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These articles give only a rough index of the frequency of
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the Mayo Clinic in the articles by Tinney and Olsen ( 6) and
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TABLE I
Etiology of Pleural Effusions

Malignancy 496 38%
Congestive heart failure 163 13%
Tuberculosis 118 9%
Miscellaneous 118 9%
Pneumonia 90 7%
Undiagnosed 309 24%

TOTAL 1294 100%

According to these data, malignancies cause about one third
of all pulmonary effusions. It should also be noted that 24% of
the pleural effusions remained undiagnosed.
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The formation of pleural fluid is determined by the hydraulic
and colloid-osmotic pressures across the pleural membranes. The
visceral pleura is supplied mainly by capillaries from the
pulmonary artery which have a pressure of approximately 11 cm H9O.
Since the pressure on the surface of the visceral pleura is
approximately minus 5 cm H90, the hydraulic pressure across the
visceral pleura is approximately 16 cm Hg0 tending to filter
liquid into the pleural space. Since there is some leak of large
molecules, the pleural liquid contains approximately 1.5 gms per
cent protein causing the colloid-osmotic pressure of the pleural
liquid to be about 8 cm Hg0. Since the plasma colloid-osmotic
pressure is about 34 cm Hg0 the colloid-osmotic pressure across
the visceral pleura is 26 cm H90. Therefore, the visceral pleura
absorbs protein free liquid under a pressure of 26 - 16 = 10 cm H20.
Experimental evidence from dogs by Agostoni, et al (18) indicates
that the pleural surface of the lung absorbs saline with a pressure
related to these forces. The parietal pleura is supplied by
capillaries from the systemic circulation which have a pressure of
about 30 cm Hg90. Since the other factors are the same, a pressure
of approximately 9 cm H20 drives liquid from the parietal pleura
into the pleural space. The balance between absorption and
filtration is determined by the relative resistances of the two
membranes, and hence by the relatively greater vascularity of the
visceral pleura. This would lead to a complete removal of the
pleural liquid if it were not for local stretching of the pleural
membrane when the amount of liquid is reduced to a minimum. Such
stretching of the membrane opposes a further reduction of the
amount of liquid in the pleural space by lowering the pressure
of the pleural liquid. This total mechanism causes a turnover
of fluid in the pleural space of 30 to 75% per hour (17) a value
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similar to that found in the peritoneal cavity (14).

The protein that escapes from the pleural capillaries is
re-absorbed by the pleural lymphatics. The absorptive surface
is primarily the lower mediastinum and the parietal pleura.
Evidently there is little lymphatic absorption on the visceral
pleura. Lymphatic flow averages 0.37 mg/kilogram of body
weight/hour for each hemithorax. Since fluid movement in
lymphatics is dependent on the pumping force of the respiratory
movements, lymphatic flow is accelerated by hyperventilation and
retarded by hypoventilation.

An excess of pleural fluid, a pleural effusion, may be
produced by alterations in any of the factors controlling inflow
or outflow of normal fluid. Diseases that increase the hydraulic
pressure, heart failure, or decrease the colloid-osmotic pressure,
hypoalbuminemia, cause an excess of fluid by Starling mechanisms.
Factors that increase capillary permeability, malignancy or
tuberculosis, may cause such an increase of protein containing
fluid that the lymphatics are unable to keep up with the burden;
the increase osmotic pressure of the pleural fluid results in
the filtration of more liquid into the pleural space. Factors that
decrease the efficiency of the lymphatics, lymphomas, may prevent
re-absorption of the normal amount of protein, and hence lead to
pleural effusion.
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Freely diffusible ions such as sodium are found in the
same concentration in pleural fluid as in plasma. Considerable
attention has been paid to non diffusible substances to aid in the
diagnosis of pleural effusions. The most widely used measurement
is undoubtedly the protein content of the pleural fluid. Although
it is recognized that the protein concentration will not
differentiate between malignancy and tuberculosis, it is widely
used to separate transudates (pleural fluid related to
hydraulic or colloid-osmotic problems) from exudates (pleural
fluid due to increased capillary permeability or poor lymphatic
re-absorption). The dividing line between transudates and exudates
is generally said to be 3.0 grams per cent after the original work
of Carr and Power (29). However, it is apparent that the protein
concentration is not as reliable as was originally thought, and
there is a great deal of overlap of values above and below 3.0
grams per cent. It should be particularly noted that diuretic
therapy causes the protein content of effusions to rise in patients
with congestive heart failure, and the protein content is also
higher in patients with long standing heart failure.
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The pleural fluid glucose is approximately the same as the
blood glucose in most situations, but it lags behind changes in
blood glucose by one to three hours. Statistically, the pleural
fluid sugar in cases of tuberculous effusion is lower than in other
types of effusion. However, it is usually not so low as to be
helpful in diagnosis. 1In pleural effusions due to rheumatoid
_arthritis, the pleural fluid glucose is usually extremely low
(less than 10 mg per cent). The cause for theXTEW*EIﬁEB§€"TH'thiS
disease is not known, although it has been demonstrated that there is
no glycolytic substance in the pleural fluid (44). Although extremely
low glucose values are considered to be diagnostic of rheumatoid
pleural effusion, Carr, Soule and Ellis (3) mention that they have
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Fluids caused by hydraulic or osmotic abnormalities tend to
have few cells, while those due to altered capillary permeability
or decreased lymphatic absorption tend to be rich in cells. In
this excellent study an effusion was called lymphocytic when it
contained lymphocytes in percentages of 50 or more. Effusions
characterized by lymphocytosis were found in 47 of the 49 caused
by tuberculosis; 14 of the 15 by lymphoma, 28 of the 51 by
carcinoma; 18 of the 43 by cardiopulmonary diseases; 3 of the
30 effusions by pulmonary infections; 10 of the 23 from patients
with unknown or uncertain diagnosis; and 3 of the 9 from the
miscellaneous group consisting of one systemic lupus erythematosus,
one cirrhosis of the liver, and one infectious mononucleosis.
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In some patients the weight of the effusion causes the
diaphragm to become flattened. 1Indeed, on the left side the
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adequate tissue can be obtained by even an inexperienced operator.
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One does not expect a biopsy to be helpful in a patient with

