
THE CYTOLOGICAL
EXAMINATION OF BRONCHIAL SECRETION

By WALTER STRUPLER (Berne)*

THE rapid increase of bronchogenic carcinoma in the first half of this
century is alarming. In 1900 5 per cent, of all deaths due to carcinoma
were bronchogenic. Today the number has risen to 18 per cent.

The apparent changes may be partially due to better diagnostic pro-
cedures but there is undoubtedly a real increase. This is due in part to a
rise in the average age of the population. In the last fifty years life expec-
tancy has risen from 47 to 63 years. Another possible reason for the aug-
mentation may be the increasing influence of carcinogenic factors, especi-
ally the wide-spread abuse of the tobacco habit. That may explain the
increase of bronchial cancer in women.

iEtiology and pathogenesis are still insufficiently investigated. Diag-
nostic procedures and treatment have been improved, but there must be a
greater effort to achieve early diagnosis.

Two decades ago patients with pulmonary carcinoma, almost without
exception, had a fatal prognosis. Hence the earlier diagnosis and the possi-
bility of better treatment have multiplied the number of cures affected. A
great number of operable cases can today be saved thanks to the modern
methods of anesthesiology, prevention of operative shock and the improve-
ment of thoracic surgery.

Parallel to improvement in treatment, there has been a corresponding
development of the diagnostic procedures. The X-ray examinations have
been supplemented by bronchography, tomography, kymography, and so
forth. A new method for the functional detection of centrally situated lung
tumour is now advocated by the French authors, the so-called cinedensi-
graphy.

For the more important operations with high vital risk verification by
histological examination is indicated. Systematic bronchoscopy done with
the aid of various optics, allows the visualization of a maximum of 65 to
75 per cent. The greater part of bronchial cancers arise from the larger
bronchi which can be reached by endoscopy.

As the statistics on numerous cases show, a biopsy with a positive
finding is only possible about 50 per cent, of the time. A biopsy in the
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upper lobe bronchus could be done with the aid of an artificial pneumo-
thorax. Sometimes material for histo-pathologic examination can be
obtained by a blind bronchial curettage.

This leaves a great percentage of proven tumours which cannot be
verified by these methods. This diagnostic gap can often be filled by cyto-
logy.

The larger the tumour and the closer it lies to the hilus, the greater is the

3. 4.
FIG. I.

Group of ciliated columnar cells in bronchial secretions. Well preserved elongated cells with
clearly visible cilia at the broad end of the cells. Eccentrically located vesicular nuclei with

similar chromatin pattern.
FIG. 2.

Superficial squamous cell accompanied by small ciliated columnar cells.
FIG. 3.

Cells of squamous epithelium of respiratory tract. Cells of deep, intermediate and superficial
layer. Note difference in size and density of cytoplasm and nuclei (middle power

magnification).
FIG. 4.

Cells of squamous cell carcinoma of the lung. Fairly abundant cytoplasm. Large nuclei
slightly varying in size and shape. Xo marked increase of chromatin.

possibility of obtaining a positive biopsy. But in respect to treatment, the
closer a tumour lies to the hilus and the greater its size, the less favourable
must be the prognosis. The less accessible a tumour is for biopsy the greater
is the chance that it would be a good operative risk.

The examination of bronchial secretion is therefore an important
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supplement to the other methods of tumour detection. This method of
diagnosis is based on the fact that in all epithelia, including the mucosa of
the respiratory tract, an exfoliation of the superficial layers normally takes
place. This applies in an especially high degree to the stratified squamous
epithelium. This same desquamation is found in many epithelial tumours
before actual decay, before the expectoration of gross tumour particles has
set in.

8.
FIG. 5.

Fish-shaped malignant cell of highly differentiated squamous carcinoma of lung. Intensively
cornified eosinophilic cytoplasm. Dense hyperchromatic nucleus in the left end of the cell

(middle power magnification).
FIG. 6.

Vacuolated cell of squamous carcinoma with a picture of engulfment. At the left: kidney
shaped nucleus. Chromatin content increased with coarse clumps.

FIG. 7.
Cells of oat cell carcinoma. Relatively small variation in shape and size of the cells. Indistinct

cell borders. Scarce cytoplasm. Sharp nuclear borders. Long oval nuclei.
FIG. 8.

Big cluster of cells of adenocarcinoma. Allusion to acinus formation. Isolated cells are very
difficult to distinguish from other tumour cells. Slight vacuolization of the grouped cells. The

appearance of nuclei is characteristic of any malignant cell.

Highly experienced cytologists are able to diagnose up to 85 per cent,
of lung cancer by the examination of the cell content of the bronchial
secretions. Sometimes it is even possible to predict the type of tumour.

