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Mechanical Ventilation during Extracorporal Support:
The Relevance of VT

To the Editor:

In cases in which pulmonary gas exchange is mainly guaranteed by
extracorporeal support, the optimal ventilation strategy to protect
the lung remains unclear. It is generally accepted that the ventilator
should be set to prevent further ventilator-associated lung injury.
Nevertheless, even a lung-protective approach with low VTs may
still aggravate lung injury. Thus, an ultraprotective approach
with very low VTs (,6 ml/kg) is frequently used in patients
undergoing extracorporeal support to facilitate the healing of the
injured lung (1). A very interesting concept is the reduction of the
VTs to near apneic oxygenation, as done by Araos and colleagues
(2). These researchers examined three different ventilation
strategies in a swine acute respiratory distress syndrome model
over the course of 24 hours, using extracorporeal membrane
oxygenation to examine nonprotective, conventional, and near-
apneic ventilation. The researchers found that histopathologic lung
injury was lower in the conventional and especially the near-apneic
group. However, wet-dry lung weight ratio and expression of most
genes indicating fibroproliferation were not different between the
groups. As remarked in the editorial by Fan (3), there was no
comparison of ultraprotective strategies, and the three strategies
differed not only in their VTs but also in positive end-expiratory
pressure (PEEP) level and respiratory rate. Fan raised the question
whether ventilation is needed at all during extracorporeal lung
support. This was primarily described by Kolobow in an animal
study (4).

Our group also conducted a study using a similar acute
respiratory distress syndrome model (5). In the conventional group,
protective mechanical ventilation with 6 ml/kg VT was used. Unlike
Araos and colleagues, we used arteriovenous extracorporeal
lung assist to reduce VTs to 3 ml/kg body weight, and apneic
oxygenation with VTs set to zero in further experimental groups.
Moreover, an “open lung concept” was used in all groups by using
PEEP levels above the lower inflection point of the lung. This
strategy resulted in continuous airway pressure above 20 cm H2O,
even in the apneic group. Mean respiratory rate was similar in the
6 ml/kg and the 3 ml/kg group, with 20 and 17–18 breaths/min,
respectively. After 24 hours, a histopathologic examination of the

dependent lung showed more inflammation, alveolar exudation,
and atelectasis with 3 ml/kg or no VTs. In contrast, alveolar
overdistension was reduced with apneic oxygenation in the
nondependent lung areas (5).

Hence, our study addressed several of the shortcomings of the
data presented by Araos and colleagues and may help to answer
the questions raised by Fan (3). Ventilation with protective VTs
led to overdistension in the nondependent lung. Nevertheless,
despite using high positive airway pressures, the dependent lung
in the apneic group showed a worse lung injury score compared
with protective VTs. Thus, the combination of both strategies as
“near apneic ventilation with low respiratory rates” and higher
PEEP levels might be very appealing. This strategy might prevent
derecruitment of the dependent lung via repeated recruitment at
a low rate set above higher PEEP levels. Overdistension of the
nondependent lung may be prevented because of lower peak
pressures and minimized shear stress resulting from a low
respiratory rate. Another point is that using lower airway, and
thus intrathoracic, pressures might reduce hemodynamic
compromise. This is enabled by lower respiratory rates and
lower VTs. Theoretically, a strategy with sufficient PEEP, low
respiratory rates, and very low VTs individually adapted to the
size of the residual nonconsolidated lung parts combined with
prone positioning might be optimal to protect the lung during
extracorporeal lung support.

We strongly agree with Fan that the optimal ventilator strategy
during extracorporeal gas exchange should now be addressed in
clinical studies. n
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Reply to Kredel et al.

