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Abstract We currently do not have sufficient knowledge
regarding appropriate boundaries between ‘“normal” and
“abnormal” intracranial pressure (ICP) in humans. Our
objective in this study was to quantify the effects of postural
changes on ICP in normal and ill subjects. As a model for
normal patients, we included adult patients scheduled for
complete removal of a solitary, clearly demarcated, small
brain tumor and performed long-term ICP monitoring using
a telemetric device. The ill subjects included required inva-
sive ICP monitoring as part of their diagnostic workup or
monitoring of the effect of shunt treatment at our depart-
ment. All patients were included prospectively for a session
of monitored changes in body posture. In our preliminary
results from 19 patients, we were able to statistically distin-
guish between patient groups and assumed body postures,
highlighting the need for the further characterization of the
effects of postural changes on ICP to inform diagnostic and
therapeutic decisions.
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Introduction

Deviations in intracranial pressure (ICP) are used to distin-
guish between healthy and ill subjects. Evaluation of the
type, form, and magnitude of these deviations informs our
current understanding of disease entities such as idiopathic
intracranial hypertension (IIH) and normal-pressure hydro-
cephalus. Unfortunately, this understanding is severely ham-
pered by insufficient knowledge of appropriate boundaries
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between “normal” and “abnormal,” and by the amount of
expected variations in ICP simply because of changes in
body posture.

We previously investigated the clinical and technical
quality of long-term ICP monitoring carried out in the
patient’s home, with the patient performing their regular
daily activities [1], and found that this type of monitoring is
safe and reliable even for cable-based ICP monitoring.
Additionally, this method affords us a different perspective
on when symptoms arise and in which situations overdrain-
age occurs.

If we are to realize the full potential of these monitoring
sessions, we need reference ranges not only for the supine
position but also for the upright position. Ideally, we would
have access to these reference ranges for different disease
entities and a comparative group of normal individuals.
Based on these requirements, our objective in this study was
to quantify the effects of postural changes on ICP in normal
and ill subjects. Specifically, we investigated whether the
magnitude of the change in ICP was different across patient
groups, and if our group of ill subjects had a different ICP
than “normals” when assuming specific body postures.

Materials and Methods

For the group of ill subjects, we included all patients with
hydrocephalus or IIH requiring invasive ICP monitoring at
our department from February 2013 to May 2013. All
patients were monitored using the Neurovent-P or Neurovent-
P-tel intraparenchymal probes, and participated in a stan-
dardized session of monitored changes in body posture.

For ethical reasons, our group of normal subjects could
not consist of completely healthy subjects. Instead, we
opted to define a model for the normal ICP in humans, in
which we included adult patients scheduled for complete
removal of a solitary, clearly demarcated, small brain tumor.
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After obtaining informed consent, a telemetric ICP monitor-
ing device was inserted at the end of their operation, which
allowed us to perform long-term postoperative follow-up,
without the need for repeated surgical procedures for inser-
tion of ICP probes. This group of patients has been described
more thoroughly elsewhere [2].

In our standardized session of monitored changes in body
posture, patients were monitored in the supine and vertical
position, and while sitting in a chair, assuming the correct
lateral lumbar puncture position. Each position was main-
tained for 10 min, with 1-2 min in between each standard-
ized posture to allow for stabilization of ICP. Figure 1 shows
an example of the posture-related drop in ICP upon assum-
ing the upright position.

For each assumed body posture, the median ICP was cal-
culated, and used as the basis for regression models evaluat-
ing the influence of patient diagnosis and body posture on
median ICP.

Results

In the study period, we included 19 patients (4 normal, 9
hydrocephalus, and 6 ITH). Our normal and ill subjects had a
mean age of 67 (range, 58-85) and 32 (range, 8-71)
respectively.

Linear regression of median ICP based on patient posture
and disease entity presented a significant model (p<0.001),
but could not distinguish between patient groups (p=0.98).
We then modified the model to look at differences in ICP
between body postures, with the supine position as the base-
line for each comparison. This analysis may be viewed as a
measure of the stability of ICP in the face of postural change.
This model was highly significant (p<0.001), with adjusted
R>=0.88. Both body posture (p<0.001) and disease entity
(»<0.001) proved to be highly significant factors in this
model.
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Fig.1 Example of posture-related change in intracranial pressure (ICP) when switching from the supine to the upright position. Note how quickly

a new equilibrium is attained. The example is a 1-Hz trend curve
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Discussion

When considering ICP as a function of body posture, the pri-
mary focus has been on head-tilt angles in patients observed
in the ICU [3-5], and to a much lesser degree the physiologi-
cal changes in ICP as the result of full changes in posture
from the supine to the vertical position [6], or from the supine
to the lateral recumbent lumbar puncture position. This has
been the case even though our patients primarily maintain
the upright position during their daily life. As a result, refer-
ence ranges for ICP are usually reported for patients assum-
ing the supine position, which may be appropriate and useful
for the comatose ICU patient, but does not help to inform
therapeutic decisions in our young hydrocephalic patients
leading an active life.

In this study, differences in ICP between body postures
enabled us to distinguish the group of normal subjects from
the ill subjects consisting of hydrocephalus and ITH patients.
Based on our results, normal subjects appear able to more
tightly regulate ICP when switching body postures, but do
not display deviations in median ICP across groups. Our
results highlight the necessity for the further characterization
of postural changes in ICP to improve diagnostic accuracy
and the optimization of shunt treatment.
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