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recently published of the series was 1959 ; ther e ma y well have been 
a change in relative frequency of etiologies since that time . 
Nevertheless , these data are the most repres enta t ive that are 
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TABLE I 

Etiology of Pleural Effus i ons 

Malignancy 

Congestive heart failure 

Tuberculosis 

Miscellaneous 

Pneumonia 

Undiagnosed 

TOTAL 

496 

163 

118 

118 

90 

309 

1294 

38% 

13 % 

9 % 

9 % 

7 % 

24% 

100% 

According to these data, malignancies c a us e abou t one third 
of all pulmonary effusions . It should also be noted that 24% of 
the pleural effusions remained undiagnosed . 

(3) 



FLUID FORMATION AND REMOVAL 

12 . Allen, Lane, and Elkin Vogt : A mechanism of lymphatic 
absorption from serous cavities . Am , J . of Physiol . 1 19 ~ 
776-782, 1937 , 

13 . Courtice, F. C. and W. J . Simmonds : Absorption of fluids 
from the pleural cavities of rabbits and cats , J . Physiol, 
109:117-130, 1949 . 

14. Prentice, Theodore C., William Siri and Ethel E . Joiner: 
Quantitative studies of ascitic fluid circulation with 
tritium-labeled water . Am . J c Med . 13 : 668-673 , 1952 . 

15 . Courtice , F . C. and W. J . Simmonds : Physiological 
significance of lymph drainage of the serous cavities a nd 
lungs . Physiol. Rev . 34:419-448 , 1954 . 

16 , Clauss, Roy H. , Hagop Yacoubian and Harold G. Bar ker : 
Dynamics of pleural effusions , Surg . Forum . 6 : 201-204 , 1956 . 

17 . Burgen, A, S . V. and P . B. Stewart : A method for measuring the 
turnover of fluid in the pleural and other serous cavi ties , 
J . Lab , Clin . Med . 52 : 118-124 , 1958 . 

18 . Agostoni, E . , A. Taglietti and I . Setnikar : Absorption force 
of the capillaries of the visceral pleura in determinat ion 
of the intrapleural pressure . Am . J . Physiol . 191 : 277-282, 1957 . 

19 , Stewart, P . B . and A. S . V. Burgen : The turnover of flu id 
in the dog's pleural cavity , J , Lab " Clin . Med . 52 : 212- 230, 
1958 . 

20 . Burke, Hugh E .: The lymphatics which drain the potentia l 
space between the visceral and the par ietal pleura . Am . Rev , 
Tuberc . 79 : 52-65, 1959 . 

21 . Wilson, John L . , Chester M. Herrod , Gilbert L . Searle , Thomas 
V. Feichtmeir and William A. Reilly : The absorption of b lood 
from the pleural space . Surg . 48 : 766-774 , 1960 , 

22 . Dumont, Allan E., Roy H. Clauss, George E , Reed , and Da vid 
A. Tice : Lymph drainage in patients with congestive hear t 
failure , New Engl . J , Med. 269 : 949-952 , 1963 . 

23 . Stewart , P . B .: The rate of formation and lymphatic removal 
of fluid in pleural effusions . J . Clin . Invest . 42 : 258-262, 
1963 , 

(4) 



24 . Agostoni , E . . and J . Mead : Statics of the respiratory system. 
Handbook of Physiology . Sect i on 3. Respir ation . Vol . l , ed , 
by W. D. Fenn and H. Rahn . Washington , D. C., American 
Physiological Society , 387- 409 , 1964 . 

25 , Rodbard , S. and S . Ki r a : Filtration into the pleural and 
airway spaces . Jap . Heart J. 8 : 728- 733 , 1967 . 

26 . Agostoni , E ., E . D'Angelo and G. Roncoroni : The thickness 
of the pleural liquid . Resp . Physiol . 5 : 1-13 , 1968. 

27 . Agostoni , E . , G. Miserocchi and M. V. Bonanni : Thickness 
and pressure of the pleural liquid in some mammals . Resp . 
Physiol . ~ : 245-256 , 1969 . 

28 . Agostoni , Emilio and Edgardo D' Angelo : Thickness and pressure 
of the pleural liquid at various heights and with various 
hydrothoraces . Resp . Physiol . 6 : 330- 342 , 1969 . 

