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KEYWORDS Summary While airway and ventilatory compromise are significant concerns following trau-
Hyperventilation; matic brain injury (TBI), there is little data supporting an aggressive approach to airway
Hypoventilation; management by prehospital personnel, and a growing number of reports suggesting an associ-
Intubation; ation between early intubation and increased mortality. Recent clinical and experimental data
Traumatic brain suggest that hyperventilation is an important contributor to these adverse outcomes in TBI
injury; patients. Various mechanisms appear to be responsible for the worsened outcomes, including
Hypocapnia hemodynamic, cerebrovascular, immunologic and cellular effects. Here, relevant experimental

and clinical data regarding the impact of ventilation on TBI are reviewed. In addition, exper-
imental data regarding potential mechanisms for the adverse effects of hyperventilation and
hypocapnia on the injured brain are presented. Finally, the limited data regarding the impact
of hypoventilation and hypercapnia on outcome from TBI are discussed.
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Introduction

Acute traumatic brain injury (TBI) accounts for substantial
morbidity and mortality."~3 Airway obstruction, aspiration,
hypoxia and respiratory compromise are relatively common
in these patients, with invasive airway management the
current standard of care to enhance oxygenation and ven-
tilation and to provide airway protection.*® This includes
the use of neuromuscular blocking agents as part of a rapid
sequence intubation (RSI) protocol.'®" Success with inva-
sive airway management has been demonstrated by both
prehospital and hospital personnel; however, outcomes data
supporting this approach has been conspicuously absent. In
fact, an increasing number of TBI studies suggest that early
intubation may be associated with worse outcomes. '~
Inappropriate ventilation may be an important contribu-
tor to the adverse outcomes observed with early intubation
of TBI patients. Quantitative capnometry applied in the
prehospital environment has revealed a high incidence of
hyperventilation among both paramedics and air medical
crews.20-2° Thomas et al. recently reported end-tidal carbon

Cellular Effects

e Ischemia via hypocapneic vasoconstriction and

decreased perfusion
* Decreased oxygen deliver (oxy-hemoglobin curve
shift to right)
pH-mediated depolarization and glutamate release
pH-mediated calcium influx
Mitochondrial permeability transition
Pro-inflammatory enzyme activation

Pro-apoptotic gene expression

Pulmonary Effects from Injurious Ventilation
e  Alveolar congestion and thickening (barotrauma and
atelectrauma)
¢ Cytokine release and end-organ apoptosis
s Translocation of endotoxin
s  Pulmonary endothelial apoptosi
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dioxide (ETCO;) values of 25 mmHg or lower in one-third of
patients with severe TBI transported by air medical crews
with access to capnometry; over two-thirds had at least one
ETCO, value of 30 mmHg or less.?" In addition, more than
three-quarters of recorded ETCO; values from the San Diego
Paramedic RSI Trial were below 30 mmHg.?® Experimental
models document an adverse effect of hyperventilation
on the brain through multiple mechanisms (Figure 1), and
recent clinical evidence documents a detrimental effect
of hyperventilation on outcome for both TBI and car-
diac arrest.26-28:30-32 Here the clinical impact and potential
mechanisms related to the adverse effects of early hyper-
ventilation on TBI are explored. In addition, the limited data
regarding hypoventilation and TBI are reviewed.

Pathophysiology of hyperventilation

Hemodynamic effects

Spontaneous respiration is accomplished via a slight neg-
ative intrathoracic pressure during inspiration, which not

Cerebrovascular Effects
e Hypocapneic-mediated vasoconstriction
® Retrograde transmission of intra-thoracic pressure

Loss of cerebrovascular autoregulation via
exacerbation of existing brain injury
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Cardiovascular Effects
e Decreased cardiac output via increased intra-
thoracic pressure
pH-mediated myocardial suppression

Multi-organ dysfunction syndrome via release of
inflammatory mediators
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Schematic representing mechanisms responsible for the detrimental effects of hyperventilation on the injured brain.
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