
 

III./12.4. Regulation of intracranial pressure under
physiologic circumstances and in space-occupying
lesions
In physiologic circumstances, cerebral blood flow is independent
from arterial blood pressure. This is possible because cerebral
arterioles are able to quickly modify their diameter in the closed
intracranial space. However, cerebral blood volume also changes
proportionally to the changes of diameter. Despite this increase in
blood volume, intracranial pressure remains almost constant, which is
explained only by existence of quick and effective compensatory
mechanisms.

According to the Monroe-Kellie principle, the three main
components of intracranial volume - brain tissue, cerebrospinal
fluid and blood – create a state of equilibrium. Any increase in
volume of one of these constituents must be compensated by a
decrease in volume of another. Cerebral blood flow is maintained by
the difference of arterial and venous pressure, which is called cerebral
perfusion pressure. Intracranial pressure and cerebral venous pressure
are equal, thus the rise of intracranial pressure always leads to the rise
of cerebral venous pressure of equal degree. As a consequence,
cerebral perfusion pressure is decreased. However, in order to
maintain cerebral blood flow, cerebral arterioles dilate causing the
increase of intracerebral blood volume as well, which further
increases intracranial pressure. This positive feedback mechanism –
called vasodilatory cascade – eventually leads to global cerebral
ischemia.

Intracranial pressure – around the physiologic value of 10 mmHg - is
regulated mainly by the production and absorption rate of the
cerebrospinal fluid (CSF). When intracranial pressure is continuously
recorded, two types of oscillation can be observed: one is
synchronous with the pulse and the other with respiration. The
relation between the oscillation of respiration, pulse wave and
intracranial pressure wave can be computed by a certain mathematical
method, called the transfer function analysis. By this method, the
phase shift between the oscillations, and the amplitude ratio (gain)
can be calculated, and the values of these parameters are
characteristic for normal and abnormal conditions.

There are two fast and effective mechanisms to compensate raised
intracranial pressure. The displacement of CSF via the foramen
magnum into the spinal canal is the principle compensatory
mechanism under physiological circumstances (e.g. Valsalva
maneuver). This free passage of CSF is seen during lumbar puncture
when the Queckenstedt maneuver (bilateral compression of the
jugular veins) is performed. When the jugular veins are compressed
and the outflow of blood from the skull is blocked, cerebral blood
volume increases and as a compensation the same amount of CSF is
displaced into the spinal canal, which is seen as an increase of CSF
pressure measured at the lumbar tap. After the cessation of
compression, CSF pressure immediately returns to baseline.

The other compensatory mechanism involves the decrease of cerebral
blood volume. This mechanism does not operate under physiological
conditions, but it can be artificially activated by applying controlled
hyperventilation, barbiturate narcosis and hypothermia in intensive



care units. Hyperventilation decreases the partial pressure of blood
CO2, which results in arteriolar constriction and the decrease of
cerebral blood volume. Barbiturate narcosis and hypothermia lead to a
decrease of cerebral metabolism, which causes the further reduction
of cerebral blood volume.

If raised intracranial pressure is long lasting, CSF production
decreases and absorption increases, but this mechanism is slow. CSF
production may reduced by diuretics, especially by acetazolamide.

Brain atrophy in elderly patients is not a compensatory mechanism,
but it is important to know its clinical consequence: the symptoms of
raised intracranial pressure are milder and sometimes atypical.


