Use Novel Ventricular Catheter and Advanced ICP Signal Processing to Characterize Cerebral Vascular Response to Acute Cerebrospinal Fluid Drain
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Abstract
[bookmark: OLE_LINK48][bookmark: OLE_LINK49]Introduction. External ventricular drains (EVD) are widely used to monitor and manage intracranial pressure (ICP). However, the conventional EVD setup cannot monitor ICP when EVD is open for draining cerebrospinal fluid (CSF). In contrast, newly available Camino FLEX ventricular catheter has a double-lumen construct to allow tunneling of ICP sensor through one lumen and CSF drain through another so that ICP monitoring and CSF draining can be achieved simultaneously. A pilot trial of FLEX catheter was conducted to evaluate this new system with a primary goal of ensuring the validity of recorded ICP. In addition, FLEX catheter uniquely enables us, without using additional ICP sensors, to study cerebral vascular responses to acute reduction of ICP and increase of cerebral perfusion pressure (CPP) induced by acute CSF drainage. 
Methods: Six patients were enrolled in the study and had a total of 34 clinically required EVD opening episodes. ICPf was recorded from the tip of FLEX catheter while ICPe was recorded extracranially through a fluid-coupled manometer connected with FLEX catheter. Mean ICPf and ICPe were compared using Bland-Altman plots. The morphology of ICPf and ICPe pulses were compared by using metrics that were extracted by a well-validated signal processing algorithm – Morphological Clustering and Analysis of Intracranial Pulse (MOCAIP). Spectral analysis of ICPf was applied to detect changes of ICP B-wave power pre and post EVD open. Cerebral vascular responses, for each EVD opening episode, were detected and quantified from ICPf  by using a previously validated ICP pulse template approach that derived, from analyzing ICP pulse morphological changes, a vasodilation index (VDI) and a vasoconstriction index (VCI) to measure the likelihood of cerebral vasodilation and vasoconstriction, respectively. In addition, the phase difference between arterial blood pressure (ABP) and ICPf signals was calculated to quantify cerebral pressure autoregulation. 
Results:  Mean ICPf is greater than ICPe (mean difference = 1.69 mmHg, 95% CI: -7.94 – 4.56 mmHg). Significant linear correlation exists between morphological metrics of ICPf and ICPe pulses even though their shapes are visually different. A significant increase in VCI (p=0.002) and decrease in VDI (p<0.001),  after opening EVD, were observed. VCI negatively (r=-0.44, p=0.013) and VDI positively (r=0.82, p<0.001) correlated with percent changes of ICP B wave. Greater likelihood of vasoconstriction corresponds to a greater reduction of ICP B wave. Interestingly, when ICP was between 10-25 mmHg, VDI and VCI had a positive and negative correlation with mean ICP, respectively. Beyond this range, mean ICP changes had no influence on VDI and VCI.  ABP and ICP phase difference was positively correlated with reduction of ICP B wave power (r=-0.54, p=0.03).  
Conclusion: To our knowledge, this study is the first of its kind employing FLEX catheters to investigate acute cerebral vascular responses to acute reduction of ICP induced by CSF drainage. Cerebral vasoconstriction was detected as a response to acute reduction of ICP and increase of CPP and it is reflected also as a reduction of ICP B wave power.  This response is expected as a result of intact cerebral autoregulation. If FLEX catheters are used to achieve simultaneous CSF draining and ICP monitoring, a readily available way of checking cerebral autoregulation status is also possible by observing ICP B wave power changes or employing VDI/VCI algorithm to monitor ICP pulse morphological changes.

