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The Association Between Physiologic Dead-Space Fraction
and Mortality in Subjects With ARDS Enrolled in
a Prospective Multi-Center Clinical Trial

Richard H Kallet MSc RRT FAARC, Hanjing Zhuo MD MPH, Kathleen D Liu MD PhD,
Carolyn S Calfee MD MAS, and Michael A Matthay MD, on behalf of the
National Heart Lung and Blood Institute ARDS Network Investigators

BACKGROUND: We tested the association between pulmonary dead-space fraction (ratio of dead
space to tidal volume [Vp/V¢]) and mortality in subjects with ARDS (Berlin definition, P,o /F|o,
= 300 mm Hg; PEEP=5cm H,0) enrolled into a clinical trial incorporating lung-protective
ventilation. METHODS: We conducted a prospective, multi-center study at medical-surgical ICUs
in the United States. A total of 126 AL | subjectswith acute lung injury were enrolled into a phase 3
randomized, placebo-controlled study of aerosolized albuterol. V/V+ and pulmonary mechanics
were measured within 4 h of enrollment and repeated daily on study days 1 and 2 in subjects
requiring arterial blood gases for clinical management. RESULTS: At baseline, non-survivors had
a trend toward higher V/V+ compared with survivors (0.62 = 0.11 vs 0.56 + 0.11, respectively,
P = .08). Differences in V/V; between non-survivors and survivors became significant on study
days 1 (0.64 = 0.12 vs 0.55 + 0.11, respectively, P = .01) and 2 (0.67 = 0.12 vs 0.56 + 0.11, respec-
tively, P = .004). Likewise, the association between V/V+ and mortality was significant on study
day 1 (oddsratio per 0.10 changein Vp/V; [95% CI]: 6.84 [1.62-28.84] P = .01; and study day 2:
4.90 [1.28-18.73] P = .02) after adjusting for Vp/V, P,o /F|o,, OXygenation index, vasopressor use,
and theprimary risk for ARDS. Using a Cox proportional hazard model, V/V+ was associated with
a trend toward higher mortality (HR = 4.37 [Cl 0.99-19.32], P = .052) that became significant
when the analysiswas adjusted for daily oxygenationindex (HR = 1.74[95% CI 1.12-3.35] P = .04).
CONCLUSIONS: Markedly elevated V/V; (= 0.60) in early ARDS is associated with higher
mortality. Measuring V/V+ may be useful in identifying ARDS patients at increased risk of death
who are enrolled into a therapeutic trial. Key words; acute lung injury; acute respiratory distress
syndrome; mechanical ventilation; physiologic dead-space fraction; single-breath test for carbon dioxide.
[Respir Care 2014;59(11):1—-. © 2014 Daedalus Enterprises]

Introduction

Physiologic dead-space fraction (ratio of dead space to
tidal volume [V/V+]) is the portion of tidal volume that
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does not participate in gas exchange and therefore consists
of expired gas without carbon dioxide. Historically, ele-
vated Vp/V+ in patients with ARDS was thought to be a
late-occurring phenomenon associated with the fibropro-
liferative stage of injury.r However, newer evidence indi-
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cates that V/V+ is markedly elevated within 24 h of ARDS
onset and is significantly elevated in non-survivors.2-8
Moreover, sustained elevation of V/V: in ARDS has
been associated with higher mortality.56

A pulmonary-specific physiologic variable such as
Vp/V+, which is strongly associated with mortality, could
be useful in assessing the efficacy of new therapies for
ARDS in prospective clinical trials. Prior studies examin-
ing the prognostic value of V/V+ have had limitations
that prevent the generalizability of their results to subjects
eligible for therapeutic clinical trials, including the fact
that subjects were studied at only 1 or 2 hospitals.2-8 Older
studies,26 in which subjects were managed with traditional
higher V1 ventilation, did not always include subjects with
less severe oxygenation defects (ie, these studies focused
only on subjects with moderate or severe ARDS by the
current Berlin definition),® and included subjects who had
risk factors for mortality that would have excluded them
from enrollment in a therapeutic clinical trial.

More recent, small, prospective studies3-5-1% enrolled sub-
jects spanning the spectrum of ARDS from mild to severe,
who were managed with lung-protective ventilation. In
these studies, early elevation in Vp/V+ was associated
with increased mortality. However, the results of these
studies differed in whether abnormalities in V/V differ-
entiated subjects with mild versus severe oxygenation de-
fects. In one study,© elevated V/V+ alone did not predict
mortality unless it was associated with elevated plasma
markers for endothelial damage.

