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The pleura: the outer space of pulmonary medicine

H. Hamm, R.W. Light*

In this issue of the Journal, MisgroccHI [1] starts our
series of articles on the pleura with a review of the phys-
iology and the pathophysiology of the pleural space. In
forthcoming months this series will cover a wide range
of issues on pleural diseases. We have seen much prog-
ress in basic research as well as changing standards in
the diagnosis and management of pleural disorders in
recent years. The aim of this series is to supply the rea-
dership of the Journal with a concise and up-to-date
overview on these developments, bringing some of the
important information from the "outer space" of re-
search down to the earth of everyday clinical practice.

The understanding of the physiology of the pleural
space has come a long way since the pioneering work
by scientists, such as STARLING [2, 3] at the end of the
last century and voN NEERGARD [4] in the 1920s, who
developed pressure control models of pleural fluid
turnover. The relevant pressures were identified as the
pleural liquid pressure (resulting from the expanding
force of the thoracic cage versus the recoil force of the
lung), the capillary and oncotic pressures in both the
visceral and parietal membranes, and the oncotic pres-
sure of the pleural fluid itself. The early models initially
suggested a pressure-driven fluid flow from the parietal
side across the pleural space to the visceral pleura and
subsequently, into the pulmonary interstitium. Such
models were derived from studies of animals with a thin
visceral membrane, in which the blood supply origin-
ates from branches of the pulmonary arteries (with low
capillary pressures). Later, it was found that in some
other mammals, including man, the visceral pleura is
considerably thicker and the blood supply is from the
systemic circulation (with higher capillary pressures). This
means that once the fluid enters the pleural space, there
is no clear local pressure gradient to explain its further
distribution. Thus, pressure models in man fall short in
explaining the existence of a constant physiological
amount of fluid in the pleural cavity and also, they
do not give a clue as to the further fate of the fluid. In
other words, volume control mechanisms need to be
involved in addition to pressures.

Today, we know that under normal conditions in
humans, the physiological pleural fluid is formed in api-
cal parts of the parietal pleura and is drained by lym-
phatic stomata [5] which seem to be exclusively found
on the parietal side and are most numerous in medi-
astinal and diaphragmatic areas. Thus, normal fluid ex-
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change is dominated by the parietal side. Furthermore,
there is probably a constant fluid flow from apical reg-
ions to mediastinal and diaphragmatic areas within the
pleural cavity. It seems likely that there is very little if
any relevant fluid exchange on the visceral side under
normal conditions [6]. Furthermore, the parietal stomata
posses valve-like structures to guarantee a unidirectio-
nal flow of fluid out of the pleural space. They may also
have a role in maintaining a constant amount of fluid
in the pleural space, which means they probably play a
crucial role in volume control. However, the paper by
MiseroccH [1] expertly demonstrates how difficult it
still is to understand the complex interrelationships of
pleural pressures, fluid flows and anatomical structures.
Furthermore, it gives us an idea of the work that is nee-
ded to clarify the physiological and pathophysiological
mechanisms in detail.

Looking at the recent physiological and pathophysio-
logical work, what are the lessons to learn for the clini-
cian? One of the messages is that pulmonary hypertension
or right heart failure alone do not lead to the accumu-
lation of pleural fluid, in spite of persisting statements
in may clinical and radiological textbooks that effu-
sions associated with congestive heart failure reflect right
heart failure. Experienced clinicians have long questio-
ned this, since it is very unusual for patients with pure
cor pulmonale or right heart failure to develop pleural
effusions. Furthermore, recent work has shown that car-
diogenic pleural effusions are closely related to eleva-
ted pulmonary capillary wedge pressures rather than to
pulmonary artery or right heart pressures [6]. Thus,
cardiogenic pleural effusions are usually related to left
ventricular dysfunction with pathological flow of inter-
stitial pulmonary fluid into the pleural space across the
visceral side. In animal models of cardiogenic pul-
monary oedema, it has been shown that up to 25% of
the oedema fluid exits the lungs via the visceral pleura
into the pleural space [7]. Removal of this fluid by tho-
racentesis reduces systemic fluid overload and should
contribute to a decrease in pulmonary capillary pres-
sures. It is therefore rational to include a therapeutic
thoracentesis in the treatment repertoire of congestive
heart failure whenever there is a significant pleural effu-
sion.

One of the other findings that may be of interest to
the clinician is that the reserve capacity of the pleural
space to clear extra fluid is probably quite substantial.
Although we are still lacking direct evidence from the
human pleural space, it seems probable from animal
studies that the lymphatic drainage system can cope
with up to several hundred millilitres of additional fluid
per day without the development of an effusion. Therefore,
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any pleural effusion represents a severe imbalance of
pleural fluid formation and/or drainage capacity. In
case of congestive heart failure, even a small pleural
effusion signals a severe pulmonary fluid overload. On
the other hand, the absence of effusions does not nec-
essarily mean that the pleural drainage system is not
already under severe stress.

A very interesting question is whether an intact pleu-
ral space has any useful function. Surprisingly, we do
not have a convincing answer to this. Traditionally, it
was thought that pleural symphysis should lead to a loss
of lung function or at least to regional imbalances of
ventilation. However, there is no evidence to suggest that
lung function is significantly impaired in pleural sym-
physis and the number of imbalances of ventilation that
have been described are negligible [8]. In elephants (a
very successful species until man came around) the pleu-
ral space seems to be obliterated [9, 10], perhaps by a
kind of "congenital pleurodesis". Considering the size
of an elephant's pleural cavity and the fact that the pleu-
ral liquid pressure becomes more negative with increa-
sing body mass (for details, see MiseroccHI [1], in this
issue), it is likely that pleural effusions or pneumotho-
races would pose a severe threat to these animals. Thus,
the evolutionary advantage of this phenomenon seems
obvious: such species will not have to worry about pleu-
ral effusions or pneumothoraces. So, after all, what is
the pleural space good for? It has been hypothesized
that it could function as a "drip pan" for pulmonary
oedema fluid. We have shown above that it can indeed
play such a role, but is it an important function? De-
cades have passed since the introduction of pleurodesis
and we are still unable to find reports of subsequent
complicating pulmonary oedema [11], so we conclude
that even this role is unlikely to be of clinical relevance.

Maybe the best argument, then, for the evolutionary
survival of the pleural space in man is its convenience
to surgeons in lung operations. Most thoracic surgical

procedures would be very difficult to perform if the hu-
man pleural space had taken the evolutionary path of
the elephant. It remains a philosophical question if this
was really anticipated by Mother Nature or if the sur-
vival of the pleural space in man is rather a case of pure
luck.
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