The formation of pleural fluid is determi ned by the hydraulic 
and colloid-osmotic pressures across the pleural membranes . The 
visceral pleura is supplied mainly by capillaries f r om the 
pulmonary artery which have a pressure of approximately ll em H20. 
Since the pressure on the surface of the visceral pleura is 
approximately minus 5 em H20 , the hydraulic pressure across the 
visceral pleura is appr oximately 16 em H2o tending to filter 
liquid into the pleural space . Since there is some leak of large 
molecules , the pleural liquid contains appr oximately 1 . 5 gms per 
cent protein causing the colloid- osmotic pressure of the pleural 
liquid to be about 8 em H20 . Since the plasma colloid-osmotic 
pressure is about 34 em H20 the colloid-osmotic pressure across 
the visceral pleura is 26 em H20 . Therefore , the visceral pleura 
absorbs protein free liquid under a pressur e of 26 - 16 = 10 em H20 . 
Experimental evidence from dogs by Agostoni , et al (18) indicates 
that the pleural surface of the lung absor bs saline with a pressure 
related to these forces . The par ietal pleura is supplied by 
capillaries from the systemi c cir culation which have a pressure of 
about 30 em H20 . Since the other factors are the same , a pressure 
of approximately 9 em H20 drives liquid f r om the parietal pleura 
into the pleural space . The balance between absor ption and 
filtration is determined by the r elative resistances of the two 
membranes, and hence by the relatively gr eater vascularity of the 
visceral pleura . This would lead to a complete r emoval 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 . Spch 
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% (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 par ticularly noted that diuretic 
therapy causes the protein content of effusions to rise in patients 
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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. In pleural effusions due to rheumatoid 

_ arthritis~ the gleural f luid glucose is usual! extremely low 
(less tha _ 10 m_ per cent . The cause for the low g ucose in 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 
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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 per centages of 50 or more. Effusions 
characterized by lymphocytosis wer e 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 g r oup consisting o f one systemic lupus erythematosus, 
one cirrhosis of the liver , and one infectious mononucleosis. 
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Many effusions do not take the characteristic radiographic 
picture of a concave density in the costophrenic sulcus , but 
instead they layer over the surface of the diaphragm below the 
inferior margin of the lung . These subpulmonic effusions micmic 
the contour of the diaphragm closely and they frequently are not 
diagnosed unless the patient is placed in a lateral decubitus 
position which causes the effusion to flow up the lateral chest 
wall. It is possible that all effusions start in this manner, but 
this has not been proven . 

In some patients the weight of the effusion causes the 
diaphragm to become flattened . Indeed , on the left side the 
diaphragm may occasionally become inverted . This may be diagnosed 
radiographically by flattening or displacement of the gas bubble 
in the stomach . 

Approximately 70% of normal gas movement into the lungs is 
caused by the downward movement of the diaphragm . In addition, the 
vector of force as the diaphragm contracts is such that it causes 
a significant part of the thoracic cage expansion during inspiration. 
Both of these functions are lost when the diaphragm becomes 
flattened . If the diaphragm becomes inverted , not only are these 
functions destroyed , but the diaphragm moves paradoxically upward 
during inspiration causing the volume of that hemithorax to decrease . 
These factors lead to marked impairment of ventilatory function 
out of proportion to the amount of lung volume compressed by the 
pleural effusion . In such patients, the removal of enough fluid 
to allow the diaphragm to assume its domed position will cause 
marked improvement of pulmonary function even if there is a large 
volume of fluid remaining in the thorax < 
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Needle biopsies of the pleura were first performed by DeFrancis, 
Klosk and Albano in 1955. The Vim-Silverman biopsy needle was the 
first to be used, but most physicians now use the Harefield needle 
described by Abrams, or the needles described by Cope or Carpenter. 
With any of these latter needles the procedure is simple, and 
adequate tissue can be obtained by even an inexperienced operator. 
In the 1,409 reported biopsies in which information is available, 
there have been 57 complications (4%) despite the fact that many of 
these biopsies were performed by persons in training. Only 3 of the 
reported complications were serious enough to require treatment. 
Thus, the procedure is as safe as a thoracentesis without biopsy. 
These results refer to pleural biopsies when ple~ral effusion is 
present. Biopsy in the absence of fluid is more likely · to £ause 
complications, and is less likely to produce a diagnosis. 

Since various authors use different indications for biopsy 
the percentage of biopsies leading to diagnosis would be misleading. 
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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. In 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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