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SUMMARY

A technique is proposed for applying well-established stereological methods to study fixed nasal
biopsy material to obtain an unbiased estimate of blood vessel surface and volume densities.
Biopsies of the nasal mucosa from the anterior 10 mm of an inferior turbinate were obtained
from 18 subjects (15 males, 3 females with a mean age of 28.5 years [range: 17-54 years]), ten
of whom had perennial allergic rhinitis, and eight control subjects. The mucosal tissue volumes
were estimated by water displacement. Zamboni’s-fixed cryostat sections (10 pm thick), stained
with haematoxylin and eosin, were examined histologically. Computerised images of
randomly selected tissue sections were analysed with point-counting and intercept-counting
techniques to determine large blood vessel volume and surface densities, respectively. There
were no significant differences between the volumes of tissue analysed from the control and
rhinitic subjects (p=0.35). The average volume density of the vessels was similar in the control
group (6.17£1.41%) and the rhinitic group (7.8+5.59%; p=0.38), but with a greater variability
in the rhinitic group. Surface density estimations were 3.14%0.74 mm™ in the control group and
3.10x1.41 mm™ in the rhinitic group. Therefore, on average, the volume and surface densities
of the cavernous blood vessels in rhinitis were unaltered and there was no evidence of vascular
remodelling.
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INTRODUCTION

The nasal mucosa has an extensive system of cavernous vessels
whose distension is controlled by throttle vessels (Widdicombe,
1994). Engorgement of these capacitance vessels reduces nasal
patency and increases nasal airway resistance. In conditions such
as the common cold or seasonal allergic rhinitis, release of hista-
mine and other mediators leads to engorgement which is obvious
on rhinoscopy and reverts to normal when the viral or allergic
stimulus is no longer present. In subjects with chronic rhinitis,
whether due to persistent allergen exposure (as with house dust
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mite) or without obvious allergen exposure, there is frequently
chronic enlargement of inferior turbinates. Treatment with topic-
al corticosteroid sprays may return appearances to normal, but
many subjects either relapse quickly after stopping treatment or
obtain no relief and require surgery to the inferior turbinate in an
attempt to improve their symptoms.

The vasculature of the human nasal mucosa has been qualitati-
vely studied (Kohlrausch, 1853; Dawes and Prichard, 1953;
Cauna, 1982; Passali et al., 1991), but it is not known whether
the large cavernous capacitance vessels are altered in perennial
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rhinitis. In this study we apply stereological methods to obtain
an estimate of large blood vessel density in nasal biopsies taken
from subjects with chronic perennial rhinitis and, for comparis-
on, biopsies from subjects undergoing nasal surgery for correc-
tion of anatomical abnormalities but without rhinitis.

MATERIAL AND METHODS

Subjects

Biopsies of the anterior end of an inferior turbinate were ob-
tained, by the same surgeon (P.T.), under general anaesthesia in
18 subjects (15 males, 3 females) with a mean age of 28.5 years
(range: 17-54 years). All were never smokers and had not had
previous nasal surgery. Ten subjects had perennial allergic
rhinitis (PAR) with variable nasal obstruction, rhinorrhoea,
sneezing and nasal irritation present for more than 16 days per
month and for more than 6 months per year for a minimum of
three years. Diagnosis was confirmed by rhinoscopy and a posi-
tion skin prick test to Dermatophagoides pteronyssinus and
sometimes to other common aero-allergens. These subjects had
turbinate amputation to improve the airway.

The remaining eight subjects had no history of rhinitis, negative
skin prick tests to all acro-allergens and were undergoing other
nasal surgical procedures such as septoplasty, submucosal
resection of the nasal septum, and submucosal diathermy or
trimming of the inferior turbinate bones. These subjects gave
consent for an additional biopsy of the inferior turbinate.

The study was approved by Parkside Healthside Ethics
Committee (EC2418). No subjects had received topical corticos-
teroid nasal sprays during the previous three months nor any
other medication with known nasal effects (such as antihistami-
nes and drugs with anticholinergic side effects) during the pre-
vious one month.

Surgical procedures

No topical vasoconstrictor was applied prior to biopsy. After
medial fracture of an inferior turbinate, the anterior 10 mm was
excised using turbinectomy scissors or in some subjects turbi-
nate amputation was the definitive procedure. The nose was
firmly packed for the following 24 h and there were no early or
late haemorrhages, nor other complications.

