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Abstract: Background: Diaphragmatic ultrasound could be useful for the non-invasive evaluation of
diaphragm functionality in Amyotrophic Lateral Sclerosis (ALS). Our study objective is to evaluate
the diaphragmatic ultrasound characteristics of ALS patients and compare them with respiratory
function test measurements and if there is any relationship with need for non-invasive ventilation
(NIV). Methods: A prospective, descriptive, multicenter study including patients with recent
diagnosis of ALS in 5 centers. Underwent diaphragmatic ultrasound and lung function at each visit
every 3 months. Variables: age, sex, withdrawal from the study due to NIV or death, excursion,
velocity, thickness, thickening fraction and spirometry and respiratory muscles function values.
Results: 41 patients were included. 24 (61.5%) patients left the study before the year: 17 due to the
onset of NIV, 4 due to clinical worsening without NIV, and 3 due to death. Statistically significant
correlation was obtained between excursion and velocity and FVC and supine FVC (p<0.001) and
with MIP and the snip test (p<0.05). Correlation between worse values in excursion and lung function
(FVC, supine FVC and MEP) at the baseline visit and withdrawal from the study was observed
(p<0.001). Conclusions: Assessing diaphragmatic excursion by ultrasonography can be a useful for
monitoring ALS patients.

Keywords: amyotrophic lateral sclerosis; thoracic ultrasound; respiratory function test

1. Introduction

The neuromuscular diseases are a heterogeneous group of nosological entities resulting from a
primary or secondary alteration of the skeletal muscle cell. Although they are rare, they represent a
significant cause of disability. Neuromuscular diseases can affect various levels of the neuromuscular
system, from the spinal cord to peripheral nerves, the neuromuscular junction, and the muscles
themselves.

In last decades, there has been a shift in the natural history of neuromuscular diseases largely
due to improvements in the diagnosis and treatment of respiratory complications, which are the
leading cause of mortality [1]. Therefore, pulmonary function assessment should be conducted in
every patient with a neuromuscular disease, even in the absence of symptoms, and should be
monitored throughout follow-up.

The neuromuscular diseases can be classified into different categories based on their
characteristics, both anatomically and genetically. However, the classification that has the most
significant impact on the standardization of care protocols for these patients is based on their
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temporal profile, distinguishing between slowly progressive, such as Duchenne muscular dystrophy,
and rapidly evolving, the most prominent of which is Amyotrophic Lateral Sclerosis (ALS). In the
latter, the pulmonologist plays a crucial role, which is why many hospitals have established
Multidisciplinary ALS Units, to enhance the care of these patients.

ALS is an unknown etiology neuromuscular disease characterized by the fast and progressive
degeneration of upper and lower motor neurons, usually progressing rapidly over months or a few
years, with respiratory involvement determining the prognosis [2]. The incidence of sporadic ALS in
Europe and the United States is estimated to be between 2.7 and 7.4 per 100,000 inhabitants per year.
It is more common in males, with an average survival ranging from 20 to 48 months [3].

The most common initial clinical manifestation (80%) is asymmetric limb weakness, and about
20% begin with bulbar impairment, such as dysarthria or dysphagia [4]. Only 1-3% will present with
respiratory muscle weakness at onset [4,5].

The progressive weakness of respiratory muscles is the most important predictor of survival,
hence pulmonary function assessment should be performed in all ALS patients and monitored
throughout follow-up. The reference tests include spirometry (in both sitting and supine positions),
muscle strength tests, and blood gas analysis [2]. The most commonly used tests are maximum
inspiratory pressure (MIP) and the Sniff Nasal Inspiratory Pressure (SNIP) test; however, they show
significant variability both between and within patients, limiting their utility for monitoring and
predicting the need for non-invasive mechanical ventilation (NIV). Something similar happens with
forced vital capacity (FVC), which, while showing good correlation with diaphragmatic involvement,
may not be a useful predictor for the initiation of NIV in patients presenting with nocturnal
hypoventilation symptoms and preserved FVC values [2]. Hypercapnia tends to be a late event and
is often not useful in the early stages of the disease [3].

Ultrasound is an excellent tool for the non-invasive evaluation of diaphragm mobility and
functionality. Various studies have demonstrated the usefulness of diaphragmatic ultrasound as a
comparable evaluation tool to more costly imaging techniques [6-8]. Measurements that can be taken
of the diaphragm include thickness, thickening fraction, excursion, and velocity [9].

