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ABSTRACT: We investigated the use of bronchial brush biopsies of the bronchial
epithelium as a diagnostic tool in commeon airway diseases.

Flexible fibreoptic bronchoscopy was performed on 22 smokers with non-
obstructive chronic bronchitis and on 14 healthy nonsmoking individuals, Ten of
the smokers had recurrent infectious exacerbations. Cell samples were taken from
carinal and subsegmental levels of the bronchial tree with a standard cytological
brush, and a differential count was made of the different cell types.

Smokers with chronic bronchitis had significantly more goblet cells (mean 20.0,
sp 8.6), and less ciliated epithelial cells (mean 74.1, sp 9.4), than the healthy
nonsmokers (mean 9.2, sp 3.9 and mean 84.7, sp 6.6, respectively). No such
changes were found between the chronic bronchitis groups with or without infec-
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tious exacerbations.

Thus, bronchial brush biopsies can be used as a complement to standard
bronchial biopsies in the investigation of airway diseases other than pulmonary

malignancies.
Eur Respir J., 1992, 5, 382-386.

Bronchial cytological brush biopsy is a routine
method used in diagnosing pulmonary malignancies [1,
2]. The method can also be used to obtain cells from
the normal bronchial epithelium. The aim of this study
was, firstly to evaluate whether bronchoscopic brush
biopsies can be used in a standardized manner to
investigate common airway diseases, and secondly to
evaluate brush biopsies as an objective method for the
diagnosis of chronic bronchitis based on morphological
changes in the bronchial epithelium.

Chronic bronchitis primarily affects smokers and is
characterized by daily coughing and expectoration
during at least three consecutive months over a period
of more than two years [3]. The diagnostic criterion
of chronic bronchitis is based solely on the case history,
and no clinically useful objective method to diagnose
chronic bronchitis has been described. The
morphological basis for the hypersecretion in chronic
bronchitis has previously been studied in bronchial
specimens from patients taken during surgery or in
postmortem tissue. Bronchial epithelium from patients
with chronic bronchitis has been shown to have an in-
creased number of goblet cells in the major and smaller
bronchi, as well as in the bronchioles [4]. The number
of inflammatory cells found in the mucosa is increased
[5, 6].

We therefore analysed the cytology of the respiratory
epithelium in smokers with non-obstructive chronic
bronchitis and in healthy nonsmoking individuals. A
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comparison was also made between the cytological
outcome in chronic bronchitis patients with and with-
out infectious exacerbations. The material was obtained
with bronchoscopic brush biopsies taken from the
carinal and the subsegmental levels of the bronchial
tree.

Materials and methods
Subjects

1. Fourteen healthy nonsmoking volunteers with normal
spirometry and no history of pulmonary disease or signs
of upper or lower respiratory disease during the past
four weeks.

2. Twelve current smokers with productive daily cough
for at least six consecutive months each year, during
the last two years, and normal spirometry and no
history of infectious exacerbations.

3. Ten current smokers with chronic bronchitis and two
or more infectious exacerbations a year, during the past
two years. Exacerbation was defined according to
BoMmaN et al. [7]. Mucopurulent sputum and increased
cough were regarded as obligatory criteria for a
diagnosis of exacerbation. At least one of the following
symptoms should be present: general malaise, symptoms
of common cold, fever >38°C, dyspnoea, increased
mucus production, increased sputum thickness,
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erythrocyte sedimentation rate (ESR)-elevation or blood
leucocytosis.

None of the healthy nonsmokers had any regular
medication. Five out of 22 chronic bronchitis
patients used acetylcysteine regularly, eight out of 22
used inhaled beta,-stimulants sporadically, and two out
of 22 used inhaled ipratroprium bromide sporadically.
None used theophylline preparations or steroids of any
kind. The duration of the bronchitis symptoms varied
greatly between the individuals: from 2.5-24 yrs with
a mean of 8.3 yrs.

