Pulse waveform analysis of intracranial pressure:
Spectralanalysis, morphological methodsigh
frequencycentroids?
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Probably the best book ever written about ICP pulse pressure.

CEREBROSPINAL FLUID PULSE PRESSURE
AND
CRANIOSPINAL DYNAMICS

A THEORETICAL, CLINICAL AND EXPERIMENTAL STUDY
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Fig. 14. Computer analysis of ventricular fluid pressure (VFP) signal in combination

with electrocardiogram (ECG). Sampling frequency of signal is 80 Hz. Mean VFP in
N-th R-R interval of ECG (Pi(N)) is arithmetical average of samples. Due to
fluctuation of mean VFP, pulse pressure (Ppax—Pnin) is different for ascending and
descending slope of pulse. To overcome this problem pulse pressure for interval

N (4P(N)) is calculated according to:

AP(N] =3 Izpmax(N) - Pmin(N] } Pmin(NH”‘
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Fig. 9. Amplitude of CSF pulse (pulse pressure) increases with rising ICP in
accordance with exponential shape of craniospinal volume-pressure curve. Magnitude
of pulse pressure is determined by shape of curve and by amount of pulsatile change

in cerebral blood volume [&Vh] »

AvezaatindEijndhoven 1984 . But similar illustration can be foundairt NJY | MBsdz(1873)
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Fig. 20. Computer plot of ventricular fluid pressure recording in 2 year old child with
communicating hydrocephalus and malfunction of CSF shunt. Compare with Figure 19,
Note that difference in Eq is accurately reflected by difference in slope of relationship
between CSF pulse pressure and VFP. This is because magnitude of AVh is approxim-
ately the same in both patients,



Time-domain and frequencyxdomain calculations
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Fig. 14. Computer analysis of ventricular fluid pressure (VFP) signal in combination
with electrocardiogram (ECG). Sampling frequency of signal is 80 Hz. Mean VFP in
N-th R-R interval of ECG (Pp(N)}) is arithmetical average of samples. Due to
fluctuation of mean VFP, pulse pressure (Ppax-Ppin) is different for ascending and
descending slope of pulse. To overcome this problem pulse pressure for interval
N (AP(N)) is caiculated according to:

AP(N) =3 (2P (N) - B (N) = P (N41)),

ICP [au]

" ! V f/ }N |

12:16:16 12:16:17 12:16:18 12:16:19 12:16:20 12:16:21 12:16:22 12:16:23

12:16:24 12:16:2

ICP Amplt
=
e

|

|

\

|
.
|
\
|
\

2
Frequency [Hz]

Pulse analysis:
Time domain
(Avezaalk
Ejindhovern), Eide
(2000s)

Frequency domain
(short term FFT +
Interpolation)



Results of time domain analysis and
spectral methods are similar
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In most cases AMP_P

IS linear (abpage Sliwka

et al 1985) and has positive slope
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In some casesasesAMP. PYf A y S Q
non-linear
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Pulse amplitude of ICP is positively related to pulse amplitude of blood flow veloc
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Relationship between pulse
amplitude of ICP and pulse
of ABP is much weaker
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During refractory intracranial hypertension , or during plateau waves of ICP
amplitude-pressure line shows upper breakpoint
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