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that region is diminished or eliminated, and alveolar carbon dioxide decreases. The reduction in alveolar carbon
dioxide causes hypocapnic bronchoconstriction as well as
a decrease in parenchymal compliance (sometimes termed
hypocapnic pneumoconstriction).6,8 Both reduce regional
ventilation for the same peak and static airway (end-inspiratory) pressures. The shift in blood flow to elsewhere
in the lung initiates compensatory hypercapnic bronchodilation and hypercapnic pneumodilation in these
regions to accommodate greater ventilation. The effects of
changes in carbon dioxide on airway smooth muscle and
parenchymal contractile elements are largely the result of
changes in pH, the speed of which is greatly enhanced by
the catalysis of lung tissue carbonic anhydrase.9,10 Findings
supporting the dominant role of carbon dioxide in initiating these responses include (1) prevention of ventilation
redistribution if alveolar carbon dioxide is maintained by
addition of inspired carbon dioxide,6 and (2) inhibition of
carbonic anhydrase, which reduces the rate of ventilatory
diversion by slowing the speed at which the carbon dioxide–mediated pH change occurs.10
While the findings of Langer et al. at 30 min have little bearing on the clinical relevance of temporarily wedging a pulmonary artery catheter to obtain estimates of left
atrial pressure since that maneuver requires less than 30 s
to accomplish, their results are of interest for both normal
physiology and in clinical situations involving any duration of regional blood flow disruption. We have shown by
inhaled krypton nuclide scanning and the multiple inert gas
elimination technique that the response is quite fast with
a half time of 75 s and completion by 5 min,10 very similar
to the speed of hypoxic pulmonary vasoconstriction.1 The
kinetics of these responses to oxygen and carbon dioxide
provide a means by which the lungs can rapidly respond
to fluctuations in regional blood flow or ventilation that
occur either spontaneously as frequently as every 20 min
or shorter11 or because of external factors that alter blood
flow and ventilation distribution such as changes in body
position. In situations involving longer durations of regional
blood flow restriction (e.g., pulmonary thromboembolism
or other processes decreasing regional arterial or venous
blood flow), the response decreases the magnitude of dead
space creation. As a result, the associated wasted ventilation
and arterial hypercapnia, as well as the need to increase
minute ventilation to reestablish better alveolar ventilation,
are minimized. In a pig model of acute thromboembolism,
we found there were significant compensatory ventilation
shifts out of embolized regions to nonembolized regions
within 30 min, and of the same magnitude as suggested by
balloon occlusion.12 Ultimately, with sustained cessation
of perfusion over days, atelectasis (the ultimate ventilation
redistribution) develops as surfactant production decreases
(another carbon dioxide–dependent process), and compliance is profoundly reduced.13,14
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on multiple mechanisms involving responses to changes in
both regional alveolar oxygen and carbon dioxide. Much
of the emphasis in the teaching and understanding of gas
exchange physiology is oxycentric, and carbon dioxide is
often neglected and understudied. Since carbon dioxide acts
on both the regulation of regional ventilation and perfusion,
while oxygen lacks any significant effect on control of local
ventilation, a strong argument can be made that carbon diox regulation.
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In addition, the multiple effects of carbon dioxide on perfusion, airway resistance, and parenchymal compliance have a
dose-response relationship over the entire range of alveolar
carbon dioxide in healthy and diseased lungs, in contrast to
hypoxic pulmonary vasoconstriction, which only becomes
measurable when Pao2 decreases to less than 70 to 80 mmHg.
Greater understanding of the mechanisms and signaling pathways by which carbon dioxide acts, especially effects mediated by its downstream signaling, should not involve imposing
hypercapnia and might be therapeutically useful in managing
patients with chronic lung diseases or acute lung injury.
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