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Background
Many investigators have shown marked abnormalities of
CSF and parenchymal pulse pressure in hydrocephalus,
and Greitz, Bateman, and Egnor have proposed that
abnormalities of pulsatility are at the root of the patho-
physiology of hydrocephalus. Our work is aimed at a
more rigorous understanding of pulsatility in the cra-
nium. We have studied the phase relations between the
carotid arterial pressure pulse and the intracranial pres-
sure (ICP) pulse in dogs as a function of mean intracranial
pressure.

Materials and methods
Carotid arterial pressure and intracranial pressure in 12
dogs were measured with progressive withdrawal and
infusion of CSF to change intracranial pressure and com-
pliance. The waveforms were recorded and synchronized
in time. Phase between the carotid and ICP pulse was
determined using the phase difference between the funda-
mental harmonics of the Fast Fourier Transform.

Results
The normal ICP pulse led the carotid arterial pulse by an
about 50 degrees. With lowering of ICP, there was an
increase in the lead of the ICP pulse with respect to the
carotid pulse to about 100 degrees. Increasing ICP caused

a progressive phase lag of ICP pulse with respect to carotid
pulse, up to a maximum lag between arterial and intracra-
nial pulse of approximately 30 degrees.

Conclusion
These data clearly show that there are conditions in which
the ICP pulse precedes the carotid pulse. With raising and
lowering of the mean ICP, the phase versus mean ICP
curve is sigmoid-shaped, with the normal ICP phase is the
inflection point of the sigmoid curve. The observation
that the ICP pulse of the dog normally precedes the
carotid arterial pulse is counterintuitive. It forces us to
rethink our current understanding of the way in which the
ICP pulse is generated. We propose that the ICP pulse is a
standing wave, not a transmitted wave. Standing waves
can be generated in chambers with elasticity, such as in
the body of a violin. The vibrations from the violin strings
excite the vibrations in the body of a violin, but the vibra-
tions in the body of the violin can lead or lag the string
vibrations. The concept that the ICP wave is a standing
wave is important, because it suggests that the cranium
can suppress (or accentuate) certain frequencies of arterial
pulse entering it. This may shed new light on cerebral
blood flow, the cerebral windkessel mechanism, and on
the pathogenesis of hydrocephalus.
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