made to orientate the small tissue
fragments during processing. Consequently, the
plane of sectioning was random and did not allow
study of orientation dependent features such as
increased height of papillae and relative proportions
of epithelial zones. It was, however, possible to
define tissue zones which were independent of sec-
tion orientation. These zones were the dividing base
layer of the epithelium and the cell layer mid-way
between the base and the surface, hereafter referred
to as the intermediate layer.

In all cases examined the section orientation was
such that some of the papillae were cut in cross sec-
tion and were recognised as circular or oval profiles.
The base layer was defined as that single layer of
cells immediately surrounding the core of lamina
propria constituting the papillae (Fig. 1). The inter-
mediate layer was defined as the region mid-way
between the base and the surface and the correct
level was recognised by clear evidence of a core of
lamina propria in the cross sectioned papillae (Fig.
2). In these zones features which were considered to
reflect reaction to cell damage by increased cell
turnover were measured.

It was reasoned that increased division in the base
layer would result in more nuclei per unit length of
sectioned base layer epithelium, elongated nuclei

44



Morphometric assessment of refisax oesophagitis in fibreoptic biopsy specimens

Al-

mesuremens outlined...

o (s e,t

w in e iv

ng:

ofetinshwnthe dividing bslayers of

Inrepithelial. lysmphocytres,ueasl recognisedab

thei diphstinctiv sizeingand staining cavracteris-
tis,wre (Fg.1ann)ucleirintownthgersectpo-
tiong of diie dige werale r udecol Fortheruppre
andrelefthncedgeofrneachfiel.lAleastsoenceg-i
mheintsrofdbase layer an10ale arerasgo thze
ointemditlayeduer wiefre seletdfr eacwh. Ncase.oThe
sampling numbers wered chosoen empircally tobegivea-
conswisten avereaged bynthetpinctipley of summatclion
avraes.4hne ol b elce n h ensz

Da the featuresetonn mbe asr wfnc e lere

the aidteofedatmicerocp drawiangua tubpe attach

wa Nhsn ufcenl itntfo heppla
prfietvodsapin temoedeslysaie

nuclei~ ~ Mof th iiiglyesado ufiin iet

conainatleat 0 nclar roile (ig.2)
Intraepitheliallymphocytes, easily recognised by~~AL

Fig.tI Seciobshoinlaeptheldviing base l0ayreaofth
einthelim.dithe sampedwereauselced fornceachcserh
measurementnubesoulierecoedeprcly.ogv

duetophsicalntcrvwdigg,bandhasmallerlaverasumatind

thewintermedithefeayere andbe smeallere averae size

trwith inresesythtcidivtofairsoedaigtube nutclei

E4 .

t4t

*0~~~~~~~0

# 3F *

4.w@ 7N

;*B@9 ; * 9 **41P

:*i

*F

4

AP,~

I4

*.: XY ^50 0 sofX

Fig. 2 Section showing the intermediate layer. The

sampled area is outlined and illustrates the distinction

between the intermediate layer nuclei and the more dense

nuclei of the dividing layers. A core oflamina propria
visible in the sectioned papillae defines the region of the

intermediate layer. The small densely staining lymphocytes

are obvious.

ment. A 40x microscope objective gave an image

magnification on the drawing surface of 1190. The

drawings were measured using a digitiser tablet sys-

tem. The system comprised a microcompter (North
Star Advantage), digitiser tablet (Houston Instru-

ments Hipad), graphic printer (Epson FX- 00), and

measurement software developed in our laboratory.
The nuclear profiles and the length of the mid-line

of the epithelium were measured for each base layer

segment. The nuclear profiles and the sampled area

were measured for each field of the intermediate

layer. The basic measurements made on each image
feature were simply the area and the perimeter.

CALCULATION OF PARAMETERS
Nuclear area was calculated in micrometres directly
using a calibration factor. For convenience in statis-
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tical analysis, the nuclear elongation was calculated
by a formula based on the perimeter and equivalent
circular area (10 - 40 x Area/Perim2) and adjusted
to give an arbitrary scale with limits from 0 to 10,
zero being a true circle and increasing values denot-
ing the more elliptical outlines. The number of nu-

clei per millimetre of the base layer and number of
nuclei per square millimetre of the intermediate
layer were calculated from manual nuclear counts

and from the measurements of lengths and areas of
sampled epithelium. The number and total area of
nucleoli per nucleus were calculated only for the
intermediate layer and only for those nuclei with
nucleoli.

