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ABSTRACT

Lung and diaphragm ultrasound in noninvasive respiratory support: A real
tool or fashion?

Introduction: Over the past few years, there has been an increase in lung and
diaphragm ultrasound applications as a tool to evaluate the outcomes and
settings of noninvasive respiratory supports. However, actual clinical practices
in this field are yet to be known. The aim of this study was to investigate the
current clinical utilization of ultrasound for noninvasive respiratory supports
on an international level.

Materials and Methods: The study employed an online survey consisting of 32
items, which was sent via email to intensivists, pulmonologists, emergency
medicine physicians, and other specialists with expertise in using ultrasound
and/or noninvasive respiratory supports.

Results: We collected 52 questionnaires. The ultrasound study of diaphragm
dysfunction was well-known by the majority of respondents (57.7%).
Diaphragm performance was used as a weaning failure predictor (48.5%), as
a predictor of noninvasive ventilation failure (38.5%) and as a tool for the
ventilator settings adjustment (30.8%). In patients with acute respiratory fai-
lure, 48.1% used ultrasound to assess the damaged lung area to set up venti-
latory parameters, 34.6% to monitor it after noninvasive ventilation applicati-
on, and 32.7% to match it with the ventilatory settings for adjustment purpo-
ses. When administering high flow nasal cannula - oxygen therapy, 42.3% of
participants used ultrasound to evaluate lung involvement and assess flow
parameters.
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Ultrasound in noninvasive respiratory support

Conclusion: Lung and diaphragm ultrasound is an established clinical practice to evaluate noninvasive respiratory supports outcomes
and settings. Further studies are needed to evaluate the educational aspects to increase confidence and indications for its use.

Key words: Ultrasonography; noninvasive ventilation; respiratory insufficiency
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Noninvaziv solunum desteginde akciger ve diyafram ultrasonu: Gercek bir arac mi1 yoksa moda mi?

Giris: Son birkag yilda, noninvaziv solunum desteklerinin sonugclarini ve ayarlarini degerlendirmek icin bir ara¢ olarak akciger ve
diyafram ultrason uygulamalarinda bir artis olmustur. Bununla birlikte, bu alandaki gercek klinik uygulamalar hentiz bilinmemektedir.
Bu ¢alismanin amaci, uluslararasi diizeyde non-invaziv solunum desteklerini uygularken ultrasonun klinik kullanimindaki mevcut
durumunu arastirmaktir.

Materyal ve Metod: Calismada, yogun bakim, gégis hastaliklari ve acil tip hekimlerine, ultrason ve/veya noninvaziv ventilasyon
deneyimi olan diger uzmanlara 32 madde iceren gevrimici bir anket e-posta yoluyla génderildi.

Bulgular: Elli iki anket sonucu kaydedildi. Diyafram disfonksiyonunun ultrason degerlendirmesi, katiimcilarin cogunlugu (%57,7)
tarafindan iyi biliniyordu. Diyafram performansini, weaning basarisizliginin éngoricisi olarak (%48,5)i, noninvaziv ventilasyon
basarisizhginin 6ngériiciisii olarak (%38,5) ve ventilatér ayarlarinin ayarlanmasi icin (%30,8) olarak kullanildigi gorildii. Akut solu-
num yetmezligi olan hastalarin %48, 1’inde ventilasyon parametrelerini ayarlamak icin, %34,6’inda noninvaziv ventilasyon uygula-
masini takiben, %32,7'sinde ise mekanik ventilatér parametrelerini ayarlama amaciyla ultrason kullaniimaktaydi. Yiksek akisli nazal
kaniil-oksijen tedavisi sirasinda, katiimcilarin %42,3°ti akim parametrelerini degerlendirmek amaciyla ultrason kullanmaktaydi.

Sonuc: Akciger ve diyafram ultrasonu, noninvaziv solunum destegi sonuclarini ve ayarlarini degerlendirmek icin kullanilan bir klinik
uygulamadir. Kullanimina yénelik giiveni ve endikasyonlari arttirmak icin egitimsel yonleri degerlendiren daha ileri calismalara ihtiyag
vardir.