Criteria for exclusion were abnormal chest X-ray,
abnormal spirometry (forced expiratory volume in one
second (FEV,) <80% predicted), patients with bronchial
hypersecretion caused by factors other than cigarette
smoking, patients with a history of asthma or age >70
yIS.

Lung function (FEV,) was measured with a Bernstein
spirometer or Vitalograph and was required to decide
whether the patients were suitable for the study or not.

The study design was approved by the local Ethical
Committee and the volunteers gave their consent after
written and oral information.

Bronchoscopy

Premedication was given with haloperidol, S mg
orally, followed by 0.5-1 ml morphine-scopolamine i.m.
Five ml 1% tetracaine was nebulized with a pressurized
nebuliser (Plug-in inhalator, Aiolos systems, Karlstad,
Sweden) and inhaled in an upright position for local
anaesthesia. All bronchoscopies were performed by two
experienced bronchoscopists and with the patient in the
supine position. A flexible fibreoptic bronchoscope
(Olympus BF ITR/IT 10, Olympus, Japan) was used.

Collection of samples

Brush biopsies for cytological examination were taken
during bronchoscopy using a standard metal cytology
brush (Olympus BC 9C-26101). Three consecutive
brushings, from an approximately 3-4 cm?
intrabronchial area, were sampled from two levels of the
bronchial tree: from the carina and from the
subsegmental bronchial level in the right lower lobe.

Two separate brushes were used for the two levels.
The samples were immediately suspended in buffered
formaldehyde and the analyses were performed without
the investigator knowing which patient group was being
investigated.

Cytological analysis

The fixed cells were stained with a drop of Sedistain
(Clay Adams, Becton Dickinson, Parsippany, NJ 07054,
USA) and analysed using an interference contrast
microscope (Optophot II, Nikon, Fuji Bldg, 2-3,
Marunouchi 3-chome, Chiyoda-ku, Tokyo 100, Japan).
The number of ciliated epithelial cells, goblet cells,
squamous epithelial cells, polymorphonuclear granu-
locytes and mononuclear cells (including macrophages)
was determined. A few percent of the cells were
classified as "other cells" consisting mainly of basal
cells. The frequency of the different cell types was
expressed as the percentage of one hundred intact cells
counted.

Statistics

The location and dispersion of the two cell types with
normal distribution were estimated using the arithmetical
mean and standard deviation. For the cell types without
normal distribution the median values were given.
For comparison of the cellular distribution between
groups of subjects, the group means were compared
using the Student’s t-test for data with normal distribu-
tion, and the Mann-Whitney U-test for non-parametric
data.

Results

The mean age and the mean maximum FEV, did not
differ substantially between the healthy nonsmokers and
the patients with chronic bronchitis without
exacerbations. The patients with chronic bronchitis and
exacerbations were slightly older and had a lower FEV,
in percentage of the predicted values, but within the
normal range. The smoking history of the two groups
with chronic bronchitis was comparable (table 1).

Table 1. — Age, FEV, (% of predicted normal) and cigarette consumption
(pack years) of healthy controls and patients with chronic bronchitis
Age yrs FEV, Pack-
n Mean (range) Mean SD years
Healthy nonsmokers 14 46 (26-66) 101 4 0
Chronic bronchitis
without exacerbations 12 49 (36-62) 96 6 35
Chronic bronchitis
with exacerbations 10 55 (48-68) 87 9 36

FEV: forced expiratory volume in one second.
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Table 2.

and the subsegmental level in patients with chronic bronchitis (n=22) and healthy controls (n=14)

— Cellular distribution of brush biopsies in percentage of 100 counted cells at the carina level