effusion due to a hydraulic or colloid-osmotic problems. A more
reasonable means of looking at the data is to note the number of
biopsies that were diagnostic in patients with exudative pleural
effusion in whom the diagnosis was ultimately made by some means.

TABLE 2

Results of Needle Biopsy of the Pleura

Number of cases Biopsy diagnostic % diagnosis
Tuberculosis 526 341 64.8
Malignancy 461 270 58.5

The yield in patients with tuberculous effusions may be
increased by culturing part of the biopsy specimen for Mycobacterium
tuberculosis. 1In malignancy, the pleural fluid cytology is positive
in about 50% of the cases, and the biopsy is positive in about
50% of the cases in which the cytology is negative. Thus, in
combination, the diagnosis can be made approximately 75% of the time.
It must be stressed that a positive biopsy is diagnostic in these
and other conditions, but that a negative biopsy does not exclude
these possibilities.
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are not apparent on the chest x-ray. The effusion is a 7/2&]2f/%f9;;
manifestation of delayed hypersensitivityand experimentally may ;@;;2'
be produced in sensitized animals even with dead tubercle bacilli. sre(®
Since the effusion is a manifestation of delayed hypersensitivity,
the tuberculin skin test is almost invariably positive, Patients
are usually reactive to intermediate strgpgth PPDf”%lthough a few
are reactive only to second strength PPD.”* Evidently only a few
tubercle bacilli are necessary to produce the effusion, and direct
smear of the effusion fluid rarely reveals acid fast organisms.
Reported series vary in the number of effusions that are positive
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Since the effusion is caused by bacilli fortuitously falling into
the pleural space, bilateral effusions are virtually never seen
simultaneously. On rare occasions, an effusion occurs on one side
and is followed by an effusion on the opposite side at a later date.
When a patient develops clinical pulmonary tuberculosis after an
effusion, the tuberculosis does not necessarily occur on the same
side as the effusion.

In 10 series of patients with "idiopathic'" pleural effusions
reported before 1950, 780 of 2,155 (36%) patients developed overt
pulmonary tuberculosis following the effusion; 80% occurred within
5 years of the pleural effusion. The work up of the patients in
these series frequently did not include reports of skin testing.

In two series comprising 241 patients with idiopathic pleural
effusions who were skin test positive for PPD, 113 (46.8%)
developed pulmonary tuberculosis following the episode of effusion.
One-hundred of these patients were followed for only 1 year, and
hence the incidence of subsequent pulmonary tuberculosis is
minimal. Thus, a patient with an undiagnosed pleural effusion who
is skin test positive has a very high likelihood of subsequently
developing clinical pulmonary tuberculosis. Such patients should
be considered to have tuberculosis unless a specific etiology can
be made. Our custom has been to treat such patients with 300 mgm
of INH daily for at least 18 months. This treatment is not agreed
to by everyone, and many suggest that the patients receive
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Malignant pleural effusions are most commonly caused
by carcinoma of the lung, carcinoma of the breast or lymphoma.
They are characterized by their tendency to recur rapidly.
Since the effusion frequently causes dyspnea, the pﬁ%EE%%an
is forced into performing repeated thoracentesis. However, this
is not only inconvenient for the patient but also causes marked
loss of protein. As the references indicate, various approaches
have been made to decreasing the rate of formation of the
pleural effusion, but none of these are entirely satisfactory.
The proponents of each technique claim about 50% success in
preventing reformation of the fluid. Recently we have been
using the technique of thoracostomy tubes with complete
drainage of all fluid for a period of a few days in the hope
that the parietal and visceral pleura will grow together and
obliterate the space in which fluid forms If this fails, we
have usually gone on to nitrogen »stardA U.q,,,_,//,j-,
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Patients with ascites frequently develop pleural effusions
which may be unilateral or bilateral. The pleural fluid originates
in the abdomen and traverses the diaphragm either through the
lymphatics or through small microscopic communications. It is
likely that all patients with ascites have movement of fluid from
abdomen to chest, but only those whose re-absorptive mechanisms
in the chest are impaired develop clinical effusion. The case
reported as a CPC in the New England Medical Journal is of
particular interest, since the patient had massive pleural
effusions, presumably due to cirrhosis, but had no demonstrable
ascites. In the discussion of the case three additional such
cases are mentioned but not documented.
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Pleural effusions in the course of rheumatoid arthritis are
evidently fairly common, and may occur even before the arthritis
is manifest. An extremely low pleural fluid glucose (less than
10 mg per cent) is almost diagnostic, but may not occur in all
cases., Pleural biopsy is frequently helpful.
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