
Dead Space in ARDS: Die Hard

Physiologic dead space (VD), which is defined as the
fraction of tidal volume (VT) that does not participate in
gas exchange, provides information about the efficiency of
lung gas exchange. In critical care, the most common ap-
proach to measuring VD/VT is volumetric capnography,
which reports CO2 elimination as a function of expired VT,
and VD/VT is calculated using the Enghoff modification of
Bohr’s equation: VD/VT � (PaCO2

� PE� CO2
)/PaCO2

, where
PaCO2

is the partial pressure of CO2 in arterial blood and
PE� CO2

is a measure or an estimate of mixed-expired partial
pressure of CO2.1-6 The Enghoff equation is influenced by
large shunt fractions present in ARDS, and the result is a
good global index of the efficiency of lung gas ex-
change.2,3,5,7 Increased dead space is independently asso-
ciated with an increased risk of death in subjects with
ARDS.2 This association has been found in the era of
lung-protective ventilation,6 at different stages of ARDS,8

using different measurement techniques,9,10 and in sub-
jects with ARDS diagnosed using the Berlin definition.11

In this issue of RESPIRATORY CARE, Kallet et al12 present
the results of an observational study in 685 subjects with
ARDS managed with lung-protected ventilation, with
VD/VT measurements forming part of clinical manage-
ment. Calculating VD/VT using the Enghoff-Bohr equation
from mean expired CO2, they found that VD/VT was gen-
erally elevated in subjects with aspiration or pneumonia,
who had higher values than those with non-pulmonary
sepsis or trauma. Although the magnitude of VD/VT ele-
vation differed between etiologies, VD/VT in non-survi-
vors was consistently higher than in survivors and corre-
lated directly with the number of failing organs. The highest
values of VD/VT were found in subjects with severe ARDS
according to the Berlin classification, and VD/VT was the
strongest predictor of mortality, with a 22% increase in the
risk of death for every 0.05 increase in VD/VT.

The study by Kallet et al12 represents a step forward in
establishing the clinical value of VD/VT, showing that this

parameter can potentially be used to personalize care for
mechanically ventilated patients. Dead space in patients
with ARDS must be understood as a physiomarker of se-
verity, and management should aim to protect the lung
from overdistention while maximizing recruitment to avoid
further increases in VD/VT.

SEE THE ORIGINAL STUDY ON PAGE 1241

ARDS is a broad term encompassing a heterogeneous
group of severe diseases with acute onset that affect the
lung parenchyma and impair respiratory system mechan-
ics, manifesting with bilateral pulmonary infiltrates and
loss of lung volume with hypoxemia refractory to high
concentrations of oxygen.13 Two major types of injury can
lead to ARDS: direct injury to the lung epithelium and
indirect injury resulting from direct inflammation or dis-
ruption of the vascular endothelium. The differentiation
between the 2 categories is based on clinical information,
although they are distinct in terms of respiratory me-
chanics, pathologic findings, radiographic appearance,
genetic risk, and protein biomarkers.14 The study by
Kallet et al12 shows that they are also distinct in terms
of VD/VT values. These findings should be interpreted
in light of the recent finding by Luo et al15 that despite
lower severity of illness and fewer organ failures, sub-
jects with direct ARDS had similar mortality to subjects
with indirect ARDS and that factors previously associ-
ated with mortality during ARDS were associated with
mortality only in direct ARDS. Thus, it seems that the
distinct features of ARDS resulting from direct and in-
direct lung injury may differentially affect risk predic-
tion and clinical outcomes. In another recent study com-
paring the molecular phenotypes of direct versus indirect
ARDS, Calfee et al16 found that direct lung injury in
humans is characterized by more severe lung epithelial
injury and less severe endothelial injury, whereas indi-
rect lung injury is characterized by more severe endo-
thelial injury and less severe epithelial injury. These
authors concluded that the heterogeneity of ARDS should
be taken into account to design better clinical trials.
Unfortunately, neither of these studies measured dead
space.