Healthy nonsmokers

Chronic bronchitis

Carina Subsegmental Carina Subsegmental
Cell type Mean sD Mean SD p< Mean SD Mean SD p<
Ciliated cells 81.4 11.6 88.0 5.2 NS 73.1 14.3 74.7 9.2 NS
Goblet cells 9.4 4.7 9.0 5.0 NS 19.8 11.0 20.3 9.7 NS
Cell type Median (Range) Median (Range) p< Median (Range) Median (Range) p<
Squamous cells 0 (0-9) 0 (0-2) NS 0 0-5) 0 (0-10) s
PMN 0 0-4) 0 (0-11) NS 0 (0-3) 0 (0-3) NS
Mo-Mac 0 (0-48) 05 (0-8) NS 0 (0-63) 1.0 (0-24) ns
Others 0 0-5) 0 0-9) NS 0 04) 0 (0-5) NS

PMN: polymorphonuclear granulocytes; Mo-Mac: mononuclear cells-macrophages; Others: cells with other morphology

of which the majority were basal cells; Ns: not significant.

Table 3. — Cellular distribution of brush biopsies in percentage of 100
counted cells in patients with chronic bronchitis (n=22) and healthy

controls (n=14)

Chronic bronchitis

Healthy nonsmokers

Cell type Mean SD Mean SD p<
Ciliated cells 74.1 9.4 84.7 6.6 0.001
Goblet cells 20.0 8.6 9.2 39 0.0001
Cell type Median (Range) Median (Range) p<
Squamous cells 0 (0-7.5) 0 (0-5.5) NS
PMN 0 (0-1.5) 0 (0-5.5) NS
Mo-Mac 0 (0-35) 0 (0-28) NS
Others 0 0-3) 0 0-7) NS

For each individual the mean values from the carinal and the subsegmental
level were used. For abbreviations see legend to table 2.

Table 4. — Cellular distribution of brush biopsies in percentage of 100
counted cells from chronic bronchitis patients with (n=10) and without

(n=12) infectious exacerbations

With exacerbations

Without exacerbations

Cell type Mean Sb Mean SD p<
Ciliated cells 735 12.0 75.1 7.8 NS
Goblet cells 171 8.3 222 8.9 NS
Cell type Median  (Range) Median  (Range) p<
Squamous cells 0 (0-7.5) 0 (0-3) NS
PMN 0.5 (0-1.5) 0 0-0.5) 0.03
Mo-Mac 25 (0-35) 0 (0-7.5) NS
Others 0 0-2) 0 (0-3) NS

For each individual the mean values from the carinal and the subsegmental
level were used. For abbreviations see legend to table 2.

The mean number of ciliated epithelial cells,
goblet cells, squamous cells, inflammatory cells and
alveolar macrophages did not differ significantly be-
tween the carinal level and the subsegmental level for
any cell type (table 2). As no differences between the
two levels were found, means for cell counts from the

two levels were used for comparison between the
groups.

A significantly larger number of goblet cells was
noted in patients with chronic bronchitis than in healthy
controls (p=0.0001; 99.9% confidence interval:
14.1-25.9% and 5.9-11.8%, respectively), (table 3). A
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significantly smaller number of columnar epithelial cells
was found in the patients with chronic bronchitis
(p<0.001). The ratio of goblet cells to ciliated
epithelial cells was about 1:9 in healthy nonsmoking
controls and about 1:3.5 in patients with chronic bron-
chitis. The numbers of squamous epithelial cells,
polymorphonuclear granulocytes and mononuclear cells
were small, they were unevenly distributed and did not
differ significantly between the study groups (tables 3
and 4).

The cellular distribution in brush biopsies from
patients with chronic bronchitis with and without
infectious exacerbations did not differ significantly for
any of the cell types with one exception: the percent-
age of polymorphonuclear cells was significantly higher
in the chronic bronchitis group with recurrent infectious
exacerbations (p<0.03 with Mann-Whitney U-test)
(table 4).

The cell frequency in brush biopsies from different
bronchial levels in the healthy nonsmoking group
was taken as the reference value for normality by
adding two sps to the mean of the goblet cells.
Thirteen out of 22 smokers with chronic bronchitis
had goblet cell percentages above this cut-off
level. The sensitivity of the method in different-
iating bronchitics from controls was approximately
60% (fig. 1). Similar values were noted for ciliated
epithelial cells.
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Fig. 1. - Individual numbers of goblet cells in percentage of 100

counted cells in controls and bronchitics. For each individual the
mean value from the carina and the subsegmental levels is given.
Dashed line indicates the mean +2sp for the goblet cell percentages
in controls. Thirteen out of 22 patients with chronic bronchitis fall
outside this range. A short horizontal line in each group indicates
the mean number of goblet cells.

