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Introduction: 
Carbon dioxide (CO2) modulates cerebrovascular tone, cerebral blood volume, and intracranial pressure 
(ICP), but the size, state-dependence, and prognostic relevance of CO2-
associated ICP responses in traumatic brain injury 
(TBI) are poorly defined. CO2 fluctuations may also confound neuromonitoring indices derived from ICP and arterial blood pressure 
(ABP). We used end-tidal CO2 (etCO2) to study CO2 perturbations in TBI. 
Methods: 
In 520 adult TBI patients from Addenbrooke's Hospital, Cambridge, 2002-2023, a changepoint algorithm identified 
etCO2 step changes of at least 2 mmHg with at least 10-minute stable flanking segments. Events were classified 
as relative hypercapnia or hypocapnia and assessed over 21-minute peri-transition windows against matched 
controls. CO2-ICP reactivity was defined as the event-level regression gradient of ICP on CO2. Mixed-effects 
models tested associations with PRx, PSI, ABP trend, decompressive craniectomy (DC), and six-month GOSE. 
Pre-to-post changes in PRx, RAP, and PSI variability were compared with controls. 
Results: 
23,169 events from 495 patients were retained: 5,936 hypercapnia, 5,676 hypocapnia, and 11,557 controls. CO2 
and ICP showed strong linear relationships, with greater reactivity during hypercapnia than hypocapnia. 
Reactivity was strongly state-dependent. DC attenuated reactivity, especially for hypercapnia. Higher reactivity 
predicted favourable outcome, driven by hypercapnia. Hypercapnia increased PRx SD, IQR, and MASD;  RAP 
and PSI showed concordant hypercapnia-related instability. 
Conclusion: 
CO2 perturbations are frequent and clinically meaningful in TBI. ICP responses are directionally and 
physiologically state-dependent. Preserved hypercapnic reactivity is associated with favourable outcome, while 
concurrent PRx, RAP, and PSI instability highlights the need for CO2-contextual neuromonitoring. These 
findings support personalised, physiology-state-aware CO2 management, treating CO2 as a manoeuvrable 
therapeutic lever rather than a fixed target. 

Image : 



 

CO2-related ICP dynamics: (A) post-pre changes in physiological signals by hypocapnia, control, and hypercapnia; (B-C) 
etCO2-ICP relationship and reactivity; (D) model-predicted reactivity by PRx and ABP state; (E-G) reactivity stratified by 

decompressive craniectomy, PSI group, and outcome; (H-I) PRx stability changes and windowed trends.