To our knowledge, only one study has incorporated
Vp/V+ into a therapeutic clinical trial to assess mortality
risk. In a phase 2 randomized, controlled, multi-centered
study of 75 subjects with ARDS,t V/V+ was used to
assess the physiologic effects of recombinant activated
protein C on pulmonary function. In that trial, which man-
aged subjects with the ARDS Network lung-protective ven-
tilation protocol,2 there was a significant decline in Vp/V+
among subjects who received recombinant activated pro-
tein C.11 However, mortality was exceptionally low (13%),
and the association between V/V+ and mortality was not
addressed specifically.

The current study was designed to determine whether
Vp/Vy in patients with ARDS (P,q /Fo, = 300 mm Hg)®
is associated with mortality in the context of a large clin-
ical trial using lung-protective ventilation. We prospec-
tively studied subjects enrolled into a multi-center, phase 3,
randomized-controlled trial of the National Heart, Lung
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QUICK LOOK

Current knowledge

Elevated physiologic dead-space fraction (ratio of dead
space to tidal volume [V/V+]) is a marker of the se-
verity of lung injury in ARDS. Recent studies suggest
Vp/V+ is markedly elevated in the first 24 h after ARDS
onset and that sustained elevation of V/V+ is associ-
ated with an increased mortality.

What this paper contributes to our knowledge

In patients with ARDS as defined by the Berlin defi-
nition (P,o,/Fio, = 300 and PEEP = 5 cm H,0), a
Vp/V+ = 0.60 was associated with a higher mortality.
The role of routine monitoring of Vp/V; to predict
outcome or guide therapy remains to be determined.

and Blood Institutes” ARDS Network.13 Our primary ob-
jective was to determine whether elevated V/V+ early in
the clinical course was associated with mortality.

M ethods

Subjects 18 y or older were co-enrolled into this obser-
vational sub-study of V/V+ within 48 h of meeting the
American-European Consensus Conference criteria for
acute lung injury or ARDS.* Specific inclusion and ex-
clusion criteria have been previously published.’3 To
qualify for the study, subjects had to meet all 3 American-
European Consensus Conference criteria (P,o /F o, = 300,
bilateral infiltrates on chest radiograph during invasive
mechanical ventilation, and the absence of evidence of
elevated left atrial pressures) within the same 24-h period.
In addition, enrollment, randomization, and initial
protocol-directed therapies had to be initiated within
48 h of meeting acute lung injury or ARDS criteria. Of
the 22 specific exclusion criteria, those most relevant
to the dead-space sub-study were severe chronic re-
spiratory disease, which was defined as chronic hyper-
capnia with P,co > 45 mm Hg, chronic hypoxemia
with P,o <55 mm Hg on room air, secondary polycy-
themia, severe pulmonary hypertension with mean PAP
> 40 mm Hg, or ventilator dependence; diffuse alveolar
hemorrhage from vasculitis, severe morbid obesity, and
moribund condition (ie, not expected to survive 24 h). A
complete list of criteria can be found online at http://www.
clinicaltrials.gov/ct2/show/NCT00434993.13

Subjects were enrolled between August 6, 2006 and
July 7, 2008 at 24 hospitals of the National Heart, Lung,
and Blood Institute ARDS Network (ClinicalTrials.gov
identifier NCT00434993, Appendix). The Vp/V 1 sub-study
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was approved by the data safety monitoring board for the
parent clinical trial,*3 as well as by the institutional review
board of each participating hospital. Written informed con-
sent was obtained from subjects or their surrogates at the
time of enrollment into the clinical treatment trial.

M easur ements

Measurements of V/V+ were performed within 4 h of
enrollment and repeated daily on study days 1 and 2 if
arterial blood gas measurements were indicated for clini-
cal management. An automated volumetric capnography
monitor was used (Nico, Respironics/Philips Healthcare,
Wallingford, Connecticut) that had been previously vali-
dated in patients with ARDS.25> Mean expired carbon di-
oxide measurements with the Nico monitor coincided with
arterial blood gas procurement and a ventilator systems
check.

Assessments were made only when subjects were man-
aged with a ventilator mode providing full support (ie,
volume, pressure, or dual-mode assist/control ventilation),
so that inspiratory time and V1 were likely to be relatively
stable, and measurements of respiratory-system compli-
ance could be made. Subjects were studied in the semi-
recumbent position, in the absence of nursing care activ-
ities and when they were observed to be calm and
synchronous with the ventilator.

