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Does Lung Protective Ventilation Work in Acute Brain Injury?

The use of lower tidal volume (VT) and titration of positive end
expiratory pressure (PEEP) are cornerstones of a lung-protective
ventilation strategy, which is consistently linked to better outcomes in
a range of patients receiving mechanical ventilation (1, 2). However,
evidence is limited regarding the treatment effects in patients with
acute brain injuries (ABIs), in whom the expected benefits of
protective ventilation must be weighed against concerns of adverse
impact on intracranial physiology (3, 4).

The PROLABI (Protect Lung in Acute Brain Injury) trial by
Mascia and coworkers (pp. 1123–1131) in this issue of the Journal is
an attempt to bringmuch-needed evidence to this issue (5). Between
September 2014 and December 2018, patients with ABI enrolled in
eight centers in Italy were randomized to lung-protective ventilation
(targeting a VT of 6 ml/kg predicted body weight [PBW] and PEEP of
8 cmH2O) or conventional ventilation (VT>8ml/kg PBW and PEEP
4 cmH2O). The primary outcome was a composite of mortality,
ventilator dependence, or acute respiratory distress syndrome (ARDS)

at 28 days following randomization. Contrary to the study’s primary
hypothesis, patients in the protective ventilation group did significantly
worse: they incurred a higher incidence of the primary outcome
compared with patients in the conventional ventilation group
(61.5% vs. 45.3%, respectively; relative risk, 1.35; 95% CI, 1.03–1.79;
P=0.025). Mortality and ventilator dependence were higher in the
protective ventilation group, whereas the incidence of ARDS was
similar. Outcomes at 6 months were also worse in patients who
received protective ventilation (relative risk of dying or being in a
persistent vegetative state, 1.55; 95% CI, 1.00–2.42; P=0.044).
The incidence of most secondary outcomes was not different
between groups.

Mascia and coworkers are to be congratulated for completing
the first multisite randomized controlled trial of lung-protective
ventilation in the ABI population. The study was initiated more than
10 years ago, and the culmination of that effort in the face of slow
recruitment and funding challenges is itself a remarkable
accomplishment. Strengths of PROLABI include high levels of
adherence to the assigned treatment strategy, use of VT and PEEP in
the treatment and control arms that represented the standards of care
when the trial was designed (6), control of PaCO2

and PaO2
that were

largely within guideline-recommended targets (7), and availability of
primary outcome data for all randomized patients. Long-term
neurologic function was included as a key patient-centered secondary
outcome and was assessed blinded to treatment strategy.
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Nevertheless, several important caveats merit discussion.
Disappointingly, the study lacks statistical power to detect a true
difference between groups. Intended accrual was 524 patients based
on a sample size calculated to identify a 40% difference in the
incidence of the primary outcome, but the trial was halted at
190 subjects (36% of the target) as a result of the cessation of funding.
The risk of type II error with underpowered trials is well understood
and acknowledged by the authors. However, underpowered trials are
also subject to type I error, whereby the detection of an effect might
be due to random variability in the data. Because “significant” effects
arising from smaller samples have a tendency to regress toward the
mean as more patients are enrolled (8), it is possible that further
accrual of participants would have shown no difference between
ventilation strategies. In this context, the authors are appropriately
cautious in inferring that lung-protective ventilation did not reduce
the primary endpoint, rather than concluding that lung protective
ventilation was “worse” than the control strategy, which would be
misleading.

Another caveat is the robustness of results. The fragility index
in this trial is 2, meaning that, if the outcomes of two participants in
the treatment or control arm had been switched, the results of the
trial would lose statistical significance (9). This is relevant considering
that one of the components of the composite primary outcome was
development of ARDS, for which the chance-corrected coefficient of
agreement between two assessors to detect bilateral infiltrates was only
0.64, with a lower 95% CI limit of 0.36. In other words,
misclassification of a small number of patients with ARDS could be
sufficient to explain the study’s findings independent of any effect of
the treatment strategy.

Moreover, the reported clinical differences between groups seem
at odds with the wide discrepancy in clinical outcomes. For instance,
the mean daily PaCO2

was approximately 2 mmHg higher in the
protective ventilation group and the average daily PEEP was only
2–3 cmH2O higher. The investigators postulate that these differences,
albeit small, could have had clinically relevant intracranial effects in
the treatment group. If this were true, we might expect a significant
difference in intracranial pressure (ICP), but the mean daily ICP was
,2 mmHg higher in the lung-protective ventilation arm. In
addition, the between-group mean difference in VT was,2 ml/kg
PBW, and the driving pressure and plateau pressure in both arms
were within conventional lung-protective targets (10). It is argued
that these once-daily recordings might not have been representative
of the true daily data trends, but it seems implausible that more densely
sampled data would reveal differences sufficient to explain the outcome
disparities. For example, in a recent single-center clinical trial conducted
in patients with ABI, the PaCO2

difference between lung-protective
and control groups as derived using highly granular time-series data
was,2 mmHg (similar to the study of Mascia and coworkers), with
minimal effect on ICP in the majority of patients (11).