Discussion

Quantitative studies of the cell population in normal
nonsmoking human bronchial epithelium are scarce.
SODERBERG et al. [8] recently reported a ratio of goblet
cells to ciliated epithelial cells of approximately 1:10
in healthy nonsmokers based on bronchial biopsies. In
previous studies on healthy people a ratio of 1:5 from

the trachea [9] and 1:3 from the bronchi has been re-
ported [10], but the authors commented that the large
number of goblet cells in their reports was probably due
to inclusion of specimens from heavy smokers. The
results of the present study show a ratio close to 1:9
in healthy nonsmokers, which is similar to the results
of SODERBERG ef al. [8].

Previous morphological studies in patients with
chronic bronchitis have largely been based on
postmortem or postoperative material. Patients
with chronic bronchitis have been shown to have
increased numbers of goblet cells both in the central
[6, 11-14], and in the peripheral bronchi [5, 15-18].
Increased mucosal inflammation has also been
found. The submucosal mucous glands seem to be
hypertrophic in chronic bronchitis and their production
of mucus is increased [12, 13, 19]. In two biopsy
studies on the human trachea and bronchi, the authors
found that the mean goblet cell density was positively
correlated to the tobacco consumption in smokers, and
that smokers with chronic bronchitis had the highest
values [20, 21]. Our results from both healthy
nonsmokers and patients with chronic bronchitis are,
thus, in line with previous reports, indicating that brush
biopsies gives meaningful results and can be used for
diagnostic purposes. The use of bronchial brush
biopsies for diagnostic purposes in pulmonary diseases,
other than malignancies, has not previously been
described.

Attempts have been made to validate the diagnosis
of chronic bronchitis from histopathological changes [S5,
12, 19, 22-24]. The methods used in these studies are,
however, dependent on postoperative or postmortem
material. Their clinical use in diagnosing chronic
bronchitis is therefore limited.

Histological sections of bronchial biopsies have also
been studied to investigate the cell population of the
bronchial epithelium, both in healthy subjects and in
patients with chronic bronchitis, but the size, condition
and degree of representation of the biopsies varied
greatly and the method proved hard to standardize [9,
13, 18]. In the study of SODERBERG et al. [8] for ex-
ample, 40% of the biopsies had to be discarded [25].
In the present study, the problem of uneven, clusterwise
goblet cell distribution in the bronchial tree [12, 16, 17,
20] is overcome by brushing a relatively large bronchial
area and making a differential cell count of the brush
biopsy outcome.

To study the usefulness of our findings for diagnos-
tic purposes we constructed a normal interval based on
the goblet cell percentage in the healthy nonsmoking
group. To define the upper limit, two standard
deviations were added to the mean. Thirteen out of 22
of the bronchitic patients fell outside this value,
having a higher percentage of goblet cells in their
bronchial biopsies. This implies that the method has a
sensitivity of 60% in differentiating smokers with
chronic bronchitis from healthy nonsmokers.

In conclusion, bronchial brush biopsies can be used
to study airway mucosal pathology clinically. In being
representative for a large bronchial area they could be
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used as a complement to the standard bronchial forceps
biopsy.

A finding of more than 17% goblet cells in the
bronchial brush biopsy from a smoker with hypersecre-
tion strongly suggests chronic bronchitis. The useful-
ness of this method in differentiating between chronic
bronchitis and other pulmonary diseases with bronchial
hypersecretion, especially asthma, needs to be further
evaluated.

In accordance with our reported findings above, we
are now preparing a larger study involving asthmatics
and comparing the bronchial brush biopsy technique to
standard bronchial biopsies.
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