Anahtar kelimeler: Ultrasonografi; noninvaziv ventilasyon; solunum yetmezligi

INTRODUCTION Despite the growing body of evidence, the current
clinical practices regarding the use of LU in the
application of NRSs and its perceived impact on

decision-making are not yet fully understood.

Over the past few years, there has been a marked
increase in lung and diaphragm ultrasound (LU)
use and a growing number of physicians who have
integrated it into their daily clinical practice. Of
particular interest are the applications of LU as a tool
to evaluate the outcomes and settings of noninvasive
respiratory supports (NRSs).

This study aimed to explore the current situation in
the clinical use of LU at the international level and to
address the issues set out above.

MATERIALS and METHODS
The use of lung ultrasound (LU) to identify changes in
diaphragm size and function has been extensively
studied as a tool to predict successful weaning from
mechanical ventilation (1), as well as to evaluate
patient response to noninvasive ventilation (NIV) and
NIV failure (2,3). Moreover, an increasing number of

An online questionnaire including 32 items was
created ad hoc by a pool of experts in noninvasive
monitoring and NIV. 9/32 items focused on the
respondents’ characteristics assessment, 12/32 items
on LU diagnostic/monitoring purposes (covering
most of the pathologies investigated with LU), 8/32

studies explored its use to detect patient-ventilator
asynchronies (PVA) during NIV (4).

In addition, lung parenchyma ultrasonography has
been identified as a useful tool to assess lung
aeration, venous congestion, and lobar/translobar
consolidation (5,6). In this context, LU may be
helpful in clinical practice to correlate lung aeration
and the outcome of NIV in patients with acute
respiratory failure (ARF) (7).

Tuberk Toraks 2023;71(1):7-12

[=] 8

items on the use of LU related to ARF and NIV
(assessing/modifying  parameters and patient
monitoring, including the aspects concerning
diaphragm ultrasound) and 3/32 items to evaluate the
use of LU when applying high-flow nasal cannula-
oxygen therapy (HFNC-OT). Items concerning the
use of LU allowed a binary answer (Yes/No questions).

The survey was sent to intensivists, pulmonologists,
emergency medicine physicians, and any other
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specialists who have experience in the use of LU and/
or NRSs.

The specialists were invited via email to participate
in the study and complete the questionnaire using an
online platform.

The survey was conducted using the Google Form
online application, and no incentives (monetary or
non-monetary) were offered to participants. There
were no conflicts of interest, and due to the nature of
the study, neither informed consent nor approval by
a Research Ethics Committee was required. Data

collection and treatment were carried out
anonymously.

RESULTS

We collected 52 complete questionnaires.

Respondents were from ltaly (n=20/52, 38%), Turkey
(n= 8/52, 15%), Mexico (n= 5/52, 9.6%), Argentina
(n= 2/52, 3.9%), Greece (n= 2/52, 3.9%), Portugal
(n= 2/52, 3.9%), India (n= 2/52, 3.9%), China (n=
2/52, 3.9%), Serbia (n= 2/52, 3.9%), Lebanon (n=
1/52, 2%), Belgium (n= 1/52, 2%), Switzerland (n=
1/52, 2%), USA (n= 1/52, 2%), Egypt (n= 1/52, 2%),
Spain (n= 1/52, 2%), and Japan (n= 1/52, 2%).

Respondents were pulmonologists  (38.5%),
intensivists (36.5%), emergency medicine physicians
(9.6%), or other specialists (15.4%). They mainly
used conventional cart-based ultrasound (US)
(51.8%) and portable US scanners (38.5%), while
hand-held US scanners were the least used (9.6%).

In most of the cases, the physicians acquired their
ultrasound skills through an accredited course
(61.5%) or had learned by performing LU under
expert supervision (25%), while a lesser number
(13.5%) were self-taught by reading articles, and
manuals, or other resources.

Only 7.7% of respondents had less than one year of
experience practicing lung ultrasound, 28.8% had
1-3 years of experience, 25% had 3-5 years, 25%
had 5-10 years, and 13.5% had more than 10 years
of experience.