Nearly a century ago the first report was made of the occurrence of
macroscopically visible particles of tumour in the expectoration of patients
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with lung cancer. Other authors subsequently reported similar observa-
tions. The gross fragments of malignant growth were worked up by the
ordinary histologic technique. Later on sputum was treated in the same
manner as other histological specimens by means of embedding and
sectioning. Generally this method was not considered of consistent
diagnostic value.

Xhe first cytological study of sputum was made by Hampelin in 1887
in a case of pulmonary cancer. In 1918 he gave a second report of 25
carcinoma of the lung. In 13 cases he detected isolated cancer cells in
unstained smears of fresh sputum. Though he stressed the diagnostic
value of cytology of sputum, little attention was paid to this method.

In 1935 Dudgeon and Wrigley of London introduced the wet film
method; this procedure consists of fixing the wet smear in a solution with-
out first drying. The same or similar technique was employed by a number
of other investigators, including Wandall.

In the development of cytology Papanicolaou has earned great merit.
After having studied vaginal secretions in relation to oestrus cycle abnor-
malities, he began in 1918 to study the secretions of the female genitalia
in respect to malignant growth. He stressed the diagnostic importance of
exfoliated cells in secretions surrounding carcinomas with a free surface;
for this reason he placed great value on the systematic analysis of all
accessible body fluids.

Furthermore Papanicolaou has developed an excellent polychrome
staining technique which facilitates the recognition of malignant cells.

By means of a series of coloured photo-micrographs the principal
criteria for cytological identification of tumour cells are demonstrated.
Here only a reproduction of a reduced number of uncoloured pictures is
possible.

These micrographs transmit an idea of the normal and pathological
cellular content of bronchial secretions.

The short expose does not allow demonstration of the many variations
and deviations from the classical cytological pictures. This report consists
of an examination of the principal cytological findings in bronchial
secretions.

The basis of the cyto-diagnostic procedures is the knowledge of the
normal and the pathological cellular content of this particular body secre-
tion. We have to imagine sputum or selectively aspirated bronchial secre-
tions as a reservoir of cells shed from the lining epithelia of the respiratory
tract. Sputum specimens are contaminated with saliva, secretions of the
pharynx and oesophagus and generally contain abundant cells of stratified
squamous epithelium. The topical source of the pavement cells cannot be
determined, for in addition to the above mentioned sources of cellular
material the vocal cords and the epiglottis are lined with similar
epithelium.
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It is not well known that stratified squamous epithelium occurs
normally in the tracheo-bronchial tree on the carina of the windpipe as
well as on the carina of the lobar bronchi.

FIG. 9.
Clusters of cells of oat-cell carcinoma. Hyperchromatic nuclei, varying in size and shape.
Little or no cytoplasm is present. After desquamation the elongation of the nuclei often has

diminished.
FIG. 10.

Group of undifferentiated cells of squamous carcinoma. No or scanty cytoplasm is visible.
These cells with their giant nucleoli fulfill all criteria of undifferentiated epithelial

malignancy.
FIG. 11.

Squamous carcinoma. Large cells with marked hyperchromasia and anisokaryosis. Cloudy
pattern of chromatin.

FIG. 12.
Squamous carcinoma. Discrete cornified cell with a large nucleus. Distinct nuclear border.

Enlarged dark nucleolus. Increased nuclear-cytoplasmic ratio.
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The nasal cavity, including the system of the para-nasal sinuses, the
inner region of the throat (except the vocal cords) and the lower respiratory
tract are lined with a ciliated columnar epithelium with fairly numerous
goblet cells.

In general the cells of both epithelia are to be recognized without
difficulty. The columnar cells degenerate rapidly, and therefore to identify
them careful attention must be given to the chromatin patterns of the
nuclei, which are finely granular and regular in these cells.

Dense clusters of columnar cells viewed co-axially, that is, as they
would be seen from above, looking down at their massed ends, often are
difficult to identify. I would now like to describe the individual cells as we
find them in our examination. First come the

Pavement cells: thin, large, polygonal cells with a round vesicular or a
small dark pyknotic nucleus. The superficial elements tend to stain more
acidophilic than the cells from the deeper layers which have a more baso-
phile character. Cells from the basal layer are not only more basophile, but
their nuclear-cytoplasmic ratio is increased. Parabasal and basal cells may
occasion some difficulties in interpretation for the inexperienced investiga-
tor. Probably these cells only occur in bronchial secretions if a lesion of the
lining mucosa is present, for example following bronchoscopy, biopsy or
ulceration.

The columnar cells are cylindric or wedge-shaped cells with a rather
excentric parabasally located nucleus and a very distinct opposite cell
border which is often ciliated. Goblet cells are scattered between the
ciliated elements. They are characterized by a goblet shaped foamy cyto-
plasmic body, with a basal, mostly pyknotic nucleus.