Interestingly, the response to treatment also differs be-
tween the 2 types of ARDS. One of the main objectives of
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lung-protective ventilation in ARDS is to achieve maxi-
mum lung recruitment while using low VT. Increased PEEP,
recruitment maneuvers, and prone positioning result in
much greater improvements in oxygenation, respiratory
mechanics, or radiologic infiltrates in subjects with indi-
rect ARDS than in those with direct ARDS.14,17,18 Several
studies have failed to show a clear effect of PEEP on
VD/VT

19-23. Variations in VD/VT and its partitions result-
ing from PEEP largely depend on the type, degree, and
stage of lung injury. When PEEP results in global lung
recruitment, physiologic VD and alveolar VD decrease;
when PEEP results in lung overdistention, physiologic VD

and alveolar VD increase. Unfortunately, these results,
found mostly in well-designed experimental models of
ARDS, have not been reproduced in human subjects with
ARDS.24 To assess of the influence of systematic respira-
tory mechanics tests on clinical management, a recent study
compared physiological parameters associated with clini-
cal outcomes by comparing their value before and after
performing the tests.25 After the tests, the oxygenation
index, airway pressure, and driving pressure improved, but
VD/VT remained unchanged.25 The reason for the attenu-
ated effect of the intervention on VD/VT might be wide
variation in individual responses. Kallet et al12 also found
only minor differences in VD/VT between mild and mod-
erate ARDS, highlighting the importance of the response
to PEEP in early stages of the disease for the prognosis.
An increase in oxygenation with incremental PEEP is as-
sociated with better outcome in terms of Berlin classifica-
tion,13,26 so in the rigid framework of this classification,
the patient could not be moved to a different category from
the initial allocation.

Since physiology is one of the foundations of critical
care, Goligher et al27 applied the precision medicine par-
adigm to extracorporeal CO2 removal for ultraprotective
ventilation in ARDS. Interestingly, they demonstrated that
VD/VT and static compliance determine the effect of ex-
tracorporeal CO2 removal on driving pressure and me-
chanical power. They concluded that measuring VD/VT

can be used to enrich clinical trials by selectively enrolling
patients with a predicted treatment response.

Many voices are calling for changes in conventional
ICU practice toward precision medicine to improve both
physiological and clinical outcomes and to maximize cost-
effectiveness.28,29 Continuous monitoring of physiologic
signals, including VD/VT, and point-of-care data might lay
the groundwork for precision critical care. In mechanically
ventilated patients, it is important to monitor respiratory
variables (oxygenation, mechanics, and VD/VT) to track
respiratory changes and to prevent ventilator-induced lung
injury or avoid further lung deterioration.5,30-32 Currently,
big data techniques make it possible to store, manage, and
analyze the huge volumes of multidimensional data gen-
erated in the ICU, so that advanced signal processing and

computing techniques can transform volume to value.33,34

Whether adding VD/VT values to the clinical data avail-
able in ICUs will detect unseen patterns and/or provide
valuable tools for decision making to improve outcomes in
ARDS remains to be seen.
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Universitat Autònoma de Barcelona
Sabadell, Spain

CIBERES
Instituto de Salud Carlos III

Madrid, Spain

REFERENCES

1. Lucangelo U, Blanch L. Dead space. Intensive Care Med 2004;
30(4):576-579.

2. Murias G, Blanch L, Lucangelo U. The physiology of ventilation.
Respir Care 2014;59(11):1795-1807.

3. Suarez-Sipmann F, Bohm SH, Tusman G. Volumetric capnography:
the time has come. Curr Opin Crit Care 2014;20(3):333-339.

4. Doorduin J, Nollet JL, Vugts MP, Roesthuis LH, Akankan F, van der
Hoeven JG, et al. Assessment of dead-space ventilation in patients
with acute respiratory distress syndrome: a prospective observational
study. Crit Care 2016;20(1):121.

5. Kipnis E, Ramsingh D, Bhargava M, Dincer E, Cannesson M, Broc-
card A, et al. Monitoring in the intensive care. Crit Care Res Pract
2012;2012:473507. doi: 10.1155/2012/473507.

6. Nuckton TJ, Alonso JA, Kallet RH, Daniel BM, Pittet JF, Eisner
MD, Matthay MA. Pulmonary dead-space fraction as a risk factor for
death in the acute respiratory distress syndrome. N Engl J Med
2002;346(17):1281-1286.

7. Brochard L, Martin GS, Blanch L, Pelosi P, Belda FJ, Jubran A,
et al. Clinical review: respiratory monitoring in the ICU: a consensus
of 16. Crit Care 2012;16(2):219.

8. Raurich JM, Vilar M, Colomar A, Ibáñez J, Ayestarán I, Pérez-
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