In ALS, assessing diaphragmatic atrophy, determined by thickness and thickening fraction, is of
great interest as it can be related to pulmonary function [10,11]. Furthermore, non-invasive
mechanical ventilation (NIV) has been shown to increase survival in ALS patients [12], with some
authors pleading for its early initiation [13]. This decision is based on a combination of symptoms
and signs, with forced vital capacity (FVC) being the most recommended parameter for monitoring
respiratory function [14].

Therefore, diaphragmatic ultrasound could be a useful tool for assessing the ventilatory muscle
function of ALS patients both in clinical follow-up and in the indication for NIV. It is necessary to
compare it with established measurements in clinical guidelines.

The main objective of our study is to evaluate the diaphragmatic ultrasound characteristics of
ALS patients and compare them with respiratory function test measurements. Additionally, we aim
to analyze if there is any predictive factor between these measurements and the need for NIV.

2. Materials and Methods

A prospective, descriptive, multicenter study (EcoELA) was conducted. Approval was
previously requested from the Research Ethics Committees of each participating hospital (CEIM
Code: P12019-04-289). All patients diagnosed with ALS referred to the specialized NIV clinics at each
center between June 2019 and June 2023 were consecutively included. Written informed consent was
obtained from all participants after verbal and written information was provided. The participating
centers were the Hospital Universitario de Salamanca (HUS), Hospital Universitario Central de
Asturias (HUCA), Hospital Universitario Son Llatzer (HUSLL), Hospital de Manacor (HMAN), and
the Hospital Universitario Germans Trias i Pujol (HUGTP), all of them part of the Spanish Public
Health System in various regions of the country.


https://doi.org/10.20944/preprints202501.1175.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 January 2025 d0i:10.20944/preprints202501.1175.v1

3 of 10

Patients included in the study met the following criteria: to be diagnosed with ALS, referred to
the monographic NIV clinic or to be under follow-up and not receiving NIV treatment. Patients
actively receiving NIV treatment, those unable to cooperate for testing due to general deterioration,
and those who refused to participate in the study were excluded.

Diaphragmatic ultrasound was performed on all patients starting from the first visit to the NIV
clinic. In the first visit, and on the same day;, firstly was performed the ultrasonography examination
and, immedjiately after, the complete pulmonary and respiratory muscle function tests. Subsequent
visits were conducted every 3 months. There were four different reasons for the patients to exit the
study: initiation of NIV, clinical worsening, voluntary withdrawal, or death. NIV treatment was
initiated for patients as needed based on clinical and blood gas criteria according to the guidelines
from the American College of Chest Physicians (ACCP) [15], European Respiratory Society and
American Thoracic Society (ERS/ATS) [16] or the European Federation of the Neurological Societies
(EENS) [17].

Ultrasound examinations were performed in the Interventional Pulmonology Unit of each center
by a pulmonologist experienced in thoracic and diaphragmatic ultrasound. For the subcostal
approach, only the right hemidiaphragm was assessed thorugh the liver, and a convex probe with
frequencies between 3.5 and 5 MHz was used. Otherwise a high-frequency linear probe between 7
and 10 MHz was used for the axillary approach, following the recommendations of the Spanish
Society of Pulmonology and Thoracic Surgery (SEPAR) Procedures Manual [9].

Measurements were taken with the patient in a supine position with the top of the bed elevated
around 30 degrees, after remaining in this position for at least 15 minutes. After positioning the
patient, explorations were initiated through the subcostal approach, locating the posterior portion of
the right hemidiaphragm. Its visibility was verified both in B-mode and M-mode during slow, deep
inspirations, before ordering the patient to perform three rapid and deep inspirations, selecting the
one with the highest value. Once this measurement was completed, the axillary approach was
utilized, between the 8th and 10th intercostal spaces along the mid-axillary line, on both sides. After
identifying the diaphragm, the segment closest to its costal insertion was selected during deep
inspirations, ensuring no interposition of pulmonary parenchyma. Subsequently, the rapid and deep
inspiration maneuvers were repeated to obtain values from the hemithorax where these were the
highest (Figure 1).

59.2mm 1370 s 43 mmis 44 mm

Figure 1. Typical ultrasound images of diaphragmatic ultrasound. A: Measurement of excursion in M-mode,
with waves of three deep inspirations (*). The measurement is the distance between the lowest point at the end
of expiration (a) and the highest point (b) after deep inspiration. B: Measurement of diaphragmatic thickness in

B-mode, at the end of inspiration immediately below the lower edge of the lung (c).

