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Lung-protective Ventilation 
in Cardiac Surgery: 
Comment

To the Editor:

We read with great interest the article “Intraoperative 
Mechanical Ventilation and Postoperative Pulmonary 

Complications after Cardiac Surgery” by Mathis et al.1 We 
appreciate the authors’ great work. The lung-protection 
ventilation bundle and its component of driving pressure 
have a strong correlation with the decrease of postoperative 
pulmonary complications, but several concerns remain.

First, the definition of postoperative pulmonary compli-
cations does reduce the comparability between studies. A 
recent consensus, cited also by this article, points out that con-
sidering the common pathologic pathway, perioperative pul-
monary complications should include atelectasis, pneumonia, 
acute respiratory distress syndrome, and aspiration pneumo-
nia,2 these indicators are easy to achieve in clinical practice, 
especially in cardiac surgery with a higher monitoring level. 
Some of the indicators selected by the authors, including 
reintubation and prolonged initial postoperative ventilator 
duration longer than 24 h, might be partially attributed to 
the patient’s circular instability and consciousness disorder, 
not just the pulmonary complications themselves. Moreover, 
these endpoints are somewhat like the consensus definition 
of respiratory failure under mechanical ventilation, a more 
serious condition requiring respiratory support2; it is con-
ceivable that the actual incidence of postoperative pulmonary 
complications may be underestimated. Different definitions 

may lead to different results, the inconsistency of endpoint 
criteria might be solved by further sensitivity analysis.

Second, the cut-off point selection of the lung-protec-
tive ventilation bundle and its components is empirical and 
selective in this article, this may lead to a nonoptimal clinical 
choice. Moreover, nonsignificant statistical relationship of 
tidal volume less than 8 ml/kg (according to predicted body 
weight) and positive end-expiratory pressure (PEEP) greater 
than or equal to 5 cm H

2
O with occurrence of postopera-

tive pulmonary complications may also be attributed to the 
hasty choice. It might be more appropriate to conduct an 
exploratory study to analyze the lung-protective ventilation 
components and the optimal combination in the first step; 
a previous study showing a PEEP of 5 cm H

2
O and median 

plateau pressure of 16 cm H
2
O or less was associated with 

the lowest risk of postoperative respiratory complications.3

Third, according to this article, the probability of postoper-
ative pulmonary complications is higher at both poles of body 
mass index (BMI) classes (underweight and high-class obe-
sity), and the distribution of pulmonary complications with 
BMI was unlikely to be linear, but rather binomial, distribu-
tion. This may be explained by the accompaniment of malnu-
trition with being underweight and with severe obesity being 
prone to atelectasis—both classes are associated with increas-
ing postoperative pulmonary complications.4,5 Additionally, 
BMI is associated with increasing intraabdominal pressure 
and decreasing pulmonary compliance.5 For example, driving 
pressure is more difficult to maintain at 16 cm H

2
O in severe 

obesity compared to a normal BMI with the same tidal vol-
ume and PEEP. This may lead to a bias in the distribution of 
protective ventilation across different BMI ranges. Eventually, 
the interpretation of regression results might be affected by 
the aforementioned factors. Moreover, in a recent study, air-
way closure happens with an impressive incidence in patients 
with obesity, lead to an overestimation of driving transpul-
monary pressure.6 This complicates the interpretation of the 
findings in patients with obesity. However, in the subgroup 
analysis, the lung-protective ventilation bundle showed the 
same protective effect at all BMI levels, alleviating the afore-
mentioned considerations to some extent.
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Lung-protective Ventilation 
in Cardiac Surgery: 
Comment

To the Editor:

The recently published article by Mathis et al.1 showed that 
the use of an intraoperative lung protective ventilation 

bundle is associated with a lower rate of postoperative pul-
monary complications, but when each strategy of the bundle 
was individually analyzed, only lower modified driving pres-
sure was coincident with this result. Furthermore, the use of 
median positive end-expiratory pressure (PEEP) greater than 

or equal to 5 cm H
2
O had an adjusted odds ratio (95% CIs) 

greater than 1 (1.18, 0.91 to 1.53). What does this mean? Is the 
use of this level of PEEP hazardous for our patients? It even-
tually could be. Optimal PEEP during surgery widely vary 
among patients and its individualization improves postoper-
ative respiratory outcomes.2 High PEEP could cause hyper-
distention of lung units leading to pulmonary complications, 
but low PEEP could induce collapse of them resulting in the 
same undesirable effect. Although the study was not designed 
to, it certainly highlights the fact that PEEP isn’t innocuous. 
Individual PEEP titration is not a standardized practice in the 
operation room and until we find out how to solve this, we 
should be prudent when setting PEEP.
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Lung-protective Ventilation 
in Cardiac Surgery: Reply

In Reply: 

We thank Qu et al. and Dr. Gil for their letters1,2 and 
interest in our publication.3 Both letters examine 

the components of our lung protective ventilation bundle 
(tidal volume less than 8 ml/kg ideal body weight, positive 
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end-expiratory pressure [PEEP] greater than or equal to 
5 cm H

2
O, and modified driving pressure [peak inspiratory 

pressure − PEEP] less than 16 cm H
2
O).

