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Can We, Must We, Should We
Individualize It?
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Cardiopulmonary bypass (CPB) for blood oxygenation
and decapneization during cardiac surgery allow surgeons
to operate without disturbance, but could activate lung
inflammation and lead to biotrauma, amplifying the
injurious effect of perioperative invasive ventilation.1 CPB
can be combined with a “resting lung” strategy to increase
the surgical working space. Previous observations suggest
that an “aerated lung” strategy could improve
postoperative gas exchange,2 and prevent postoperative
pulmonary complications.3 The evidence for benefit
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remains poor, and it is also uncertain how to “aerate” the
lungs—should it consist of simple CPAP to keep the
lungs “open,” or of applying tidal volumes (VT) with a
certain positive end-expiratory pressure (PEEP) to also
“ventilate” the lungs? In the latter case even more
uncertainties exist—how large should the VT be, at what
rate should the lungs be ventilated, and with what level of
PEEP? Seeing these uncertainties, it is not surprising that
daily practice differs between countries and regions, and
even within hospitals between cardiac anesthesiologists.1,4

In this issue of CHEST, Nguyen et al5 report on the
findings of the MECANO (Low Tidal Mechanical
Ventilation Against No Ventilation During
Cardiopulmonary Bypass Heart Surgery) study, a single-
center randomized clinical trial in patients undergoing
cardiac surgery, in which the authors compared a strategy
consisting of ventilation with a VT of 3 mL/kg, 5 breaths/
min, and 5 cm H2O PEEP against no ventilation during
CPB. The primary end point of this superiority study was
a composite of postoperative mortality and pulmonary
complications. The intention-to-treat analysis showed no
significant difference in the primary end point (14.8% in
patients who received ventilation vs 17.9% in patients in
whom the lungs were not ventilated). A per-protocol
analysis yielded comparable results. One post-hoc
analysis of patients who underwent isolated coronary
artery bypass graft surgery, however, suggested
superiority of the ventilation strategy.

The MECANO investigators are to be commended for
this study. The study was performed at an amazing
speed within one center, preventing bias caused by
changes in care over time and differences in care
between centers. Also, patients as well as investigators
remained blinded for the intervention, something that is
not that easy to achieve. However, the study also came
with challenges. In approximately 20% of patients in the
ventilated group the study protocol was violated, most
often in patients undergoing valve surgery. This was
probably caused by a lack of surgical working space,
because “surgeons had the final say in the type of
mechanical ventilation, i.e. he could stop any type of
ventilation strategy during CPB as he saw fit.”5 This
raises concerns about the external validity of the
ventilation strategy—in centers with less familiarity it
can be expected that use of ventilation during CPB could
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be even more difficult, especially if surgeons are less
experienced. If ventilation during CPB was not feasible,
shouldn’t ventilation be adjusted to create more surgical
working space, for example, by a further reduction in VT

size or respiratory rate, a lower level of PEEP, or no
PEEP? Would this have changed the results of the trial?
The findings of the post hoc analysis of the subgroup
undergoing isolated coronary artery bypass graft
surgery, in whom protocol violations happened less
often, hint at this possibility.

For the sample size calculation, the MECANO
investigators used an expected incidence of postoperative
mortality and pulmonary complications of 25% in the
“resting lung” group—fortunate for the patients, but
unfortunately for the investigators the observed incidence
happened to be well below 20%. This may have left the
investigators with an underpowered study. With an OR
ranging from 0.60 to 1.09, however, it is impossible to rule
out a potential benefit of ventilation over no ventilation
during CPB. This clearly demonstrates the importance of
proper power calculations—the effect size estimates
should be realistic, and observed instead of expected
incidences must be used. If the investigators had
performed a study twice the size of the current trial,
findings would have been more definite.

In this way the findings of the MECANO study resemble
those of another randomized clinical trial in cardiac
surgery patients, named PROVECS (Protective
Ventilation in Cardiac Surgery).4 In PROVECS,
ventilation with a VT of 3 mL/kg and 8 cm H2O PEEP
plus recruitment maneuvers was compared against no
ventilation with 2 cm H2O PEEP, and had a wider
definition for postoperative pulmonary complications,
the primary end point. The PROVECS investigators
used an expected incidence of the primary end point of
25% and expected an absolute difference of 10%—
unfortunate for the patients, and even more
unfortunately for the investigators the observed
incidence happened to be as high as 59.2% in the no-
ventilation group, and the absolute difference was just
4.5%. Thus, like the MECANO study, PROVECS may
also have been underpowered to show benefit.

The MECANO investigators did not provide complete
information on postoperative ventilation in their study.
The way in which postoperative ventilation is applied
could be important. A too-high VT during postoperative
ventilation could increase the incidence of pulmonary
complications in cardiac surgery patients,6 and a strategy
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of higher PEEP combined with recruitment maneuvers
may prevent postoperative complications, at least in those
who present with hypoxemia on arrival in the ICU.7

Finally, the MECANO investigators did not attempt to
individualize ventilation during CPB. Is individualization
of ventilation, before, during, and after CPB, the way
forward? A high driving pressure (DP) during
intraoperative ventilation has been shown to be associated
with pulmonary complications after surgery.8 Should VT

and PEEP be adjusted, and should recruitment
maneuvers be used to achieve this?9,10 A ventilation
strategy of titrating PEEP against DP during thoracic
surgery was tested previously,11 but that randomized
clinical trial was too small to draw firm conclusions.

Designing a trial to test various perioperative ventilatory
strategies in cardiac surgery remains challenging. There
is clearly a need for more prospective data to improve
the pulmonary outcomes in this high-risk surgical
population. Perhaps identifying patients who are likely
to benefit from a personalized intervention or a “bundle”
of interventions could lead to optimal patient selection,
reduce the signal-to-noise ratio, and increase the
likelihood of therapeutic effect.12
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