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Pulmonary Dead Space and Survival

To the Editor: Nuckton and associates (April 25 issue)?
report an abnormally high dead-space fraction (the ratio of
dead-space ventilation to tidal volume, or V;, / V) early in
the clinical course of the acute respiratory distress syndrome.
Their inference of a heretofore unrecognized functional ab-
normality is unwarranted, because Vy, /V, was assessed on
the basis of carbon dioxide excretion with the usual Bohr—
Enghoft equation. By definition, the patients had refracto-
ry hypoxemia, which reflects a severe imbalance between
alveolar ventilation (V,) and perfusion (Q), leading to a
reduction in the efficiency of intrapulmonary gas transfer
for both oxygen and carbon dioxide.? Thus, assessment of
V5, / V. on the basis of carbon dioxide excretion is sensitive
to any imbalance in V, /Q — notably, in the midrange of
values for V, /Q — and even shunt, although to a lesser
extent.>* This fact depends on the carbon dioxide blood—
air partition coefficient’s being relatively close to the nor-
mal range of V,, /Q.* Specific assessment of high V, /Q areas
and “true” dead space is possible, although practical only
in small numbers of subjects, with the multiple inert gas
climination technique. We found that in eight patients with
the acute respiratory distress syndrome, the mean (=SD) val-
ue for Vy, / V.. as measured on the basis of carbon dioxide
excretion was considerably higher (0.64+0.03) than the
value as measured with the multiple inert gas elimination
technique (0.37%0.04).5 In only one of these subjects did
we detect areas with high values for V, /Q (range, 10 to
100). That V,, /V.. was more closely correlated with the out-
come than was the ratio of the partial pressure of oxygen
(PaO,) to the fraction of inspired oxygen (FiO,) remains
a novel and highly relevant finding of the study by Nuckton
et al. that may be due to the greater influence on the latter

index of factors not intrinsic to the lung — notably, FiO,
and mixed venous oxygen content.
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To the Editor: Nuckton et al. report an association between
an elevated physiological dead-space fraction and a high mor-
tality rate among patients with the acute respiratory distress
syndrome. Although these results are consistent with those
I have reported,! I am concerned that the method the au-
thors used to measure dead-space fraction is inaccurate. In
their report, the effect of compressed volume on the meas-
urement of the dead-space fraction was poorly addressed.
In the patients who died, as compared with those who sur-
vived, quasistatic respiratory compliance was much lower,
indicating that more volume was compressed in the venti-
lator, and hence more dilution of mixed gases took place,
resulting in an overestimation of the dead-space fraction. In
some patients, the authors tried to correct this effect by ap-
plying a correction factor. Instead, the compressed volume
should have been separated by using a Frumin valve.?

Also, the effect of intrapulmonary shunt on the measure-
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ment of the dead-space fraction was completely ignored. In
the presence of intrapulmonary shunt, Enghoff’s modifica-
tion of the Bohr equation overestimates the dead-space frac-
tion.? Since the ratio of PaO, to FiO, was higher in the pa-
tients who died, indicating higher shunt, an overestimation
of the dead-space fraction would be more significant. Con-
sidering that the mean difference in the dead-space fraction
between the two groups was only 0.09, which was the same
as 1 SD, correction for the two effects, gas compression and
intrapulmonary shunt, may nullify the difference. Neverthe-
less, in acute respiratory failure, right ventricular function is
the chief determinant of the dead-space fraction.*
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To the Editor: The study performed by Nuckton et al. was
a prospective cohort study. They report an alarming escala-
tion in the risk of death, an odds ratio of 1.45 (95 percent
confidence interval, 1.15 to 1.83), for every 0.05 increase in
the dead-space fraction.

Odds ratios are increasingly being reported because of
widespread use of logistic regression. However, the odds
ratio is a difficult concept, and clinicians often interpret it as
an approximation of the relative risk. Although it is best to
think of the odds ratio as a measure in its own right, the
relative risk should be reported whenever it is feasible to do
so, especially when the prevalence of the outcome of inter-
est in the unexposed group is high.? In fact, except in case—
control studies, the relative risk can be estimated in most
studies.®*

With the use of the method suggested by Zhang and Yu
the relative risk and its 95 percent confidence interval can be
estimated on the basis of the odds ratio generated from a lo-
gistic-regression model: relative risk = odds ratio +[(1 —PO)
+ (PO X odds ratio) ], where PO represents the prevalence
of the outcome of interest in the unexposed group.

The prevalence of death in the cohort studied by Nuckton
et al. was fairly high (42 percent). With the use of the above
equation, the relative risk of death in this study would be
1.22 (95 percent confidence interval, 1.08 to 1.36) for ev-
ery 0.05 increase in the dead-space fraction. This figure is
significantly lower than the odds ratio reported by Nuckton
et al. and provides a clearer interpretation of the actual rel-
ative risk associated with an elevated dead-space fraction in
patients with the acute respiratory distress syndrome than
does the odds ratio.
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To the Editor: Nuckton et al. demonstrate the use of
measurements of pulmonary dead space in patients with the
acute respiratory distress syndrome as a disease-specific index
of risk stratification. Although injury to the pulmonary mi-
crocirculation with resulting thrombosis has been well de-
scribed in this syndrome,! another mechanism for increased
dead space is low cardiac output. As cardiac output declines,
the fall in lung perfusion yields lung units that are ventilated
without perfusion. In the setting of mechanical ventilation,
cardiac output is often reduced because of decreased venous
return caused by positive intrathoracic pressure. Thus, an el-
evated dead-space fraction may be a reflection of inadequate
volume resuscitation. Increased pulmonary dead space early
in the acute respiratory distress syndrome should prompt a
search for the underlying cause (e.g., excessive extrinsic or
intrinsic positive end-expiratory pressure, relative hypo-
volemia, microcirculatory thrombosis, or pulmonary em-
bolus), with therapy targeted to the identified cause. This
measurement could be used as a simple screening technique
carly in the course of the acute respiratory distress syn-
drome to identify patients who may benefit from interven-
tions. Maximization of cardiac output with early aggressive
resuscitation can lead to a significant reduction in mortal-
ity.? Late in the disease, however, increases in oxygen deliv-
ery are probably unhelpful, because of mitochondrial failure
in tissues.>* This simple, safe, and inexpensive measurement
deserves further study.
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To the Editor: Nuckton et al. calculated the dead-space
fraction by measuring the mean expired carbon dioxide frac-
tion with the use of a bedside metabolic monitor, at a stand-
ard tidal volume of 10 ml per kilogram of ideal body weight.
Tidal volumes for some patients were altered for 10 minutes
before and during the period of measurement. We wonder
why the authors used a tidal volume of 10 ml per kilogram.
It is troubling, since the use of a tidal volume of 6 ml per
kilogram has been shown to improve survival and decrease
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