Regarding the frequency of use of LU in clinical
practice, most participants (38.5%) performed LU
more than once a week, 28.8% less than once a
week, 25% daily, and 7.7% less than once a month.

Regarding the diagnostic and monitoring purposes
for which LU was used, 98.1% of physicians used LU
for pleural effusion assessment (identification,
location, quantification, and drainage orientation),
92.3% to monitor the effectiveness and complications
of the pleural effusion drainage, 92.3% for
pneumothorax diagnosis (identification, location,
quantification, and drainage orientation). Moreover,
LU was mostly used for lung consolidation
examination (86.5%) and cardiogenic pulmonary
edema determination (84.6%). Lastly, 59.6% of
respondents used LU in association with
echocardiography and venous echography, for the
pulmonary embolism analysis and 23.1% for
endotracheal tube confirmation after placement of an
artificial airway.

Concerning the LU use related to NIV (Table 1),
57.7% of respondents used LU for the diagnosis of
diaphragm dysfunction using both diaphragm
thickness (DT) and diaphragm excursion (DE). 30.8%
of the physicians used DT and/or DE to adjust
ventilator parameters (i.e., pressure support), 13.5%
coupled DT and/or DE with ventilator curves analysis
to detect asynchronies, 38.5% used diaphragm
dysfunction as a predictor of NIV failure and 48.5%
as a predictor of weaning failure.

In patients with ARF, 38.5% of respondents used LU
to evaluate the initial lung involvement as a mortality
predictor, and 53.8% to follow up the evolution of
lung implication. When NIV was applied, in patients
with ARF, 48.1% used LU to assess the damaged lung
area to set up ventilatory parameters, 34.6% to
monitor it after NIV application, 32.7% to match it
with the ventilatory settings (i.e., pressures) for
adjustment purposes.

When applying HFNC-OT (Table 2) in patients with
ARF, 42.3% of participants used LU also to evaluate
the lung involvement and assess HFNC-OT flow,
17.3% to follow up the lung involvement evolution
after HFNC-OT application and 21.2% performed LU
with HFNC-OT parameters (i.e., flow) adjustment
purpose.

Lastly, 53.8% used combined approaches (e.g., LU
and echocardiography) to find potential cardiac
causes for failure of weaning from NIV.

9 =]
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Table 1. Lung ultrasound and noninvasive ventilation

Question Yes, n (%) No, n (%)
Do you use LU for the diagnosis of diaphragm performance using diaphragm thickness (DT)? 30 (57.7) 22 (42.3)
Do you use LU for the diagnosis of diaphragm performance using diaphragm excursion (DE)? 30 (57.7) 22 (42.3)
Do you use any of the LU scores to evaluate the lung involvement in patients with respiratory failure 20 (38.5) 32 (61.5)
and predict mortality?

Do you use any of the LU scores to follow up on the evolution of lung involvement in patients with 28 (53.8) 24 (46.2)
respiratory failure?

Do you use LU to evaluate the lung involvement in patients with respiratory failure and assess the 27 (51.9) 25 (48.1)
ventilation parameters?

Do you use any of the LU scores to follow up on the evolution of lung involvement in patients with 18 (34.6) 34 (65.4)
respiratory failure after NIV application?

Do you use LU to evaluate lung involvement with ventilator parameters (pressures) adjustment pur- 17 (32.7) 35 (67.3)
poses?

Do you use the analysis of diaphragm function (DT and/or DE) with ventilator parameters (pressure 16 (30.8) 36 (69.2)
support) adjustment purposes?

Do you use the analysis of diaphragm function (DT and/or DE) coupled with ventilator curves analy- 7 (13.5) 45 (86.5)
sis to detect asynchronies?

Do you use the analysis of diaphragm function (DT and/or DE) for detecting diaphragm dysfunction 20 (38.5) 32 (61.5)
as a predictor of NIV failure?

Do you use the analysis of diaphragm function (DT and/or DE) for detecting diaphragm dysfunction 25 (48.1) 27(51.9)
as a predictor of weaning failure?

Do you use combined approaches (e.g., LU and echocardiography) to find potential cardiac causes 28 (53.8) 24 (46.2)
for failure of weaning from NIV?

