exposures in our cities, the findings from Wright and colleagues
highlight how important it is to understand disproportionate impacts
on lifelong health outcomes from exposures even before the first
breath. We need policies aimed at the most important exposures
impacting lifelong health, including UFPs, and to promote
transportation and environmental justice so that everyone has the
same opportunity for a long and healthy life, regardless of where
they are born. M
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3 Shear Wave Elastography of the Diaphragm: Good Vibrations?

Diaphragm ultrasound is rapidly gaining popularity in the ICU, as it
allows a bedside, safe, repeatable, and noninvasive assessment of
respiratory muscle function. Current main applications include the
measurement of thickness and inspiratory thickening fraction (TFdi)
(1). Both decreases and increases in diaphragm thickness were
reported early in the course of mechanical ventilation, which seemed
modulated by contractile activity (i.e., TFdi) (2) and with atrophy
strongly associated with prolonged ventilation and ICU duration (3);
however, how such findings relate to functional alterations in the
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muscle are yet uncertain. The application of shear wave elastography
is an emerging novel technique to provide biomechanical
information of large tissue structures by quantifying the shear wave
speed and converting that to the Shear Modulus (SM). Briefly, this
technique relies on the creation of a vibration source by the acoustic
radiation force from a focused ultrasound beam, resulting in the
generation of a shear wave. Tracking the propagating shear waves
orthogonal to this ultrasound beam allows for the quantification of
shear wave speed (v) and the directly related SM (i.e., SM =p X V2,
with p the density of the tissue). SM reflects elastic tissue properties,
and a higher diaphragmatic SM indicates a stiffer muscle. In the
context of other ultrasound applications or indices, such as strain
imaging, TFdi, and tissue Doppler imaging, shear wave elastography
might be the most promising modality for qualitative assessment of
diaphragm muscle properties. The assessment of changes in SM
during the breathing cycle may reflect diaphragm contractile activity
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in healthy volunteers (4, 5); however, only moderate associations
were recently found in a small subgroup of spontaneously breathing
mechanically ventilated patients (6). In contrast, changes in end-
expiratory SM throughout the course of ICU stay may provide
important insights into the development of detrimental alterations in
muscle quality during mechanical ventilation and critical illness

(i.e., development of fibrosis or injury), allowing for a better
understanding of the diaphragm myotrauma concept.

In this issue of the Journal, Aarab and colleagues (pp. 797-806)
presented in a large cohort of ICU patients (n = 102) a heterogeneous
pattern of changes in end-expiratory diaphragm SM during the first
week of ICU stay: SM did not change in 8%, increased in 51%, and
decreased in 41% of patients (7). Their coprimary aim was to relate this
SM evolution to changes in diaphragm thickness. Increases in
diaphragm thickness in one-third of the patients were associated with a
decrease in diaphragmatic SM, which may imply the development of
diaphragm injury. Next, they performed an elegant experimental study
in piglets that were under controlled ventilation for 3 days. SM changes
between Days 0 and 3 were assessed and evaluated in relation to
diaphragm thickness, force production, and histology. Although
diaphragm thickness did not change during this 3-day study period, a
decrease in SM was associated with a loss in diaphragm force
production, fiber atrophy, and a higher lipid accumulation in the
muscle (7).

These data have important implications, as the authors make a
strong case for the presence of structural changes in the diaphragm
tissue of ICU patients that can be assessed noninvasively. At the
same time, the results suggest that these changes are very
heterogeneous among patients and yet complex to interpret from a
pathophysiological and mechanistical perspective. What does an SM
value mean with respect to overall diaphragm tissue quality? And
which change in SM will translate in a clinically relevant muscle
impairment? Although a 10% cutoff for SM changes to categorize
patients was based on the reliability of the findings of their previous
work (8), a change larger than this threshold does not directly imply
functional alterations. Furthermore, for thin structures like the
diaphragm, shear wave speed is not only dependent on the
mechanical properties but also highly correlated with thickness.
Consequently, measured SM values will increase when diaphragm
thickness increases even if the mechanical properties remain
unchanged. The presented results in critically ill patients and piglets
may sound discrepant at first: a decreased SM was associated with
increases in diaphragm thickness in ICU patients, whereas decreases
in SM were related to atrophy in pigs without changes in thickness
(7). However, both findings indicate that the tissue becomes softer,
irrespective of a thickness change. Interpretation of SM findings is
further challenged by the various associations between changes in
diaphragm thickness and SM that were reported (Figure E7 of
Reference 7), and potential (patho)physiological mechanisms are
presented to guide the reader through these results (Table E9 of
Reference 7). We should, however, realize that thickness and SM are
two distinct measures: SM is related to both thickness and the
mechanical properties, and, therefore, it should not be the aim to use
changes in thickness for prediction of SM.