Tissue processing

Surgically resected turbinates were fixed immediately in
Zamboni's fixative (0.1 M phosphate buffer containing 2% (w/v)
paraformaldehyde and 15% (w/v) saturated picric acid) for 4 h at
room temperature and then stored in phosphate-buffered saline
(PBS) containing 3% sucrose. The anterior 10 mm of the muco-
sa was dissected from the turbinate bone, washed thoroughly in
PBS/sucrose and its volume measured by water displacement
(Scherle, 1970). The mucosal tissue was then sliced into five
blocks of equal thickness and isotropic uniformly random sec-
tions were cut (Mattfeldt, 1990). The mucosa was placed on a
cork disc and surrounded by mounting medium (Tissue-Tek ®;
Miles Inc., Elkhart, USA). The blocks were frozen by submer-
sion in melting dichlorodifluoromethane (Arcton-12; ICI,
Cheshire, UK) and then cooled to -196°C by immersion in
liquid nitrogen and stored at -70°C.
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With the aid of a random number generator (Press et al., 1988),
random sections (10 um) were cut using a Bright Cryostat. The
sections were mounted on microscope slides coated with poly-
L-lysine, left to dry for 1 h at room temperature and then stained
with haematoxylin and eosin (Bancroft and Cook, 1984). Each
biopsy was examined by the same pathologist (J.W.), who was
blinded to the clinical diagnosis, for features of chronic rhinitis.

Image collection and analysis

From the 30 cryostat sections, ten were randomly selected. Two
fields from each section were digitised using a computer pro-
gramme called OpenStereo (Abrams et al., 1994). OpenStereo
was also used for the subsequent analyses of the nasal mucosa
images. The images were manually optimised for brightness
and contrast and the cavernous vessels were identified and ana-
lysed by a single operator. Analysis of the images consisted of
volume density (point counting) and surface density (intercept
counting) assessments. The reference space was considered to
consist of the whole tissue section excluding the respiratory
epithelium (Figure 1). The extrapolation from area measure-
ments to volume measurements is legitimate when correct
stereological procedures have been used (Weibel, 1979;
Gundersen, 1986, 1987; Gundersen et al., 1988, 1988a). The
point density used for point counting was 225 points mm™ (512
points per image; Figure 2) and the line density for intercept
counting was 13 mm’! (100 points per image; Figure 3). These
densities were chosen because preliminary experiments indi-
cated that they would produce results with relatively high relia-
bilities and low variances. Point counting (Chalkley, 1943; Cruz-
Orive and Weibel, 1990) and intercept counting (Tomkeieff,
1945) are well described elsewhere.

Statistical analysis
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Figure 1. A digital image of a 10-um section of nasal mucosa stained
with haematoxylin and eosin. The cavernous blood vessel profiles,
some of which are indicated by (A), vary in shape and size. The sero-
mucous glands (B) are just beneath the respiratory epithelium (C)
which covers the basement membrane (D).
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Figure 2. A digital image of the same nasal mucosa section is superim-
posed with a regular lattice of test points. Points that lay within the
blood vessel profiles are selected and automatically enclosed within a
square (E). The computer displays the points and squares in different
colours for easy identification.
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Figure 3. A digital image of the same nasal mucosa section is superim-
posed with a grid. Intersections between the grid and blood vessel pro-
files are selected and marked with a cross (F). The computer displays
the grid and crosses in different colours for easy identification.

All data were tested for normality using the Shapiro-Francia W’
test (Royston, 1983). The volume of rhinitic tissue analysed was
compared with the volume of normal tissue analysed using a
two-sample ¢ test. The mean value for each subject was calcula-
ted. The blood-vessel volume density data for the two groups
were analysed using Welch’s 7 test and the Ftest to compare the
group means and the variances of the subject means, respec-
tively. This was repeated for the intercept-counting data.
Genstat (Statistics Department, Rothamsted Experimental
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Station, Hertfordshire, UK) was used to perform the residual-
maximume-likelihood procedure (REML; Robinson, 1987) to
calculate the estimated components of variance for the point-
counting and intercept-counting data. The software package cal-
led “N” was used to perform sample size calculations (IDV;
Munich, Germany).

