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The Unappreciated Role of Carbon Dioxide in Ventilation/

Perfusion Matching

Erik R. Swenson, M.D.

entilation/perfusion ratio
V(VA/ Q) matching is funda-
mental to efficient gas exchange,
and its disruption or augmenta-
tion in disease, during surgery, and
with certain drugs is important
in the practice of anesthesiology,
pulmonology, and critical care
medicine. The role of hypoxic pul-
monary vasoconstriction 1S very
well known to most physicians and
is considered primarily responsi-
ble for the effective matching of
regional ventilation and perfu-
sion. Hypoxic pulmonary vaso-

blood flow

from poorly or nonventilated lung

constriction diverts

regions to better ventilated areas
and was first demonstrated in the
late 1940s in animals and humans.'

is due to the
occurring in
underventilated units and initiat-
ing vasoconstriction, an

as von Euler
and Liljestrand® recognized in their seminal study. Although

3 where the

occurs in the
evidence for any role of hypoxic pulmonary vasocon-
striction has been questioned.’ Given the importance of

matching regional perfusion to ventilation, it should not

be surprising that

however, in regional V, /
tion, is the
appropriatel
regions
as shown elegantly in the current issue of ANESTHESIOLOGY
by Langer ef al.” The authors show in the anesthetized pig

“Much of the emphasis in...
gas exchange physiology is
oxycentric, and carbon dioxide
is often neglected and...may be
more important than oxygen
in VA/ Q regulation.”’

that
by inflation of a bal-

loon-tipped 5-F Swan-Ganz pul-
monary artery catheter in the left

inferior pulmonary artery (sub-
serving roughly a third of the
lungs) for 30 min generates far less
dead space and less arterial hyper-
capnia than would be predicted
by the volume of lung with inter-

erfusion. They observed

rupted

evel of miute ventila-
tion. Respiratory system compli-
ance fell from 24.4 to 22.8 ml/cm
H,O, with the greatest reduction
occurring in the left hemitho-
rax. Utilizing quantitative com-

. the

uted tomographic imagin

due both to

These findings are consistent with a signif-

fom coc |
Studies dating back to the 1950s using different
means of assessing acute ventilation chang

of blood flow established a ﬁiure o

7 and for both oxygen and carbon dioxide,

es after cessation

the magnitude of diversion is greater the smaller the vol-
ume of lung involved.
erfusion

Shifts in ventilation after perturbations in

or is interrupted,

Image: ©gettyimages.

This editorial accompanies the article on p. 336.
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Matching of Local Ventilation to Perfusion Changes

that region is or eliminated, and

as well as
(sometimes termed
.8 Both reduce regional
ventilation for the same peak and static airway (end-in-
spiratory) pressures. Th

in the lung initiates
chodiion

regions to accommodate

in these
effects of
changes in carbon dioxide on airway smooth muscle and

arenchymal contractile elements are largely_
h the speed of which is greatly enhanced by

the catalysis of lung

by slowing the speed at which the carbon diox-
ide—mediated pH change occurs."

‘While the findings of Langer et al. at 30 min have lit-
tle bearing on the clinical relevance of temporarily wedg-
ing a pulmonary artery catheter to obtain estimates of left
atrial pressure since that maneuver requires less than 30s
to accomplish, their results are of _
i and in situations involving any dura-

tion of regional blood flow disruption. We have shown by
inhaled krypton nuclide scanning

and the multiple inert gas

elimination technique that the

of
kinetics of these responses to oxygen and carbon dioxide
or that
occur either spontaneously as frequently as every 20 min
or shorter'" or because of external factors that
distribution

involving

In
blood flow restriction (e.g., pulmonary

or other processes decreasini reiional arterial or venous

blood flow), the - the of
creation. As a result, the associated
as well as the to

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 su

balloon occlusion.'? Ultimatel

production

is profoundly

This work reminds us that
and befitting an important defense, it relies
involving responses to changes in

on
both regional alveolar oxygen and carbon dioxide. Much
of the emphasis in the and understanding

exchange physiology I i

signaling path-
ways by which carbon dioxide acts, especially effects medi-
ated 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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