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What Happens Intraoperatively Stays Intraoperatively
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FTER many years and much

research in the field of intra- P Pum PEEP
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operative mechanical ventilation,
optimal ventilation strategies to
prevent  postoperative  pulmo-
nary complications remain poorly
defined. During general anesthesia
for surgery, use of higher inspira-
tory oxygen fraction, neuromuscu-
lar blocking agents, and increased
intra-abdominal pressure, due to
patient positioning, laparoscopic
procedure, or patient characteris-
tics, most commonly obesity, favor
the formation of atelectasis." Lung
recruitment maneuvers combined
with positive end-expiratory pres-
sure (PEEP) may revert atelectasis
and stabilize lung units, a strat-
egy that is usually combined with between
protective low tidal volumes and
known as an “open-lung venti-
lation strategy,”* that is, a strategy
aimed at recruiting as much lung tissue as possible for tidal
ventilation. This strategy is claimed to truly treat the cause
of hypoxemia that may result from atelectasis, while pre-
venting cyclic closing and opening of lung units, or atel-
ectrauma. Besides preventing atelectrauma, the open-lung
ventilation strategy should promote more even distribu-
tion of mechanical stress across the lungs, also reducing
tidal overdistension, or volutrauma. Both atelectrauma and
volutrauma have been implicated in ventilator-induced
lung injury, which in surgical patients can contribute to
the development of postoperative pulmonary compli-
cations, especially after major surgery, when an increased
global proinflammatory state is likely. Despite this appealing
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“...‘best PEEP’ will always
represent a
atelectasis
overdistension...”

rationale, an open-lung ventilation
EvL
o A strategy was not able to reduce the
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incidence of postoperative pul-
T monary complications in patients
submitted to elective, on-pump
cardiac surgery in the Protective
Ventilation in Cardiac Surgery
(PROVECS) study,’” which is in
line with findings in noncardiac
surgery studies in nonobese*® and
obese’ patients. With 488 included
patients, the PROVECS study was

unique in that it was powered to
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determine the effect of intraoper-
ative ventilation strategies on clin-
ical outcome variables. However,
the PROVECS study did not
. investigate the possible reasons for
compromise

the negative findings on clinical
and

outcome variables.

In this issue of ANESTHESIOLOGY,
Lagier et al.” report on the effects
of the open-lung ventilation strat-
egy on the distribution of ventilation and lung injury in a
subpopulation of the PROVECS study. In total, 86 patients
were investigated, whereby 56 patients were included
in the analysis of distribution of ventilation by electrical
impedance tomography, and 30 patients were investigated
for biomarkers of lung injury. The open-lung ventilation
strategy consisted of lung recruitment with sustained pres-
sure (30cm H,O for 305 at predefined stages in the surgical
intervention), PEEP of 8 cm H,0, and tidal volume of 8 ml/
kg of predicted body weight before and after cardiopul-
monary bypass, and tidal volume of 3ml/kg of predicted
body weight during cardiopulmonary bypass. Of note,
mechanical ventilation during cardiopulmonary bypass has

Image: J. P Rathmell.

This editorial accompanies the article on p. 1029.

Accepted for publication September 1, 2020. Published online first on September 24, 2020. From the Department of Anesthesiology and Intensive Care Medicine, Pulmonary
Engineering Group, University Hospital Carl Gustav Carus, Dresden University of Technology (Technische Universitdt Dresden), Dresden, Germany (M.G.d.A.); Outcomes Research
Consortium, Cleveland, Ohio (M.G.d.A.); Department of Intensive Care Medicine and Laboratory of Experimental Intensive Care and Anesthesiology, Academic Medical Center,
University of Amsterdam, The Netherlands (M.J.S., A.S.N.); Mahidol-Oxford Tropical Medicine Research Unit, Mahidol University, Bangkok, Thailand (M.J.S.); Nuffield Department
of Medicine, University of Oxford, Oxford, United Kingdom (M.J.S.); Australian and New Zealand Intensive Care Research Centre, Monash University, Melbourne, Australia (A.S.N.);
Department of Critical Care Medicine, Hospital Israelita Albert Einstein, Sdo Paulo, Brazil (A.S.N.); Department of Surgical Sciences and Integrated Diagnostics, University of Genoa,
Genoa, Italy (P.P); and San Martino Policlinico Hospital, Scientific Institutes of Hospitalization and Care (IRCCS) for Oncology and Neurosciences, Genoa, ltaly (P.P.).

Copyright © 2020, the American Society of Anesthesiologists, Inc. All Rights Reserved. Anesthesiology 2020; 133:982—4. DOI: 10.1097/ALN.0000000000003570

NOVEMBER 2020

Copyright © 2020, the American Society of Anesthesiologists, Inc. Unauthorized reproduction of this article is prohibited.