The heterogeneity in associations between thickness changes and
SM is also not surprising from a clinical perspective. Indeed, patients
can have important diaphragm dysfunction without reduced
diaphragm thickness (2), indicating that other factors are at play. The
concept of diaphragm fiber atrophy characterized by decreased fiber

Editorials

cross-sectional area is well evidenced (9-11) and was again confirmed
by Aarab and colleagues (7). Decreased fiber cross-sectional area with
diaphragm inactivity is a physiological response, but whether muscle
disuse also results in injury and changes in SM is yet uncertain. Aarab
and colleagues (7) provide new insights to this: the decreased SM
found in some piglets despite no change in muscle thickness suggests
that injury may be present with diaphragm inactivity; however, we
should yet be very careful translating these findings to the ICU patient.
Notably, recent pilot data demonstrated the presence of fibrosis in the
diaphragm of deceased critically ill patients with coronavirus disease
(COVID-19) (12). How this relates to other pathological changes on
histology and whether fibrosis also develops during non-COVID-19
critical illness should be further studied. In this light, the application of
shear wave elastography might be a novel future technique to identify
the development of fibrosis noninvasively.

Are we now ready to implement diaphragm shear wave
elastography in clinical practice? Probably, but its complexity should
not be underestimated, mostly because it is challenging to measure
shear wave speed reliably in a thin muscle such as the diaphragm, but
also because factors such as probe location, lung volume, timing of
SM measurements within the breathing cycle (sample rate is only
2 Hz), and the presence of the tendinous layer within the diaphragm
could affect the obtained results. This may (partly) explain the large
variability in SM sometimes observed in patients (Figure E3 of
Reference 7).

In conclusion, Aarab and colleagues (7) present important and
novel translational work on the noninvasive assessment of
diaphragm muscle quality using shear wave elastography. Still,
much needs to be unraveled on a clinical and preclinical level to
understand SM values in the context of deteriorating diaphragm
muscle function, and optimal image protocols need to be studied.
Their work has again stressed that (assessing) the impact of
mechanical ventilation and critical illness on the diaphragm is
highly complex. The authors have identified several tantalizing
avenues for further investigation that may lead to a better
understanding of alterations in diaphragm ultrastructure in the
critically ill. Ultimately, this could help identify clinical approaches
for diaphragm-protective mechanical ventilation. B
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3 Lung Fissural Integrity: It’s Written in the Genes

The field of interventional pulmonology is currently a-buzz with
innovations in endobronchial procedures that challenge the
traditional place of surgery in managing severe emphysema with
hyperinflation. Leading one of the charges in this field is the
practice of deploying endobronchial valves (EBV), which, backed
now by close to 20 years of research, compares favorably with
standard medical care in improving lung function and exercise
capacity (1-3), quality of life (4), and survival (5) in selected
cohorts.

The criteria for EBV deployment have been derived from the
National Emphysema Treatment Trial of lung volume reduction
surgery (6): inclusion and exclusion criteria were governed by extent
and regional distributions of emphysema, but distinctions between
heterogeneous versus homogeneous or upper versus lower zone
disease are not now considered barriers to such treatment (7, 8).
Indeed, both the Food and Drug Administration in the United States
and the National Institute for Health and Care Excellence in the
United Kingdom have approved EBV therapy in eligible patients.
However, there is an important caveat in patient selection, namely,
the “leaky fissure”; an intact barrier between “treated” and
“untreated” lobes, preventing exchange of gases, is a mandatory
predictor of success (9). Accordingly, a key feature of assessment
prior to EBV treatment is determining fissural integrity on high-
resolution computed tomography (HRCT), a surrogate for absent
interlobar collateral ventilation.
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Fissural integrity varies between lobes, and the minor fissure
is the most frequently incomplete: the average completeness of
the two major fissures is an estimated 82%, whereas the minor
fissure averages 62% (10). Visual inspection of fissural integrity
lacks precision and is increasingly being supplanted by
automated methods (11). A fissural integrity “score” >95% is
generally regarded the threshold for achieving at least 350 ml
target lobe volume reduction, with completeness <80% usually
warranting referral for alternative procedures including lung
volume reduction surgery or investigational treatments such as
vapor or coils (12). Those with intermediate scores (i.e., 80-95%
complete) generally undergo a Chartis test of collateral
ventilation in which the diffusion of gases into a target lobe, with
its airway occluded, is detected (12). The consequences, for
example, for participants in two randomized controlled trials of
EBV treatment were exclusions on account of collateral
ventilation of 16.5% (1) and 9.2% (2). There is no mainstream
remedy at present.

Differences in fissural integrity have been appreciated since
1947 (13), and a number of cadaveric studies in diverse
populations, despite the potential confounding effects of
methodological heterogeneity, have suggested a possible link to
ethnicity (14). However, the determinants and natural course of
fissural integrity are unclear. For example, it is presently
unknown whether fissural completeness decreases as emphysema
severity increases. The study by van der Molen and colleagues
(pp. 807-816) in this issue of the Journal is a welcome
contribution to the field (15). The authors collected data of just
under 10,000 participants from the Genetic Epidemiology of
Chronic Obstructive Pulmonary Disease (COPDGene) study
(16); the study population comprised African American and non-
Hispanic White individuals aged 45-80 years at enrollment, with
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