Neuroinflammation without Hypoxia and Brain Injury Biomarkers after Cardiopulmonary Bypass
Taku Furukawa1, Alemayehu H Jufar1, Anton Trask-Marino1, Clive N May1, Sally G Hood1, Pei Chen Connie Ow1, Lindsea Booth1, Yugeesh R Lankadeva1, 1. Trans Cardiovasc Renal Res, The Florey, The Univ of Melb, Parkville, VIC, Australia.  

Introduction. Delirium occurs in ~50% of patients undergoing cardiopulmonary bypass (CPB) in the first 48-h postoperative period. Cerebral hypoxia and neuroinflammation have been proposed as important contributing factors, but their duration and severity after CPB remain unclear. Furthermore, blood biomarkers for early detection or prognostication are not yet established, and their direct relationship with histological injury remains unknown.
Aims. To investigate the effects of CPB on cerebral microcirculation, neuroinflammation, and blood biomarkers of neurological injury over a postoperative period of up to 4 weeks in a clinically relevant sheep model
Methods. Healthy adult merino ewes underwent CPB for 2 h and were recovered for either 48 h (n=8) or 4 weeks (n=8). Frontal cortical tissue oxygen tension (PO2) was monitored before, during, and after CPB. Neuroinflammation was quantified by morphometric analyses of microglia and astrocytes in the frontal cortex in both CPB groups and healthy naïve controls (n = 5). Plasma neurofilament light chain (NfL; neuronal injury marker) and glial fibrillary acidic protein (GFAP; astrocyte injury marker) were measured at baseline, 2-h of CPB, and 24 h and 48 h post-CPB.
Results. Compared with baseline, cerebral PO₂ did not change at 48-h or over 4-weeks post-CPB. Compared with controls, at 48 h post-CPB, there was microglial activation characterised by increased number of microglia (mean ± SD, 54 ± 3 vs 71 ± 3 cells, P < 0.001) and reduced sphericity (0.83 ± 0.01 vs 0.79 ± 0.02, P < 0.05). Astrocyte reactivity was characterised by increased GFAP-stained area (17 ± 2 % vs 10 ± 2 %, P = 0.026). At 4-weeks post-CPB, these measures did not differ from controls. Peak elevations in NfL levels (median [IQR]) occurred from 138 [96, 185] pg/mL at baseline to 198 [149, 265] pg/mL at 48 h CPB (P = 0.0007), while GFAP rose from 3.0 [1.3, 4.5] pg/mL at baseline to a peak at 2-h of CPB (14.4 [4.7, 32.4] pg/mL, P < 0.0001).
Discussion. Even in absence of tissue hypoxia, neuroinflammation in the frontal cortex was evident 48 h after CPB, which coincides with the clinical window in which cardiac surgery-associated delirium occurs. This neuroinflammatory response was accompanied by elevated blood biomarkers of neurodegeneration. Therapeutic strategies targeting neuroinflammation may help prevent CPB-related brain injury, and blood-based biomarkers such as NfL and GFAP show promise as surrogate markers for monitoring treatment efficacy in future clinical trials.