RESULTS

Histology

Eight of 10 subjects with perennial allergic rhinitis had signif-
icant mucosal inflammation and five had an eosinophilic infil-
trate. Three of eight control subjects had significant mucosal
inflammation and two had an eosinophilic infiltrate, hence it
was not possible to predict confidently which biopsies origina-
ted from subjects with clinical symptoms of rhinitis on those
histological features.

Tissue volumes

The average volume of the anterior 10 mm of tissue from con-
trol subjects was 0.219+0.082 cm’ and 0.310+0.179 cm’ in the
rhinitic subjects. The variances of the two groups were not sig-
nificantly different (£y7;=1.05, p=0.49), following reciprocal
transformation. The residuals were normally distributed, with a
W’ value of 0.950 (p=0.37) as shown by the Shapiro-Francia W’
test (Royston, 1983). A two-sample ¢ test on the transformed
data showed that the mean volumes were not significantly
different (p=0.35).

Point counting

The estimated mean vascular volume densities were 6.17+1.41%
in the control and 7.82+5.59% in the rhinitic subjects. The val-
ues for each field for each subject are plotted in Figures 4 and 5.
The distribution of the residuals was found to be positively
skewed and remained skewed after logarithmic transformation.
Hence, subsequent statistical analyses were performed on the
non-transformed data.

The variances of the subject means was larger in the rhinitic
group than in the control group, (Fy7=15.12, p=0.0008).
Because the variances were unequal, Welch’s 7 test was used to
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Figure 4. A scatter plot showing the vascular volume density for all the
fields measured in the eight control subjects. Each measurement is
represented by a circle.
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Figure 5. A scatter plot showing the vascular volume density for all the
fields measured in the ten rhinitic subjects. Each measurement is repre-
sented by a circle.

compare the group means There was no significant difference in
the mean volume density between the two groups (p=0.38).
The REML procedure showed that the variance between sec-
tions was not significantly different in the control and rhinitic
group (Table 1) and that the components of variance between
subjects and fields were much larger in the rhinitic group.

Table 1. The point-counting variance components of vascular volume
density with associated standard errors (in parentheses) for each group
is shown.

component of variance control rhinitis

between subjects 1.10 (1.08) 28.6 (14.2)
between sections 2.94 (1.77) 3.34 (2.95)
between fields 12.0 (1.90) 25.0 (3.54)

Intercept counting

The mean estimated surface density for the rhinitic group was
3.1420.74 mm™" and 3.10x1.41 mm™ in the control group. The
values for each field for each subject are plotted in Figures 6 and
7. The distribution of the residuals was found to be normal.
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Figure 6. A scatter plot showing the luminal surface density (in mm™)
for all the fields measured in the eight control subjects. Each measure-
ment is represented by a circle.

25

in =
"
2
o
: a
B .
E . . an
7 “
1 o
[ .
- 5. H
- - a
2 el - soner
= [T - a
& S e - -
- 2 o
- : ot - + 0 m
. = -n - .
w 1 [T N an
= - 2 -
L) - - = - 12 B - a
v R am . amsgn man O E T .
-
5 - - a sans  ra .
P ] va - . ua P
] T ' e .
e ' e . H
LI a dams a
=eam @ a na o ]
i an . auad
a ' " .
T - - -
E s -
qr .
T

T T T I -
9 1 1 4z 43 <4 45 1k 17 A
Tt

Figure 7. A scatter plot showing the luminal surface density (in mm™)
for all the fields measured in the ten rhinitic subjects. Each measure-
ment is represented by a circle.

The variances of the subject means was larger in the rhinitic
group compared with the control group (Fy7=3.64, p=0.05).
Because the variances were not equal, Welch’s 7 test was used to
compare the group means. There was no significant difference
in the mean surface density between the two groups (p=0.94).
The REML analysis showed that the variance component
between fields was similar in the control and rhinitic group
(Table 2) and that the components of variance between subjects
and sections were much larger in the rhinitic group.

Table 2. The intercept-counting variance components of vascular sur-
face density with associated standard errors (in parentheses) for each
group is shown.

component of variance control rhinitis

between subjects 0.47 (0.30) 1.88 (0.94)
between sections 0.04 (0.19) 0.47 (0.18)
between fields 1.62 (0.26) 1.22 (0.17)

Sample size calculations

Sample size calculations were performed using the data from
the volume density experiment. The results showed that for a
difference in the means of 1.65% (as detected by this experi-
ment) to be significant at the 5% level with a power of 90%, 294
subjects (147 subjects per group) would be required. Further
investigations revealed that with the number of subjects analy-
sed in this experiment, a difference in the means of 7% could be
detected at the 5% significance level with a power of 90%.
However, since the data are not normally distributed the sample
sizes required should be increased by 10% (Lehmann and
D'Abrera, 1975).