Table 2. Lung ultrasound and high flow nasal cannula oxygen therapy (HFNC-OT)

Question Yes, n (%)  No, n (%)
Do you use LU to evaluate the lung involvement in patients with respiratory failure and assess

HFNC-OT flow? 22 (42.3) 30 (57.7)
Do you use any of the LU scores to follow up on the evolution of lung involvement in patients with 9(17.3) 43 (82.7)
respiratory failure after HFNC-OT application?

Do you use LU with HFNC-OT parameters (flow) adjustment purposes? 11 (21.2) 41 (78.8)

DISCUSSION dysfunction has been established to evaluate patient
response to NIV and predict its failure (2,3). Apart
from NIV outcome, there is an increasing interest to
explore the use of diaphragmatic ultrasound to detect
PVA during NIV (4). Data collected through our

survey showed that the evaluation of diaphragm

The findings of this survey indicate that the use of
ultrasound for evaluating the lung and diaphragm
is widely adopted in patients receiving noninvasive
respiratory support.

The use of ultrasound to identify changes in diaphragm
size and function through different indices (i.e.,
diaphragm excursion, diaphragm thickness, and
thickening fraction) has been extensively studied as a
feasible, valid, and noninvasive tool to predict
successful weaning from mechanical ventilation (1).
Furthermore, the assessment of diaphragmatic
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performance was well-established. More than half of
the respondents used LU to examine diaphragm
thickness and excursion.

Diaphragm dysfunction was mainly used as a
predictor of weaning failure, while its use was less
common as a predictor of NIV failure and as a tool
for adjusting ventilator settings (i.e., pressure support).
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Just a small percentage of respondents coupled the
use of DT and/or DE with ventilatory curves analysis
to detect asynchronies.

Lung parenchyma ultrasonography has been
identified as a helpful tool in the assessment of
aeration, congestion, and consolidation. It is
considered a valid method of tracking dynamic
changes in pulmonary congestion with higher
sensitivity and specificity than clinical examination
and chest radiography (5,6). In this context, LU has
also been incorporated into clinical practice to study
the relationship between lung involvement/lung
aeration, assessed with US examination, and the
outcome of NIV in patients with ARF (7).

According to our data, in patients with ARF, a small
percentage of the physicians used the ultrasound
evaluation of initial lung involvement as a mortality
predictor, while LU was used mainly for the follow-
up of the evolution of lung implication. When NIV
was applied, in patients with ARF, LU was mainly
used to assess the damaged lung area to set up
ventilatory parameters while a smaller percentage of
respondents used LU after NIV application to follow
up the lung involvement progression or match it with
the ventilatory settings (i.e., pressures) for adjustment
purposes.

Of particular interest, in patients with ARF, we found
that LU was used to assess lung involvement and
assess HFNC-OT flow. In a minor number of cases,
LU was used to follow up on the evolution of lung
involvement after HFNC-OT application and/or with
HFNC-OT parameters (i.e., flow) adjustment purpose.

Despite a growing body of evidence, the actual
contribution of ultrasound to NIV response or setting
when applying NIV remains unclear. Understanding
the use of ultrasound in NIV application and its
contribution to NIV response and setting at the
international level is essential to identify areas that
require further evidence. In this way, researchers will
be able to detect potential difficulties in further
developingthistechniqueandsetuprecommendations
or training programs to help physicians achieve
higher-quality care.

Our study has some limitations: first of all, this is an
exploratory study on the use and application of
ultrasound monitoring during noninvasive support.
The geographical distribution of the responders may
provide a generalizable result, although there may be
imbalances between different areas. The majority of

the participants, 38%, were from one country (ltaly).
Moreover, a selection bias related to personal interest
in the topic cannot be excluded and therefore further
studies are needed to confirm our findings.

CONCLUSION

In  conclusion, ultrasound monitoring of the
diaphragm and lung is an established clinical practice
to evaluate both NIV settings and outcomes. Further
studies are needed to evaluate the educational
aspects of this practice and determine the need for
training initiatives to increase confidence and provide
appropriate indications for its use.
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