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8 Lung Ultrasound in Early Preterm Life: A Window into the Future?

Because of the need for the lung to engage in gas exchange before
alveolarization, preterm birth is fundamentally a developmental
respiratory problem that often results in surfactant-deficient respiratory
distress syndrome (RDS) and the need for assisted respiratory support
(1). For many preterm infants, the interaction between abnormal lung
development, altered lung mechanics, complications of respiratory
support, and secondary factors creates a cascade of injury and
inflammatory events, causing chronic lung disease, specifically
bronchopulmonary dysplasia (BPD) (1). Reducing the burden of
chronic lung disease has been hampered by difficulties in accurately
identifying the lung conditions in early preterm life that predispose to
later BPD. The study by Loi and colleagues in this issue of the Journal
(pp- 1398-1409), verifying the potential of ultrasound of the lung
(LUSS) to assess lung aeration and identify infants likely to progress to
BPD, makes an important contribution to addressing this challenge (2).
In their multicenter, prospective, observational study, Loi and
colleagues describe the relationship between standardized LUSS
performed on Days 1, 7, 14, and 28 after birth with concurrent blood
gas and clinical respiratory status in 147 preterm infants born at less
than 31 weeks of gestation (2). Ultrasound interaction with the highly
reflective pleura produces different artifact patterns that correlate
with pulmonary aeration (3). The authors used a semiquantitative
scoring system they had previously shown to predict short-term
outcomes, including surfactant administration and response and
noninvasive ventilation failure (2-5). Each lung was divided into
three regions (upper anterior, lower anterior, and lateral), and scores
were assigned on the basis of the observed ultrasound artifact pattern.
Higher scores indicate worsening degrees of aeration. This LUSS
score correlated moderately well with objective indices of impaired
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oxygenation and hypercapnia, and with subjective clinical assessment
of RDS. The authors have highlighted key advantages of LUSS over
other imaging modalities for this population. LUSS does not expose
the preterm infant to ionizing radiation or require transfer from the
neonatal ICU. Bedside ultrasound is widely available and accepted

in neonatology. LUSS is easy to learn, and exhibits a high degree of
interobserver agreement (3). The authors report that accurate image
acquisition took an average of 3 minutes, although whether this can
be replicated in less skilled hands requires confirmation.

BPD was diagnosed in 50% of infants in the study at 36 weeks
corrected gestation. The most interesting finding of the study was the
association between Days 7 and 14 gestational age—adjusted LUSS
score and later BPD status. The ability of LUSS to predict BPD (71%
sensitivity and 74% specificity at Day 7) is similar to existing BPD
prediction tools (6-8). There is a strong rationale to focus on
prediction in the first 2 weeks after preterm birth. In this period, the
underdeveloped preterm lung with RDS is most at risk of injury (1, 9).
It is increasingly apparent that the early events traditionally associated
with BPD, such as oxygen exposure and barotrauma from invasive
ventilation, are only part of the developmental, inflammatory,
biotrauma, and mechanotrauma puzzle leading to BPD (10). This is
also the period with the greatest potential to modulate BPD risk using
interventions that blunt the early injury/inflammation cascade before
secondary chronic injury occurs. The promising findings from Loi and
colleagues’ study suggest that serial LUSS offers a powerful functional
tool for temporal characterization of early preterm lung disease.

Prediction is not prevention, and an ideal predictive tool should
also guide intervention. There are many respiratory therapies
available for RDS, but there is little evidence of difference between
them with regard to BPD outcomes (1). The art of lung protection
requires knowing therapy that may benefit a specific infant. As RDS
is expressed differently within the lung and changes over time,
optimizing respiratory therapies requires functional dynamic tools.
Obtaining the fine balance between lung protection and injury has
been hampered by crude tools, such as chest radiography,
oxygenation, and clinical assessment. LUSS and electrical impedance
tomography (EIT) are emerging dynamic, repeatable bedside
methods of assessing lung function at a regional level that may offer
the precision currently lacking (11, 12). As a research tool, EIT
can differentiate ventilation homogeneity patterns related to
molecular lung injury from respiratory interventions in preclinical
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models of RDS, and it can also predict later BPD status in preterm
infants (10, 12, 13). Unlike EIT, LUSS has the advantage of being
clinically available now. Hopefully, the authors will next address
whether LUSS scores of regional aeration states have the precision
and repeatability to allow clinicians to meaningfully individualize
respiratory therapies.

The trajectory from RDS to chronic lung disease is an inherent
weakness of any BPD predictive tool. RDS is a developmental disease
of exclusion, as there are no currently available techniques to
accurately diagnosis the degree of surfactant deficiency. Furthermore,
there is considerable controversy about how best to characterize and
diagnose BPD (9); definitions based on oxygen or respiratory support
requirements have both been used (6, 8). Arguably, any definition of
BPD will not truly reflect the trajectory of lung aging, alveolarization,
and function after preterm birth or the interplay of initial
inflammation, oxygen, and mechanotrauma events influencing
it (14). The unfortunate reality is that BPD status is also not the
endpoint for chronic lung disease of prematurity. No definition of
BPD describes the lung function trajectory toward chronic
obstructive pulmonary disease in early adulthood seen in many
preterm survivors (15). Therefore, although the cohort without BPD
may not have the short-term diagnosis of BPD, they may still be at
risk of the more meaningful long-term respiratory complications
of preterm birth.

Exactly what BPD is continues to challenge neonatologists.
Could LUSS contribute to tracking the trajectory of abnormal lung
development associated with prematurity? There is no doubt that
LUSS can offer a window into the future, but the more important
question is determining which future to look toward. The abnormal
trajectory of lung development in preterm survivors likely results

from mechanisms that differ from the traditional associations of BPD.

Our conclusions are that a research agenda to avoid the outcome
of early chronic lung disease is more important than new research
that focuses on the early effects of BPD, such as prolonged oxygen
use or respiratory support. Il
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