In view of the primary interest in determining dif-
ferences between two groups (before and after
treatment), no stereological corrections were

applied-for example, for the effects of section
thickness and component size or orientation. It was
considered that errors were the same for the two
groups and would not influence the analysis.

STATISTICAL ANALYSIS
Variables representing the selected cytological fea-
tures calculated for each case from the accumulated
measurements were used for the statistical analysis.
The data were transferred to a larger computer
(Prime 850) for analysis using the SPSS package of
statistical programs.5 Owing to the multivariate
nature of the results, stepwise discriminant analysis
(subprogram Discriminant) was used by the method
of minimum Wilk's lambda.

Discriminant analysis is a multivariate statistical
technique which reveals the effectiveness and rela-
tive importance of variables in distinguishing
predefined groups of cases. The method may also be
used for subsequently classifying unknown cases

from classification equations derived from the
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discriminant functions. The analysis is performed by
including variables in a stepwise fashion and cal-
culating at each step the effectiveness of the
included variables in discriminating the predefined
groups. The analysis is stopped when significant dis-
crimination is achieved. A probability level of p <
0*05 was employed for significance tests.

Results

The means and standard deviations of the calculated
parameters are shown in Table 1. Direct examina-
tion of differences in means, however, may be mis-
leading for such a small number of cases if there is
high within group variance. Discriminant analysis
eliminates those variables which do not contribute
significantly to the discrimination between the two
groups. Only those variables which are consistently
different (low within group variance) are retained.
The analysis reduces the original 13 variables to

one discriminant function derived from three vari-
ables (Table 2). The relative magnitude of standar-
dised discriminant function coefficient for each
variable gives an indication of their relative discrimi-
nating power.
The mean number of intermediate layer nuclei

per sectioned square millimetre was higher before
treatment (965 95) than after treatment (601-97),
indicating more cells per unit volume of tissue
before treatment. The mean nuclear size in the
intermediate layer was slightly smaller before (27.50
,mM2) than after treatment (27.99 ,um2). The fact
that the discriminant analysis proved this variable to
be an important discriminator with a small differ-
ence in means indicates consistency between cases.

An increased number of nuclei per millimetre of the
base layer, suggesting higher division activity, was

found before treatment (95-70) compared with after

Table 1 Means of 13 morphometric variables for oesophageal biopsies from patients before and after Omeprazole
treatment

Variable Before (n = 6) After (n = 6)

Mean SD Mean SD

Mean area of base layer nuclei 19-06 4 56 17-66 2-59
Mean area of intermediate layer nuclei 27-51 8-22 28-00 3.67
CV of area of base layer nuclei 37-18 Z66 42-83 6-16
CV of area of intermediate layer nuclei 37-34 4 59 35-36 3-56
Mean shape factor of base layer nuclei 2-43 0-42 2-63 0-18
Mean shape factor of intermediate layer nuclei 1-92 0-26 2-06 0-34
CV of shape factor of base layer nuclei 42-32 6-63 44-77 5-98
CV of shape factor of intermediate layer nuclei 54 65 3-70 48-22 4-68
Mean no of nucleoli per intermediate nucleus 1-23 0-70 0-98 0 50
Mean total area of nucleoli per intermediate nucleus 1-79 1-21 1-46 0-82
Percent nuclei with nucleoli in intermediate layer 10-77 12-57 6-39 10-65
Nuclei per square millimetre of intermediate layer 965 95 170-80 601-97 72-43
Nuclei per millimetre of base layer 95-70 2012 90-46 7-67

SD = standard deviation.
CV = coefficient of variation.
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Table 2 Discriminant function coefficients