In addition to V/V, the mean expired carbon dioxide
partial pressure, volume of carbon dioxide excretion per
minute, and expired V; were recorded from the NICO
monitor. We also recorded arterial blood gas values and
standard ventilator data such as ventilator mode, plateau
pressure, PEEP, mean airway pressure, F,o, and total
breathing frequency.

Vp/V+ was calculated by the monitor using the Enghoff
modification of the Bohr equation as the difference be-
tween arterial and mean expired carbon dioxide partial
pressure divided by the arterial carbon dioxide partial pres-
sure1: Vp/V1 = (Pyco, = Peco,)/Paco, Minute ventilation
was calculated as the product of expired V; and total
breathing frequency. Respiratory-system compliance was
calculated as V4 divided by the end-inspiratory plateau
pressure minus PEEP. Oxygenation index (Ol) was calcu-
lated as the product of mean airway pressure and the per-
cent of inspired oxygen divided by the partial pressure of
arterial oxygen.t’

Each participating site received formal training on
the use of the Nico monitor provided by clinical research
specialists from Respironics/Philips Healthcare. The
training material and presentation was designed by
Respironics/Philips Healthcare and ARDS Network inves-
tigators, and was based on the same training program de-
veloped for a previous multi-center clinical trial.1t
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Because numerous clinicians across multiple research
centers were making measurements of Vp/V, two simple
quality control measures were used to verify data prior to
the analysis. The first was to confirm that dead-space mea-
surements were made on a full support mode of ventila-
tion. Second, to lessen the possibility of inadvertent tran-
scription error, the recorded V,/V; was verified by
independent calculation using the Enghoff-Bohr equation
and the corresponding recorded values for P,co and Peco -
Although recording errors could have occurred in either
direction, a pre hoc decision was made that both calcula-
tions had to be in agreement in order for data to be in-
cluded in the analysis.

Death prior to hospital discharge (or hospital day 90)
was the primary outcome variable in this study. Subjects
were followed until death or discharge from the hospital.

Statistical Analysis

Continuous variables were expressed as mean + SD or
median with interquartile range, and were compared using
Student t test or the Wilcoxon rank-sum test, where ap-
propriate. Categorical variables were reported as percent-
ages and compared using chi-square tests or Fisher exact
tests where appropriate. Multivariate logistic regression
models were used to test the association of V/V; with
mortality. A pre hoc decision was made to adjust the anal-
yses for ARDS etiology, Ol, ratio of P, to Fo, (P.o,/Fi0),
and for the presence of shock (defined as the use of vaso-
pressors except for dopamine at a dose of = 5 mcg/kg/min)
as a measure of severity of illness. Although the Acute
Physiology and Chronic Health Evaluation (APACHE) I11
score was calculated, it was not used in the modeling for
practical reasons as the score is not available in clinical
practice, whereas information regarding vasopressor use is
and is associated with higher mortality.2® However, the
primary etiology causing ARDS was categorized as pneu-
monia, sepsis, aspiration, trauma, and other, and then en-
tered into the model as dummy variables. The etiology of
ARDS was determined by study investigators through re-
view of the medical record and recorded for all study
subjects. The odds ratio (OR) for death was calculated per
0.10 increases in Vp/V.

Two additional tests were done to assess the potential
impact of V/V+ on mortality over time. First, analysis of
covariance was used to assess differences in Vp/V1 be-
tween non-survivors versus survivors at day 2, adjusting
for baseline Vp/V+. Second, Cox proportional-hazards
models were used to test the association between Vp/V+
and mortality in the subgroup of subjects who had com-
plete data over the first 3 days. For this purpose, we con-
structed 3 models. Model 1 was unadjusted and only in-
cluded Vp/V+ measured on a daily basis over the first
3 days as a time-varying covariate. Model 2 included daily
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Fig. 1. Flow chart.

Vp/V+ and baseline Ol as the covariates. Model 3 included
daily Vp/V+ and daily Ol as time-varying covariates. We
selected Ol as a covariate in these models because of prior
studies showing a strong association with mortality.1®

All results were considered to be statistically significant
at two-tailed P < .05. Stata 12.0 (Stata Corp, College Sta-
tion, Texas) computer software was used for statistical
analysis.