ANESTHESIOLOGY,V 133 e NO5

20z Idy 61 uo 3senb Aq Jpd't71.000-0"00 4 L0Z0Z/86EE L 5/286/S/E€ L/ypd-ajoiue/ABojoIsayisaue/Woo JIeyDIaA|IS Zese//:d)y WOy papeojumog



Gama de Abreu et al.

been investigated, but is frequently not used due to surgi-

cal concerns. In the control group, patients were ventilated
with PEEP of 2cm H,O (without recruitment maneuvers),
and tidal volume of 8 ml/kg predicted body weight, except
during cardiopulmonary bypass, when no mechanical ven-
tilation was conducted. Of note, this subanalysis was pre-
planned, and powered for detecting differences both in the
dorsal fraction of ventilation and the plasma concentration
of the soluble form of the receptor for advanced glycation
end-products (SRAGE), a marker of lung overdistension.
The authors found that, compared to controls, the open-
lung ventilation strategy effectively shifted ventilation,
as measured by electrical impedance tomography, toward
dependent lung regions during surgery. However, that
effect was not maintained at the end of surgery and postop-
erative day 2. Also, the plasma concentrations of sSRAGE in
pulmonary venous blood at aortic declamping were higher
in patients submitted to the open-lung ventilation strategy
compared with controls, suggesting lung overdistension.

Lagier et al.” provide a number of possible explanations
for the lack of consistent beneficial effects, and even poten-
tially harmful effects, of the open-lung strategy in this surgi-
cal population: (1) most patients included in this subanalysis
had no specific respiratory risk; (2) a semirecumbent posi-
tion was used, which might have reduced lung collapse; (3)
de-airing maneuvers before cardiopulmonary bypass, which
were part of the surgical protocol, may have recruited lungs
of controls, and cardiopulmonary bypass possibly increased
the risk of lung collapse; (4) increased respiratory system
compliance after sternotomy may have increased transpul-
monary pressures; and (5) lack of individualization of PEEP
and level of airway pressure during recruitment maneuvers
could jeopardize the benefits of the open-lung ventilation
strategy. Although they sound plausible, they can also be
challenged.

First, given the characteristics of the surgical proce-
dure and anesthesia, it is unlikely that patients were not at
increased risk for postoperative pulmonary complications.
In fact, thoracic surgery and duration of surgical interven-
tion increase the risk of postoperative pulmonary compli-
cations.® Second, while electrical impedance tomography
measurements were conducted in semirecumbent posi-
tion, mechanical ventilation was performed by necessity
in the supine position, and substantial recruitment of lungs
by temporary elevation of the trunk is improbable. Third,
since de-airing maneuvers before weaning from cardiopul-
monary bypass were integrated in the surgical procedure,
interventions whose effects are mitigated by this measure
do not deserve a place in clinical routine. Fourth, a PEEP
of 2cm H,O in an open chest during cardiopulmonary
bypass is not expected to generate transpulmonary pressures
that are high enough to promote consistent lung recruit-
ment in the control group.Yet in the open-lung ventilation
strategy group, the transpulmonary pressures at the end of
inspiration could have been high enough to trigger and

release SRAGE. Fifth, trials that used individualization of
PEEP during abdominal surgery in nonobese patients sub-
mitted to abdominal surgery,” and morbidly obese patients
undergoing bariatric surgery,” also failed to show benefi-
cial effects of open-lung ventilation on clinical outcome
and lung function, respectively. In addition, it must be kept
in mind that the “best PEEP” may vary according to the
physiologic target, and that even a “best PEEP” will always
represent a compromise between atelectasis and overdis-
tension, !’ that is, atelectrauma and volutrauma.

But there are also alternative explanations for these
findings, which in our opinion were not entirely unex-
pected. The open-lung ventilation strategy required
higher fluid administration, which has been associated
with increased risk for postoperative pulmonary com-
plications. Also, the mechanical power of ventilation,
estimating that the average driving pressure and the air-
way pressure in the open-lung ventilation strategy and
control group were 7 and 10cm H,O and 16 and 12cm
H,O, respectively, and using a simplified equation,'" was
higher with the open-lung ventilation (7.4 vs. 4.7 J/min,
respectively, average values). In fact, mechanical power
has been implicated in the development of ventilator-in-
duced lung injury. The results of some of the largest trials
on intraoperative mechanical ventilation conducted so
far,** together with the current physiologic knowledge,
suggest that with regard to PEEP and lung recruitment
maneuvers, “what happens intraoperatively stays intraop-
eratively,” Also not unexpected, and not at all surprising,
is the finding that biomarkers of lung injury can increase
during the open-lung ventilation strategy. Similar results
were reported in patients submitted to open abdominal
surgery.'? Yet we do not expect that this biologic effect
will translate into a substantial adverse clinical outcome.
But why should one take the risk and pay the price?

With their investigation, Lagier et al. added importantly
to the knowledge in the field of intraoperative mechani-
cal ventilation. In terms of study design, authors elegantly
showed how to plan and conduct a sub-nalysis, issues that,
unfortunately, are frequently overlooked. From a scientific
viewpoint, the study offers perspectives for further inves-
tigation, highlighting the concept of permissive atelectasis,
that is, the potential of lung rest to protect from ventila-
tor-induced lung injury."”” Even more relevant are the clin-
ical implications of this study. When interpreted together
with other trials,*® this subanalysis emphasizes the concept
of “first, do no harm.” The study by Lagier ef al. shows not
only that the physiologic benefits of an open-lung ven-
tilation strategy are restricted to the intraoperative phase
of cardiac surgery, and devoid of any clinical impact, but
also that this strategy promotes lung overdistension. Thus,
it reinforces the recent recommendation that intraopera-
tive recruitment maneuvers and PEEP higher than 5cm
H,O are indicated only as part of a strategy to rescue for
hypoxemia."
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