
of patients undergoing noninvasive respiratory support due to
hypoxemic respiratory failure, to avoid any delay in endotracheal
intubation. It is possible that prompt detection of treatment failure
prevented muscle exhaustion–induced hypoventilation in failing
patients.

Finally, because in some patients (i.e., those with lower
inspiratory effort) helmet NIV increased transpulmonary pressure
swings, the authors suggest that helmet NIV is less able to limit lung
stress than HFNC and that this treatment should be reserved for
selected patients as a step-up support. Unfortunately, we fear that it
is not possible to draw conclusions regarding this specific aspect
from our results. However, global lung stress (estimated by
transpulmonary pressure swings) is only one determinant of self-
inflicted lung injury, and inspiratory effort seems the most
important parameter to be taken into account in this setting. Helmet
NIV allows the application of high positive end-expiratory pressure,
which reduces inspiratory effort and prevents pendelluft-induced
overstretch in the dependent lung, as well as other ventilatory
heterogeneities, making spontaneous effort less injurious (7).
Importantly, during lung injury, limiting transpulmonary pressure
swings cannot prevent injurious inflation patterns or diaphragm
injury if inspiratory effort is not reduced as well (5, 8). n

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

Domenico Luca Grieco, M.D.*
Luca S. Menga, M.D.
Giorgio Conti, M.D.
Fondazione Policlinico Universitario A. Gemelli IRCCS
Rome, Italy

and

Catholic University of the Sacred Heart
Rome, Italy

Salvatore Maurizio Maggiore, M.D., Ph.D.
Gabriele d’Annunzio University of Chieti-Pescara
Chieti, Italy

Massimo Antonelli, M.D.
Fondazione Policlinico Universitario A. Gemelli IRCCS
Rome, Italy

and

Catholic University of the Sacred Heart
Rome, Italy

ORCID ID: 0000-0002-4557-6308 (D.L.G.).

*Corresponding author (e-mail: dlgrieco@outlook.it).

References

1. Grieco DL, Menga LS, Raggi V, Bongiovanni F, Anzellotti GM, Tanzarella
ES, et al. Physiological comparison of high-flow nasal cannula and
helmet noninvasive ventilation in acute hypoxemic respiratory failure.
Am J Respir Crit Care Med 2020;201:303–312.

2. Grieco DL, Menga LS, Eleuteri D, Antonelli M. Patient self-inflicted lung
injury: implications for acute hypoxemic respiratory failure and ARDS
patients on non-invasive support. Minerva Anestesiol 2019;85:
1014–1023.

3. Yoshida T, Fujino Y, Amato MBP, Kavanagh BP. Fifty years of research
in ARDS: spontaneous breathing during mechanical ventilation. Risks,
mechanisms, and management. Am J Respir Crit Care Med 2017;195:
985–992.

4. Brochard L, Slutsky A, Pesenti A. Mechanical ventilation to minimize
progression of lung injury in acute respiratory failure. Am J Respir Crit
Care Med 2017;195:438–442.

5. Goligher EC, Brochard LJ, Reid WD, Fan E, Saarela O, Slutsky AS, et al.
Diaphragmatic myotrauma: a mediator of prolonged ventilation and
poor patient outcomes in acute respiratory failure. Lancet Respir Med
2019;7:90–98.

6. Yoshida T, Amato MBP, Grieco DL, Chen L, Lima CAS, Roldan R, et al.
Esophageal manometry and regional transpulmonary pressure in lung
injury. Am J Respir Crit Care Med 2018;197:1018–1026.

7. Morais CCA, Koyama Y, Yoshida T, Plens GM, Gomes S, Lima CAS,
et al. High positive end-expiratory pressure renders spontaneous
effort noninjurious. Am J Respir Crit Care Med 2018;197:1285–1296.

8. Yoshida T, Nakahashi S, Nakamura MAM, Koyama Y, Roldan R, Torsani
V, et al. Volume-controlled ventilation does not prevent injurious
inflation during spontaneous effort. Am J Respir Crit Care Med 2017;
196:590–601.

Copyright © 2020 by the American Thoracic Society

Loss of Alveolar Attachments as a
Pathomechanistic Link between Small Airway
Disease and Emphysema

To the Editor:

Vasilescu and colleagues are the first to provide confirmation that an
imaging biomarker, parametric response mapping (PRM), has
the ability to differentiate small airway disease (PRMSAD) from
emphysema (PRMEmph) in patients with established chronic
obstructive pulmonary disease (COPD) (1). This is of utmost
importance given the urgent clinical and scientific need to
noninvasively detect terminal bronchial pathology.

COPD is characterized by the presence of persistent airflow
limitation and respiratory symptoms. Airways smaller than 2 mm in
internal diameter are the dominant site of airflow obstruction in
patients with COPD. This obstruction is caused by a mixture of
pathogenic events (with)in and around the small airways, namely,
loss of airways (2, 3), thickening of remaining airway walls (3),
luminal obstruction by endobronchial mucus, and loss of
bronchiolar–alveolar attachments leading to reduced radial traction.