From the Authors:

We appreciate the editorial by Fan (1) and the letter by Kredel and
colleagues regarding our recent publication (2). Both compare
the near-apneic ventilation strategy we applied, associated
with high-flow veno-venous extracorporeal membrane
oxygenation (ECMO), with near-apneic strategies applied in
association with low-flow extracorporeal CO2 removal systems
(ECCO2R). We think this comparison overlooks a fundamental
difference. In the original experience in patients with acute
respiratory distress syndrome (ARDS) reported by Gattinoni and
coworkers (3), intermittent sighs to peak airway pressures of
35–45 cm H2O and high positive end-expiratory pressure (PEEP)
levels from 15 to 25 cm H2O were applied. In Johannes and
colleagues’ study (4), PEEP levels above 20 cm H2O were used
after a recruitment maneuver in an experimental model of ARDS.
In contrast, our near-apneic strategy kept PEEP at 10 cm H2O
and maximal airway pressures at 20 cm H2O. Although the
decreases in _VE were of similar magnitude to our study, airway
pressures differ markedly. As ECCO2R does not contribute to
oxygenation, very high airway pressures have to be applied in
severe ARDS to maintain oxygenation, so that static stress and
strain remain high, and eventually right ventricular function
and hemodynamics may be compromised. This potential risk
has become more apparent after the negative results of the
OSCILLATE (Oscillation for ARDS Treated Early) and ART
(Alveolar Recruitment for Acute Respiratory Distress Syndrome
Trial) trials (5, 6). In contrast, in our study, we could keep
significantly lower mean and driving airway pressures, avoiding
both static and dynamic stress and strain. We believe this is
the fundamental reason why our results differ from those of
Johannes and colleagues (4), who found no positive effect of
decreasing VT to 3 or even 0 ml/kg on lung tissue inflammation.
In fact, we have recently presented in abstract form the results of
a study evaluating 3 different airway pressures (low: PEEP 0 cm
H2O–peak inspiratory pressure [PIP] 10 cm H2O; moderate:
PEEP 10 cm H2O–PIP 20 cm H2O; high: PEEP 20 cm H2O–PIP
30 cm H2O) applied during a near-apneic protocol in the same
model of ARDS supported by venovenous ECMO (7). We found
that low and high airway pressures were associated with increased
lung water and higher histologic scores, respectively, compared
with a near-apneic protocol using moderate airway pressures

(which is the same protocol used in the near-apneic group of
the present study).

The issue of mechanical ventilation during ECMO has been
poorly studied. Most studies published up to now have been surveys
(8), observational descriptive studies (9), and noncontrolled studies
to assess feasibility or physiologic effects of certain interventions
(10). Our study is one of the first efforts to compare different
ventilatory strategies during ECMO in a controlled design. The
study was planned as a proof of concept regarding the value of resting
the lungs by minimizing the energy imposed. We believe the results
provide significant evidence in favor of the lung rest concept. The fact
that not all the measured variables were modified by the ventilator
strategy is completely expected in a 24-hour experimental model
comparing clinically relevant strategies. However, histologic lung
injury, which is a major component of ARDS, was clearly improved by
near-apneic ventilation.

In the recently published EOLIA, the largest randomized
clinical trial to date on venovenous ECMO for severe ARDS, patients
assigned to the ECMO group had a reduction in their mechanical
power by 2.5 times in relation to the control group (conventional
protective protocol) (11). Although this is a significant reduction,
if our experimental near-apneic protocol would have been in
place, the reduction in mechanical power compared with the
control group would have been in the order of 18 times. It is
uncertain whether this would have resulted in better clinical
outcomes; however, based on our data, we think this should be
assessed in future trials.

We fully agree with Fan (1) and Kredel and colleagues (2) that
several uncertainties remain about the role of prone position,
spontaneous breathing, or specific ventilatory variables to achieve
the ideal lung rest. While we wait for clinical studies in this
area, we will continue addressing these questions via an experimental
approach.

The story of prone position has taught us that we should not
give up sound concepts only because they are old or we have
not been able to find their place. Instead, we must learn from
our mistakes, refresh the valuable old concepts with new perspectives,
and challenge our current approaches. We think that our study,
despite all the limitations of an experimental design, is a significant
step in that direction. n
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