Can we explain these counterintuitive results by the existence
of unmeasured or undetected imbalances in baseline, acute
illness–specific, or even treatment characteristics between the two
groups? For example, there is no reported data on sedation practices
and neuromuscular blocker use, which could have been imbalanced
between groups (e.g., higher in the intervention group because of the
greater need to attenuate respiratory drive and mitigate asynchrony
in patients with ABI receiving lower VT) (12, 13). There is also no
description of prehospital insults (e.g., hypoxia or hypotension),
which have important implications for clinical outcomes in this

population (14). Moreover, mechanical ventilation and other key data
elements were not reported beyond Day 6, yet the mean duration of
ventilation was 18 and 19 days in the protective and control groups,
respectively, and survival curves appear to separate at Day 8, during
an apparently critical period during which no data are available.

Although the insights gained from PROLABI are valuable,
high-level evidence to guide the delivery and optimization of
ventilation in patients with ABI remains frustratingly elusive (3).
An international expert panel recently proposed a detailed scientific
agenda to resolve this issue (7), yet there are likely to be challenges in
successfully completing large-scale randomized controlled trials with
“conventional” ventilation arms, as available research suggests that
protective ventilation is safe in this population (4) and may already
be widely implemented (6, 15). At a higher level, research on
mechanical ventilation in neurological patients may benefit from a
mechanistic exploration of the so-called lung–brain axis, in particular
an emerging body of investigation suggesting a biologic sequence
connecting nonprotective ventilation, ventilator-induced lung
injury, afferent neural signaling, systemic proinflammatory signaling,
neuroinflammation, and neuronal cell death, a pathway referred to
as “ventilator-induced brain injury” or “ventilator-associated brain
injury” (16, 17). If such findings are generalizable, the use of the
appropriate ventilation strategy might in fact be both lung- and brain-
protective (17). To explore this, focused trials could be envisioned
using biomarker-driven adaptive design strategies.�

Author disclosures are available with the text of this article at
www.atsjournals.org.

Shaurya Taran, M.D.
Interdepartmental Division of Critical Care Medicine

and

Institute of Health Policy, Management, and Evaluation
University of Toronto
Toronto, Ontario, Canada

Robert D. Stevens, M.D., M.B.A.
Department of Anesthesiology and Critical Care Medicine

Department of Neurology

and

Department of Biomedical Engineering
Johns Hopkins University
Baltimore, Maryland

References

1. Serpa Neto A, Cardoso SO, Manetta JA, Pereira VG, Esp�osito DC,
Pasqualucci Mde O, et al. Association between use of lung-protective
ventilation with lower tidal volumes and clinical outcomes among
patients without acute respiratory distress syndrome: a meta-analysis.
JAMA 2012;308:1651–1659.

2. Petrucci N, De Feo C. Lung protective ventilation strategy for the acute
respiratory distress syndrome. Cochrane Database Syst Rev 2013;
2013:Cd003844.

3. Cinotti R, Taran S, Stevens RD. Setting the ventilator in acute brain injury.
Intensive Care Med 2024;50:1513–1515.

4. Asehnoune K, Rooze P, Robba C, Bouras M, Mascia L, Cinotti R, et al.
Mechanical ventilation in patients with acute brain injury: a systematic
review with meta-analysis. Crit Care 2023;27:221.

5. Mascia L, Fanelli V, Mistretta A, Filippini M, Zanin M, Berardino M, et al.
Lung protective mechanical ventilation in severe acute brain injured

1074 American Journal of Respiratory and Critical Care Medicine Volume 210 Number 9 | November 1 2024

EDITORIALS

http://www.atsjournals.org/doi/suppl/10.1164/rccm.202409-1766ED/suppl_file/disclosures.pdf
http://www.atsjournals.org
http://www.atsjournals.org


patients: a multicenter, randomized clinical trial (PROLABI). Am J Respir
Crit Care Med 2024;210:1123–1131.

6. Tejerina EE, Pelosi P, Robba C, Pe~nuelas O, Muriel A, Barrios D, et al.;
VENTILA Group. Evolution over time of ventilatory management and
outcome of patients with neurologic disease. Crit Care Med 2021;49:
1095–1106.

7. Robba C, Poole D, McNett M, Asehnoune K, B€osel J, Bruder N, et al.
Mechanical ventilation in patients with acute brain injury:
recommendations of the European Society of Intensive Care Medicine
consensus. Intensive Care Med 2020;46:2397–2410.

8. Barnett AG, van der Pols JC, Dobson AJ. Regression to the mean: what it
is and how to deal with it. Int J Epidemiol 2004;34:215–220.

9. Walsh M, Srinathan SK, McAuley DF, Mrkobrada M, Levine O, Ribic C, et al.
The statistical significance of randomized controlled trial results is frequently
fragile: a case for a Fragility Index. J Clin Epidemiol 2014;67:
622–628.

10. Goligher EC, Dres M, Patel BK, Sahetya SK, Beitler JR, Telias I, et al.
Lung- and diaphragm-protective ventilation. Am J Respir Crit Care Med
2020;202:950–961.