Pulmonary function tests were conducted after the diaphragmatic ultrasound on the same day,
including spirometry in supine and sitting positions, maximum inspiratory pressure (MIP),
maximum expiratory pressure (MEP), Snip test, and baseline arterial blood gas analysis. For the
reference values, those from the European Respiratory (ERS) Task Force of the Global Lung Function
Initiative of 2012 were used [18].
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After both tests carried out, the variables analysed were: age, sex, reason for study exit (initiation
of NIV, clinical worsening or death), diaphragmatic excursion during deep breathing, diaphragmatic
thickness at the end of expiration (endE), thickening fraction, FVC, supine FVC, MIP, MEP and Snip
test.

The diaphragmatic thickening fraction was calculated as:

, , , endl — endE
Thickening fraction (%) = “ondE x 100

(Being “endl” the diapraghmatic thickness at the end of inspiration)

An initial sample size calculation was performed to obtain a diagnostic statistical power of 90%
and a confidence level of 95% (alpha error of 5%), resulting in a required number of 86 ALS patients.

Statistical analysis was conducted using the SPSS® version 20 software package. Correlations
between variables were determined using Pearson's Correlation Coefficient.

3. Results

A total of 61 patients, who attended the monographic NIV clinics, were initially evaluated, 41 of
them met the study inclusion criteria (Table 1). Of these, 24 patients (58.5%) did not complete the one-
year follow-up, exiting the study for various reasons: 17 (70.8%) due to initiation of NIV, 4 (16.7%)
due to clinical worsening without NIV initiation, and 3 (12.5%) due to death (Figure 2).

Table 1. Demographic characteristics of the study population (n=41).

Mean age (years) 63.8
Sex (female) 21 (51,2%)
Year of diagnosis
2017 3 (7.3%)
2018 4 (9.8%)
2019 3 (7.3%)
2020 14 (34.2%)
2021 6 (14.6%)
2022 6 (14.6%)
2023 5(12,2%)
Participating center
HUS 10 (24.4%)
HUCA 13 (31.7%)
HUSLL 12 (29.3%)
HMAN 4 (9.8%)

HUGTP 2 (4.9%)
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Figure 2. Patient flow diagram of the study.

We conducted an analysis to determine if there were any correlation between the different
variables obtained by the diaphragmatic ultrasound and those from the pulmonary function, and
between these variables and the reason for the study exit due to NIV initiation or death. This analysis
of the correlation between thoracic ultrasound and pulmonary function showed us that both
excursion and velocity had a statistically significant correlation with FVC and supine FVC (p<0.01)
(Figure 3), and with MIP and the Snip test (p<0.05). The other variables did not show any statistically
significant correlations with our data.
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Figure 3. Correlation diagram between diaphragmatic excursion and FVC.
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If we put the focus on the study exit due to NIV initiation or death, we looked for the correlation
with the lung function and diaphragmatic ultrasound values at both, in the baseline visit (Table 2)
and in the last visit before the patient had to exit the study: at the first visit, the presence of worse
pulmonary function values of FVC, supine FVC, and MEP (p<0.01) and diaphragmatic excursion
measured by ultrasound (p<0.01) were associated with study exit (Figure 4).

B excursion

80,0

50,0

40,0

20,0

Salidaest

Figure 4. Box plot showing the significant difference in excursion values at the first visit (B excursiéon) between
the group of patients who did not exit the study (Salidaest) and those who did.

Additionally, as an indirect value of clinical worsening, at the last visit before the study exit, we
also found a correlation between FVC, supine FVC, MIP, MEP, Snip test, and the excursion measured
by ultrasound (Figure 5).
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Figure 5. Correlation diagram of the last visit values between diaphragmatic excursion (U excursion) and FVC
(U CVF), MIP (U PIM), and Snip test (U Snip).
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Table 2. Mean values at the baseline visit.

