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Introduction:
Hyperventilation (HV) reduces elevated intracranial pressure (ICP) by changing autoregulatory functions 
connected to cerebrovascular CO2 reactivity. Criticism to HV is due to the possibility of developing cerebral 
ischemia and tissue hypoxia because of hypocapnia-induced vasoconstriction. We aimed to investigate the 
potential adverse effects of moderate HV of short duration in the acute phase in patients with severe traumatic 
brain injury (TBI), using concomitant monitoring of cerebral metabolism, continuous brain tissue oxygen tension 
(PbrO2), and cerebral hemodynamic with transcranial color-coded duplex sonography (TCCD). 
Methods:
A prospective trial was conducted between May 2014 and May 2017 at the University Hospital of Zurich. Adults 
(>18 years), with non-penetrating TBI, first GCS < 9, ICP-monitoring, PbrO2 and/or microdialysis (MD)-probes 
were included within 36 hours after injury. Data collection and TCCD measurements took place at baseline (A), at 
the begin of moderate HV (PaCO2 4-4.7 kPa) (C), after 50 minutes of moderate HV (PaCO2 4-4.7 kPa) (D), and after 
return to baseline (E) (figure 1). Repeated measures ANOVA was used to compare variables at the different time 
points followed by post hoc analysis with Bonferroni adjustment as appropriate. P-value < .05 was considered 
significant. 
Results:
Eleven patients were included (64% males, mean age 36 ± 14 years). First GCS was 7 (3-8: median and interquartile 
range). Data concerning PaCO2, ICP, PbrO2, mean flow velocity (MFV) in the middle cerebral artery, and MD 
values are presented in Table 1.
During HV, ICP and MFV decreased significantly. PbrO2 presented a trend of reduction. Glucose, lactate and 
pyruvate did not change significantly (Table 2).
Conclusion:
Short episodes of moderate HV have a potent effect on the cerebral blood flow, as assessed by TCCD, reduce 
ICP and PbrO2, and do not induce significant changes in cerebral metabolism. 

Table 1 : 

n= 11 A C D E Sign. 

PaCO2 kPa 5.01 (0.23) 4.33 (0.24) 4.12 (0.35) 4.66 (0.37) p<0.001 

MAP mmHg 92 (10) 93 (12) 90 (10) 94 (13) p=0.4 

CPP mmHg 77(9.0) 85 (10) 81 (14) 80 (11) p<0.05 

ICP mmHg 16 (6) 8 (6) 10 (7) 14 (6) p<0.001 

PbrO2 mmHg 32 (10) 33 (10) 30 (8) 30 (8) p<0.05 

MFV right (cm/s) 81.0 (23) 68.6(21.2) 70.9 (20.5) 76.8 (28.2) p<0.05 

MFV left (cm/s) 80.1 (22) 65.6 (16.6) 63.4 (14.9) 75.3 (23.6) p<0.001 
Table 1. Changes during the test. Data are expressed as mean with standard deviation. PaCO2 AvsC p<0.0001 CvsD p<0.05 CvsE p<0005 

DvsE p<0.0001 AvsE p<0.001 AvsD p<0.0001; CPP AvsC p<0.005 CvsE p<0.05; ICP AvsC p<0.0001 AvsD p<0.0001 CvsE p<0.0001 DvsE 



p<0.005; PbrO2 CvsD p<0.05; MFV right AvsC p<0.0001 AvsD p<0.005; MFV left AvsC p<0.05 AvsD p<0.001 CvsE p<0.05 DvsE p<0.05

Table 2 : 

Baseline (1h –A) D+1h D +2h 

Brain glucose (mmol/L) 1.53 (0.99)n=8 1.42 (0.69)n=9 1.40 (0.67) n=9 p=0.48 

Brain lactate (mmol/L) 3.34 (1.05)n=8 3.48 (1.29)n=9 3.45 (1.45) n=9 p=0.22 

Brain pyruvate (umol/L) 101.44 (38.31)n=8 99.65 (39.49)n=9 97.26 (44.72) n=8 p=0.34 

LP ratio 34.25 (8.21)n=8 39 (17.73)n=9 37.5 (11.44) n=8 p=0.5 
Table 2. Cerebral metabolism during the test. Data are expressed as mean ± standard deviation. PaCO2 arterial partial pressure of CO2, CPP 
cerebral perfusion pressure (mmHg), ICP intracranial pressure (mmHg), PbrO2 brain tissue oxygen tension (mmHg), MFV mean flow velocity 

in the middle cerebral artery

Image 1 : 

 
Study protocol. At different time points several variables were collected and TCCD 
measurements were performed. A baseline, B increasing minute ventilation, C begin 

moderate hyperventilation with target PaCO2 4-4.7 kPa, D after moderate 
hyperventilation for 50 minutes, E return to baseline. ABG arterial blood gas. Glucose, 

Lactate and Pyruvate concentrations in the extracellular fluid are sampled by 
microdialysis one hour before A (1h-A) and one (D+1h) and two hours after D (D+2). 