11. Beqiri E, Smielewski P, Gu�erin C, Czosnyka M, Robba C, Bjertnæs L,
et al. Neurological and respiratory effects of lung protective
ventilation in acute brain injury patients without lung injury: brain
vent, a single centre randomized interventional study. Crit Care 2023;
27:115.

12. Figueroa-Casas JB, Montoya R. Effect of tidal volume size and its
delivery mode on patient-ventilator dyssynchrony. Ann Am Thorac Soc
2016;13:2207–2214.

13. Luo XY, He X, Zhou YM, Wang YM, Chen JR, Chen GQ, et al. Patient-
ventilator asynchrony in acute brain-injured patients: a prospective
observational study. Ann Intensive Care 2020;10:144.

14. Chesnut RM, Marshall LF, Klauber MR, Blunt BA, Baldwin N, Eisenberg
HM, et al. The role of secondary brain injury in determining outcome
from severe head injury. J Trauma 1993;34:216–222.

15. Cinotti R, Mijangos JC, Pelosi P, Haenggi M, Gurjar M, Schultz MJ, et al.;
the Enio Study Group, the PROtective VENTilation network, the
European Society of Intensive Care Medicine, the Colegio Mexicano de
Medicina Critica, the Atlanr�ea group, and the Soci�et�e Française
d’Anesth�esie-R�eanimation–SFAR research network. Extubation in
neurocritical care patients: the ENIO international prospective study.
Intensive Care Med 2022;48:1539–1550.

16. Sparrow NA, Anwar F, Covarrubias AE, Rajput PS, Rashid MH, Nisson PL,
et al. IL-6 inhibition reduces neuronal injury in a murine model of ventilator-
induced lung injury. Am J Respir Cell Mol Biol 2021;65:403–412.

17. Bassi T, Taran S, Girard TD, Robba C, Goligher EC. Ventilator-
associated brain injury: a new priority for research in mechanical
ventilation. Am J Respir Crit Care Med 2024;209:1186–1188.

Copyright © 2024 by the American Thoracic Society

Imaging the Intersection of Parenchymal Abnormalities
and Pulmonary Vascular Pathways

In patients with pulmonary hypertension (PH), mild elevations in
pulmonary arterial pressure and resistance have been shown to
significantly associate with increased mortality (1). In the setting of
chronic lung disease, PH is a common complication that significantly
associates with mortality but to varying degrees, depending on the
underlying lung disease, including chronic obstructive pulmonary
disease (COPD), idiopathic pulmonary fibrosis, and interstitial
lung disease (2). The pulmonary vascular bed is normally a highly
compliant system that requires at least 50% of the pulmonary
vasculature to be obstructed to appreciate an increase in pulmonary
arterial pressure (3). So, although there is a growing appreciation for
pulmonary vasculopathy beginning early in lung diseases, there need
to be significant vascular abnormalities for pulmonary pressure to
reach current hemodynamic thresholds for PH (4). Patients with
early signs of interstitial abnormalities already exhibit a decrease
in exercise capacity and an increase in shortness of breath (5).
Noninvasive computed tomography (CT) provides an opportunity
to quantitatively assess the parenchymal and pulmonary vascular
structures at the same time.

The group at Brigham andWomen’s Hospital have pioneered
the computational and analytical methods to quantitatively assess
interstitial lung abnormalities, pulmonary arterial vasculature, and
the right and left ventricular volumes from thin-slice chest CT (6–8).

In their chest imaging platform, they developed and trained an
automated method to detect radiographic features in CT images
that associate with interstitial subtypes (reticulations, honeycombing,
centrilobular nodules, linear scar, nodular changes, subpleural line,
and ground glass) or emphysema subtypes (centrilobular, paraseptal)
(Figure 1A). The proportion of interstitial features is termed the
“quantitative interstitial abnormalities” (QIA). Using the same
images, they can reconstruct the pulmonary vasculature to quantify
clinically meaningful cardiopulmonary features, including blood
volume in the preacinar arteries (aBV5-20/TBV), smaller distal
vessels (aBV5/TBV), and ventricular volumes (Figure 1A).
Comparisons of the blood volumes in smaller arteries with cross-
sectional areas,5 mm2 to intermediate-sized vessels.10 mm2

is becoming more protocolized to characterize clinical vascular
remodeling from CT imaging (9).

In this issue of the Journal, Harder and colleagues (pp. 1132–1142)
used causal mediation analysis to determine that 6-minute-walk
distance (6MWD) and the modifiedMedical Research Council
dyspnea scale score are partially mediated by dilation in the preacinar
arteries in ever-smokers from the Genetic Epidemiology of COPD
(COPDGene) study cohort (n=8,200) (10). To do this, they used
radiographic features of QIA and three CT-based vascular measures
and right heart metrics, including the ratio of the right/left ventricular
volumes (RV/LV ratio), the pulmonary artery to aorta ratio
(PA/Ao ratio), and the preacinar arterial blood volume (aBV5-20/
TBV, PA volume 5–20 mm2/total arterial volume cross-sectional
area) (Figure 1B). The cohort had a median QIA burden of 4.67
(2.99–7.48%) with a median 6MWD of 425 [343–496] meters.
They found that the QIA percentage correlated with decreased
exercise capacity where a 1% increase in QIA was associated with a
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