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3 Equipoise and Acumen in Pediatric Acute Respiratory Distress

Syndrome Research

Severe lung injury in children manifests as pediatric acute
respiratory distress syndrome (PARDS) and is associated with a
mortality of up to 35% (1). Management in the pediatric ICU is
based on supportive care and prevention of secondary ventilator-
induced lung injury (2-4). Studies in adult patients have reported
additional benefit from adjunctive therapies, including the early use
of continuous neuromuscular blockade and prone positioning (5,
6). Other adult studies investigated alternative modes of support,
including extracorporeal membrane oxygenation (ECMO) and
high-frequency oscillatory ventilation (HFOV), finding equivocal
benefits and potential harm, respectively (7-10). Unfortunately,
studies in PARDS have not demonstrated a benefit from
continuous neuromuscular blockade or prone positioning similar
to that observed in adults, and neither HFOV nor ECMO has been
shown to confer an advantage over conventional therapy (11-14).
In fact, pediatric ICU physicians are bereft of proven therapies or
management strategies to turn to for patients who cannot be
supported with conventional mechanical ventilation. As such, there
is an urgent need for additional well-designed clinical trials for the
management of PARDS.

In this issue of the Journal, Rowan and colleagues (pp.
1389-1397) present their substudy of a prospective, international,
cross-sectional observational study from 100 centers treating
children with PARDS (15). They investigated the use of six
adjunctive therapies during the first 72 hours of illness: continuous
neuromuscular blockade, corticosteroids, inhaled nitric oxide,
prone positioning, HFOV, and ECMO. Their aim was to gather
contemporary data on the early use of these therapies to facilitate
future investigations. Unbiased randomized controlled trials
require clinical equipoise. By capturing the early management of
PARDS in centers across the world, the authors provide future
investigators insight into international and regional practices. In
aggregate, there appears to be equipoise about the use of adjunctive
therapies: 55% of the centers did not use any of the six therapies
studied within the first 72 hours, and the rest used between one and
five.

Absent evidence-based guidelines, clinicians are likely to deploy
adjunctive therapies as disease severity increases, particularly
because there is an underlying pathophysiologic rationale for this
approach. In fact, the investigators found a positive correlation
between the use of these therapies and the oxygenation index. In
severe PARDS, patients may receive mechanical ventilation for
several weeks (13). Thus, although an understanding of the early
management of PARDS is important, it would also be valuable to
know what therapies were added over the entire treatment course
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in this study. Indeed, data are lacking to guide a determination of
whether a given approach is a success or failure. For example,
patients placed on ECMO are often first placed on HFOV, and
many will initiate ECMO later in the disease course (beyond the
first 3 d of illness) (13). But there is no evidence to guide decisions
regarding the transition from conventional ventilation to HFOV or
ECMO. Instead, clinicians determine on an individual basis when a
given approach has failed, and adjunctive therapies often represent
rescue efforts.

Fundamentally, the goal of support in critical care medicine is
to maintain adequate oxygen delivery and end-organ function.
Clinical signs of end-organ dysfunction or other markers of
inadequate oxygen delivery likely contribute to clinicians’ decisions
to add adjunctive therapies or to change modes of support in the
case of severe PARDS that is not responding to conventional
therapy. However, few studies are designed in a manner aimed at
informing these decisions. The NHLBI Acute Respiratory Distress
Syndrome Clinical Trials Network conducted an important study
evaluating management guided by a pulmonary artery catheter,
with serial determinations of cardiac index and pulmonary artery
occlusion pressure, compared with standard therapy using central
venous pressures (16). They found that pulmonary artery
catheter—guided therapy did not improve outcomes and was
associated with more complications. However, the protocolized
management did not incorporate lactate levels, the rate of oxygen
delivery, or mixed venous and superior vena cava oxygen
saturations. Furthermore, none of these data were used to
determine treatment failure that would result in initiation of
an adjunctive therapy or the transition to an alternate form of
support.

Crossover studies are designed to help account for these
problems. Although well-conducted studies should help answer
questions related to sequencing of the therapies being studied,
protocols to determine the failure of one arm and the timing of
transition to another are based on the expert opinion of the
individuals designing the trials. For example, in a study comparing
early ECMO with conventional ventilation, Combes and colleagues
allowed control patients to transition to ECMO if they developed
refractory hypoxia, defined as Sag, <80 persisting for =6 hours (7),
whereas the study protocol for the ongoing PROSpect (Prone and
Oscillation Pediatric Clinical Trial; ClinicalTrials.gov Identifier:
NCT03896763) trial defines failure of conventional ventilation
as Sap, <85 persisting for =4 hours. Although both of these
definitions are clinically sound, there is no doubt that the
ramifications of these parameters for individual patients in terms of
the adequacy of oxygen delivery and end-organ function would be
quite variable.

Novel approaches to the management of PARDS are needed to
further reduce mortality. It is remarkable that the landmark trial that
demonstrated a survival benefit with low VT ventilation in adults
was published two decades ago and yet remains the cornerstone of
pediatric management. Rowan and colleagues have contributed to
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this effort by determining the initial approach that clinicians take
to manage PARDS around the world. We must seek to better
understand these clinicians’ decision-making process, as surely
there are important lessons that can be derived from their collective
bedside acumen. Perhaps the next leap forward will come from
innovative study designs that capture the impact of PARDS on the
adequacy of individual patients’ oxygen delivery and utilization,
and the ability of existing and future therapies to mitigate these
effects.

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

Peter Oishi, M.D.

Jeffrey R. Fineman, M.D.