Results

When the primary clinical trial was stopped, a total of
354 dead-space measurements had been made in 126 sub-
jects. The quality control assessment revealed that 308
measurements (87%) in 115 subjects (90%) were done on
an approved full-support mode of ventilation, and also
passed the secondary data-validity check. For these 115
subjects, the 60-day mortality was 19%. Sixteen subjects
did not have baseline measurements made on the day of
study enrollment. Therefore, 99 subjects had dead-space
measurements made at baseline. Dead-space measurements
were made in 84 subjects on study day 1, and in 56 sub-
jects on study day 2 (Fig. 1). The primary etiology for lung
injury was pneumonia followed by sepsis, aspiration, and
trauma. Non-survivors were older, and at baseline had
both significantly higher APACHE IIl scores and higher
vasopressor use (Table 1). Over the duration of the study,
pulmonary gas exchange dysfunction was characterized by
elevated Vp/V+ and diminished P,q /F)o,, as well as mark-
edly decreased respiratory-system compliance (Table 2).

When analyzed by outcome, there was a trend toward
higher baseline V/V+ in non-survivors compared with
survivors (0.62 * 0.11 vs 0.56 = 0.11, respectively, P =
.08). However, V/V+ was significantly higher among non-
survivors on study day 1 (0.64 = 0.12 vs 0.55 = 0.11,
respectively, P = .01) and day 2 (0.67 * 0.12 vs 0.56 *+
0.11, respectively, P = .004) (Fig. 2). Likewise, the OR
for death in the unadjusted logistic regression model ap-

4

Table 1. Subjects Characteristics
All Subjects  Survivors ~ Non-survivors
N = 115 N =93 N =22
Demographics
Age (y) 50 + 16 47 £ 16 55 + 14*
Female (%) 47 49 36
Caucasian (%) 63 65 59
African-American (%) 21 17 36
Hispanic (%) 8 10 ND
Asian (%) 5 ND
Native American (%) 1 ND 5
Primary ARDS etiology
Pneumonia (%) 41 44 27
Sepsis (%) 25 23 36
Aspiration (%) 17 16 18
Trauma (%) 9 9 9
Other (%) 9 9 9
Lung injury score 271+048 273 +047 2.61=*=0.50

APACHE I1I score 91.8 =277 874 +254 1119 * 29.2*t
Vasopressors (%) 39 33 641

*P =01

1P =.0002.

+P =.009.

ND = no data

APACHE = acute physiology and chronic health evaluation

proached statistical significance on the day of study en-
rollment (OR = 1.59 [95% CI 0.94-2.72] for every 0.10
increase in Vp/V; P = .08); thereafter, the association
between Vp/V+ and mortality was stronger, becoming sta-
tistically significant on study days 1 (OR = 1.94 [95% ClI
1.16-3.27], P = .01) and day 2 (OR = 2.50 [95% ClI
1.26-4.97], P = .009) (Table 3).

Adjusting the analysis for ARDS etiology, P, /Fio,, Ol,
and baseline vasopressor use produced a modest increase
in the baseline OR for V/V+: (OR = 1.73 [0.82-3.63],
P = .09). However, the strength of association between
Vp/V+ and mortality in the adjusted model increased mark-
edly on study day 1 (OR = 6.84 [1.62-28.84], P = .01)
and study day 2 (OR = 4.90 [1.28-18.73], P = .02) (Ta-
ble 3). In contrast, only baseline P,q /F,o and vasopressor
use were significantly associated with mortality in the ad-
justed model.

Next, we used analysis of covariance to test whether
differences in V/V+ between non-survivors and survivors
at day 2 remained significant after controlling for baseline
Vp/V+. Indeed, day 2 V/V+ remained significantly asso-
ciated with mortality in this model (P = .03). In an alter-
nate analysis, we used Cox proportional hazard modeling
with Vp/V+ as a time-varying covariate, V/V+ was as-
sociated with a trend toward higher mortality (HR = 4.37
[C10.99-19.32], P = .052) per 0.10 V/V increase. This
difference became significant when the analysis was ad-
justed for daily Ol (HR =5.69 [95% CI 1.13-28.62],
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Table 2. Pulmonary Dead-Space Fraction and Other Respiratory
Variables

