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Case Report

Check for
updates

Abstract
Introduction: Pressure reactivity index (PRx) is a measure used to gain insights into cerebrovascular reactivity. It is 
generally used in acute settings such as traumatic brain injury and subarachnoid hemorrhage, however there is limited 
data on its utility in cases of slow compensatory changes in intracranial pressure such as craniocerebral disproportion. 
Here we illustrate a case of how PRx can provide valuable information in such settings.

Case presentation: PRx was measured in a 10-year-old boy who presented with multiple cranioneuropathies, found to 
have craniocerebral disproportion and secondary compression of posterior fossa structures. He was taken to surgery for 
decompressive craniotomy and cranial expansion procedure. He had an acute worsening in PRx, with a slow stabilization 
over the following days.

Conclusion: This case highlights the importance of monitoring individualized PRx curves, and that autoregulatory curves 
are not constant between individuals or within same individuals over time. Acute iatrogenic interventions could lead to 
poor neurological consequences, due to interruption of a chronically compensated state.
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resected at 1-year of age and he subsequently developed an 
arachnoid cyst requiring shunting. The last VP shunt revision 
was 3-years prior to presentation, and his epilepsy was well 
controlled on carbamazepine and levetiracetam. The patient 
presented with a three-day history of vomiting, fatigue, and 
‘dysconjugate gaze’ noted by his parents. On examination 
he had restricted bilateral upgaze more than downgaze. He 
had minimal adduction and no abduction of his left eye, and 

Introduction
Pressure reactivity index (PRx) examines the relationship 

between mean arterial blood pressure (ABP) and intracranial 
pressure (ICP) to gain insight into the relationship between 
cerebral perfusion pressure (CPP) and cerebral blood flow 
(CBF), or cerebrovascular reactivity. It has been studied most 
extensively in acute traumatic brain injury in attempts to guide 
management and assist with prognostication. However, few 
studies have examined PRx in slow, compensatory changes 
in cerebral pressure dynamics, such as what may occur in 
conditions like craniocerebral disproportion [1]. Here we 
present a case of craniocerebral disproportion, and the re-
normalization of cerebrovascular reactivity after iatrogenic 
disruption of a compensated state.

Case Presentation
A 10-year-old boy presented to the emergency 

department with vomiting and impairment of multiple 
cranial nerves. He had a history of infantile spasms and prior 
workup revealed a left frontal cortical dysplasia. This was 
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slow normalization of his ICP to 10-20 mmHg, improvement 
of his PRx, and clinical improvement with near resolution of 
his multiple cranial neuropathies at 3 weeks follow up.

This case highlights the utility of PRx in studying ICP 
dynamics, particularly the phenomena of cerebrovascular 
compensation over time and re-normalization after 
iatrogenic disruption. The patient likely had craniocerebral 
disproportion secondary to a combination of chronic over 
shunting and long-term anti-seizure medications [2,3]. After 
cranial vault expansion, ICP quickly stabilized and decreased 
to mean values of approximately 20 mmHg.

Discussion
In healthy individuals, constant cerebral blood flow is 

maintained by autoregulation of ABP and ICP. Cerebral 
perfusion can be derived by subtracting ICP from ABP (CPP 
= ABP-ICP). In order to maintain CBF, if ICP increases, blood 
pressure should also increase to accommodate for the 
increase in end resistance, thereby ensuring a relatively 
constant CPP. This is achieved by regulating the diameter of 
the cerebral arterioles (shown in Figure 2). Cerebral blood 
vessels dilate in response to low systemic blood pressure and 

his right eye had no horizontal movement. He had a mild left 
facial droop including his forehead, and mild weakness with 
jaw clenching. CT and MR showed an unchanged left frontal 
arachnoid cyst, VP shunt in place, as well as significant skull 
thickening and crowding of the posterior fossa (shown in Figure 
1A). Lateral ventricle size was small and stable compared to 
prior scans indicating intact shunt functioning. He was taken 
to the OR due to persistent altered level of consciousness for 
a sub occipital decompressive craniectomy, C1 arch excision, 
and insertion of a right frontal intraparenchymal intracranial 
pressure monitor.