Benioff Children’s Hospital

University of California, San Francisco
San Francisco, California

References

1. Schouten LR, Veltkamp F, Bos AP, van Woensel JB, Serpa Neto A,
Schultz MJ, et al. Incidence and mortality of acute respiratory distress
syndrome in children: a systematic review and meta-analysis. Crit
Care Med 2016;44:819-829.

2. Pediatric Acute Lung Injury Consensus Conference Group. Pediatric
acute respiratory distress syndrome: consensus recommendations
from the Pediatric Acute Lung Injury Consensus Conference. Pediatr
Crit Care Med 2015;16:428-439.

3. Brower RG, Matthay MA, Morris A, Schoenfeld D, Thompson BT,
Wheeler A; Acute Respiratory Distress Syndrome Network. Ventilation
with lower tidal volumes as compared with traditional tidal volumes for
acute lung injury and the acute respiratory distress syndrome. N Engl
J Med 2000;342:1301-1308.

4. Turner DA, Arnold JH. Insights in pediatric ventilation: timing of
intubation, ventilatory strategies, and weaning. Curr Opin Crit Care
2007;13:57-63.

5. Guérin C, Reignier J, Richard JC, Beuret P, Gacouin A, Boulain T, et al.;
PROSEVA Study Group. Prone positioning in severe acute respiratory
distress syndrome. N Engl J Med 2013;368:2159-2168.

6. Papazian L, Forel JM, Gacouin A, Penot-Ragon C, Perrin G, Loundou A,
et al.; ACURASYS Study Investigators. Neuromuscular blockers in
early acute respiratory distress syndrome. N Engl J Med 2010;363:
1107-1116.

W) Check for updates

7. Combes A, Hajage D, Capellier G, Demoule A, Lavoué S, Guervilly C,
et al.; EOLIA Trial Group; REVA; ECMONEet. Extracorporeal membrane
oxygenation for severe acute respiratory distress syndrome. N Engl J
Med 2018;378:1965-1975.

8. Ferguson ND, Cook DJ, Guyatt GH, Mehta S, Hand L, Austin P, et al.;
OSCILLATE Trial Investigators; Canadian Critical Care Trials Group.
High-frequency oscillation in early acute respiratory distress
syndrome. N Engl J Med 2013;368:795-805.

9. Peek GJ, Mugford M, Tiruvoipati R, Wilson A, Allen E, Thalanany MM,
et al.; CESAR Trial Collaboration. Efficacy and economic assessment
of conventional ventilatory support versus extracorporeal membrane
oxygenation for severe adult respiratory failure (CESAR): a multicentre
randomised controlled trial. Lancet 2009;374:1351-1363.

10. Young D, Lamb SE, Shah S, MacKenzie |, Tunnicliffe W, Lall R, et al.;
OSCAR Study Group. High-frequency oscillation for acute
respiratory distress syndrome. N Engl J Med 2013;368:806-813.

11. Curley MA, Hibberd PL, Fineman LD, Wypij D, Shih MC, Thompson JE,
et al. Effect of prone positioning on clinical outcomes in children with
acute lung injury: a randomized controlled trial. JAMA 2005;294:
229-237.

12. Bateman ST, Borasino S, Asaro LA, Cheifetz IM, Diane S, Wypij D,
et al.; RESTORE Study Investigators. Early high-frequency
oscillatory ventilation in pediatric acute respiratory failure: a
propensity score analysis. Am J Respir Crit Care Med 2016;193:
495-508.

13. Barbaro RP, Xu Y, Borasino S, Truemper EJ, Watson RS, Thiagarajan
RR, et al.; RESTORE Study Investigators. Does extracorporeal
membrane oxygenation improve survival in pediatric acute
respiratory failure? Am J Respir Crit Care Med 2018;197:
1177-1186.

14. Wilsterman MEF, de Jager P, Blokpoel R, Frerichs I, Dijkstra SK, Albers
MJIJ, et al. Short-term effects of neuromuscular blockade on global
and regional lung mechanics, oxygenation and ventilation in
pediatric acute hypoxemic respiratory failure. Ann Intensive Care
2016;6:103.

15. Rowan CM, Klein MJ, Hsing DD, Dahmer MK, Spinella PC, Emeriaud G,
et al.; PARDIE V1 Investigators; the PALISI Network. Early use of
adjunctive therapies for pediatric acute respiratory distress
syndrome: a PARDIE study. Am J Respir Crit Care Med 2020;201:
1389-1397.

16. Wheeler AP, Bernard GR, Thompson BT, Schoenfeld D, Wiedemann
HP, deBoisblanc B, et al.; National Heart, Lung, and Blood
Institute Acute Respiratory Distress Syndrome (ARDS) Clinical
Trials Network. Pulmonary-artery versus central venous catheter
to guide treatment of acute lung injury. N Engl J Med 2006;354:
2213-2224.

Copyright © 2020 by the American Thoracic Society

3 Disease Phenotyping of Infants with Severe

Bronchopulmonary Dysplasia

The most common complication of preterm birth is
bronchopulmonary dysplasia (BPD) (1), widely referred to as the
chronic lung disease of prematurity. This disease was first described
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over 50 years ago in moderately preterm infants (~34-wk
gestation). At the time, the most cutting-edge therapies were
supplemental oxygen and nascent mechanical ventilation techniques
used to treat respiratory distress syndrome—for which the mortality
rate was >50% (2). Since this initial report by Northway and
colleagues in 1967 (2), extensive efforts by basic and translational
researchers have dramatically changed the BPD landscape. Today,
as we enter the sixth decade since the initial BPD description,

over 90% of preterm infants survive their neonatal ICU course
with the use of antenatal corticosteroids, improved delivery room
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