We selected a pragmatic definition that would be 
amenable to testing via future prospective interventional 
studies. Analogous bundles have shown effectiveness for 
improving outcomes in other domains such as preven-
tion of ventilator associated pneumonia4 and central line– 
associated bloodstream infections.5 This bundle was defined 
a priori and reflects the multiple simultaneous considerations 
anesthesiologists make when seeking to reduce postopera-
tive cardiac surgical pulmonary complications. Thresholds 
were based upon approximately 75% historic compliance 
rates (Supplemental Digital Content 1A to C, http://links.
lww.com/ALN/C26), such that each component remains 
achievable if tested in an interventional study. Our tidal 
volume threshold of 8 ml/kg ideal body weight is a com-
monly accepted goal for protective ventilation6; the PEEP 
threshold of 5 cm H

2
O reflects the default setting of on 

many institutions’ ventilators; and the threshold of 16 cm 
H

2
O for driving pressure falls within the range of previ-

ously cited thresholds.7,8 As noted by Qu et al., although our 
chosen thresholds are consistent with previous literature, an 
exploratory study investigating combinations of thresholds 
for lung protective ventilation bundle components may best 
identify an optimal target. Furthermore, although the inter-
pretability of our study findings benefited from a pragmatic, 
universal definition of a bundled lung protective ventilation 
strategy, we agree with Qu et al. and Dr. Gil that an individ-
ualized approach to lung-protective ventilation—specific to 
patient and case characteristics—may be the ideal strategy 
to mitigate postoperative pulmonary complications. While 
such methods are described in recent studies,9,10 they may 
be challenging to implement in a real-world setting across a 
broad patient population.

Regarding the point that a U-shaped distribution may 
exist between body mass index and postoperative pulmonary 
complications, and that lower driving pressures are harder 
to achieve in obese patients, we agree this issue should be 
addressed in any study of lung protective ventilation strategies. 
We categorized body mass index rather than modeling it con-
tinuously, such that multivariable models could appropriately 
adjust for both extremes. While patients with elevated body 
mass indices are less likely to receive a bundled lung protective 
ventilation strategy (Supplemental Digital Content 2, http://
links.lww.com/ALN/C27), most commonly due to modified 
driving pressures greater than 16 cm H

2
O, we observed no 

independent association between body mass index and post-
operative pulmonary complications (Supplemental Digital 
Content 3, http://links.lww.com/ALN/C28), and the rela-
tionship between bundles and postoperative pulmonary com-
plications were robust when evaluated across prespecified 
body mass index ranges (Supplemental Digital Content 10, 
http://links.lww.com/ALN/C35). One potential explana-
tion is that a high airway driving pressure in obese individuals 
is more likely to reflect to reflect chest wall elastance rather 

than lung elastance (i.e., higher airway driving pressure with-
out a higher transpulmonary driving pressure).

To Dr. Gil’s concern that higher levels of PEEP may be 
harmful to patients, we agree this may be the case at high 
levels; however, we disagree that our study provides evi-
dence to support a threshold of 5 cm H

2
O as independently 

protective or harmful. Specifically, our study demonstrated 
no independent association between PEEP greater than 
5 cm H

2
O and postoperative pulmonary complications 

(adjusted odds ratio, 1.18; 95% CI, 0.91 to 1.53; fig. 4).
To Qu et al.’s point that consensus definitions of postop-

erative pulmonary complications exist—acknowledged by 
our study11,12—we agree that such definitions are useful for 
improving comparisons across studies. We carefully selected 
a composite pulmonary complication comprised from con-
sensus definitions, but strategically omitted several compo-
nents (atelectasis, aspiration, pleural effusion, bronchospasm, 
and pneumothorax) due to either limitations in our obser-
vational data quality or lack of an underlying mechanism 
amenable to treatment via lung-protective ventilation. 
Heterogeneous definitions may lead to varied outcome 
incidences and associations. We emphasize these incidences 
(table 2) and explore associations via sensitivity analyses 
(Supplemental Digital Content 6, http://links.lww.com/
ALN/C31). We observed that a lung-protective ventilation 
bundle remained protective against each pulmonary compli-
cation outcome component except for prolonged ventila-
tion. As Qu et al. suggest, the lack of independent association 
between a lung-protective ventilation bundle and prolonged 
ventilation may have existed, as other mechanisms (e.g., 
neurologic and hemodynamic derangements precluding safe 
early extubation) may better explain this finding.

We thank Qu et al. and Dr. Gil for their comments regard-
ing our study. Although the optimal target for intraoperative 
lung protective ventilation in the cardiac surgical patient is 
yet to be fully elucidated, our study supports the importance 
of further studies of intraoperative ventilator management.
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