Day 0 Day 1 Day 2
Subjects (N) 99 84 56
V!Vt 0.57 £0.11 0.57 £0.11 0.58 £ 0.12
Veo, (ML/min) 207 + 66 202 + 62 198 + 51
Ve (L/min) 111+ 44 10.3 + 3.2 10.6 + 2.8
pH 7.36 = 0.08 7.37 = 0.09 7.39 = 0.09
Paco, (MM Hg) 408 40=*=8 41+9
P.o, (MM Hg) 87 + 33 88 + 27 79 + 17
P.o,/Fio, 166 + 66 188 =+ 68 187 £ 73
Fio, 0.59 = 0.19 0.49 £0.14 0.48 £0.14
Ol 118 7.9 88 54 10.0 = 6.5
Vy (mL) 417 + 119 381 =85 383 =88
f 217 28=+7 287
Ppiar €M H,0) 24+ 6 22+6 23+ 6
PEEP (cm H,0) 9.7+34 85*3.0 85+ 3.0
P (cm H,0) 16 + 3 15+5 15+ 4
Cgs (mL/cm H,0) 26 + 8 26 + 11 27+ 11

Vp/V1 = physiologic dead-space fraction

\:/002 = volume of carbon dioxide excretion per minute
VE = minute ventilation

Ol = oxygenation index

f = total respiratory frequency

Pplat = end-inspiratory plateau pressure

P,y = mean airway pressure

Crs = respiratory-system compliance

[ Survivors
W Non survivors

Day 0 Day 1 Day 2

Fig. 2. Dead-space fraction (Vy/V;) and outcome by study day.

P = .04). The HR of mortality for V/V after adjusting
for baseline Ol was 4.28 (95% CI 0.86-21.39, P = .08).
Finally, because this study was done within a larger
randomized, placebo-controlled clinical trial assessing the
efficacy of aerosolized albuterol,'3 analysis of covariance
was used to assess the potential influence of albuterol on
Vp/V+ at day 2, controlling for baseline level. Aerosolized
albuterol therapy did not affect Vp/V; (P = .84).

Discussion

The primary objective of this study was to assess whether
Vp/V+wasassociated with mortality in subjects with ARDS
enrolled into a prospective clinical trial, and whether sub-
sequent measurements were equally useful compared with
those made at study entry. On the day of study enrollment,
there was a trend toward higher Vp/V+ in non-survivors.
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On both study days 1 and 2, Vp/V; was significantly
higher in non-survivors. These results suggest the possi-
bility that V' o/V+ measured on the first few days following
enrollment might be an even better tool for assessing mor-
tality risk. Of note, the association between Vp/V; and
mortality was independent of the degree of oxygenation
impairment, a finding that is consistent with other stud-
ies.25 Moreover, the adjusted analyses demonstrated that,
in contrast to measures of oxygenation, the association
between V/V+ and mortality was stronger and remained
significant over the first 3 study days.

The difference in Vp/V; between non-survivors and
survivors of ARDS in this study is similar to that reported
by several other investigators. In 3 prior studies,*¢ the
average Vp/V+ on study enrollment was 0.61-0.62 in non-
survivors and 0.53-0.54 in survivors. In another study? of
patients with mild ARDS, the difference was 0.55 and 0.48
for non-survivors and survivors, respectively. Among stud-
ies that made repeated measurements over several days,
the gap in Vp/V+ between non-survivors and survivors
was sustained or increased.36 In these studies, the initial
difference in V/V+ between non-survivors and survivors
was 0.06-0.08, and increased to 0.1 or greater over the
disease course.356 These previous findings are similar to
our results, in which the initial difference in mean V/V+
between non-survivors and survivors was 0.06 and subse-
quently increased to 0.09-0.11. A plausible explanation
for the consistent results across studies is that pathophys-
iologic changes in ARDS (as manifested by Vp/V;) may
be more severe in non-survivors and appear to progress,
whereas, among survivors, the pathophysiologic changes
are less severe and/or self-limiting.

In ARDS, PEEP has a variable effect upon Vp/V+:
alveolar recruitment decreases dead space, whereas alve-
olar over-distention increases it.2° It is difficult to predict
the impact of PEEP because both phenomena can occur
simultaneously. In our study, PEEP and F,o_were adjusted
according to the ARDS Network low V- protocol based
upon a target P, range of 55-80 mm Hg, rather than
optimizing either pulmonary oxygenation or pulmonary
mechanics. Therefore, it is uncertain how protocol-
directed changes in PEEP may have influenced Vp/V-,
particularly in subjects whose pulmonary function was
deteriorating. However, measurements obtained during
the first 3 days of study showed no difference between
non-survivors and survivors in PEEP, V or plateau pres-
sure (surrogates of potential pulmonary over-distention).
These findings suggest that there was no systematic dif-
ference in how these variables were adjusted between non-
survivors and survivors that may have influenced dead-
space measurements.

