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Monitoring of intracranial pressure (ICP) is done in neurosurgical
departments and intensive care units worldwide to aid the phy-
sician’s management of patients with severe brain injury or
disease. Clinical ICP measurements include neurosurgical pene-
tration of the skull and insertion of a pressure sensor or drain into
the brain parenchyma or cerebral fluid spaces. This procedure
entails risks of hemorrhage and infections and requires expensive
neurosurgical expertise. Currently, ICP monitoring is therefore
restricted to individuals with severe brain disease where the need
to measure ICP outweighs the invasiveness of the procedure. A
noninvasive and risk-free method for ICP monitoring would in-
crease the clinical utility and allow for ICP scoring in patient
populations with less critical pathologies, where the role of ICP so
far is unclear.
Given the potential benefits, numerous approaches have been

explored in the search for successful noninvasive ICP estimation
techniques. Examples include imaging-based methods, optic
nerve sheath diameter evaluation, tympanic membrane displace-
ment, and transcranial Doppler ultrasonography.1,2 Another
category is estimation of mean ICP or other ICP parameters from
radial artery blood pressure measurements, sometimes in
conjunction with additional measurements.3-6 These are appealing
approaches, as radial artery blood pressure is easily accessible and
possible to monitor continuously. Our approach in the paper by
Evensen et al7 falls into this category of noninvasive ICP
estimation.
Although most of research presented in the literature focuses on

mean ICP, we took an interest in the pulsatile part that is derived
from cardiac activity. The pulsatile ICP is primarily driven by the
beat-to-beat arterial blood pressure pulsations that pass through
the intracranial compartment. As the ICP waveform is the cere-
brospinal space’s response to the excitations by the cardiac beat
contractions, it has been suggested that the central aortic blood
pressure waveform is a better source for noninvasive ICP estima-
tion than the radial artery blood pressure waveform. A preliminary
study reported that the central aortic blood pressure waveform was
more similar to the ICP waveform than the radial artery blood
waveform, which supported this proposal.8 During the period of
systole, the central aortic blood pressure waveform was reported
to be almost identical to the ICP waveform and the
augmentation index was similar to that of ICP. When comparing
the pulsatile ICP and radial artery blood pressure waveforms,
these were notably more different.
As the mean ICP level is the most commonly assessed param-

eter, the direct utility of the ICP waveform might not be evident.
However, recent clinical studies show that managing patients with
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intracranial bleeds (subarachnoid haemorrhage, SAH) according
to the mean wave amplitude of the ICP waveform (MWAICP)
provides a better outcome than management according to the
traditional mean.4,9-12 Therefore in our study, we focused on the
MWAICP parameter, indicated to reflect the physical characteristics
of the intracranial space, and aimed at estimating it noninvasively
using estimates of the central aortic blood pressure waveforms.
These were found from the radial artery blood pressure waveform
using the SphygmoCor system (SphygmoCor; AtCor Medical,
West Ryde, NSW, Australia).
To evaluate the possible usefulness of the central aortic es-

timates for MWAICP estimation, patient-specific transfer func-
tions were calculated using spectral analysis. The central aortic
signals were used as input, and the invasively obtained ICP
signal was used as output. In total 29 patients were included in
the study. All patients had idiopathic normal pressure hydro-
cephalus and ICP levels in the normal range. The maximum
mean ICP of the cohort was 9.8 mm Hg. In our study, we first
calculated patient-specific transfer functions and applied these
on the central aortic estimates to get pulsatile noninvasive ICP
estimates. Thereafter we used the transfer function that gave
the best spectral correlation, between the ICP estimates and the
ICP signals, on the entire cohort. With this approach, we
created pulsatile ICP estimates that were completely noninva-
sive (except the central line necessary for the blood pressure
computations). The parameters for the invasively obtained ICP
waveform were compared to the parameters for the estimated
ICP in 137,512 six-second time windows for the 29 individuals.
For the first approach the mean absolute difference in invasive
versus noninvasive MWA was calculated to be 1.9 � 1.0 mm Hg.
For the second approach the mean absolute difference was 1.6
� 1.0 mm Hg for the 29 individuals.
The conclusion from the study was that the method gave fairly

good estimates of the MWAICP for about a third of the in-
dividuals. This is illustrated in Figure 1, with an example of the
completely noninvasive approach. Here it becomes evident that a
significant amount of the ICP waveform is correctly reproduced.
However, the results indicate that the assumption of a linear
system linking central aortic blood pressure to ICP is too
simplistic and that a larger part of the complexity of the
system must be included for more successful results. As is,
this approach is therefore not a reliable method for use in
clinical patient management, but it should be investigated
further with a larger range of ICP values in order to
unequivocally conclude on the usefulness of aortic signals for
pulsatile ICP estimation.
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Figure 1. Noninvasively estimated intracranial pressure (ICP) waveforms
(interrupted blue lines) superimposed on the invasive ICP waveforms
(continuous red lines) for 6 different time windows of 6-second duration.
The results are shown at (A) midnight, (B) 01:00 am, (C) 02:00 am, (D)

04:00 am, (E) 07:00 am, and (F) 09:00 am for the same patient. The figure is
taken from the paper by Evensen et al.7 (https://creativecommons.org/
licenses/by/4.0/legalcode).
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