DISCUSSION

Numerous previous studies and reviews have examined the
organisation of the nasal mucosa and its vasculature. These
have been directed at describing the anatomical architecture of
the microvasculature (Dawes and Prichard, 1953; Anggard,
1974; Cauna, 1982; Passali et al., 1992) and its physiological con-
trol (Widdicombe, 1990, 1994). To the best of our knowledge no
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previous attempts have been made to quantify the density of
vessels within normal or diseased human nasal mucosa.
Vascular density measurements have been obtained for other
organs, particularly in neoplastic diseases of the breast, where
attempts have been made to correlate vascular density with
invasion and outcome (Protopapa et al., 1993; Van Hoef et al.,
1993), prostate (Brawer et al., 1992), cervix (Kohno et al., 1993)
and oesophagus (Porschen et al., 1994).

Effects of various angiogenesis-inducing agents have also been
studied (Sorbo et al., 1994; Danesi et al., 1993). To date, most
methods have been performed manually although some studies
have utilized image-morphometric methods for vascular densi-
ty measurement (Brawer et al., 1992; Visscher et al., 1993). Our
technique greatly reduces the time taken to quantify vascular
density. The production of photographs is not necessary, but
the digitised histological slides allow recall for re-assessment,
use in other studies and for peer review.

The luminal surface density of the large cavernous blood ves-
sels was estimated in order to determine whether there was any
change in the luminal surface area of these blood vessels
present in PAR. Such a change could represent an increase
(or decrease) in the number of blood vessels or an increase (or
decrease) in the cross-sectional area of the blood vessels or
both. In conjunction with the vascular volume density estima-
tes, the surface density data were used to determine whether
there was any change in the number of blood vessels present in
the diseased tissue. This was necessary because it was important
to determine whether a change in the number or size of blood
vessels had occurred. In this study, the vascular volume density
estimations did not detect a significant change in the volume
density of the blood vessels; similarly, no significant change in
the surface density of the blood vessels had occurred. If, how-
ever, there was no change in the vascular volume density but a
change in the surface density, then obviously this change would
not be detected by vascular volume density estimates. An exam-
ple of how this situation could arise would be if the number of
blood vessels increased but the size of these vessels (namely the
cross-sectional area) decreased to such an extent that the over-
all volume of the blood vessels was unchanged.

The large cavernous blood vessels were relatively easy to dif-
ferentiate from the subepithelial vessels and are thought to be
largely responsible for acute changes in inferior turbinate vol-
ume. The subepithelial capillary network was not visible at the
working magnification of x9. The large vessel density in these
biopsies averaged 6-7% of the total tissue volume. Because it
was not possible to maintain intravascular pressure, these esti-
mates may underestimate vascular density in particular sites of
the nasal mucosa. Similarly, the surface density estimates,
which indicate the amount of luminal surface area present, may
also be underestimated. To obtain an estimate closer to in vivo
conditions, freezing of the turbinate prior to biopsy or perfusion
of a feeding vessel at physiological pressures would be neces-
sary. Either technique would be difficult to perform.

There was no significant differences in mean vascular density
between biopsies from control and PAR subjects, but vasculari-
ty was much more variable in PAR than control subjects and
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two PAR subjects (Nos. 9 and 17) had larger values than any of
the controls. These subjects had no specific clinical features dis-
tinguishing them from other subjects of the PAR group.

The volume measurements performed on the anterior 10 mm
of the inferior turbinates indicate that there is no significant
difference in the amount of tissue analyzed between the two
groups. Therefore, hypertrophy of the nasal mucosa is unlikely
to be prominent within the anterior portion of the turbinate.
However, only the anterior tip of the turbinate has been analy-
zed, so only changes in the cross-sectional area of the mucosa
would be detected while any increase in the length of the turbi-
nate or the nasal mucosa would not be identified. The histolo-
gical analysis has shown some overlap between the two groups.
In summary, the results overall do not support the existence of
an increased vascular density in PAR; conceivably, however, the
in vivo state of distension of the cavernous vessels could be
greater in PAR due to changes in neural or other control.
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