The major limitation of this study was that a sufficient
number of subjects could not be enrolled to adequately test
whether the association between V/V+ and mortality was
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Table 3.  Mortality as a Function of Dead-Space Fraction by Unadjusted and Adjusted Analyses
Day 0 Day 1 Day 2
OR 95% CI P OR 95% CI P OR 95% CI P

Unadjusted model

Vp/V1 1.59 0.94-2.72 .08 1.94 1.16-3.27 .01 2.50 1.26-4.97 .009
Adjusted model

Vp/V+ 1.73 0.82-3.63 15 6.84 1.62-28.84 .01 4.90 1.28-18.73 .02

Pao,/Fio, 1.02 1.00-1.04 .03 1.02 0.99-1.04 15 1.01 0.99-1.03 45

Ol 1.10 0.98-1.24 .09 0.95 0.67-1.35 .79 1.06 0.81-1.38 .66

\asopressor 6.71 1.44-31.14 0.02 3.46 0.36-33.05 0.28 4.66 0.53-40.80 .16

* OR per 0.1 increase in Vp/Vy, The OR is reported per unit change for both P,o,/Fio, and OI.
OR = odds ratio

Vp/V1 = dead-space fraction

P20,/Fio, = Pao, to inspired oxygen fraction ratio

Ol = oxygenation index

different depending on the initial severity of hypoxemia
(ie, in subgroups as per the Berlin definition according to
a P,o,/Fio, ratio <100 mmHg, 100-200 mm Hg, or
> 200 mm Hg).® Another potential limitation stems from
the fact that daily measurements occurred only in subjects
who had arterial blood gas analysis ordered for clinical
management. Therefore, a potential bias is that our study
sample may have represented more subjects, who by clin-
ical presentation may have been judged to be deteriorating
by clinicians caring for them, or at least more tenuous than
those who did not have arterial blood gas measurements.
Regardless these would encompass the very subjects in
whom the predictive potential of dead-space measurements
would be most useful.

Another relevant issue has been the search for a readily
available surrogate of V/V+ that eliminates the need for
expired gas monitoring. This has been particularly impor-
tant to those involved with population-based outcome stud-
ies of ARDS. Interest in the relationship of CO, excretion
to mortality is stymied by the fact that dead-space mea-
surements are not yet standard clinical practice. For ex-
ample, the ARDS Definition Task Force® attempted to use
corrected minute ventilation (ie, [P,co, X minute ventila-
tion]/40)2* as a potential surrogate for dead space in de-
fining those with severe lung injury. However, this surro-
gate was not used in the final definition because of a lack
of evidence for predictive validity.®

Others have reported that estimated V/V+ (by calcu-
lating carbon dioxide production from the Harris-Benedict
equation, in conjunction with a modified alveolar air equa-
tion to derive mean P.co ) was useful for predicting mor-
tality in ARDS.22 This encouraging result seemingly ob-
viates direct measurement of expired CO, in clinical
practice. However, these findings should be interpreted
with caution because of issues concerning validation meth-
odology?324 In addition, there is clinical evidence that this
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method significantly underestimates actual dead space;
therefore, it may not be an ideally suited tool for evaluat-
ing the true impact of impaired CO, excretion on out-
comes in ARDS.2

The uncertainty surrounding estimated versus measured
Vp/V+ is based in part upon findings that equations used
to predict metabolism agree poorly with measured energy
expenditure in critically-ill, mechanically-ventilated pa-
tients.26 In addition, the measured volume of CO,, excreted
by the lungs (which determines mean Pco,) is unlikely to
reflect CO, production in the presence of severe ventila-
tion:perfusion mismatching, intrapulmonary shunting, and
shock.2” This disparity between production and excretion
during critical illness reflects the body’s considerably ca-
pacity to store CO, (estimated to reach 20 L, or 11.6 mL/kg
per 1 mm Hg change in P,co,); the dynamics of which are
partly determined by muscle perfusion.282° In fact, even
under normal physiologic conditions, a true CO, steady
state is considered rare.2® Given these uncertainties, and
until better methods of accurately estimating P.co, have
been firmly established, V5/V+ should be determined in
subjects with ARDS using direct measurements of expired
CO,.

Conclusions

The results of this study demonstrate the practicality
and utility of measuring Vp/V+ in subjects with ARDS
enrolled in a clinical trial. In addition, this relatively large
multi-center observational study confirms the results of
previous smaller, single-center studies,2¢ specifically that
early and sustained elevations in Vp/V, are associated
with higher mortality in patients with ARDS. Therefore,
measurement of Vp/V; appears to provide important in-
formation that may be useful in therapeutic clinical trials.
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