PRx monitoring showed relatively intact cerebrovascular 
reactivity with few periods of poor cerebrovascular 
reactivity (shown in Figure 1B). ICP was persistently high 
and fluctuated between 20-60 mmHg, therefore a cranial 
expansion procedure was performed with a left craniotomy 
and bone flap thinning (drilled to approximately 3-4 mm 
thickness from 6-7 mm), with subsequent replacement of 
the flap. Following this procedure he had an instant decrease 
in his ICP to 15-30 mmHg, with a worsening of his pressure 
reactivity index, therefore suggesting poorer cerebrovascular 
reactivity (shown in Figure 1B). Over the next day, he had 

         

Figure 1: A) Sagittal midline CT (left) and T1 MRI (right) on presentation showing thickened skull and posterior fossa crowding; B) Image 
from ICM+ software (University of Cambridge, Cambridge Enterprise, Cambridge, UK, http://www.neurosurg.cam.ac.uk/icmplus). Top 
line shows intracranial pressure (green) followed by arterial blood pressure (yellow), PRx curve (red/green bars), and CPP (red). Time 
and date is along the x-axis, units of measurement are along the y-axis. Break in data at approximately 31/7 12:00 is when the patient 
went to surgery for cranial vault expansion. The blue circle shows when there was improvement in PRx (green > red) along with clinical 
symptoms after surgery.
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elucidated. One point arguing for the later hypothesis in the 
case presentation above, is that there was no acute trauma or 
metabolic stress that would trigger chemoreceptors given the 
controlled change in ICP via surgical intervention. However, 
all of these theories operate on immediate responses to the 
local environment, and do not explain why it took 24 hours to 
re-equilibrate pressures in our case. 

This case highlights the importance of monitoring 
individualized PRx curves over time. Importantly, research has 
shown that auto regulatory curves are not constant between 
individuals, or within the same individual over time [7]. 
While theories exist, the exact mechanisms behind cerebral 
autoregulation are not fully understood. The vast differences 
that occur in individualized settings highlight the importance 
of monitoring these changes, especially prior to undergoing 
surgical and pharmacological interventions. Acute iatrogenic 
changes could lead to poor neurological consequences, 
especially if a drastic change is made and interferes with a 
chronically compensated state.
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constrict in response to high blood pressure (shown in Figure 
2). If ICP is lowered by increasing the size of the intracranial 
vault, blood pressure should decrease. However, analysis of 
the PRx immediately after surgery in our case shows that 
cerebral autoregulation was poor (red). ICP decreased due to 
intervention, but ABP increased thereby causing higher CPP 
values, i.e. ABP and CPP were moving passively in parallel. 
Thus, prior to surgery, there was better cerebrovascular 
reactivity despite chronically high ICP, and by disrupting 
this equilibrium we induced an initial period of poor 
cerebrovascular reactivity. It took approximately 24 hours for 
the system to recalibrate and resume good cerebrovascular 
control on post-operative day 2. This can be seen as the PRx 
values shift to green and ABP decreases with ICP (shown in 
Figure 1B).

To date, the complex mechanism of cerebral 
autoregulation is not entirely understood. Multiple theories 
exist to explain the dynamic interaction between metabolic 
demand and pressure differentials. Hypotheses include 
the ability of vasculature to sense hypoxia and ischemia 
though chemoreceptors within the neurovascular unit, and 
additionally, the capability of sensing ICP directly. Mechano-
sensitive ion channels in the vascular smooth muscle of 
arterioles are postulated to be able to sense incoming 
pressure and flow, and may respond to both stretch and shear 
stress [4]. Such baroreceptors were postulated to exist based 
on early work in animals, and to be located within the 4th 
ventricle in the rostral ventrolateral medulla [5]. New theories 
have expanded upon this, and suggest that there is a CNS ABP 
set point that functions independently of the renal ABP set 
point, circulating around the idea that the kidneys are not 
solely responsible for setting blood pressure targets [6]. The 
specific mechanisms surrounding this model have yet to be 

         

Figure 2: A) Normal cerebral auto regulatory curve (yellow) plotted against CPP and CBF. Flat line represents normal compensatory 
state, whereby if outside of this region cerebral autoregulation is disrupted (sloped lines). Red circles depict normal vasculature 
response to changes in pressure. Green dotted line represents PRx curve, whereby the bottom half of the curve indicates good cerebral 
autoregulation, but if on the sloped areas of the yellow curve, the PRx values indicate poor cerebral autoregulation; B) Graph depicting 
possible PRx curve shift with hypothetical values. Blue curve represents PRx curve on admission prior to cranial vault expansion. Solid 
line indicates ideal range of CPP along the curve (good cerebrovascular reactivity), with dotted line indicating poor cerebrovascular 
reactivity. Red dot is his approximate CPP along the curve initially, which was in the ‘good’ range. After surgery his CPP increased and 
he had more persistently poor cerebrovascular reactivity (shifted to represent the yellow dot, within the dotted line range along the 
curve). After ~24 hours he re-calibrated his baseline, thereby shifting his entire PRx curve to the right (orange curve), and with the same 
CPP was in a ‘good’ range (green dot) for cerebrovascular reactivity.
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