DIAPHRAGMATIC ULTRASOUND

Excursion (mm) 33.0 (+21.4)
Velocity (mm/s) 13.2 (+8.3)
EndE thickness (mm) 1.9 (+1)
Thickening fraction (%) 75.5 (£59.6)
PULMONARY FUNCTION
FVC (ml) 2966.7 (+1264.3)
FVC (%) 83 (£28.3)
Supine FVC (ml) 2910.1 (¢1214.2)
Supine FVC (%) 82 (£25.4)
MIP (kPa) 5.5 (+2.5)
MEP (kPa) 6.9 (+3.6)
Snip test (kPa) 5.9 (x2.5)
ARTERIAL BLOOD GAS ANALYSIS
pH 7.43 (+0.02)
pCO2 (mmHg) 40.3 (£7.6)
pO2 (mmHg) 83.8 (£11.7)
HCO3 (mmol/dL) 25.5 (£3.6)
Base excess 2.1 (x2.7)

4. Discussion

The difficulty in performing correct pulmonary function maneuvers in some ALS patients has
led to the search for alternative methods to assess diaphragmatic function without requiring great
patient cooperation. In the literature we can find numerous studies that have attempted to correlate
diaphragmatic ultrasound variables with pulmonary function, obtaining good results particularly
with the measurements of diaphragmatic thickness and thickening fraction [19-21]. For instance, in
the study by Hiwatani et al. [22] in 2013, a correlation was observed between diaphragmatic thickness
and FVC, although this was a study not regarding any clinical correlation. It was the first, but not the
only study, because subsequent studies [8,11,23] have reached similar conclusions regarding the
diaphragm's thickening fraction and its relationship with pulmonary function. According to these
data, concordant results were expected in our series, but we did not obtain a significant relationship
between diaphragmatic thickness and the thickening fraction with lung function parameters (neither
FVCnor MIP or MEP). We believe this is due to the good clinical condition of our patients at diagnosis
(mean FVC 83%) and the early initiation of NIV in our centers, thanks to the intense follow-up of
these patients in the monographic clinics. That's why in many cases the NIV which was started based
on symptoms and relative losses in pulmonary function, but without letting those patients to descend
to severe values in the FVC or inspiratory or expiratory pressures.

However, while the diaphragmatic thickness and the thickening fraction are quite well assessed,
this is not the case with the other variables used in diaphragmatic ultrasound: excursion and
diaphragm mobility velocity, as they are not evaluated in any studies in ALS patients. Only the study
by Boussuges et al. [24], a quite old study from 2009, a clear correlation was observed between right
hemidiaphragm excursion and pulmonary function tests, but just in healthy population. To be able
to measure these variables, the patient should be placed in the supine position using an abdominal
convex probe with the bed head elevated approximately 30 degrees. When designing our study, we
preferred to choose this position to perform a complete diaphragmatic ultrasound, because this

d0i:10.20944/preprints202501.1175.v1
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allowed us to explore patients who could not be assessed in a seated position. As the study by
Boussuges [24] was able to conclude, also in our study the diaphragmatic excursion during deep
inspiration was correlated with FVC.

Regarding the predictive capacity for clinical worsening of diaphragmatic ultrasound, in
parallel, we were able to conclude that the excursion was the only variable that can be correlated with
the study exit of the patients due either to NIV initiation nor death. We were only able to finde two
studies in the literature that prospectively analyze this predictive capacity. The first one, that of
Fantini et al. [25], analyze the utility of a cut-off point for the ratio between expiratory and inspiratory
thickness at 0.75, and they were able to predict NIV initiation. Besides, the study of Spiliopoulos et
al. [26] found a predictive capacity for the thickening fraction, with an area under the ROC curve of
0.989. Our study aimed to find a variable that could identify, at diagnosis time, the patients most
likely to require NIV and to be useful for determining respiratory failure and the need for it. Among
our patients, those who developed clinical deterioration showed significantly lower diaphragmatic
excursion both at the baseline visit and at the last visit before study exit, suggesting that if a patient
suffers a significant decline in his diaphragmatic excursion may indicate the need for NIV evaluation
or, at least, closer monitoring.

Our study has several limitations: the main one being the variability in patient follow-up and
the significant loss of visits due to the COVID-19 global pandemic, that made the visits quite
complicated to carry up. All procedures and management of the patients were carried out in real
clinical practice, so in some visits, not all tests could be completed depending on patient
characteristics. Additionally, although each center had only one or two examiners, there is significant
inter-observer variability in thoracic ultrasound and between the ultrasound devices used something
usually assumed by the investigators in all the studies. Finally, it remains a study with a limited
population, due to the prevalence of the disease, needing a more complex cohort study.

5. Conclusions

Assessing diaphragmatic excursion during deep inspiration using ultrasonography can be a
useful tool to add to the existing ones for monitoring ALS patients, especially those who cannot
perform FVC maneuvers correctly or maintain a seated position. Further studies with larger
populations could enhance the validity of excursion as a predictive measure for NIV initiation in ALS
patients.
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