Unstandardised Standardised

Nuclei per square
millimetre of
intermediate layer 0-0101 3 035

Mean area of intermediate
layer nuclei 0-4348 2-771

Nuclei per millimetre
sectioned base layer 0-1100 1-676

CONSTANT -30 2365

treatment (90.46). These variables are consistent
with an increased cell division rate before treatment.
Most importantly, the F ratio of the discriminant

analysis, which indicates the significance level for
distances between group centroids, showed
significant discrimination between the two groups (F
= 13-072, p = 0-0019).
The variables excluded from the analysis were the

nucleolar measurements, the elongation shape fac-
tor, and the variations of size and shape of the nu-
clei. The small number of cases and high within
group variance of these variables was such that they
did not contribute significantly to the discriminant
analysis.
The unstandardised discriminant functions may

be used to calculate a discriminant score for each
case. When plotted, these scores graphically illus-
trate the discrimination between the two groups
(Fig. 3). As a further check on the effectiveness of
the discrimination, the original cases were classified
using a classification equation derived from the dis-
criminant functions and the-predicted and actual
groupings compared. This resulted in 100% agree-
ment, further illustrating the success of the discrimi-
nation.

Discussion

Patients with reflux symptoms who have no evidence
of oesophageal erosions and equivocal endoscopic
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Fig. 3 Histograms of discriminant scores for the cases
examined based on the unstandardised discriminant
functions and the morphometric variables for each case. The
distributions ofscores are clearly separated for cases before
treatment (solid bars) and after treatment (open bars).

appearances ascribable to oesophagitis comprise an
appreciable clinical problem in management.
Difficulties in assessment of oesophageal biopsies
from such patients are also very real because reflux
may be regarded as a normal event. Biopsies from
the last 2*5 cm of the oesophagus in normal subjects
may show changes ascribed to reflux,6 and it is now
usual to accept histological evidence of reflux as
important only if it is present in the mucosa above
this level. Even so, the subjective assessment of the
degree of reflux in the biopsy-namely, increased
thickness of the basal layer and elongation of the
subepithelial papillae'-is fraught with difficulty and
Adami et al8 believe that it is of little value. Orienta-
tion of minute superficial biopsies is often subopti-
mal and results in sections cut in a variety of planes
through the oesophageal epithelium. Even in cor-
rectly orientated sections definition of the upper
extent of the basal layer is arbitrary. Although
periodic acid Schiff preparations are often used to
define the basal layer by its absence of positively
stained glycogen, the distinction between the nega-
tive and positive zone is never clear cut. Rather
there is a gradual transition from positive to nega-
tive. One could advocate that the upper limit be
taken as the region where the distance between
neighbouring nuclei equals the average diameter of
the nuclei, but this again is arbitrary and does not
allow for real accuracy since the zone with these
characteristics is relatively wide. In view of these
problems, in this pilot study to assess the effect of
Omeprazole, we assessed the lower oesophageal
epithelium by morphometric methods. We were
able to identify the tissue zone between the basal
layer and the surface as well as the single dividing
base layer in randomly orientated sections of small
biopsy fragments. From these zones we measured 13
different nuclear parameters in biopsy tissues from
six patients. Discriminant analysis showed that three
of these measurements were important in indicating
clear differences between the before and after
treatment biopsies. They indicated an increased rate
of cell division in response to gastric acid reflux
which was significantly different from that when the
gastric secretion of acid was inhibited.

Knuff et al9 have recently shown that in routine
punch biopsies of patients with long histories of
oesophageal reflux, 59% were uninterpretable when
endoscopic evidence of oesophagitis was minimal.
Although in some cases studied here the presence of
ulcer debris in the histological sections allowed a
firm diagnosis of oesophagitis to be made, the frag-
ments were often too small and unsuitably orien-
tated to allow assessment of accepted indicators of
oesophagitis such as increased basal layer thickness
or height of papillae, and reliable interpretation was
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not possible by ordinary methods. The importance
of the morphometric technique is therefore clear. It
shows that there are measurable changes in the
non-ulcerated epithelium when reflux of acid is
occurring which form an objective basis for the
accurate diagnosis of non-ulcerative reflux
oesophagitis. This is mandatory if the condition is to
be managed by potent drugs.
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