Cardiac surgery with cardiopulmonary bypass depletes ascorbate in the brain: Implications for neuroprotection 
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Introduction. Cardiac surgery requiring cardiopulmonary bypass (CPB) is frequently complicated by postoperative acute brain injury. Intraoperative cerebral neuroinflammation, driven by microglial activation, has been proposed as a key mediator of cardiac surgery associated brain injury. Vitamin C (ascorbate) plays a critical neuroprotective role in the brain by acting as a potent antioxidant, reducing oxidative stress, regulating microglial activation, preserving blood–brain barrier integrity, and supporting neurotransmitter synthesis. However, the effects of CPB on the temporal kinetics of cerebrospinal fluid (CSF) and plasma ascorbate concentrations remain unclear.

Aims. To investigate the temporal kinetics of CSF and plasma ascorbate concentrations in a clinically relevant ovine model of CPB before, during, and after surgery.

Methods. Eight sheep were anesthetized and instrumented with a lateral ventricle guide tube for serial CSF sampling, and the carotid artery was cannulated for blood collection. CSF and plasma ascorbate concentrations were measured at baseline (conscious, pre-CPB), after 2 h of CPB (median duration in humans), and at 24 h and 48 h postoperatively (clinical window for brain injury development in humans).

Results. CSF concentrations of ascorbate were markedly higher at baseline compared with plasma ascorbate levels (166.1 ± 2.3 µmol/L vs. 20.6 ± 2.4 µmol/L; p < 0.001). Compared with baseline, CSF ascorbate concentrations were significantly reduced after 2 h of CPB (166.1 ± 2.3 vs. 132.1 ± 7.7 µmol/L, n = 5, p = 0.04), following which it returned back to baseline levels at 24-h (to 155.0 ± 14.5 µmol/L; p = 0.77) and 48-h (to 150.2 ± 9.6 µmol/L; p = 0.42) postoperatively. In contrast, plasma ascorbate concentrations remained unchanged during CPB and throughout the postoperative period.

Discussion. In a clinically relevant large animal model of CPB, the ascorbate concentrations in CSF were 8-fold higher than in circulating blood. CSF ascorbate levels were depleted after CPB while plasma levels were preserved. Reduced CSF ascorbate may reflect enhanced utilisation and turnover in response to neuroinflammation in the brain. These findings highlight a potential therapeutic role for intravenous sodium ascorbate in mitigating CPB-associated neuroinflammation and postoperative brain injury.