A differentiation between alveolar cells and histiocytes cannot always be
made with absolute sureness. Therefore both are called alveolar-histio-
cytes, or simply histiocytes or macrophages. Some forms are well known,
such as the "dust cells" with their oval or round or kidney shaped excen-
tric nucleus and foamy irregularly vacuolated cytoplasm. They contain
ingested mineral particles, for example carbon dots. Beside the small type
of histiocytes without ingesta, these cells are encountered most frequently.
In pathological conditions such as lung-infarction, bleeding and heart-
failure the so-called "heart-failure-cells", which contain haematin, occur
in the sputum. In lipoid-pneumonia or after a bronchography with an oily
contrast medium or after application of oleous drugs "fat- or myelin-cells"
may be found in the smears.

A special group of histiocytes is formed by the epithelioid cells and the
foreign body giant cells (for instance the Langhans-, the Sternberg-giant
cells).

In conformity with the classification of the broncho-pulmonary tumours
by von Albertini we have to expect the following epithelial new growth
in the respiratory tract:
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FIG. 13.
Squamous carcinoma. Large basophilic cell with abundant fairly transparent cytoplasm.

Though size of nucleus is increased there is no disturbance in n/c ratio.

FIG. 14.
Malignant giant cell with large vacuolated nucleus. Eccentric location of chromatin

matter.

FIG. 15.
Squamous carcinoma. Round giant cell with slightly edged dark nucleus. Irregular dense

chromatin pattern. Abundant cytoplasm with well defined border.

FIG. 16.
Ciliated multinucleated giant cell of columnar epithelium. Xo evidence of malignancy.

Regular nuclear pattern; even shaped nuclei.
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the adenoma
the carcinoma

differentiated types such as:
adeno-carcinoma

cylindrocellular type
papillary type (the mucous forming type included)

pulmonary adenomatosis
squamous cell carcinoma

epidermoid type
anepidermoid type

undifferentiated type: large- to medium-sized cell carcinoma;
anaplastic type or small-cell (including oat-cell) carcinoma.

The cytological diagnosis of cancer is based mainly on structural
aberrations of cells and especially of their nuclei.

The preponderant nuclear changes are:
1. An alteration of the nucleo-cytoplasmic ratio by dis-

proportionate increase of the nuclear size. As a rule a ratio above
1:3 is suspicious of cancer.

2. Hyperchromasia as a consequence of augmentation of the
chromatin matter. High basophilia results from the increase in
nucleic acids in the active neoplastic nuclei.

3. Pathological structure of the nuclear pattern: elongation and
irregularity of the borders.

4. Irregular distribution of chromatin, large granules, clumps,
polar or excentric location.

5. Multiplication of nucleoli or enlargement of their size. Nucleolar-
nuclear ratio above 1:5 causes some suspicion.

6. Multinucleation with nuclear atypia as a result of mitotic or
amitotic karyokinesis without division of the cell.
Sometimes the cells assume syncytial aspect.

7. Mitotic activity is not only seldom encountered in normal
cytology but is also rare in tumour cytology. This is probably an
expression of the fact that in the superficial layers mitotic
activity has obviously decreased. In primitive tumours and in
clusters of not highly differentiated carcinoma abnormal mitotic
figures are a little more frequent.

8. Degenerative changes are often seen in epidermoid malignancy.
After irradiation abnormal vacuolation, fading and resorption
of the nucleus is found.

The cytoplasmic changes have a less important diagnostic value than
those of the nucleus.

1. Atypical vacuolation of cytoplasm often occurs in adenocar-
cinoma, although it is also encountered in epidermoid carcinoma
and other cancerous cells.
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2. Changes in staining reaction: pronounced basophilia of large,
non flattened cells is suspicious of cancer. High acido- or
orangeophilic coloration of somewhat differentiated cells of
bronchial secretions is suggestive of malignancy.

3. Cytoplasmic inclusions (such as micro-organisms, blood-cells or
cellular debris pigment granules, etc.) are of differential diag-
nostic importance.
Phagocytosis by histiocytes is a very common feature. Leuco-
cytic inclusions are present most frequently in adenocarcinoma,
but they may be found in other malignancy as well.

Changes of a cell as a whole: cellular hypertrophy and giant cells
arouse suspicion if nuclear abnormality is present. Enormous difference in
cellular size is seen in differentiated epidermoid carcinoma. Highly varying
forms are found such as fibre cells, fish-cells, tadpole cells, snake-cells and
other bizarre shaped elements.

Necrosis is very frequent. Degenerative cell changes occur in bronchial
secretion especially in cases of adenocarcinoma. If small or larger tissue
fragments or clusters are present in a smear, some tumour-criteria may be
better judged by evaluation of the interrelationship of the cells and a
comparison of their size (irregular pattern; anisocytosis; anisokaryosis;
lack of distinct boundaries; density of grouping; engulfment; grouping in
typical structure (acinus, etc.).
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