Emphysema is a key pathological condition in COPD that is
defined by an abnormal, permanent enlargement of airspaces distal to
the terminal bronchiole, accompanied by destruction of their walls
and without obvious fibrosis. Whereas in an editorial addressing the
landmark study of McDonough and colleagues (2), Mitzner (4)
questioned whether emphysema formation starts in the small
airways or lung parenchyma, accumulating evidence now strongly
suggests that small airway disease precedes emphysema formation
(2, 3, 5). It has been demonstrated that a significant proportion of
terminal and transitional bronchioles are lost in lung samples from
patients with COPD without signs of emphysema (2, 3), and that the

This article is open access and distributed under the terms of the Creative
Commons Attribution Non-Commercial No Derivatives License 4.0
(http://creativecommons.org/licenses/by-nc-nd/4.0/). For commercial usage
and reprints, please contact Diane Gern (dgern@thoracic.org).

Originally Published in Press as DOI: 10.1164/rccm.201910-1981LE on
December 5, 2019

CORRESPONDENCE

878 American Journal of Respiratory and Critical Care Medicine Volume 201 Number 7 | April 1 2020

http://www.atsjournals.org/doi/suppl/10.1164/rccm.201912-2321LE/suppl_file/disclosures.pdf
http://www.atsjournals.org
http://orcid.org/0000-0002-4557-6308
mailto:dlgrieco@outlook.it
http://crossmark.crossref.org/dialog/?doi=10.1164/rccm.201910-1981LE&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:dgern@thoracic.org
http://dx.doi.org/10.1164/rccm.201910-1981LE


remaining small airways have thickened walls and narrowed lumens
(3). However, it remains to be determined how small airway disease
leads to emphysema. Based on Vascilescu and colleagues’ study in
combination with decades-old research (1, 6), we propose that loss of
bronchiolar–alveolar attachments is the most plausible link between
small airway disease and emphysema.

Lungs from smokers and lifelong nonsmokers who died
suddenly of nonrespiratory causes outside of a hospital, as well
as lungs/lobes from smokers who had undergone resection for
localized pulmonary lesions, were examined by Saetta and
colleagues (6). The internal diameter of the small airways
and the alveolar size—as histological measures of small airway
disease and emphysema, respectively—did not significantly
differ between groups. However, reduced numbers of normal
bronchiolar–alveolar attachments were found in smokers
compared with never-smokers. Furthermore, the quantity and
quality of the bronchiolar–alveolar attachments was related to the
level of inflammation in the small airways. Figure 1 of Saetta and
colleagues’ article, which shows a cross-section of a nonrespiratory
bronchiole surrounded by alveoli, probably says more than a
thousand words. Inflammation has progressed through the entire
airway wall into adjacent alveolar septa, which are relatively thin
compared with the much thicker bronchiolar wall and would be the
first to succumb to inflammation-induced proteolytic activity.

In a microcomputed tomography analysis, Vascilescu and
colleagues showed that PRMSAD was related to an increased number
of obstructed terminal bronchioles, decreased terminal bronchial
cross-sectional lumen area, and decreased circularity of the terminal
bronchioles, whereas PRMEmph was associated with airspace size,
alveolar surface area, and the number of alveolar attachments (1).
Previously, Labaki and colleagues demonstrated that over a 5-year
period, PRMSAD often evolves into PRMEmph (5). Together, these
PRM studies suggest that lung areas with small airway disease only
transform into emphysema if bronchiolar–alveolar attachments are
destroyed (1, 5).

Based on the above findings, we propose the following sequence
of pathological steps leading from smoking to emphysema
formation: deposition of cigarette smoke particles in small
airways→inflammation of small airways→propagation of
inflammation through the entire bronchiolar wall into
adjacent alveolar septa→destruction of bronchiolar–alveolar
attachments→lung parenchyma degradation proceeding from
the centers of the secondary pulmonary lobules toward the
surrounding interlobular septa.

Disease-modifying therapies should be established to prevent
destruction of bronchiolar–alveolar attachments and thus the
progression from small airway disease to emphysema. n
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Reply to Janssen and Wouters

From the Authors:

We thankDr. Janssen andDr.Wouters for highlighting the importance
of our study (1) to validate parametric response mapping (PRM) as an
imaging biomarker to identify small airway disease in patients with
chronic obstructive pulmonary disease (COPD). We agree with them
that our data provide further support for the notion, as previously
stated (2), that small airway disease is an important target for COPD
therapies. The unique data set and tissues available from our work
clearly demonstrate that the number of terminal bronchioles is
significantly reduced in lung regions where the airspace size (a
surrogate for emphysema) remains below the detectible level of clinical
computed tomography, and that these regions are predominantly
classified as PRM functional small airway disease. In contrast, the data
show that the number of terminal bronchioles is further reduced in
regions where PRM emphysema is dominant. However, our data were
obtained from patients with severe COPD and cannot unambiguously
define whether this pathological process is the same for all patients
with COPD. Nonetheless, when these results are combined with the
longitudinal imaging data of Labaki and colleagues (3), which
demonstrated that in patients with COPD of different degrees of
severity, PRM functional small airway disease regions progress to
PRM emphysema regions, it becomes evident that initial small airway
disease may disseminate into the surrounding tissues, leading to
extensive emphysema, as shown by Saetta and colleagues (4).
Supporting this mechanism, we previously demonstrated in a
cross-sectional study that small airways are lost before loss of alveolar
surface area occurs in mild and moderate COPD (5).
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