
Role of Diaphragm Ultrasound When NIV Fails in COPD
Exacerbations

In this issue of RESPIRATORY CARE, Cammarota et al1

explored the usefulness of diaphragm ultrasound in 22 sub-
ejcts admitted with a COPD exacerbation who required
noninvasive ventilation (NIV). They obtained ultrasound
measurements before initiating NIV and after the first and
second hours of treatment. NIV failure was defined as
pH � 7.35 at 2 h after initiation. At each time point,
diaphragm excursions in the success group were nearly
twice those of the failure group (Fig. 1, upper panels).
Diaphragmatic excursions did not change over time, yet
both groups experienced similar decreases in tachypnea
and dyspnea. After 1 h of treatment, diaphragm excursion
was a stronger predictor of NIV failure than pH and arte-
rial partial pressure of carbon dioxide (PaCO2

). NIV failure,
however, did not impact intubation rate (no subject re-
quired intubation), hospital stay, or mortality. The inves-
tigators concluded that diaphragm ultrasound can be used
to assess the diaphragm during COPD exacerbations and
that decreased diaphragmatic excursion may predict NIV
failure.

The results of Cammarota et al1 align with previous
studies on the feasibility of diaphragm ultrasonography
during COPD exacerbations.2,3 The authors also extend
those results by showing that it is possible to obtain im-
ages at several time points after hospital admission with-
out interfering with patient care. The most intriguing find-
ing, however, is the reported association between decreased
diaphragmatic excursions and NIV failure. It would be
tempting to speculate that decreased excursions are caused
by worse hyperinflation in the failures. A mechanistic link
between hyperinflation and decreased diaphragmatic ex-
cursions is not supported by several lines of investigation.
In healthy subjects, acute hyperinflation achieved through
the application of CPAP does not decrease but, instead,
increases diaphragmatic excursions.4 Diaphragmatic ex-
cursions in clinically stable hyperinflated patients with
COPD and in healthy subjects are similar.5,6

If not hyperinflation, what else could have reduced di-
aphragmatic excursions? Decreased muscle recruitment is
unlikely because hypercapnia is associated with an in-
creased capacity to recruit the diaphragm.7 Fatigue is doubt-
ful because experimental data do not support a link be-
tween respiratory failure and diaphragmatic fatigue.8

SEE THE ORIGINAL STUDY ON PAGE 1469

Cammarota et al1 did not monitor expiratory muscle re-
cruitment accordingly, so it is impossible to comment on
whether the decreased excursions were caused by greater
diaphragm afterload.9

On the basis of this study, can we state that patients with
a COPD exacerbation and decreased diaphragmatic excur-
sion are destined to fail NIV? No. This is a small pilot
study and is simply hypothesis-generating. To this we add
some additional observations. From NIV initiation to the
first hour of treatment, PaCO2

in the failure group did not
decrease, yet the pressure support was not increased. The
lack of NIV titration is puzzling for 2 reasons. Most prac-
titioners would consider increasing NIV support. The def-
inition of NIV failure was based only on arterial blood
gases. The usual definition of NIV failure is the require-
ment of endotracheal intubation or death.3,10,11 No subject
in this study1 required endotracheal intubation, which is
also highly atypical.10-13

The changes in diaphragmatic thickness between end of
exhalation and end of inhalation in the success and failure
group were similar (Fig. 1, lower panels). This contrasts
with the study by Marchioni et al,3 in which one third of
subjects had diaphragmatic dysfunction (defined as tidal
thickening of the diaphragm of � 20%). Diaphragmatic
dysfunction was associated with higher risk of NIV failure
(defined as the need for intubation or death); 35% of the
subjects required intubation. Factors that may account for
the differences in intubation rates include disease severity
and diaphragmatic dysfunction. In the study by Marchioni
et al,3 subjects had worse APACHE II scores, respiratory
acidosis, and tachypnea. In the study by Cammarota et al,1

no subject had a tidal thickening of the diaphragm of � 20%.
Cammarota et al1 raise the possibility that diaphrag-

matic impairment, as suggested by the smaller diaphrag-
matic excursions, may be an early marker of NIV failure.
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Many other factors, besides impaired respiratory muscle
function, can make delivery of NIV unsuccessful. These
factors include worsening gas exchange,14 cardiac dys-
function,15 and psychological distress.16 Determining
why a particular patient fails NIV requires an astute
clinician. Few aspects of critical care medicine are more
dependent on diagnostic acumen and individualized care
than supporting patients with COPD exacerbations with
NIV.
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Fig. 1. Ultrasound images of the diaphragm using the right subcostal view (upper panels) and the intercostal view (lower panels) during
resting breathing. (Left upper panel) Dome of the diaphragm in bright-mode (B-mode; left upper panel) and motion-mode (M-mode; right
upper panel). As the diaphragm contracts, the dome moves towards the ultrasound probe. The larger the caudal displacement of the
diaphragm, the greater the diaphragmatic contribution to tidal breathing. (Lower panels) Diaphragm in the zone of apposition. In B-mode
(left lower panel), the diaphragm appears as a three-layer structure. In M-mode (right lower panel), the diaphragm is thinnest at end-
exhalation and thickness at end-inhalation; stronger diaphragmatic inspiratory efforts are associated with greater tidal thickening of the
diaphragm.
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